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INDEX BY FUNCTION

Electrical characteristics

Supply | Typ | Max. | Min. | Max. | h bl
Type Circuit function and organization Structure | voltage | pwr cycle | fre- | Package nterchangeable Page
IS R products
(v) p time | time |quency)|
(mW) | (ns) | (ns) [(MHz)
HEMELPS 85 MICROPROCESSORS
MS5L8085AP 8-Bit Parallel Microprocessor N,Si,ED| 5+5% | 600 | — — 3 40P4 | i8085A 2—-3
8-Bit | t/Output Port with
M5L8212P " Inpul/Sulput Fort w BLS | 5£5% | 450 |30% | — | — | 24P4 |i8212 2—17

3-State Output

4-Bit Parallel Bidirectional B
M5L8216P Sit Parallel Bidirectional Bus | 5| o | 54505 | 475 |30% | — | — | 16P4 | is216 2—21
Driver (Non Inverting)

4-Bit Parallel Bidirectional B
M5L8226P o erate Mvectional BUS  1BLs | 5t5% | 425 [25% | — | — | 16P4 |i8226 221
Driver (Inverting)

HEMELPS 86 MICROPROCESSORS

M5L8282P Octal Latch (Non Inverting) B,.LS 5+10%| 250 | — — — 20P4 | 8282 3—3

M5L.8283P Octal Latch (Inverting) BLS |5+10%| 250 | — | — — | 20P4 | i8283 3—3
Clock t Driver f .

M5L8284AP lock Generator and Driverfor |\ o 5y 1005490 | — | — | — | 18P4 |is284 3—7
8086/8088/8089 Processors

M5L8286P ?s:" :::;;Z")s‘:e've' BLS |5+10%| 400 | — | — | — | 20P4 |i8286 3—16

M5L8287P Octal Bus Transceiver (Inverting) | B,LS 5+£10%| 400 | — i 20P4 | i8287 3—16
Bus Controller f

M5L8288S us Lontrofler for BLS |5+10%| 500 | — | — | — | 2081 |is288 3—20

8086/8088/8089 Processors

Bus Arbiter f
M5L8289P us Arotter for BLS |5+10%| 380 | — | — | — | 20P4 |is289 3—28

8086/8088/8089 Processors

HENMOS PERIPHERAL CIRCUITS

2048-Bit Static RAM with 1/0
Ports and Timer (CE=“L” active)
2048-Bit Static RAM with 1/0
M5L8156P — N.Si,ED| 5+5% 00 - - - 40P4 |i815 4—11
Ports and Timer (CE="H" active) : 5+5% | 5 18156

Programmable Communication

M5L8155P N,Si,ED| 5£5% | 500 | — — - 40P4 | i8155 4—3

| M5L8251AP-5 N,Si,ED| 55% | 300 | — — 3 28P4 | i8251A 4—19
Interface
M5L8253P-5 Programmable Interval Timer N,Si,ED|5+10%| 300 | — — 2 24P4 | i8253-5 4—36
M5L8255AP-5 Programmable Peripheral Interface |N,Si,ED| 5+5% | 250 | — - — 40P4 | i8255A-5 4—44
M5L8257P-5 Programmable DMA Controller N,Si,ED| 5+5% | 300 | — — 3 40P4 | i8257-5 4—62
M5L8259AP Programmable Interrupt Controller| N,Si,ED |5+10% | 275 | — — — 28P4 | i8259A 4—72
M5L8279P-5 Programmable Keyboard/Display |\ o e0l54+109| 650 | — | — | 3 | 40P4 | i8279-5 4—86
Interface
B = Bipolar. C = CMOS. ED = Enhancement depletion mode.
N = N-channel. Si = Silicon gate.

YeIndicates propagation time.

MITSUBISHI L
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INDEX BY FUNCTION

Electrical characteristics
Supply Typ | Max. | Min. | Max. | h bl
Type Circuit function and organization Structure | voltage | pwr |access| cycle | fre- | Package me;og:%?: © | Page
(V)  |dissipation time | time |quency|
(mW) | (ns) | (ns) |(MHz)
HMCMOS PERIPHERAL CIRCUITS
M58990P
M58990P-1 8-Bit 8-Channel A-D Converter C,Si 5k5% | — - - - 28P4 | ADC0808 5—3
MSM82CS7AP.  *"| GMOS Programmable DMA - -1 -1 8
M5M82C37AP-4 ** Controller 9 ) C,Si 5+10% | — - - 4 40P4 | — 5—14
M5M82C37AP-5 ** ' — — — 5
MSMB2CSTAFP  "*| 5MOS Programmable DMA Sl S Ml A
M5M82C37AFP-4 ** Controller 9 C,Si 5+10% | — — — 4 40P2R | — 5—35
M5M82C37AFP-5 ** — — — 5
CMOS P bl
M5M82C51AP  * rogrammable csi (5%10%| — | — | — | 3 | 28Pa | — 5—44
Communication Interface
CMOS P bl
MS5M82CS1AFP ** rogramman’e csi (5%10%| — | — | — | 3 |28p2w | — 5—60
Communication Interface
M5M82C54P-6 *| CMOS Programmable Interval — — — 6
Si +109 4P4 | — 5—61
M5M82C54P  **| Timer CSI |50 | 24P4
M5M82C54FP-6 *| CMOS P ble Int | — — — 6
! rogrammable fnerva c.si |5%£10% 24P2W | — 5—72
M5MB82C54FP  **| Timer . — — — 8
CMOS P ble Peripheral
M5M82CS5AP-5 * rogrammable TerPhera loisi [sk10%| — | — | — | — | 40pa | — 5—73
Interface
CMOS Pi ble Periph |
M5M82C55AFP-5 * rogrammable Ferpheral lesi |sx10%| — | — | — | — | aoP2r | — 5—86
Interface
CMOS P ble Int t
M5M82CS9AP  * rogrammable et lesi |sx10%| — [ — | — | — | 28Pa | — 5—87
Controller
CMOS P ble Int: t
MSMB82C59AFP ** rogrammable IMeTUPt loisi [sk109%| — | — | — | — |28P2w | — 5101
Controller
M58992P **| CMOS CRT Controller C,Si 5+10% | — — — — 64P4B | — 5—102
IAPPLICATION
M5W1791-02P Floppy Disk Formatter/Controller |N,Si,ED| 5+5% | 300 — — — 40P4 | FD1791-02B | 6—10
M5W1793-02P Floppy Disk Formatter/Controller |N,Si,ED| 5+5% | 300 | — — — 40P4 | FD1793-02B | 6—40
*  New product. * * | Under development. ED = Enhancement depletion mode.
B = Bipolar. C = CMOS. Si = Silicon gate.
N = N-channel. LS = LSTTL.
4 MITSUBISHI

ELECTRIC



MITSUBISHI LSIs

ORDERING INFORMATION )

FUNCTION CODE
Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric type-codes which define the func-
tion of the ICs and the package style.

For Mitsubishi Original Products
Example: M 5 89 gg P-1

M Mitsubishi integrated circuit prefix

Temperature range
5  Standard industrial/commercial (0 to 70/75°C or —20 to 857C)
9 ! High reliability

Series designation using 1 or 2 alphanumeric characters.

© 01~09 : CMOS
1 . Linear circuit
3 CTTL

10~19 ! Linear circuit
32~33 : TTL (equivalent to Texas Instruments’ SN74 series)

41~47 :TTL

81 . P-channel aluminum-gate MOS

84 : CMOS

85 : P-channel silicon-gate MOS

86 : P-channel aluminum-gate MOS

87 . N-channel silicon-gate MOS

88 . P-channel aluminum-gate ED-MOS
89 : CMOS

9 . DTL

S0~82 : Schottky TTL (equivalent to Texas Instruments’ SN74S series)

Circuit function identification code using 2 digits.

Package style

K : Glass-sealed ceramic
P [ Molded plastic

S : Metal-sealed ceramic
SP : Molded plastic (DIL)
FP : Molded plastic (FLAT)

— Electrical characteristic identification code using 1 or 2 digits.

MITSUBISHI 1—s
ELECTRIC
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ORDERING INFORMATION

For Second Source Products
Examplei__l{ﬂ_ 5 L 851 A P-5

M ! Mitsubishi integrated circuit prefix

Temperature range
5 : Standard industrial/commercial (0 to 70/75°C or —20 to 85C)
9 ! High reliability

Series designation of'original source using 1 or 2 alphabetical characters.
: Motorola’s. MC series

. General Instrument'’s series

. Mostek’s MK series

¢ Intel's series

. Texas Instruments’ TMS series

: Western Digital's series

. Mitsubishi electric

SsEs4rxeoo0

Circuit function identification code of the original source type name

Consists of a single letter which indicates the difference of outer appearance

or some part of the device specifications. as listed below.

(1) For linear circuits, this is one letter of the alphabet, chosen in alphabetical
order but not including | or O, which is used to flag devices for which parts
of the specifications differ.

(2) For devices with identical specifications having only pin bending direction
differences, an R is assigned to this group.

(3) When this group designation is not required, the next group is, shifted to
the left to follow the group (4) immediately.

Package style

K : Glass-sealed ceramic
P Molded plastic

S ! Metal-sealed ceramic
SP : Molded plastic (DIL)
FP : Molded plastic (FLAT)

— Electrical characteristic identification code using 1 or 2 digits.

PACKAGE CODE

Package style may be specified by using the following simplified alphanumeric code.

Example: 40 P 2 R
T T T

Number of pins

Package structure

K : Glass-sealed ceramic
P Molded plastic

S ! Metal-sealed ceramic

Package outline

1 I DIL without fin

2 ! Flat without fin

4 ! DIL without fin (improved)
4B : Shrink DIL without fin

— Outline supplement symbol

e MITSUBISHI
W ELECTRIC
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PACKAGE OUTLINES

TYPE 16P4 16-PIN MOLDED PLASTIC DIL Dimension in mm

+0.5

¥_0.2 .

I_Il_'li—'lﬁﬁl_lﬁl-}

J

6.3+0.15

| 6.
e 223

7.62+0.3

4.5MAX

3MIN

TYPE 18P4 18-PIN MOLDED PLASTIC DIL Dimension in mm

+0.5
24_g.2

N

B o Y s S o Y s e 1 s Y s O s |

O

T OO T g T T 71 J

6.3+0.15

7.62+0.3

IL_’J 7 . ‘ = [—ij

4.5MAX "0
A f

|

0.5MIN +0.07
3MIN 0.27+9-97
| 0.5+0.1 ' 7.6~10
+0.3 | -
5 9% 2.54+0.25
MITSUBISHI - 1—7
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PACKAGE OUTLINES

TYPE 20S1 20-PIN METAL-SEALED CERAMIC DIL © Dimension in mm
24.9 MAX
! %
) :
™ ?
INDEX AREA %
—1.2__—7MA—X 1.27+0.1 - E
E ~
s X
=<
| ’ Zo
H 2=
0.25+0.08 ‘
mf’ 2.54%0.15 J‘Tez*éﬁ
TYPE 20P4 20-PIN MOLDED PLASTIC DIL Dimension in mm
Catds

| o O s Y s Y s O s U e N s O e Y s O |

w0
s
Ol s
(3}
©
OO0 g9
7.62+0.3
[___, === i ' T \
- I
. 4.5MAX B N
Y | |
0.5MIN | 3MIN | 027785 |
ﬁ-r(————— o
15+0.3 +0.3 L
2.54+0.25 Y —0.1 —0.1 7.6~10
1—8 ~.MITSUBISHI
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PACKAGE OUTLINES

TYPE 24P4 24-PIN MOLDED PLASTIC DIL Dimension in mm n

+0.5

311 g2
=

000NN 00N000n!

)O O

13+0.15

oot oggg 15.24+0.3

2.54+0.25

Dimension in mm

TYPE 24P2W 24-PIN MOLDED PLASTIC FLAT

HAAHARAAAAAH
Of @

O

EEEEEELEREE

1.27+0.2 0.4+0.1

———————————— - (R —— %
s 0.5+0.2 z8 s8
15+0.2 + Ss So
{ +
e 11.93+0.3 -
| o
MITSUBISHI © 1—9
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- PACKAGE OUTLINES

Dimension in mm

TYPE 28P4 28-PIN MOLDED PLASTIC DIL

. +0.5
36.7 9.2

nDononononooaon
)Po O

oo uogoooogu

13+0.15

15.24+0.3
[ Il \
5.5MAX AR
+0.07
1 0.27
2.8MIN —0.05
| |2.54t0.25 0.5+0.1 .
—+ 03 15.2~17
—0.1

Dimension in mm

TYPE 28P2W 28-PIN MOLDED PLASTIC FLAT

AAARAAHHAARARH
O

O

HHHHH;HHHHHHiHHH s

- ~wo
= oo
H PP
~ +1
w
s
17.6+0.2 s z9
+ g
2 0.5+0.2 =
S ‘
11.9340.3
E 1
MITSUBISHI
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PACKAGE OUTLINES

TYPE 40P4 40-PIN MOLDED PLASTIC DIL

mm
.5
515153
nnnnnnnnnnnnnnnnnnnnn
o
O O :
o
y )
15.24+0.3
-- ‘-‘ ____________ /—-—"m’——j
H OO OO dV—t [55MAX (N ——
0.5MIN (2.8MIN | O‘ZSio:os
2.54+0.25 0.5+0.1 . 15.2~17
12103
TYPE 40P2R 40-PIN MOLDED PLASTIC FLAT Dimension in m m

HARA AR RARARAARARHARA

O
O
CiEERERLEREERGERLELLE

J-LL- JQ"—“—O'—] 8.4+0.2

w
H
o

0.15

+0
—0.05

-4 MITSUBISHI
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PACKAGE OUTLINES

TYPE 64P4B 64-PIN MOLDED PLASTIC DIL(LEAD PITCH 1.78mm) Dimension in mm

sinluinfainialaisininintalninisiainiatuisinfalainininintnisinl

D O O

guoougouooouuudoououiduguiuououy

19.050.3
+0.5 .
%6.4_¢.3 z
| S| x 17.00.15
[t} <
s| 2 |58
. so '
I , © |+ |
&
WW i
+0.3 ‘ 0.5+0.1 1.77840.25 =
1.0_ - - s
0.1 P 19~22
H— . < ‘ .

—12 ‘ MITSUBISHI
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

MITSUBISHI LSIs

1. INTROBUCTION

A system-of letter symbols to be used to represent the
dynamic parameters of intergrated circuit memories and
other sequential circuits especially for single-chip micro-
computers, microprocessors and LSls for peripheral
circuits has been discussed internationally in the TC47
of the International Electrotechnical Committee (IEC).
Finally the IEC has decided on the meeting of TC47 in
February 1980 that this system of letter symbols will be
a Central Office document and circulated to all countries
to vote which means this system of letter symbols will
be a international standard.

The system is applied in this LS| data book for the
new products only. Future editions of this data book
will be applied this system. The IEC document which
describes ‘‘Letter symbols for Uynamic parameters of
sequential integrated circuits, including memories’’ is
introduced below. In this data book, the dynamic para-
meters in the |EC document are applied to timing
requirements and switching characteristics.

2. LETTER SYMBOLS

The system of letter symbols outlined in this document
enables symbols to be generated for the dynamic para-
meters of complex sequential circuits, including memo-
ries, and also allows these symbols to be abbreviated to
simple mnemonic symbols when no ambiguity is likely
to arise.

2.1. General Form

The dynamic parameters are represented by a general
symbol of the form:

TABC=DC)F  eeeeeeereeeeeeee e (1)

where :

Subscript A indicates the type of dynamic parameter
being represented, for example; cycle
time, setup time, enable time, etc.

Subscript B indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) con-
stitutes a signal event assumed to occur
first, that is, at the beginning of the time
interval. If this event actually occurs last,
that is, at the end of the time interval,
the value of the time interval is negative.

Subscript C indicates the direction of the transition
and/or the final state or level of the signal
represented by B. When two letters are
used, the initial state or level is also indi-
cated.

Subscript D indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) consti-
tutes a signal event assumed to occur last,
that is, at the end of the time interval. If
this event actually occurs first, that is, at
the beginning of the time interval, the
value of the time interval is negative.

Subscript E indicates the direction of the transition
and/or the final state or level of the signal
represented by D. When two letters are
used, the initial state or level is also indi-
cated.

Subscript F indicates additional information such as
mode of operation, test conditions, etc.

Note 1: Subscripts A to F may each consists of one or more letters.
2: Subscripts D and E are not used for transition times.
3: The “—" in the symbol (1) above is used to indicate “"to”’; hence the sym-
bol -represents the time interval from signal event B occuring to signal
event D -occuring, and it is important to note that this convention is used

for all dynamic parameters including hold times. Where no misunder-
standing can occur the hyphen may be omitted.

2.2. Abbreviated Form

The general symbol given above may be abbreviated
when no misunderstanding is likely to arise. For example

to:
tA(B-D)
or tam)
or  TA(D) - — often used for hold times
or tar — no brackets are used in this case
or ta

or tgc_DE — often used for unclassified time
intervals

2.3. Allocation of Subscripts

In allocating letter symbols for the subscripts, the most
commonly used subscripts are given single letters where
practicable and those less commonly used are designated
by up to three letters. As far as possible, some form of
mnemonic representation is used. Longer letter symbols
may . be used for specialised signals or terminals if this
aids understanding.

3. SUBSCRIPT A

(For Type of Dynamic Parameter)

The subscript A represents the type of dynamic para-
meter to be designated by the symbol and, for memo-
ries, the parameters may be divided into two classes :
a) those that are timing requirements for the memory
and

MITSUBISHI ~ =13
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

b) those that are characteristics of the memory.
The letter symbols so far proposed for memory circuits
are listed in sub-clauses 3.1 and 3.2 below.

All subscripts A should be in lower-case.

3.1. Timing Requirements

The letter symbols for the timing requirements of semi-
conductor memories are as follows :

Term Subscript

Cycle time c
Time interval between two signal events d
Fall time f
Hold time h
Precharging time pc
Rise time r
Recovery time rec
Refresh time interval rf
Setup time su
Transition time t
Pulse duration (width) w

3.2. Characteristics

The letter symbols for the dynamic characteristics of
semiconductor memories are as follows :

Characteristic Subscript
Access time a
Disable time dis
Enable time en
Propagation time p
Recovery time rec
Transition time t
Valid time v

Note. Recovery time for use as a characteristic is limited to sense recovery time

4. SUBSCRIPTS B AND D
(For Signal Name or Terminal Name)

The letter symbols for the signal name or the name of
the terminal are as given below.

Erasure . ER
Output enable ‘ G
Program " PR
Data output B Q
Read R
Row address RA
Row address strobe ‘ RAS
Refresh RF
Read/Write RW
Chip select S
Write (write enable) w

Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex-
ample CAS, should not be used.

It should be noted, when further letter symbols are chosen, that the sub-
script should not end with H, K, V, X, or Z. (See clause 5)

If the same terminal, or signal, can be used for two functions {for example
Data input/output, Read/Mrrite) the waveform should be labelled with the

N

w

dual function, if appropriate, but the symbols for the dynamic parameters
should include only that part of the subscript relevant to the parameter.

5. SUBSCRIPTS C AND E

(For Transition of Signal)

The following symbols are used to represent the level or
state of a signal :

Transition of signal Subscript
High logic level H
Low logic level L
Valid steady-state level (either low or high) \Y)
Unknown, changing, or ‘don’t care’ level X
High-impedance state of three-state output Z

The direction of transition is expressed by two letters,
the direction being from the state represented by the
first letter to that represented by the second letter, with
the letters being as given above.
When no misunderstanding can occur, the first letter
may be omitted to give an abbreviated symbol for sub-
scripts C and E as indicated below.
All subscripts C and E should be in upper-case.
Subscript
Examples Full Abbreviated

Transition from high level to

All subscripts B and D should be in upper-case. low level HL L
) Transition from low level to
Signal or terminal Subscript high level LH H
Transition from unknown or
Address A changing state to valid state XV \Y
Clock c Transition from valid state to
Column address CA unknown or changing state VX X
Column address strobe CAS Transition from high-impedance
Data input D state to valid state zVv \%
Data input/output 1 DQ Note Since subs?r'\ms CandE Tnay be abbreviated, and ,Sir?ce subscripts B and D
may contain an indeterminate number of letters, it is necessary to put the
Chlp enable E restriction on the subscripts B and D that they should not end with H, L,
V, X, or Z, s0 as to avoid possible confusion.
—14 , , MITSUBISHI
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

6. SUBSCRIPT F (For Additional Information)

If necessary, subscript F is used to represent any addi-
tional qualification of the parameter such as mode of
operation, test conditions, etc. The letter symbols for
subscript F are given below.

Subscript F should be in upper-case.

Modes of operation Subscript
Power-down PD
Page-mode read PGR
Page-mode write PGW
Read R
Refresh RF
Read-modify-write RMW
Read-write RW
Write w

* "4 MITSUBISHI 15
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’ SYMBOLOGY
FOR DIGITAL INTEGRATED CIRCUITS
New symbol {Foriner symbol Parameter—definition
C, Input capacitance
Co Output capacitance
Ci/o Input/output terminal capacitance
Ci(g) Input capacitance of clock input
f Frequency
f(¢) Clock frequency
I Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value
IsB Supply current from Vgg
IBB(AV) Average supply current from Vgg
lee Supply current from Vee
lce(av) Avarage supply current from Vee .
lce(pPp) Power-down supply current from Vcc
lpop Supply current from Vpp
IDD(AV) Average supply current from Vpp
lga Supply current from Vgg
1GG(AV) Average supply current from Vgg
Iy Input current
(] High-level input current—the value of the input current when Vo is applied to the input considered
(N1 Low-level input current—the value of the input current when Vg is applied to the input considered
loH High-level output current—the value of the output current when Vg is applied to the output considered
loL Low-level output current—the value of the output current when Vg is applied to the output considered
loz Off-state (high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that
it will establish according to the product specification, the off (high-impedance) state at the output
tozH Off-state (high-impedance state) output current, with high-level voltage applied to the output
lozL Off-state (high-impedance state) output current, with low-level voitage applied to the output
los Short-circuit output current
Iss Supply current from Vgg
Pd Power dissipation
New Number of erase/write cycles
NRa Number of read access unrefreshed
R, Input resistance
Ry External load resistance
RoFF Off-state output resistance
Ron On-state output resistance
ta Access time—the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output
ta (A) ta (AD) Address access time—the time interval between the application of an address input pulse and the availability of valid dat? signals at an output
ta(cas) Column address strobe access time
ta(e) ta(ce) Chip enable access time
ta(G) ta(og) Output enable access time
ta (PR) Data access time after program
ta (RAS) Row address strobe access time
ta (s) ta(cs) Chip s;elect access time
tc Cycle time
ter tc(ro) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle
tcRF teo( REF) Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level
tcra tc(pPa) Page-mode cycle time
tcrRMW tc(RMR) Read-modify-write cycle time—the time interval between teh start of a cycle in which the memory is read and new data is entered, and the start of
the next cycle
tecw te(wRr) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle
1—16 MITSUBISHI

ELECTRIC




MITSUBISHI LSIs

SYMBOLOGY

New symbol [Former symbol Parameter—definition

td Delay time—the time between the specified reference points on two pulses

td (8) Delay time between clock pulses—e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1
td (cAs-RAS) Delay time, column address strobe to row address strobe

td (cAs-w) [td(cas wr)| Delay time, column address strobe to write

td (RAS-CAS) Delay time, row address strobe to column address strobe
td (ras-w) [td (Ras-wR)| Delay time, row address strobe to write

tms(R,Q) tdiS(R-DA) Qutput disable time after read

tdis (s) tpxz(cs) Output disable time after chip select
tdis (w) tpxz(wRr) Output disable time after write
toHL High-level to low-level delay time the time interval between specified reference points on the input and on the output pulses, when the

toLH Low-level to high-level delay time output is going to the low (high) level and when the device is driven and loaded by specified networks.

ten (A-Q) tpzv(a-Dg)| Outputenable time after address
ten(R-Q) tpzv(R-pQ)| Outputenable time after read

ten(s-q) |tPzx(cs-ng) Output enable time after chip select

tf Fall time

th Hold time—the interval time during which a signal at a specified input terminal after an active transition occurs at another specified input terminal
th(a) th(ap) Address hold time

th(a-g) th(ap-ce) Chip enable hold time after address

th(a-PR) th (AD-PRO) Program hold time after address

th(CAS-CA) Column address hold time after column address strobe

th (cAs-D) |th(cas-pa) Data-in hold time after column address strobe

th ( C‘AS—Q) th (CAS-0UT) Data-out hold time after column address strobe
th(cas-RAS) Row address strobe hold time after column address strobe
th(cas-w) th(CAS-V.«R) Write hold time after column address strobe

th(p) th(pa) Data-in hold time

th(p-PR) |th(DA-PRO)| Program hold time after data-in

th(e) th(ce) Chip enable hold time

th(e-p) th(ce-pa) Data-in hold time after chip enable

th(E-G) th(ce-oE) QOutput enable hold time after chip enable

th(r) th(rp) Read hold time

th(ras-ca) Column address hold time after row address strobe
th(HA$<CAs) Column address strobe hold time after row address strobe

th(ras-D) th(Ras-DA) Data-in hold time after row address strobe
th(ras-w) [th(ras-wr)| Writehold time after row address strobe
th(s) th(Cs) Chip select hold time

th(w) th(wr) Write hold time

th(w-cas) th(wr-cas)| Column address strobe hold time after write
th(w-p) th(wr-pa) Data-in hold time after write

th(w-RAS) Ih(WR-RAs) Row address hold time after write

tPHL High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the
output is going to the low (high) level and when the device is driven and loaded by typical devices

tPLH Low-level to high-level propagation time of stated type

tr Rise time

trec(w) twr Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle

trec (PD) tr (PD) Power-down recovery time )

tsu Setup time—the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active

tarnsition at another specified input terminal
tsu(a) tsu(ap) Address setup time

tsu(a-e) {lsu(ap-ce)| Chipenable setup time before address
tsu(a-w) |tsu(ap-wr)| Writesetup time before address

tsu(ca-RAS) Row address strobe setup time before column address

MITSUBISHI 1—17
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tsu (ra-cas)

New symbol |Former symbol Parameter—definition
tsu(p) tsu(pa) Data-in setup time

tsu(p-e) |tsu(pa-ce)| Chipenable setup time before data-in
tsu(p-w) tsu(pa-wRr)| Write setup time before data-in

tsu(e) tsu(ce) Chip enable setup time

tsu(E_p) tSU(CE-P) Precharge setup time before chip enable

tsu (G-E) tsu (OE-CE) Chip enable setup time before output enable
tsu(p-g) |tsu(p-cE) Chip enable setup time before precharge
tsu(PD) Power-down setup time

tsu(R) tsu(rD) Read setup time

tsu (R-CAS)|tsu (RA-CAS) Column address strobe setup time before read

Column address strobe setup time before row address

tsu(s) tsu(cs) Chip select setup time

tsu(s-w) |tsu(cs-wm)| Writesetup time before chip select

tsu(w) tsu(wRr) Write setup time

tTHL High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output is

going to the low (high) level and when a specified input signal is applied through a specified network and

trin Low-level- to high-level transition time the output is loaded by another specified network
tv(a) tdv (aD) Data valid time after address

tv(e) th(CE) Data valid time after chip enable

tv (E)PR tV(CE)PR Data valid time after chip enable in program mode

tv(g) ty (oE) Data valid time after output enable

tv(pR) Data valid time after program

tv(s) tV(CS) Data valid time after chip select

tw Pulse width (pulse duration) the time interval between specified reference points on the leadi ng and training edges of the waveforms
tw (E) IW(CF_) Chip enable pulse width

tw (EH) tW(CEH) Chip enable high pulse width

tw(er) tw(el) Chip enable low pulse width

IW(PR) Program pulse width

tw(r) tw(ro) Read pulse width

tw(s) tw(cs) Chip select pulse width

tw(w) tw(wR) Wrtie pulse width

tw( #) Clock pulse width

Ta Ambient temperature

Topr Operating temperature

Tstg Storage temperature

Ves Vgg supply voltage

Voo Vce supply voltage

Voo Vpp supply voltage

Vaa Vag supply voltage

V) Input voltage

Vin High-level input voltage—the value of the permitted high-state voltage at the input

Vi Low-level input voltage—the value of the permitted low-state voltage at the input

Vo Output voltage

VoH High-level output Voltage'—ihe value of the guaranteed high-state voltage range at the output
VoL Low-level output voltage—the value of the guaranteed low-state voltage range at the output
Vss Vss supply voltage
1—18 MITSUBISHI
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1. PLANNING
In recent years, advances in integrated circuits have been

rapid, with increasing density and speed accompanied by
decreasing cost. Because of these advances, it is now
practical and economically justifiable to use these devices
in systems of greater complexity and in which they were
previously considered too expensive. All of these advances
add up to increased demand.

We at Mitsubishi foresaw this increased demand and
organized our production facilities to meet it. We also

realized that simply increasing production to meet the

demand was not enough and that positive steps would have
to be taken to assure the reliability of our products.

This realization resulted in development of our Quality
Assurance System. The system has resulted in improved
products, and Mitsubishi is able to supply its customers’
needs with ICs of high reliability and stable quality. This
system is the key to future planning for improved design,
production and quality assurance.

2. QUALITY ASSURANCE SYSTEM
The Quality Assurance System imposes quality controls

on Mitsubishi products from the initial conception of a
new product to the final delivery of the product to the

" customer. A diagram of the total system is shown in Fig. 1.
For ease of understanding, the system is divided into three
stages.

2.1 Quality Assurance in the Design Stage

The characteristics of the breadboard devices are carefully
checked to assure that all specifications are met. Standard
integrated circuits and high-quality discrete.components are
used. During the design stage, extensive use is made of a
sophisticated CAD program, which is updated to always
include the latest state-of-the-art techniques.

2.2 Quality Assurance in the Limited-
Manufacturing Stage .

Rigid controls are maintained on the environment, incom-

ing material and manufacturing equipment such as tools

and test equipment. The products and materials used are

subjected to stringent tests and inspections as they are
manufactured. Wafer production is closely monitored.

Finally, a tough quality assurance test and inspection is
made before the product is released for delivery to a
customer. This final test includes a complete visual inspec-
tion and electrical characteristics tests. A sampling
technique is used to conduct tests under severe operating
conditions to assure that the products meet reliability
specifications.

2.3 Quality Assurance in the Full Production Stage

Full production of a product is not started until it has been

confirmed that it can be manufactured to meet quality and
reliability specifications. The controls, tests and ‘inspection

¢ ‘MITSUBISHI
ELECTRIC

procedures developed in §2.2 are continued. The closest
monitoring assures that they are complied with.

3. RELIABILITY CONTROL

3.1 Reliability Tests

The newly established Reliability Center for Electronic
Components of Japan has established a qualification system
for electronic components. Reliability test methods and
procedures are developed to mainly meet MIL-STD-883
and JIS C 7022 specifications. Details of typical tests used
on Mitsubishi ICs are shown in Table 1.

Table 1 Typical reliability test items and conditions

Group ftem

High temperature
operating life

Test condition

Maximum operating ambient temperature 1000h

High ture
1 s'f.ac_;ZT'Ze'a e Maximum storage temperature 1000h
d o
Samais 99| 65°C 96%AH P

260°C 10s
0~100°C 15 cycles. 10min/cycle

Soldernng heat

Thermal shock

2
Temperature cycle| Minmum 1o maximum storage temperature,
10 cycles of 1h/cycle
Soldering 230°C. 5s. use rosin flux
il
Lead ntegnt Tension 340g 30s
€ 9Nty Bending stress 225g. +30°. 3 times
3 v 20G. X. Y. Z each drection. 4 tumes
oration 100~2000Hz—4 min/cycle
Shock 1500G. 0.5ms In X1, Y1 and Z1 direction, 5 times.
Constant

20000G. Y, direction. 1 min

acceleration

3.2 Failure Analysis
Devices that have failed during reliability or acceleration

tests are analyzed to determine the cause of failure. This
information is fed back to the process engineering section
and manufacturing section so that improvements can be
made to increase reliability. A summary of failure analysis
procedures is shown in Table 2.

Table 2 Summary of failure analysis procedures

Step Description

O Inspection -of leads. plating. soldering and weld»r{g
O Inspection of materials. sealing. package and marking

O Visual inspection of other items of tne specificaticns

Py

. External
examination | o se of stereo microscopes, metallurgical microscopes. X-ray
photographic equipment, fine leakage and gross leakage

testers in the examination

O Checking for open circuits, short circurts and parametric
degradation by electrical parameter measurement

O Observation of charactenstics by a synchroscope or a curve

N

. Electrical tests
tracer and checking of important physical charactenstics

by electrical characteristics

O Stress tests such as environmental or life tests. if required

O Removal of the cover of the device. the optical inspection

of the internal structure of the device

3. Internal O Checking of the silcon chip surface
examination | o n\yaqgement of dectncal charactenistics by probes
il applhcable

O Use of SEM. XMA and infrared microscanner if required

O Use of metallurgical analysis techniques to supplement
analysis of the nternal examination

O Slhcing for cross-sectional inspection

4. Chip analysis
O Analysis of- oxide fim defects

O Analysis of diffusion defects
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Fig. 1 Quality assurance system
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A MOS transistor has a very thin oxide insulator under the
gate electrode on the silicon substrate. It is operated by
altering the conductance (g, ) between source and drain to
control mobile charges in the channel formed by the
applied gate voltage.

If a high voltage were applied to a gate terminal, the
insulator-film under the gate electrode could be destroyed,
and all Mitsubishi MOS IC/LSIs contain internal protection
circuits at each input terminal to prevent this. It is inherent-
ly necessary to apply reverse bias to the P-N junctions of a
MOS IC/LSI.

Under certain conditions, however, it may be impossible
to completely avoid destruction of the thin insulator-film
due to the application of unexpectedly high voltage or
thermal destruction due to excessive current from a
forward biased P-N junction. The following recommenda-
tions should be followed in handling MOS devices.

1. KEEPING VOLTAGE AND CURRENT TO EACH
TERMINAL BELOW MAXIMUM RATINGS

1. The recommended ranges of operating conditions
provide adequate safety margins. Operating within these
limits will assure maximum equipment performance and
quality. ’

2. Forward bias should not be applied to any terminal since
excessive current may cause thermal destruction.

3. Output terminals should not be connected directly to
the power supply. Short-circuiting of a terminal to a
power supply having low impedance may cause burn-out
of the internal leads or thermal destruction due to
excessive current.

2. KEEPING ALL TERMINALS AT THE SAME
POTENTIAL DURING TRANSPORT AND
STORAGE

When MOS IC/LSIs are not in use, both input and output
terminals can be in a very high impedance state so that they
are easily subjected to electrostatic induction from AC
fields of the surrounding space or from charged objects
in their vicinity. For this reason, MOS IC/LSIs should be
protected from electrostatic charges while being transported
and stored by conductive rubber foam, aluminum foil,
shielded boxes or other protective precautions.

3. KEEPING ELECTRICAL EQUIPMENT, WORK
TABLES AND OPERATING PERSONNEL AT
THE SAME POTENTIAL

1. All electric equipment, work table surfaces and operat-

ing personnel should be grounded. Work tables should
be covered with copper or aluminum plates of good
conductivity, and grounded. One method of grounding
personnel, after making sure that there is no potential
difference with electrical equipment, is by the use of a
wristwatch metallic ring, etc. attached around the wrist
and grounded in series with a TM {2 resistor. Be sure that
the grounding meets national regulations on personnel
safety.

. Current leakage from electric equipment must be

prevented not only for personnel safety, but also to
avert the destruction of MOS IC/LSls, as described
above. Items such as testers, curve-tracers and synchro-
scopes must be checked for current leakage before being
grounded.

. PRECAUTIONS FOR MOUNTING OF MOS

IC/LSls

. The printed wiring lines to input and output terminals

of MOS IC/LSls should not be close to or parallel to
high-voltage or high-power signal lines. Turning power
on while the device is short-circuited, either by a solder
bridge made during assembly or by a probe during
adjusting and testing, may cause maximum ratings to be
exceeded, which may result in the destruction of the
device.

2. When input/output, or input and/or output, terminals

of MOS IC/LSIs (now open-circuits) are connected,
we must consider the possibility of current leakage and
take precautions similar to §2 above. To reduce such
undesirable trouble, it is recommended that an interface
circuit be inserted at the input or output terminal, or a
resistor with a resistance that does not exceed the
output driving capability of the MOS IC/LSI be inserted
between the power supply and the ground.

. A filter circuit should be inserted in the AC power

supply line to absorb surges which can frequently be
strong enough to destroy a MOS IC/LSI.

. Terminal connections should be made as described in the

catalog while being careful to meet specifications.

. Ungrounded metal plates should not be placed near

input or output terminals of any MOS IC/LSls, since
destruction of the insulation may result if they become
electrostatically charged.

. Equipment cases should provide shielding from electro-

static charges for more reliable operation. When a plastic
case is used, it is desirable to coat the inside of the case
with conductive paint and to ground it. This is considered
necessary even for battery-operated equipment.

ELECTRIC
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MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

DESCRIPTION

This is a family of single-chip 8-bit parallel contral proces-
sing units (CPUs) developed using the N-channel silicon-
gate ED-MOS process. It requires a single 5V power supply
and has a basic clock rate of 3MHz. With an instruction set
that is completely compatible with that of the M5L8080AP,S,
this device is designed to improve on the M5L8080AP,S with
higher system speed.

FEATURES
® Single 5V supply voltage

® TTL compatible

® Instruction cycle .................................... 1. 3#8 (min.)

® Software compatibility with the M5L8080AP,S (with two
additional instructions)

® Clock generator (with an external crystal of RC circuit)

® Built-in system controller

® Four vectored interrupts (one of which is non-maskable)

@ Serial [/0 port «rerrreereeei 1 each

® Decimal, binary, and double precision arithmetic opera-
tions

APPLICATION

Central processing unit for a microcomputer

FUNCTION

Under the multiplexed data bus concept adopted, the high-
order 8 bits of the address are used only as an adress bus
and the low-order 8 bit are used as an address/data bus.
During the first clock cycle of an instruction cycle, the
address is transferred. The low-order 8 bits of the address
are stored in the external latch by the address latch enable
(ALE) signal. During the second and third clock cycles, the
address/data bus functions as the data bus, transferring the

PIN CONFIGURATION (TOP VIEW)
CLOCK PULSE { x—[T] ~ 20 Voo (5v)
T 1% —[2] 39— HOLD HOLD INPUT
RESET QUTUT HOLD
RESET ouT «—[3] [38] — HLDA ACKNOWLEDGE
SERIAL
OUTPYTDATA sob—[1] 37— oLk GLQSK PULSE
- — mEsg— RE
inpuT DATA SID—[E] 36— RESET IN fuoisr
RORT NEGrrRar —[E] 35— ReaDY READY
— 1o/ DATA TRANSFER
RESTART RsT7.5—[7] 34— 10/ M " CONTROL Soteur
REQUEST RsT6. 5 —[B] 33— s SRS
remn PE|1_ST5‘ 5—[39] z 52— 5 AEAD, GONTROL
RE%JE T INTR—[T0) [ 31— wr WATE SoNTROL
WTERRUET ey s . AL ADDRESS A
ackNOWLEDGE INTA 1] & 30— aLefRRRES L UATCH
ADo—[12 5 29— so STATYSO
AD; —[3 28— Ass
BIDIREC- AD: [l 27)— A
TIONAL | AD;—[i5] 28] — Ars
ADDRESS
AND | ADge— A
oata BU3 | AP+~ LY 25— Are ADDRESS BUS
ADs+— 24— An
ADe hand E—» A,O
AD; [T 72— Ao
(0v)ves  [20 21] — As
Outline 40P4

data to memory or to the I/0. For bus control, the device
provides RD, WR, and 10/M signals and an interrupt ack-
nowledge signal (INTA.) The HOLD, READY and all inter-
rupt signals are synchronized with the clock pulse. For sim-
ple serial data transfer it provides both a serial input data
(SID) line and a serial output data (SOD) line. It also has
three maskable restart interrupts and one non-maskable trap
interrupt.

BLOCK DIAGRAM

CLK X,

Xy AD7

@@@@@@@@

VCC VSS

7

AD3 AD1

DATA BUS BUFFER/LATCH

8

8
Sz[P[CY: {CY2

I FLAG FLIP-FLOPI

8-BIT PARALLEL
ARITHMETIC
LOGIC UNIT

[DECIMAL COMPEN-
SATION CIRCUI

[~

MULIPLEXER | TEMPORARY

Sl SRR O] RE¥ISTERY (8) !
o H(8) L(8)

o 0(8) e ®
i B(3) CE)

2 STACK POINTER (16)

w

s

PROGRAM COUNTER (16)
1

— s

CArc (16)]

CONTROL CIRCUIT
."szﬁ;xf'nﬁuﬂo?rpﬁr"

! } INTERRUPT CONTROL ! ¥i8cORtron

(D--D-O-D-E-D-(-(8-39-3H2)-(E-3-(E0-3D-8--

INTA RST RST SOD HLDA READY S; ALE RD RESET IN A1s Az A Ag Ag
5.5 7.5 A Az A
INTR Fésg TRAP SID HOLD S, I10/M WR RESET OUT

ADDRESS BUFFER (16) H
DO DD DR

MITSUBISHI
ELECTRIC -




MITSUBISHI LSIs

MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

PIN DESCRIPTIONS

Pin Name Input or Functions -
output
X1, Xz Clock input In These pins are used to connect an e-xtemal crystal or CR circuit to the internal clock generator.
An external clock puise can also be input through X;.
RESET OUT Reset output out Thi§ signal indif:ates' that the CPU is in the reset mode. It can be used as a system RESET. The sig-
nal is synchronised to the processor clock.
. This is an output data line for selial data. The output SOD may be set or reset by means of the SIM
SOD Serial output data Out instruction. It return to high level after the RESET.
L This is an input data line for serial data, and the data on this line is moved to the 7th bit of the accu-
SID Serial input data In X .
mulator whenever a RIM instruction is executed.
TRAP Trap interrupt In A non-maskable 'restart which is reccfgnized' at the sarﬁe. time as an INTR it is not affected by any
mask or another interrupt. It has the highest interrupt priority. -
RST5.5 . Input timing is the same as for INTR for these three signals. They all cause an automatic insertion of
RST6. 5 Restart interrupt In an internal RESTART. RST 7.5 has the highest priority while RST 5.5 has the lowest. All three sig-
RST7.5 request nals have a higher priority than INTR.
This signal is for a general purpose interrupt and is sampled only during the last clock cycle of the
Interrupt instruction. When an interrupt is acknowledged, the program counter (PC) is held and an INTA sig-
INTR request signal In nal is generated. During this cycle, a RESTART or CALL can be inserted to jump to an interrupt ser-
vice routine. The interrupt request may be enable and disable by means of software. But it is dis-
able by the RESET and immeadiately after an accepted interrupt.
INTA Interrupt ackr?awledge Out This signal is used instead of RD during the instruction cycle after an INTR is accepted.
control signal
- . The low-order (1/0 address) appears during the first clock cycle. During the second and third clock
Bidirectional address . L i !
ADo~AD; and data bus In/out | cycles, it becomes the data bus. It remains in the high-impedance state during the HOLD and HALT
modes.
Output the high-order 8 bits of the memory address or the 8 bits of the I/0 address.
As~As Address bus Out It remains in the high-impedance state during the HOLD and HALT modes.
Indicates the status of the bus.
S S
HALT 0 0
So, Sy Status Out WRITE 0 1
READ, DAD 1 0
FETCH 11
The S; signal can be used as an advanced R/W status.
This signal is generated during the first clock cycle, to enable the address to be latched into the latches of
ALE Address latch enable Out peripherals. The falling edge of ALE is guaranteed to latch the address information. The ALE can also be
used to strobe the status information, but it is kept in the low-level state during bus idle machine cycles.
WR Write control out Indicate.s lhame data or-1 the dat'a bl:ls is to be writu'en int}o the selected memory at the falling edge
of the signal WR. It remains the high-impedance staté during the HOLD and HALT modes.
— Indicates that the selected memory or I/0 address is to be read and that the data bus is active for
RD Read control Out L Lo )
data transter. It remains in the high-impedance state during the HOLD and HALT modes.
10/M Data transfer out This signal indicates whether the read/write is to memory or to 1/0s.
control output It remains in the high-ipedance state during the HOLD and HALT modes.
When it is at high-level during a read or write cycle, the READY indicates .that the memory or
READY Ready input in peripheral is ready to send or recieve date. When the signal is at low-level, the CPU will wait for the
signal to turn high-level before completing the read or write cycle.
This signal (at least three clock cycles are necessaly) sets the program counter to zero and resets
/RESET IN Reset input In the interrupt enable and HLDA flip-flops. None of the other flags or registers (except the instruction
register) are affected. The CPU is held in the reset mode as long as the signal is applied.
CLK Ciock output Out Clock pulses are available from this pin when a crystal or CR circuit is used as an input to the CPU.
Hold By this signal the processor acknowledges the HOLD request signal and indicates that it will relin-
. quish the buses in the next clock cycle. The signal is returned to the low-level state after the HOLD
HLDA acknowledge signal Out .
request is completed. The processor resumes the use. of the buses one half clock cycle after the
signal HLDA gose low.
When the CPU receives a HOLD request. It relinquishes the use of the buses as soon as the current
HOLD Hold In machine cycle is completed. The CPU can regain the use of buses only after thejogstate is ri
request signal moved. Upon acknowledging the HOLD signal, the address bus, the data bus, RD, WR and I0/M
lines are put in the high-impedance state.
Note : HOLD, READY and all interrupt signals are synchronized with clock signal.
2—4 MITSUBISHI
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STATUS INFORMATION

Status information can be obtained directly from the
M5L8085AP. ALE is used as a status strobe. As the status is
partially encoded, it informs the user in advance what type
of bus transfer is being performed. The 10/M cycle status
signal is also obtained directly. Decoded Sy and S; signals

carry: S S
HALT 0 0
WRITE 0 1
READ 1 O(except for second and)
third machine cycles of|
FETCH 1 1\DAD instruction.

S; can be used in determining the R/W status of all bus
transfers.

In the M5L8085AP the low-order 8 bits of the address are
multiplexed with date. When entering the low-order of the
address into memory or peripheral latch circuits, the ALE is
used as a strobe.

INTERRUPT AND SERIAL 1O

The M5LB085AP has five interrupt inputs—INTR, RST 5.5,
RST 6.5, RST 7.5, and TRAP. INTR has the same function as
INT of the M5L8080AP,S. The three RST inputs, 5.5, 6.5, 7.5,
are provided with programmable masks. TRAP has the same
function as the restart interrupt, except that it is non-
maskable.

When an interrupt is enabled and the corresponding in-
terrupt mask is not set, the three RST interrupts will cause
the internal execution of the RST. When nonmaskable TRAP
is applied, it causes the internal execution of an RST re-
gardless of the state of the interrupt enable or masks. The
restart addresses (hexadecimal) of the interrupts are:

Interrupt Adress
TRAP 244
RST 5.5 2Cis
RST 6.5 3416
RST 7.5 3Cis

Two different types of signal are used for restart inter-
rupts. Both RST 5.5 and RST 6.5 are sensitive to high-level
as in INTR and INT of the M5L8080AP,S, and are acknow-
ledged in the same timing as INTR. RST 7.5 is sensitive to
rising-edge, and existence of a pulse sets the RST 7. 5 inter-

rupt request. This condition will be maintained until the re-
quest is fulfilled or reset by a SIM or RESET instruction.

Each of the restart interrupts may be masked indepen-
dently to avoid interrupting the CPU. An interrupt requested
by an RST 7.5 will be stored even when its mask is set and
the interrupt is disabled. Masks can be changed in a SIM in-
struction or the RESET. When two enabled interrupts are re-
quested at the same time, the interrupt with the highest
priority will be accepted. The TRAP has the highest priority
followed in order by RST 7.5, RST 6.5, RST 5.5 and INTR.
This priority system dose not take into consideration the
priority of an interrupt routine that is already started. In other
words, when an RST 5.5 interrupt is reenabled before the
termination of the RST 7.5 interrupt routine, it will interrupt
the RST7.5.

The TRAP interrupt is very useful in preventing disastrous
errors and bus errors resulting from power failures. The
TRAP input is recognized in the same manner as any other
interrupt, but it has the highest priority, and is not aftected
by any flags or masks. The TRAP input can be senced by
both edge and level. TRAP should be maintained high-level
until it is acknowledged. But, it will not be acknowledged
again unless it turns low and high again. In this manner, faul-
ty operation due to noise or logic glitches is prevented.

The selial 1/0 system is also considered to be an inter-
rupt as it is controlled by instructions RIM and SIM. The SID
is read by instruction RIM and the SOD data is set by in-
struction SIM.

BASIC TIMING

The M5L8085AP is provided with a multiplexed data bus.
The ALE is utilized as a strobe with which the low-order 8
bits of the address on the data bus are sampled. Fig.l shows
the basic cycle in which an out instruction is fetched, and
memory is read and written to the I/O port. The I/0O port
address is stored in both the address bus and the address/
data bus during the 1/0 write and read cycle. To enable the
M5L8B085AP to be used with a slow memory, the READY line
is used for extending the read and write pulse width in the
same manner as in the M5L8080AP,S.

M, My M3
T T2 T3 Ts T T, T3 T T2 T3
ax S NSNS S ]
r~ms X FC, HIGH-ORDER ADDRESS X(PC.H1) HIGH-ORDER ADDRESS X n (PORT NO)
p— 1 : I
ADo~AD; X PC_ { (PC+1), L PORT NO.(n) n | X__ DATA OUTPUT
INSTLUCTION FETGH SECOND WORD
ALE [\ (ouT) [\ 3 S\
RD
— |/ | S
= .
/]
10/M N\ /
STATUS _:X S1=1, So=1 (FETCH) X 1,0 (READ) X 0.1 (WRITE
— 1 1 + 1
Fig. 1 Bacic cycle
1 *»«:,\~Ml".l' SUBISHI )—s
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MACHINE INSTRUCTIONS

84 8
fv373
Item Instruction code 5|55 , Flags Address bus “Data bus
nemonic i Functions h
Inst Mne 0705 5043 020100 O s|g|s s 2 p ovecv| Contents| M3 | Gontents|1/0| Mach.

MOV ri,r2 (O1 DDD SSS a1 (r1) < (rz2) X X X X X

MOV M, 01 110 SS8S 7112 M) —(r) Where, M=(H)(L) | X X X X X M Ma (r) 0| Ma

MOV r,Mm | O1 DDD 110 7112 (r) < (M) Where, M=(H)(L) [ X X X X X M Ma (M) V| Ma

MVl r,n 00 DDD 110 1|22 (r) «n X X X X X @2 [ 1| M
<B2>

MV M,n 00 110 110 (36[10/2]|3 (M) «n Where, M=(H) (L) X X X X X M Ms <B2> i Ms
<B2> :

LXI B,m [00 000 001 [01[10[3][3 (C) « <B2> X X X X X @ 1] M2
<B2> (B) «<B3> Where, m=<B»><B2 |, <B3> i M3
<Bs>

LXI D.,m 00 010 001 [11(10(3]3 (E) —<B2> X X X X X ®> | 1| Mz
<B2> (D) «<B3> Where. m=<B3><B2> <B3> | M3
<Bs>

LXI H,m 00 100 001 |21(10[3]3 (L) —<B2> X X X X X w®> |[1| M2
<B2> (H) < <B3 Where. m =<B3> <B2> <B3> | M3
B3>

5 LXI SP,m|{ 00 110 0O 311|033 (SP) < m X X X X X B> | 1| M2
B 82> B» | 1| Ms
S <B3>

= SPHL 11 111 001 [Fel6]1][1 (sP) « (R) (L) X X X X X

8 [STAX B 00 000 010 02| 7]1]2]((B)(C))—(A) X X X X X | (B)(C) | "Ma (A) 1O Ms
& |s1ax o 00 010 010 |12|7]1}2]((D)(E))(A) X X X X X|(D)(E)| Ma (A) O] Ma

LDAX B 00 001 010 [OA|[7[1]2 (a) — ((B)(C)) X x x X x| (B)(C) Ma  [((B) (C))| 1 Ma

LDAX D 00 011 010 |1A[7[1]2 (A) < ((D) (E)) X X X X X|(D(E)| Ma_ |(D)EN[ 1| Ms

STA m 00 110 010 [32[13][3]a (m) —(A) X X X X X m Ma (A) [0] Ma
<B2> :
<B3>

LDA m 00 111 010 |3A(13]3/4a (A) —(m) X X X X X m Ma (m) | Ms
<B2>
<B3)>

SHLD m 00 100 010 (22|16]/3|5 (m) — (L) X X X X X m Ma (L) [0} Ma
B2> (m+ 1)« (H) m+1 Ms (H) |0] Ms
B3>

CHLD m 00 101 010 (2A|16]3]5 L) —(m X X X X X m Ma (m) ] Ma
<B2> (H) ~(m+1) m+1 Ms (m+1) |1 Ms
B3>

XCHG 11 101 01 EB |4 |11 (H) (L) « (D) (E) X X X X X

XTHL 11 100 011 [E3[16]1]5 (H) (L) <+ ((sP) +1) ((sP)) X X X X X | (sP) Mz [ ((sP) [ 1] M2

(SP)+1] M3 [((sP)+D)| | M3

ABD v 70 000 SSS [BBEBE (A =AY+ (1) [eeeNeNe]

ADD M 10 000 110 (86712 (A) —(A) +(M) Where, M=(H)(L) |O O O O O M Ma (M) 1| Ma

ADI n 11 000 110 (C6|7 2|2 (A) = (A)+n O00O0O0 <B2> 1| M
<B2>

ADC 10 001 SSS a1 (A) —(A) +(r) +(CY2) . O 0000

ADC M 10 001 110 |BE|7 1|2 (A) « (A)+(M)+(CY2) Where, M=(H)(L) |O O O OO M Ma (M) | Ma

ACI n 11 001 110 |CE 7 |2]|2 (A) —(A)+ n +(CY2) OO0OO0O0O0 <B2> | Ma
<B2>

DAD B 00 001 001 [09[10[1]3 (H) (L)« (M) (L) +(B) (C) X X X O X

DAD D 00 011 001 [19]10[1]3 (H) (L) «—(H) (L) + (D) (E) X X X O X

DAD H 00 101 001 (291013 (H) (L) — (H) (L) + (H) (L) X X X O X

® DAD sp 00 111 001 |[39]10/1]3 (H) (L) = (H) (L) +(SP) X X X O X

2 SuB 10 010 SSS a1 (A) « (A)—(r) OO0 00O

o sue M 10 010 110 (96|7|1]2 (A) —(A) = (M) Where, M=(H)(L) |O O O O O M Ma (M) | Ma
E SuUl  n 11 010 110 (D6|7|22 (A)—(A)=n OO0 000 B2 | 1| Ma
[s) <B2>

= SBB r 10 011 SSS a1 (A) = (A)~(r) —(CY2) O 0000

o SBB M 10 o011 110 |9E|7|1|2 (A) = (A)=(M)—(CY2) Where. M=(H)(L) {O O O O O M Ma (M) [
2 |s8i i1 011 110 |[DE|[7|2]2 (A) = (A)= n —(CY2) 00000 @2> | 1| Ma
= 82>

g ANA 10 100 SSS 41 (A) —(A) A(r) OO0 01

GE) ANA M 10 100 110 |A6|7|1]|2 (A) «—(A) A(M) Where, M=(H)(L) {O O O 0 1 M Ma (M) 1l Ma
£ AN n 11 100 110 [E6|[7|2]2 (A) < (A)A n 000 01 @ | 1] Ma
= <B2>

< XRA ¢ 10 101 SSS a1 (A) —(A)¥(r) OO0OO0Oo0o0

XRA M 10 101 110 [AE|[7|1]2 (A) = (K) ¥ (M) Where, M=(H)(L) |[O O O 0 0 M Ma (M) 1] M

XR1 n 11 101 110 |EE|7|2]2 (A) —(A)% n OO0 o0 o0 <B2> ! Ma
<B2>

ORA 10 110 SSS 4111 (A) (A v (r) OO0 000

ORA M 10 110 110 (B6|7|1]|2 (A) —(A) v (M) Where. M=(H) (L) OO0 000 M Ma (M) | Ma

ORI n 11 110 110 (Fe|7]|2]2 (A) <= (A)\ n 00000 0 2> | 1| Ma
<B2>

CMP 10 111 S§8S 41 (A)—(r)| [eNeNeoNeNe]

cMP M 10 111 110 BE|[7]|1]2 (A) — (M) | Compare; Where. M=(H)(L) |[O O O O O M Ma (M) | Ma

cP1 n 11 111 110 |FE|7]2|2 - n | 00000 @ | 1| ™ma
<B2>

INR ¢ 00 DDD 100 RERE (N=(r)+1 00O Xx O

z |INR M 00 110 100 |34 i0[1 3 (M) — (M) +1 Where. M -(M)(L) |O O O x O Ma (M) 1] Ma
2 DCR 00 DDD 101 a1 (M) —=(r)—1 000X O
® LCR ™ 00 110 101 |35/10/1|3 (M)—=(M)-1 Where. M=(H)(L) |O O O x O Ma (M) ! Ma
59 TNX B 00 000 011 (036 1|1 (B)(C) — (B)(C)+1 X X X X X
%38 |[INX D 00 010 011 (13|61 1 (D) (E) = (D) (E) + 1 X X X X X
o2 |INX W 00 100 011 23|61 1 (H) (L) = (H) (L) +1 X X X X X
& |INX sP 00 110 011 |33[6/|1 1 (SP) «=(SP) +1 X X X X X
E [DCx B 00 001 011 (0B |6 |1 |1 (B)(C)—(BY(CY—1 X X X X X
S |pex o 00 011 011 [18B]s]1 |1 (D) (E) « (D) (E) -1 X X X X X
€ |bcx H 00 101 011 |28B|6/|1 |1 (H) (L) <= (H) (L) —1 X X X X X
DCX __ SP 00 111 011 |3B|6 |1 |1 (SP) < (sP) -1 X X X X X
_ \_m.c 00 000 117 07 & T | T LT X X X O X
i;:E RRC 00 o011 A [oF ATV g0 it X X X O X
z2 .
%gg RAL 00 o010 111 ITIal T o X X X O X
2°% [RAR o0 ot v [WF T oy X X X O X
[Accumu | cMA 00 101 111 [2F[4]1[1 (A) <~ (A) X X X X X
compen|[pAA 00 100 111 |27]4]1 |1 [Resultsof binary addition are adjusted to BCD O O 00O
Carry.,:STc 00 110 111 [37[4a]1]1 (CY2) — 1 X X X 1 X
E CMC 00 111 111 3F[al1] (CY2) — (CY2 X X X O X
* State is T *% ! State is T2
MITSUBISHI
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2 o 3
® g 2
= - — —
Item Instruction code 2 :; 2 Flags Address bus Data bus
i ° > Functions
L"l':;; Mnemonic | @ s DsDabs D200 :\g;’;tar" slgls s z P Cv2cvi{Contents m‘fg; [Contents |1/0 c'\cgg?.
JMP m 71 000 011 |C3|10]3]3 PC)-m X X X X X B> | 1| Mz
<82> <B3> 1 Ma
<B3>
PCHL 11 101 001 |E® 6|1 |1 (PC)«—(H) (L) X X X X X
Jc m 11 ot1t1 o010 |DA0/| 3 [3/2/(CY2)=1 X X X X X
<B82>
<B3>
JNC m 11 010 010 D2 (10/7 3|3/2|(CY2)=0 | If condition is true X X X x x || If condition is true.
82> (PC)e—m
B3>
Jz m 11 o001 o10 [cAj/7f3(3/2/(z)-1 X X X X X <B2> | M2
<B2> B3> ' M3
B3>
g |enz m 11 000 010 |C2|0/13(3/2[(z) 0 X X X X X
E] <B2>
- <B3>
JP m 11 110 o010 |F20/] 332 (s)=o0|lfcondition is false X X X x x|f
<B2> (PC)+ (PC)+ 3
<B3>
JM m 11 111 o010 |[FA0/ 3|32 (s)=1 X X X X X
<B2>
B3>
JPE m 11 101 o010 [EA0/7]33/2/(P)=1 X X X X X
<B2>
<B3>
JPO m 11 100 010 [E2|10/73[3/2[(P)=0 X X X X X
82>
<B3>
CALL m 11 001 101 [CD|18]3 |5 |((SP)--1)((SP)-2)—(PC)+3,(PC)m X X X X X <B2> [ M2
<B2> - - <B3> I M3
s> (sP) - (sP) -2 (sP)=1| Me (pgyig of M
RST n 11 AAA 111 (SP)—21 Ms (PC)+3 0| Ms
1221 | 3[((SP)=1)((SP)-2)«(PC) +1,(PC)+nx8, X X X X X|(sP)—1 Ma  (PC)+1 0o Ma
(SP) «= (SP)—2 Where 0sns7 (SP)-2| Ms_ (PC)+1 0] Ms
cc m 11 011 100 |DC /9| 3 [5/2](CY2)=1 X X X X X
<B2>
B3>
CNC m 11 010 100 |[Da/i8/9]3|5/2{(Cy2)=0 X X X X X
<B2> If condition is true If condition is true
— <B3>
B ez m 11 001 100 |CC 189 3(52/(Z)=1|((SP)-1)((SP)-2)~(PC)+3 X X X X X B> || M2
° <B2> B ®» | 1| M3
=4 <B3> (PC)«-m (sP)-1 Ma (PC)+3| 0 Ma
5 CNZ m 11 000 100 [Ca (189 3|52((z)=0 X X X X X
Q <B2> (SP)+ (SP)- 2 {(SP)-2| Ms | (PC)+3| 0| Ms
o
> <B3>
2 cP m 11 110 100 |Fa18/93|52/(s)=0 X X X X X
<B2>
B3>
cm m 11 111 100 |[FC(189 3|52 (s)=1] Ifcondition is false X X X X X
<B2>
<B3> (PC)—(PC) + 3
CPE m 11 101 100 [EC|189|3]572|(P)=1 X X X X X
<B2>
B3>
CPO m 11 100 100 |E4189]3[52 (P)=0 X X X X X
B>
<B3>
RET 11 001 001 [C9[10]1]3[(PC) «((SP)+1)((SP)).(SP)—(SP)+2 X X X X X[(sP) Ma [ ((sP)) |1 Ma
(sP)+1] Ms J((SP)+1)| | Ms
RC 11 011 000 |D8|[12/6] 1 [3/1[(CY2)=1 | If condition is true X X X X X || If condition is true.
- RNC 11 010 000 |Do 126 1 |3/1](CY2)=0 X X X X X
5 RZ 11 001 000 [C8[12/6f 1 [3/1{( Z)=1|(PC)—((SP)+1) ((SP)) X X X X X ||(sP) Ma [ ((SP)) [ 1| Mas
% |RNZ 11 000 000 |(CoO (126 1 3/1|( Z)=0 |(SP)—(SP)+2 x x x x x|[(sP)y+1]| Ms [((sPy+D)| 1| Ms
o RP 11 110 000 [FoO|I261 [3/1[(s)=0 X X X X X
RM 11 111 000 |F8(12/6 1 [3/1)( s )=1 | If condition is false X X X X X
RPE 11 101 000 [E8[12/6/ 1 [3/1/( P)=1 |(PC)—(PC)+1 X X X X X
RPO 11 _100 000 |EO|I2/6l1 |31/(P)=0 X X X X X
Input/ | IN n 11 011 011 ]D0B|10]2][3][(A)« (Input buffer) < (Input device of number n) X X X X X <B2> [6} Ma
output <B2> (Input data) <B2> B2> Ms  l(input data)| | Ms
ourt n 11 010 011 (D3 |10f2] 3] (Outputdevice of number n) — (A) X X X X X 82> o Ma
control 82> <B2> <B; Ms (A) 1ol Ms
Interrupt| E 1 11 111 011 FB|4 | 1 [ (ONTE)+—1 X X
control | D 1 11 110 o011 [F3]4 /111 ]|(NTE)—O X X _X X X
PUSH PSW T1 110 101 [F5[12]1 ] 3]((SP)-1)«(A).((SP)—2) «(F) X X X X X[(SP) 1 Ma (A) []) Ma
(SP) «—(sP)-2 (sP)-2| Ms (F) |O] Ms
PUSH B 11 000 101 |[C5(12|1]3]((SP)=1)«(B).((SP)—2)«(C) X X X X X|(SP)—1| Ma (B) |O] Ma
(sP) ~(sP)-2 (sP)—2| Ms (©) |o] Ms
PUSH D 11 010 101 [D5|12]1{3|((SP)—1)«(D).((SP)—2)«(E) X X X X X [(sP)-1 Ma (D) o Ma
° (sP) «—(sP)-2 (sP)—2| Ms (E) {O| Ms
Z |PUSH H 11 100 101 (ES5|12]|1]3|((SP)—1)«(H).((SP)-2)« (L) X X X X X|(SP)—1| Ma (H) 0| M4
8 (SP) «—(sP)-2 (sP)-2] Ms (L) O] Ms
~ |POP PSW 11 110 001 [F1[10[1]3][(F) —((S5P)).(A)—((SP)+1) O O O 0 O] (sP) Ma (SPY) | 1| M
8 (sP) —(SP)+2 (SPY+1[ Ms [((SPY+D| 1| Ms
&» |poP B 11 000 001 [C1[10|1{3](C) «((SP)).(B)+ ((SP)+1) X X X X X|(sP) Ma | ((SP)) | 1| Me
(sP) «—(sP)+2 (sP)+1 Ms 1((SP)+1)| | Ms
POP D 11 010 001 ([D1|10[1]3[(E) <« ((SP)).(D)—((SP)+1) X X X X X|(SP) Ma | ((sSP)) | ! Ma
(sP) «—(sP)+2 (SP)+1{ Ms |((SP)+1)| | Ms
POP H 11 100 001 [E1[10[1]3]|(L) «<((SP)).(H)—((SP)+1) X X X X X |(sP) Ma [ ((SP)) |1 Ma
(SP) «—(SP)+2 . (sPY)+1] Ms [((SP)+D)| | Ms
Others | FET 01 110 110 76]5]|1]1](PC) —(PC)+I X X X X X
NOP 00 000 000 (004 |1]|1][(PC) « (PC)+1 X X X X X
All RST interrupt masks. any pending RST interrupt
2 |RIM 00 100 000 (20| 4| 1| 1| requests, and the serial input data from the SIDpin | X X X X X
©2 are read into the accumlator.
28 Mask is enabled (or disabled) to the RST interrupt
2% corresponding to the contents (bit pattern) of the
Sc |SimM 00 110 000 |3 | 41117 secymulator. The serial output is enabled and the.| X X X X X
serial output bit is loaded into the SOD latch
* : State is T1, *x% :State is Tz,
Symbol Meaning Symbol Meaning Symbol Meaning
Register -— Data_is transferred in direction shown
Two-byte data Bit pattern Register | sss () Contents of register or memoy location
One-byte data designating or or v a
<B: Second byte of register or memory| DDD v Inclusive O
2> econd byte of instruction Exciuse OR
<B3> Third byte of instruction s$ss memory. B 000 ha xCl
c 001 A Logical AND
AAA Binary representation for RST instruction n or D 010 =
E 011 1's complement
8-bit data from the most to the least significant bbb H 100 X Content of flag 1s not changed after execution
bit S, Z. X, CY1,0, P. X, CY2 (X is indefinite.) Where “':1 : “’ 11) | © Content offlag 1s set or reset after execution
PC Program counter M= (H) (L) A 111 [ Input mode !
SP Stack pointer [ Output mode
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INSTRUCTION CODE LIST

D;~D, | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hex-
D3~Dg\ adecimal 0 1 2 3 4 5 6 7 8 9 A B C D E F
notation
MOV | MOV | MOV | MOV | ADD | SUB | ANA | ORA
0000 0 NOP | (—) | RIM | SIM RNZ | RNC | RPO | RP
B,B|DB|HB|MB| B B B B
0001 . I | MOV | MOV | MOV | MOV | ADD | SUB | ANA | ORA | POP | POP | POP | POP
B,C|D,C|HC|MC| C c c c B D H | PsW
0010 ) | Mov | MOV | MOV | MOV | ADD | SUB
‘ |e.p|DD|HD|MD]| D D.
0011 3 MOV | MOV | MOV | MOV | ADD | SUB
B,E|DE|HE|ME| E E
0100 . INR | INR | INR | INR [ MOV |MOV | MOV | MOV | ADD | SUB
B D H M |BH|DH|HH|MH| H H
o101 5 DCR | DCR | DCR | DCR | MOV | MOV | MOV | MOV | ADD | SUB
D,L|HL|{ML| L L
MOV | MOV ADD | SUB
0110 6 HLT
D,M|H M M M
MOV | MOV | MOV | ADD | SUB | ANA | ORA | RST | RST | RST | RST
0111 7 | RLC | RAL | DAA | STC
B,A|D,A|HA|MA| A A A A 0 2 4 6
MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
1000 8 (=) | (=) | (=) ] (=) RZ RC | RPE | RM
C,B|EB|LB|AB| B B B | B
DAD | DAD | DAD | DAD | MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
1001 9 . RET | (—) |PCHL|SPHL
B D H sPp |[c,c|Ec|LC|AC]| C c c c
1 mMov | Mov | mov | mov | Abc | sBB | xRA [cmP |
1010 A dzolade L JPE M
C,D|ED|LD|AD| D D D ) W B
1011 5 DCX | DCX | DCX | DCX | MOV | MOV | MOV | MOV | ADC | SBB | XRA
B D H SP |C,E|EE|LE|AE E E E
1100 c INR | INR | INR | INR [ MOV | MOV | MOV | MOV | ADC | SBB | XRA
o] E L A |CCH|EH|LH|AH]| H H H
101 b DCR | DCR | DCR | DCR | MOV | MOV | MOV | MOV | ADC | SBB | XRA
c E L A |CL|EL|LL]|AL L L L
110 £ MOV | MOV | MOV | MOV | ADC | SBB | XRA
|CM|EM|LM|AM| M M M
MOV | MOV | MOV | MOV | ADC | SBB | XRA
1M F RRC | RAR | CMA | CMC
C,LA|EA|LA|AA| A A A

This list shows the machine codes and corresponding
machine instruction. D3 ~ Dg indicate the low-order 4 bits of
the machine code and D;~ Dy indicate the high-order 4 bits.
Hexadecimal numbers are also used to indicate this code.

indicates a three-byte instruction.
indicates a two-byte instruction.

The instruction may consists of one, two, or three bytes, but
only the first byte is listed.
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MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~7 v
With respect to Vgs
V, Input voltage —0.5~7 \"
Pd Power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range —20~75 c
Tstg Storge temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (7,=—20~75T, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.75 5 5.25 v
Vin High-level input voltage (Except for Xi, X2) 2.2 Veot0.5 Y
A\ Low-level input voltage —0.5 0.8 \%
Viurgsny | High-level reset input voltage 2.4 Vect0.5 \Y
VL(REsN) Low-level reset input voltage —0.5 0.8 \"
Vihx Xi, X2 High-level voltage 4.0 Veet0.5 \Y
ELECTR'CAL CHARACTERISTICS (Ta=—20~75C, Vgc=5V*5%, Vss=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoL Low-level output voitage lo,=2mA 0.45 v
Vou High-level output voltage lon="—400 A 2.4 v
lecc Supply current from Vec 200 mA
I Input leak current, except RESET IN (Note 1) Vi=Vcc —10 10 kA
lozL Output floating leak current 0. 45V=Vo=Vcc —10 10 A
Vin—ViL Hysterisis RESET IN input 0.25 v
Note 1 : The input RESET IN is pulled up to Vec with the resistor 3kQ (typ) when V,=Vu@esi)
TIMING REQUIREMENTS (Ta=—20~75C, Vcc=5VE5%, Vss=0V, unless otherwise noted)
Symbol Paramater Altemative Limits Unit
symbol Min Typ Max
Tc(ek) Clock cycle time Teve 320 ' 2000 ns
tsu(pa—an) DA input setup time —tan —575 ns
tsu(pa—RD) DA input setup time —trp —300 ns
th(oa—RD) DA input hold time taoH 0 ns
tsu(roy—aD) READY input setup time —taRy —220 ns
tsu(rRoY—cLK) READY input setup time —tgys —110 ns
th(rRoY—cLK) READY input hold time TayH 0 ns
tsu(pa—aLE) DA input setup time —tLoR —460 ns
tsu(HLD—cLK) HOLD input setup time thps 170 ns
th(HLD—CLK) HLD input hold time thoH 0 ns
tsu(iNT—cLK) Interrupt setup time tins 160 ns
thanT—cLk) Interrupt hold time tinn 0 ns
tsu(RDY—ALE) READY input setup time —t Ry —110 ns
Note 2 : The input voltage level is V, =0.45V and V,,=2. 4V
MITSUBISHI g
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MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

SWITCHlNG CHARACTERIST'CS (Ta=—20~75T, Vce=5V£5%, Ves=0V, unless otherwise noted)

Alternative Limits
Symbol Parameter Unit
symbol Min Typ Max
tw(ciK) CLK output low-level pulse width t 80 ns
tw(cLk) CLK output high-level puls width tz 120 ns
tr(cLk) CLK output rise time tr 30 ns
ticLk) CLK output fall time tf 30 ns
td(xi—cLK) Delay time, X to CLK txkr 30 120 ns
td o —GR) Delay time, X; to CLK [ 30 150 ns
td(aD—aLE) Delay time, address output to ALE signal ADo™~AD, tA.,_ % ns
As~Ais 115
ta(ALE—AD) Delay time, ALE signal to address output tia . 100 ns
tw(aLE) ALE-pulse width to 140 ‘ns
ta(ALE—CLK) Delay time, ALE to CLK tLek 100 ns
td(ALE—cONT) Delay time, ALE to control signal tic 130 ns
toxz(RBo—AD) Address disable time from read tarr 0 ns
tozx(RB—AD) Address enable time from read trae 150 ‘ns
td(conT—aD) Address valid time after control signal tca 120 ns
td(oaA—wR) Delay time, date output to WR signal tow 420 ns
td(WR—DbA) Delay time, WR signal to data output twop 100 ns
tw(conm Control signal pulse width tcc 400 ns
td(conT—ALE) Delay time, CLK to ALE signal toL 50 ns
td(CLK—HLDA) ' Delay time, CLK to HLDA signal tyack 110 ns
toxz(HLDA—BUS) Bus disable time from HLDA thaBF 210 ns
tbzX(HLDA—BUS) Control signal disable time thaBe 210 ns
td(CoNT—CconT) Control signal disable time tav 400 ns
td(ap—conT) Delay time, address output to control signal ADo~AD; tac 240 ns
Ag~Ais 270
td(aLE-DA) Delay time, ALE to data output tiow 200 ns
td(WRHL—DA) Delay time, WR signal to data output twoL 40 ns

Note 3 :
4 :

te(cLk) =2 320ns,

5 : Reference level for the input/output voltage is Vo =0. 8V, Vou=2V
6 : tw(EK), twicLi) are 100ns(Min), 150ns(Min) respectively when 50pF+1TTL loaded

at Ag~Ass, and 10/M tg(ap—con) after the release of the high-impedance state is 200ns

Conditions of measurement M5L8085AP C_=150pF

Parameters described in the timing requirements and with the relational expression shown in Table 1 when the fre-

switching characteristics take relevant values in accordance

quency is varied.

Table 1 Relational expression with the frequency T (tccLk)) in the M5L8085AP
TlMMlNG REQU'REMENTS (Ta=—20~75C, Vec=5V+5%, Vss=0V, unless otherwise noted)

Symbol Parameter Alternative symbol Test conditions Relational expression (Note 6 ) Limit
tsu(DA-AD) DA input setup time —tao 225—(5/24+N)T Min
tsu(pa-ED) DA input setup time —tro 180—(3/2+N)T Min
tsu(RDY-AD) READY input setup time —tary 260—(3/2)T Min
tsu(pa-aLE) DA input setup time —tor 180—2T Min

Note 7 : N indicates the total number of wait cycles.
" T=tc(cwk)
-MITSUBISHI
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M5LSO0S5AP

8-BIT PARALLEL MICROPROCESSOR

SWITCHING CHARACTERISTICS (1,=—20~75C, Voo=5V+5%, Vss=0V, unless otherwise notes)

Symbol Palameter Alternative symbol Test conditions Relational expression (Note 6 ) Limit
tw(ctr) CLK output low-level pulse width t (1/72)T—80 Min
tw(cLk) CLK output high-level pulse width t (1/72)T—40 Min
td(ap-ALE) Delay time, address output to ALE signal ADo~ADy taL (1/2)T=70 Min

As~Ais (172)T—45
td(aLE-AD) Delay time, ALE signal to address output ta (1/2)T—60 Min
tw(aLE) ALE pulse width o (1/2)T—20 Min
td(aLe-cik) | Delay time, ALE to CLK tiek (1/2)T—60 Min
tdcaLe-conT) | Delay time, ALE to control signal tic (1/2)T—30 Min
tozx(RB.ap) | Address enable time from read trae (1/2)T—10 Min
td(GonT-aD) | Address valid time after conlol signal tca CL=150pF (1/2)T—40 Min
td(oa-WR) Delay time, data output to WR signal tow (3/24+N)T—60 Min
td(WR-DA) Delay time WR signal to data output two (1/2)T—60 Min
tw(conT) Control signal pulse width tcc (3/24+N)T—80 Min
td(conT-aLe) | Delay time, CONT to ALE signal tcL (172)T—110 Min
td(cik-HLpA) | Delay time, CLK to HLDA signal tHack (1/2)T—50 Min
toxz(HLba-Bus) | Bus disable time from HLDA tHaBF (1/2)T450 Max
tozx(HLoa-BUs) | Bus enable time from HLDA tHase (1/2)T+50 Max
td(conT-cont) | Control signal disable time trv (3/2)T—80 Min
. Delay time, address output to-control | ADg~AD> e 1 T—80 Min
signal Ag~Ais T—50
¢ MITSUBISHI ; 11
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MS5L808SAP

8-BIT PARALLEL MICROPROCESSOR

TIMING DIAGRAM

Write Cycle

) Ti I T2 | Twarr | T3 l Ti
td(aLE—aLK)
Ag~Aus X ADDRESs X
ket (ALE—DA) > ) td(conT—1D)
ADo~AD; ADDRESS
| twiae) td(aLe—AD) td(oa—wr) td(WR-pa)
|
ALE td(wrHL—DA) /
—Jtd(AD—ALE)S - n 7
w(CONT)
__ N
WR td(ALE—coNT)) tdtconT—nte)
td(ap—conm) —
tsu(rov—ap) | th(roy—cLK) N
READY thU(RDY—OLK) k
Read Cycle
| T l T, | Twarr | T | T
CLK \ / N 7 ,
td(aLe—cLk) f td(comom}l
Ag~Ais ) ADDRESS ) _
tsu(pa—an) , td(oa—mp) |DzX(RD—AD) )
™~ N
ADy~AD; X ADDRESS -\ X DATA IN K
} Iwaie) t "HALE=AD) | 0575 a0 tsU(DA—ALE) td(conT—aLE)
ALE 7 N
d(AD—ALE) tsu(pa—FD) '
twe )
RD/INTA td(ace—conT) ) = CONT; )IZ
td(ap—conm) !
tsu(rov—ap) th(RoY—oLK)

t —
READY \ tsucroy cuok

2—12 . ‘ MITSUBISHI
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MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

Hold Cycle

CLK

HOLD

HLDA

BUS

Interrupt and

T2

T3

T

1 X

ThoLo T

-/ 7/

tsu(HLo—cLK)

th(vo—cur)

td(cLk-HLDA)

/

toxz(HLDA—BUS)
;

(ADDRESS, CONTROLS)

I

Hold Cycle

f tozx(HLDA—BUS)

—
Ag~1s5 X ) f f \ :
ADo~7 X >— cALL INsT ) {f { —

BUS FLOATING
ALE / \ / \
RD /f Y
W I T\ (
tSu(NT—CLK)! th(NT—CLK)
INTA \ / tDZX(;!LDA—BUS) \
HOLD 1/ ;—hj \
tsu(HLo—cLK) th(HLD—CLK)
{
HLDA o ’
toxz(HLDA—BUS)
td(cLk—HLDA)

Clock Output Timing Waveform

X1 INPUT

F\_/\/\/

tdix-crk) | tdx-ctr) - . twcLk) o, Mowo
) tricte) e ~
CLOCK OUTPUT F . '§ )
. tw(CLK)
teiok)
MITSUBISHI
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MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

TRAP INTERRUPT AND RIM INSTRUCTIONS
TRAP generates interrupts regardless of the interrupt enable
filp-flop (INTE FF). The current state of the INTE FF is
stored in flip flop A (AFF) of the CPU and then the INTE FF
is reset. The first RIM instruction after the generation of a
TRAP interrupt differs in function from the ordinary RIM in-
struction. That is, the bit 3 (INTE FF information) in the accu-
mulator ((A)3) after the execution of the RIM instruction
contains the contents of the A FF, regardless of the state of
the INTE FF at the time the RIM instruction is executed.
These details are shown in Fig.2, Tables 1 and 2.

Table 1 TRAP interrupt and RIM instructions

Number 1

[N}
w

Condition 4 5 6

instruction in address a-1 El

m
m

DI DI Dt

Instruction in address a+2 El NoP DI El NOP DI

Contents of (A)3 after the ex-
ecution of the RIM instruction in 1
address a+3

0 0 0

State of INTE FF after the ex-
ecution of the RIM instruction in 1
address a+3

o
o
o
o

Contents of (A)3 after the ex-
ecution of the RIM instruction in 1
address a+4

o
o
<}
S)

State of INTE FF. after the ex-
ecution of the RIM instruction in 1

o

0 1 0 )

address a+4

Note 3 : The contents of (A); after the excution of the RIM instruction is

MEMORY an information of the INTE FF. The INTE FF assumes state "1”
a—2 ADDRESS when it is in the El state, and “0” when it is in the DI state.
24,
.NTESQEPT_. a;] NOP Ez/i/ s e Table 2 TRAP interrupt and INTE FF processing
(1) a+1| Nop /
a+2
a+3] RIM NO @*
a4 4 RIM YES
IAFF+INTE FF|
Fig. .2 TRAP interrupt processing INTE FF-0
Below are the explanations of Fig. 2. @ NO
1. The TRAP interrupt request is issued while the instruc- VES
tion in address a is being executed. (A)s—A FF
2. The TRAP interrupt causes the same action as an RST IAFF—INTE FF
instruction and then jumps to address 24;5.
3. It returns to address a-+1 after executing the RET in- 2N NO
struction. ) y
Table 1 shows the information in the INTE FF at address YES
a+3 and a+4 when the instructions El and/or DI are ex- (A3
ecuted at addresses @ —1 and a+2. 'NEFF
Fig. 3 is a flow chart of the TRAP interrupt processing

routine. END
yx |PUSH-{} SAVING REGISTER
RIM
PUSH }SAVING INTE FF
PSW
2416| CALL ;S
TRAP x) f TRAP INTERRUPT
INTERRUPT—= a |ADD D %) | ||PROCESSING PROGRAM
REQUEST 276l RET E
POP
PSW
ANI
08 |'NTE FF RETURN PROCESSING
Jz
(xa)
(xb) .
\ POP - }RETURNING REGISTER
\
: El
S
1xbxalpop -} RETURNING REGISTER
-4 RET
Fig. 3 TRAP interrupt processing routine
MITSUBISHI
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MSL8085AP

8-BIT PARALLEL MICROPROCESSOR

PULL-UP OF THE RESET IN INPUT

In order to increase the noise margin, the RESET IN input
terminal is pulled up by about 3k (typ) when the condition
V\2V,4 (resin) is satisfied. Fig. 4 is a connection diagram of
the RESET IN input, and Fig. 5 shows the relation between
input voltage and input current.

INSIDE CPU
Vee

I—.__

RESET IN

Fig. 4 Connections of RESET IN input
(mA)
0.6 | ———om
[
4
w
o
o
2
(6]
(=
2
o
2
0 Vi (V)

INPUT VOLTAGE

Fig. 5 RESET IN input current vs input voltage

DRIVING CIRCUIT OF X, AND X, INPUTS

Input terminals, X; and X; of the M5L8085AP can be driven
by either a crystal, RC network, or external clock. Since the
driver clock frequency is divided to 1/2 internally, the input
frequency required is twice the actual execution frequency
(6MHz for the M5L8085AP which is operated at 3MHz). Figs.

! Xi
! X
I s T

‘L—L Xz 20pF =10k Q)
10pF
] 2

OSCILLATION FREQUENCY
1~6MHz PARALLEL

10pF

Xz

C|SJ' Ci==
L)

RESONANT CRYSTAL
OSCILLATOR IS USED

OSCILLATION FREQUENCY
ABOUT 3MHz

Fig. 6 Connections when
crystal is used for
X1 and X; inputs

Fig. 7 Connections when
RC network is used
for Xy and X, inputs

Figs‘. 6 and 7 are typical connection diagrams for a crystal
and CR circuit respectively.

Conditions for Using a Quartz Crystal Element

1. Quartz Crystal Specifications

® Parallel resonance

® The frequency is 2 times the operation frequency (2 ~
6. 25MHz)

® Internal load capacitance: Approx. 16pF

Parallel capacitance: Below 7pF

® Equivalent resistance: Below 75 Q (for operation above
4MHz)

® For operation in the range 2 ~ 4MHz, the resnstance
showld be made as small as possible.

® Drive capability: Above 5mW (the power at which the
crystal will be destoryed)

2. External Circuitry

1 2

| MS5L8085AP

C] s
CzS:
C: s

Writing capacitance of pin X;

Writing capacitance of pin X,

External capacitance at pin X;
External capacitance at pin X
Cy—-C1 +Cis

C2=Cz.+Cos

CaL

Il

® For operation above 4MHz:

C1=Cz=10pF
® For operation below 4MHz:
C1 =Cz=15pF

External Clock Driver Circuit

+5v LOW TIME >60ns

4700/
Xi

+5v

M5L8085AP

4700

Xz

Pullup resistors are required to assure that
the high level voltage of the input is at least
4v.

MITSUBISHI
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MSL808SAP

- 8-BIT PARALLEL MICROPROCESSOR

WAIT STATE GENERATOR ) The contents of the accumulator after the execution of a
Fig. 8 shows a typical 1-wait state generator for low speed SIM instruction is shown in Table4.
RAM and ROM applications. : . .
PP ) Table 4 Relation of the SIM instruction
with the accumulator
gi:ﬁ(gﬁ?s SERIAL OUTPUT DATA
READY SOD 'SET ENABLE
MS5LBO8SAP VALUE IN BIT 71S TRé\NS-
= FERRED TO SOD LATCH -
2D 2CK  2Q Ay
1D  M74LS74P WHEN SSE 1S "1
1RD 1CK 1Q NOT USED
VaLE]
————————RST 7.5 PENDING RESET
45y M5L8085AP PENDING FLIP-FLOP OF
RST 7.5 IS RESET WHEN
R7.5 is 1"
"MASK SET ENABLE

ENABLES SET/RESET OF MASKS
FOR BITS 0~2, WHEN MSE IS "1”

Fig. 8 1-wait state generator
. MASK SET/RESET OF RST7.5
MASK SET/RESET OF RST6.5

RELATION OF RIM AND SIM INSTRUCTIONS HASK SET/RESET OF R
WITH THE ACCUMULATOR | SET/RESET OF AST &
(SUPPLEMENTARY DESCRIPTION). RESET 0N TEARUPT ENABLE

The cor\fer!ts of the .accumulator after the execution of a RIM Isoolsssl » lFW 5|MSEIM7 SIMG 5|M5 5l CONTENTS OF
instruction is shown in Table 3. : L] ACCUMULATOR

7 6 5 4 3 2 1 0

Table 3 Relation of the instruction RIM
with the accumulator

SERIAL INPUT DATA (SID)

STATE OF UNFULFILLED
INTERRUPT REQUEST

I7.5:STATE OF PENDING
FLIP-FLOP

I9-2}:STATE OF TERMINALS
"' RST 6.5 AND RST 5.5
STATE OF INTERRUPT ENABLE

FLAG (“1” WHEN ENABLE)

STATE OF INTERRUPT MASK

{ ("1” WHEN THE MASK IS SET)
N ——
CONTENTS OF

[so]i7.56.5] 5] e [wevesiuss]  GocUMULATOR
7 65 43 21 0 ;

16 'MITSUBISHI
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M5L8212P

8-BiT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

DESCRIPTION

The M5L8212P is an input/output port consisting of an 8-bit
latch with 3-state output buffers along with control and de-
vice selection Ioglc Also a service request flip-flop for the
generation and control of interrupts to a microprocessor is
included.

FEATURES

Parallel 8-bit data register and buffer

Service request flip-flop for interrupt generation
Three-state outputs

Low input load current: |, =absolute=250xA(max.)

High output sink current: Io, =16mA(max.)

High-level output voltage for direct interface to a
M5L8080AP, S CPU: Vou=3. 65V(min.)

APPLlCATIONS
® input/output port for a M5L8080AP, S

® Latches, gate buffers or multiplexers

® Peripheral and input/output functions for microcomputer
systems

FUNCTION

Device select 1 (DS;) and device select 2 (DS,) are used
for chip selection when the mode input MD is low. When
DS is low and DS; is high, the data in the latches is trans-
ferred to the data outputs: DO; ~ DOg, and the service re-
quest flip-flop SR is set. Also, the strobed input STB is ac-
tive, the data inputs DI;~DlIg are latched in the data latches,
and the service request flip-flop SR is reset.

PIN CONFIGURATION (TOP VIEW)

DEVICE SELECT DS, —[1]
MODE INPUT MD—[Z]
DATA INPUT Dh—[3]
DATA OUTPUT DO, +[4]
DATA INPUT DI, —[5]
DATA OUTPUT DO+ [6]
DATA INPUT DIs—[7]
DATA OUTPUT DO3+[8]
DATA INPUT DIy —[3]
DATA OUTPUT DO, +[i0
STROBE INPUT STB—[1]]

(ov)eND 12

d2i2g8sn

Voo (5V)

T CONTROL SIGNAL
22—Dls DATA INPUT
2] DOs DATA OUTPUT
20+ DI, DATA INPUT
T§—DO; DATA OUTPUT
T8+ Dls DATA INPUT
77— DOs DATA OUTPUT
+DIs DATA INPUT

— DOs DATA OUTPUT
74— CLR CLEAR

T3+ DS, DEVICE SELECT

Outline 24P4

When MD is high, the data in the data latches is transfer-

red to the data outputs. When DS, is low and DS; is high,
the data inputs are latched in the data latches. The low-level
clear input CLR resets the data latches and sets the service
request flip-flop SR, but the state of the output buffers is not

changed.

BLOCK DIAGRAM

STROBE INPUT STB
MODE INPUT MD
DEVICE SELECT DS,
DEVICE SELECT DS

Dl

DIz

@) Ve (5V)

() GND. (0V)
INTERRUPT

(&) INT CONTROL
SIGNAL

DO.

DOs

Dl3

DOy

Dly
DATA INPUTS

DATA
DOs | OUTPUTS

DOg

DOy

CLEAR CLR

DOsg

MITSUBISHI
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‘M5L8212P

8-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

ABSOLUTE MAXIMUM RATINGS (T2=0~75C , uniess otherwise noted)

Symbol Parameter Conditions Limits 3 Unit
Vee Supply voltage 7.0 v
Vv, Input voltage DSI, MD inputs ' Vee R \Y
v, Input voltage all other inputs except DSI, MD 5.5 Y
Vo Output voltage Vece v
Pd Power dissipation 800 mwW
Topr Qperating free-air temperature range - 0~75 ‘c
Tstg Storage temperature range —55~125 c

RECOMMENDED OPERATING CONDITIONS (12=0~75¢C, unless otherwise noted)

Limits .
Symbal Parameter Unit
Min Nom Max
Vee Supply voltage 4.75 5.0 5.25 \"
lon High-ievel output current —1 mA
Io._ Low-level output current 16 mA

ELECTRICAL CHARACTERISTICS (15=0~75C, uniess otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vin High-level input voltage 2 \
Vie Low-level input voltage 0.85 \"
Vic Input clamp voltage Vee=4.75V, lic=—b5mA —1 \"
Vec=4.75V, Viy=2V \
Vou High-level output voltage 3.65 \

Vi.=0.85V, loy=—TmA

Vee=4.75V, Viy=2V,
VoL Low-level output voltage 045 v
- Vi .=0. 85V, lo,.=15mA

. Vee=5.25V, V=2V,
loz Three-state output current : 20 A
V. =0. 85V, Vc=5.25V

Vec=5. 25V, Viy=2V,
loz Three-state output current —20 KA
V. =0. 85V, Vo=0. 45V

High-level input current, STB DS2, CLR,

L Vee=5. 25V, V;=5. 25V 10 uA
Dh~Dls inputs

Iy High-level input current. MD input Vce=5. 25V, V,=5. 25V . 30 H#A

i High-level input current, DST input Vee=5. 25V, V,;=5. 25V 40 LA
Low-level input current. STB, DS2, CLR,

e Voo=5. 25V, V;=0.5V —0.25 mA
Dh~Dlg inputs

L Low-level input current. MD input Vee=5. 25V, V;=0.5V —0.75 mA

e Low-level input current. DST input Vee=5.25V, V,;=0.5V —1 mA

los Short-circuit output current (Note 3) ’ Vee=5.0V —15 —75 mA

lec Supply current from Vg ‘ Vee=5. 25V . 130 mA

Note 1 : All voltage are with respect to GND terminal. Reference voltage (pin 12) is considered as 0V and all maximum and minimum values are de-
fined in absolute values.

2 : Current flowing into an IC is positive, out is negative. The maximum and minimum values are defined in absolute values.
3 : All measurements should be done quickly, and two outputs should not be measured at the same time.

TIMING REQUIREMENTS (15=0~75C, Vgc=5V+5%, unless otherwise noted)

Limits ]

Symbol Parameter Test conditions Unit
Min Typ Max

tw(ps2) Input pulse width, DST, DS2 and STB * 30 : ns

tsu(pa) | Data setup time with respect to DST, DS2 and STB 15 ' ns

th(pa) Data hold time with respect to DS1, DS2 and STB 20 ns

4 MITSUBISHI
2-18 )\ELECTRIC



~ MITSUBISHI LSIs

M5L8212P

8-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

SWITCHING CHARACTERISTICS (Ta=0~75C, Voc=5V+5%, unless otherwise noted)

Limits .
Symbol Parameter Test conditions (Note 4) Unit
Min Typ Max
teHL(DI-Do) | High-to-low-level and low-to-high-level output propagation 30
ns
tpLH(D1-p0) | time, from input DI to output DO
- C_=30pF, Ru=300Q2, R»=600Q
tpHL(Ds2-D0) | High-to-low-level and low-to-high-level output propagation 0
— ns
teLn(ps2-p0) | time. from input DS1, DS2 and STB to output DO
tpm'( STB-INT) High-to-low-level output propagation time, from input STB to output INT 40 ns
tpzL(mp-Do) | Z-to-low-level and Z-to-high-level output propagation C.=30pF, R,1=300Q2, R2=26000 45
— ns
tezu(mp-po) | time, from inputs MD, DS1 and DS2 to output DO C_=30pF, Ru=10kQ, R2=1kQ
truz(Mp-po) | High-to-Z-level and low-to-Z-level output propagation C_=5pF, Ru=10k$2, Ro=1kQ 25
I ns
teLz(mp-po) | time, from inputs MD, DS1 and DS2 to output DO C_=5pF, Ry=300Q, R,=6000
High-to-low-level output propagation time, from input
tenL(CR-00) | —— C.=30pF, RL1=300Q2, R,=600Q 55 ns
CLR to output DO
Note 4 : Test circuit
Vee
IN Ru
PG [T four Ao
500 @b
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MITSUBISHI LSIs

o | ~ M5L8212P

‘ : \ 8-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

TIMING DIAGRAMS REFERENCE LEVEL=15V
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MITSUBISHI LSIs

MS5L8216P /M5L8226P

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

DESCRIPTION

The M5L8216P and M5L8226P are 4-bit bidirectional bus
drivers and suitable for the 8-bit parallel CPU M5L8080AP, S
(8080A).

FEATURES

® Parallel 8-bit data bus buffer driver

® Low input current DIEN, CS: l,L.=—5002A(max.)
DI, DB: I, =—250zA(max.)

® High output current M5L8216P

DB: lo,=55mA(max.)
: loy=—10mA(max.)
DO: low=—1mA(max.)
M5L8226P
DB: lo.=50mA(max.)
lon=—10mA(max.)
DO: lon=—1mA(max.)
® Outputs can be connected with
the CPU M5L8080AP, S:
® Three-state output

Von=3.65V(min.)

APPLICATION
Bidirectional bus driver/receiver for various types of micro-
computer systems.

FUNCTION
The M5L8216P is a non-inverting and the M5L8226P is an in-
verting 4-bit bidirectional bus driver.

PIN CONFIGURATION (TOP VIEW)

~ E Vee

—_ DATA
E“ DIEN ENABLE INPUT
E—» DO3; DATA OUTPUT

BIDIRECTIONAL
EI" DBs paTA BUS

CHIP SELECT =%
INPUT CS _'E
DATA OUTPUT DOw—E

BIDIRECTIONAL
DATA BUS PBe “E

DATA INPUT Dlo —‘E

DATA OUTPUT DOy ‘—E EO— Di3 DATA INPUT

d92e8ISN
HOo
d9128ISN

BIDIRECTIONAL DB, HE

ECTIONAL [11]— Do, DATA oUTPUT

J—Bl“ DB, BIDIRECTIONAL

DATA INPUT Dh-"E DATA BUS

anp  [8]

Outline 16P4

E’— DIz DATA INPUT

When the terminal CS is high-level, all outputs are in
high-impedance state, and when low-level, the direction of
the bidirectional bus can be controlled by the terminal DIEN.

The terminal DIEN controls the data flow. The data flow
control is performed by placing one of a pair of buffers in
high-impedance state and allowing the other to transfer the
data. :

BLOCK DIAGRAM

VCC

DATA INPUT Dl

DATA OUTPUT DO (2

DATA INPUT DIy

DATA OUTPUT DO (& BIDIRECTIONAL

DATA BUS

DATA INPUT DIz

DATA OUTPUT DO (11

DATA INPUT Dls

DATA OUTPUT DOs (14

CHIP
SELECT INPUT

DATA
eNABLE INpUT DIEN

GND

M5L8216P

DATA INPUT Dl

@ 08

DATA OUTPUT DOg
DATA INPUT DIy
e DB,
DATA OUTPUT DOy BIDIRECTIONAL
DATA BUS

DATA INPUT DI,
DB;
DATA OUTPUT DO

DATA INPUT Dl

DB;
DATA OUTPUT DO;

e

cs CHIP
DATA SR SELECT INPUT
ENABLE INPUT

GND

M5L8226P
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" MITSUBISHI LSIs

M5L8216P /M5L8226P

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

ABSOLUTE MAXIMUM RATINGS (7a=0~75T, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage 7 v
\2 Input voltage, CS. DIEN. DI inputs ’ With respect to GND 5.5 Y]
Vv, Input voltage. DB input . Vee A\
Vo High-level output voltage Vee v
Pd Power dissipation Ta=25C 700 mw
Topr Operating free-air temperature range 0~75 c
Tstg Storage temperature range —65~-4150 ‘c

RECOMMENDED OPERATING CONDITONS (15=0~75C, unless otherwise noted)

[ Limits ,
Symbol Parameter ’7 i Nom Miax Unit
Vce Supply voltage 4.75 5 5.25 \
lon High-level output current. DO output —1 mA
lon High-level output current. DB output —10 mA
loL Low-level output current. DO output 15 mA
loL Low-level output current. DB output 25 mA

ELECTRICAL CHARACTERISTICS (Ta=0~75C, unless otherwise noted)

Limits
Symbol Parameter Conditions Unit
Min Typ Max |
Vin High-level input voltage 2 \
Vi Low-level input voltage 0.95 \
Vic Input clamp voltage Veo=4.75V, lic=—5mA —1 Y]
Vou High-level output voltage. DO output lon=—1mA 3.65 \Y
Vou High-level output voltage. DB output lon=—10mA 2.4 \%
Vec=4.75V
Vou Low-level output voltage. DO output V=2V lo,.=15mA 0. 45 \%
Vour Low-level output voltage. DB output VIH—O v lo,=25mA ﬁ 0.45 \
) M5L8216P T lou=55mA ] 0.6 v
Vorz Low-level output voltage. DB output
M5L8226P lo,=50mA 0.6 v
| Off-state output current. DO output 20 A
OZzZH P P! Vo=5. 25V 14
lozn Off-state output current. DB output 100 LA
- Voo=5. 25V
lozL Off-state output current. DO output Vom0, 45V —20 A
lozu Off-state output current. DB output o —100 ©A
lin High-level input current. DIEN. CS inputs Vee=b5. 25V, V|y=4.5vV 20 uA
[ High-level input current. DI, DB inputs V=0V, V,=5.25V 10 #A
he Low-level-input current. DIEN CS inputs Vee=5. 25V, Viy=4.5V —500 “A
he Low-level input current. DI, DB input Vii=0V, vV,=0.45v —250 A
los Short-circuit output DO output (Note 2) —15 —65 mA
Vee=D5. 25V, Vo=0V
los Short-circuit output. DB output (Note 2) —30 —120 mA
| Suopl ¢ M5L8216P 100 mA
upply curren
e M5L8226P 100 mA
Vec=5. 25V
| Suopl ¢ M5L8216P 120 mA
upply current z
cez M5L8226P 100 mA

Note 1 : Current flowing into an IC is postive, out is negative.
All measurements should be done quickly, and not more than one output should be shorted at a time.
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MITSUBISHI LSIs

M5L8216P /MSL8226P

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

SWITCHING CHARACTERISTICS (Vooc=5Vt5%, Ta=257C , unless otherwise noted)

Limits
Symbol Parameter Conditions Unit
(Note 3) Min Typ Max
terL(oB-DO) | High-to-low and low-to-high output propagation time.
teLr(os-0o) | from input DB to output DO Gu=30pF, Ru=3000, Ri;=6000 % ns
1, g High-to-low and low-to-high output | Mms51.8216P 30
PHL(DI-DB) propagation time. from input DI to C_=300pF, R,1=900, Ro.=1800 ns
teLn(oros) | output DB M5L8226P 25 ns
tpHz(Ts-00) | High-to-Z and low-to-Z output propagation time. C=5pF, Ru=10kQ, Ro=1k -
tpLz(Gs.00) | from inputs DIEN. CS. to output DO C_=5pF, R.1=300Q, R,=600Q ns
M5L8216P 65 ns
tpzn(Ts-00) C,=30pF, Ru=10kQ, Rz=1kQ
Output enable time. M5L8226P 54 ns
from inputs DIEN. CS to output DO | M5L8216P 65 ns
tpzL(Cs-D0) C.=30pF, R,1=300Q, R>=6000
M5L8226P 54 ns
tpz(Ts-08) | Output disable time. from inputs DIEN. CS. to C.=5pF, Rui=10kQ, R2=1kQ -
. ns
tez(cs.0s) | OUtPUt DB CL=5pF, RL=900, Rz=180Q
M5L8216P 65 ns
tpzH(TS-0B) C_=300pF, R,1=10k{2, R>=1kQ
Output enable time. from inputs M5L8226P 54 ns
DIEN. CS. to output DB M5L8216P 65 ns
tpzL(Cs- : C_=300pF, R,j=90Q, R>=1800
PZL(CS-DB) M5L8226P L P! L1 L2 54 ns
’ f
TIMING DIAGRAM (Reference level=1.5V)
C Note 3 : Test circuit
DB~DB3
Dlo~Dl3 Vee
tpLH(DB—DO): tPLH(DI—DB)
tpHL(DB—DO), tPHL(DI-DB)
DOo,~DO3
DBo~DB;3 Ruy
PG
[ — 5004 R
BIEN, TS -
Cu
tpzH(CS—D0): tPzH(CS—DB) tpHz(TS—D0), tPHZ(CS—DB) l
tpzL(T5-D0), tpzL(TS—DB) tpL2(CS—p0)s tPLZ(CS-DB)
DOe~DOs I\
DBy~DB3 \
DBIN—/,
APPLICATION EXAMPLES 3
Fig. 1 shows a pair of M5L8216Ps or M5L8226Ps which are Dof 0§ ] ~~—DBo
directly connected with the M5L8080A CPU data bus, and
>y . . AT i ® . pp,
their control signal. Fig. 2 shows an example circuit in which of MsLs216p 10
. . 8
the M5L8216P or M5L8226P is used as an interface for mem- DA*——¢ 11 M5&§26P, [———DB;
. . 12
ory and |/0 to a bidirectional bus. 7
Dy [ > <~—DB;
MB5LB080AS SYSTEM DATA BUS
D4 DBs
D DBs
Def DBs
by DB,
— BUSEN
Fig. 1 Data bus buffer
MITSUBISHI

ELECTRIC




MITSUBISHI LSis

MS5L8216P /MS5L8226P

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

1/0
MEMORY INTERFACE
8 8 8 8
4 4 4 4 4 4 4 4
DI DO DI DO DI DO DI DO
15 115 1T ___ 15 115 1
MEMR DIEN CSP rqDIEN cSp—T7OR DIEN cspq DIEN (o]
M5L8216P M5L8216P M5L8216P M5L8216P
OR OR OR OR
M5L8226P M5L8226P M5L8226P M5L8226P
DB DB DB DB
BUSEN
4 4 4 4
8

BIDIRECTIONAL DATA BUS

Fig. 2 Memory and I/0 interface to bidirectional data bus

PRECAUTIONS FOR USE

When the M5L8216P data input or two-way data bus is set to
high to disable-output from the two-way bus or data output,
care is required as a low glitch of approximate width 10ns
will be generated.
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MITSUBISHI LSIs

M5L8282P/M5L.8283P

OCTAL LATCH

DESCRIPTION

The M5L8282P and M5L8283P are semiconductor integrated PIN CONFIGURATION (TOP VIEW)
circuits consisting of sets of eight 3-state latches for use with Dl "II e E Voo (5V)
various types of microprocessors.
wp P on —[2] [19] - DOo
FEATURES o, ~[3] 18] ooy
® 3-state, high-fanout output Dis _.E z E" DO,
.......................................... : (|0L=32mA: |0H=_5mA) DATA INPUTS "|L' o
® Low power dissipation D —.E * E :
) R DATA OUTPUTS
pls —[6] * [15] - po.
o
APPLICATION D —[7] [12)— 00s
Data latches for various microcomputer systems DIy "E 1—-_3|_’ DOs
OUTPUT ENABLE == _, -
FUNCTION Weur OF <2 12 oo,
The M5L8282P and M5L8283P are latches with non-inverted GND [1__0_ E“ STB STROBE INPUT
and inverted outputs, respectively.
When the strobe input STB is high, the data inputs Dlp~ Outline 20P4
Dl; are passed through the data outputs DOy ~ DOy \
(M5L8282P) or to the data outputs DOg~ DO, (M5L8283P), ot —[1] 20 Voo (5v)
changes in the Dlp~ DI; signals being reflected in the data Dl —-E 1__§|—-D_Oo
outputs. Dl _,E E_, oo;
If the STB is changed from high to low, the data Dlo~Dl; o "E 1_—71_’ o=
just before the change is latched. If the DI data is changed DATA INPUTS A 5 __2
while STB is low, this change is not reflected in the data D'F‘E s EI—’ DO; DATA OUTPUTS
outputs. D|5_.E § E"D_Q*
When OE is made high, all the data qut.puts go into Fhe D'G_’E v E-*'DE
high-impedance state, the data latched prior to OE going -
high being held. oi, —[g] 13|~ DOs
OUTPUT ENABLE == _, L Ea
WELE B —[9] 12]- Do,
anp D) 1] s78 stRoBE INPUT
Outline 20P4
BLOCK DIAGRAM — - ‘, Vee —-— Voo
Dlo 0 Dlo(;)—D T8G9 5o,
4>—(19 DO i ™
Dh D 1

Bsbbs

I

$3 3332
!

—->—(9) ' |
DI, D 1 1«@0_02
m DO, ' 0
DATA INPUTS { DI3 DATA INPUTS < Dl ¢ D 1_10@0_03 t DATA OUTPUTS
16) DO3p DATA OUTPUTS ' B -

Dly

1]

1’@ DOy

D_os
1

=]
o]
=
o —

CLK
0| '
DI (2 D o DOy
! ¢ Cuk ! DO‘
DOy . 0

Dls

»
1

Dis (7 (::>— lﬁb
6 T2« 1 Dls ) EC)LK 1 DOs
1 o DOs ' 0
DIy DI D
F9CLK . " ® qCLK ! por
STRQBE INPUT STB (D 1 DO, STROBE INPUT STB ()P 0

OUTPUT ENABLE OF (@b OUTPUT ENABLE  5F (D)
et OF @ INPUT OF &

-———-—YGND —GND

M5L8282P M5L8283P
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MITSUBISHI LSIs

M5L8282P/ M5L8283P

OCTAL LATCH

ABSOLUTE MAXIMUM RATINGS (74=0~75C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+7 v
vV, Input voltage —0.5~+5.5 Y
Vo Output voltage —0.5~Vce \Y
Topr Operating free-air temperature range 0~+75 T
Tstg Storage temperature range —65~-+150 c

RECOMMENDED OPERATING CONDITIONS (Ta=0~75C, unless otherwise noted)
- Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 v
lon High-level output current | Vou=22.4V 0 —5 mA
loL Low-level output current | Vo_=0.45V 0 32 mA
ELECTRICAL CHARACTERISTICS (12=0~75T, unless otherwise noted)
Limits
Symboal Parameter Test conditions Unit
Min Typ Max
Vin High-level input voltage 2 \"
% Low-level input voltage 0.8 \2
Vic Input clamp voltage Veo=4.5V, lic=—5mA —1 \
Vou High-level output voltage Vee=4.5V, loy=—5mA 2.4 vV
Voo Low-level output voltage Vee=4.5V, lo.=32mA 0.45 \%
lozn Off-state output current, high-level applied to the output| Vge=5.5V, V=2V, Vo=5. 25V 50 uA
lozL Off-state output current, low-level applied to the output | Vee=5. 5V, Vi=2V, Vo=0. 4V —50 A
I High-level input current Vee=b.5V, V|=5.25V 50 H#A
[ Low-level input current Veo=5.5V, V=0. 45V —0.2 mA
lcc Supply current Vee=5.5V 80 mA
Cin Input capacitance 5:2’:\‘/1_[\;:;;:2 sV 12 pF
SWITCHING CHARACTERISTICS (Voc=5V+10%, Ta=0~75C, unless otherwise noted)
M51.8282P M5L8283P
Alternate Test .
Symbol * Parameter Limits Limits Unit
symbol conditions
Min Typ Max Min Typ Max
¢ Propagation time from DI input to DO

PLH or DO for low-to-high or high-to-low Twov 5 30 5 22 ns

terne
change
4 Propagation time from STB input to
tPLH DO or DO for low-to-high and high- Tsrov 10 45 10 40 ns
PHL
to-low change
9 (Note 2)
tezn Prci;Egatlon time from OE ‘|nput to DO Tecov 10 30 10 30 ns
tezL or DO output when output is enabled
& Propagation time from OE input to DO
tPHZ or DO output when the output is dis- Tenov 5 18 5 18 ns
PLz abled :
o From 0.8V
tr Output rise time ToLon to2V 20 20 ns
‘ From 2V
tf Output fall time TonoL t0.0.8V 12 12 ns
3—4 'MITSUBISHI
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M5L8282P/ M5L8283P

- OCTAL LATCH

TIMING REQUIREMENTS (Veo=5Vt10%, Ta=0~75C , unless otherwise noted)

Alternate Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tw(stan) | Strobe STB high pulse width Tsust 5 . ns
tsu Strobe STB setup time for Dlp~Dl TivsL 0 ns
th STB hold time for Dig~Dly TsLix 25 ns
tr Input rise time T From 0.8V to 2V 20 ns
tf Input fall time Tiun From 2V to 0.8V 12 ns
Note 1 : Test Circuit Note 2 :
INPUT Vee OuTPUT TEST ITEM teLh, teHL terz, tezL tenz, tpzn
r==-"
| |
1 |
LOAD 2.14v 1.5v 1.5v
PG DEVICE circurr!
UNDER TEST I (Note 3) |
|
50Q ] 52.7Q 330 1800
I

I
|
7J7‘ [ySySSp—— | LOAD CIRCUIT - ).i
77_lT3OOpF J;300pF lBOOpF

TIMING DIAGRAM (Reference voltage=1.5V)

Dlo~Dly }
tsu th tsu th

- [N/

o / |\

teLH tenL

0.tv {2.0v
DOy~DO7
teHL tonz tezn
. teHL tpLh
tpin thz tezL
DOo~DO7 0.1V 0.8V

PRECAUTIONS FOR USE

Care should be taken to accommodate the glitch that is
generated when STB goes from low to high with the output
low for the M5L8283P.

MITSUBISHI 3_5
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- M5L8282P/M5L8283P

' OCTAL LATCH

APPLICATION EXAMPLES

(1) Use in the maximum mode

Vee I——HJI—‘ !

M5L8284AP MN/MX CLK MRDC|—=
. CLOCK CLK = = .
_GENERATOR So So MWTC
RES READY 5 5 AMWC |——
-~RESET G, 5 M5L38U?S“S TORC—  COMMAND BUS
7J'T RDY : DEN CTRLR TOWG |—
W : DT R AIOWC|—>
8086 ALE INTA|——
CPU
TOCK [——N.C. i —
STB
OE
AN
ADo~ADs5 <: ADDR DATA j> M5L8282P :>1.MEGABYTE
Ars~Ars %_ZAJ% ADDRESS BUS
BHE i
—
-
M5L8286P .
TRAN??)ENER <:>16 BIT DATA BUS

(2) Use in the minimum mode

-0

Vee
1 M%lfggﬁp MN MX f=—Vcc
GENERATOR[TJCLK MO ;
_t—-l—nes READY TNTA
L -{RESET  ®D COMMAND BUS
1 RDY WR
T (D11 S—— .
BENf -~ - |
8086 [ re——=-q
cPU L |
ALE : : STB :
| pa—
[ + ] OE I
/‘\‘:—1—1_‘_'_—_; M5L8282P
AD~AD1sK _ADDR DATA :> 1-MEGABYTE
Rig~Ag Lo ADDRESS BUS
BHE : : d
I
I —————
Ll rr-*—*11
I L_
A i
;::OhssLazse 1
: P
—1TRAN?§)EIVER: :<:>16-B|T DATA BUS
‘ 11

* . Option
Required when the number of devices
driving the bus increases

3—¢ : 4@ "MITSUBISHI
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CLOCK GENERATOR AND DRIVER FOR 8086/8088,/8089 PROCESSORS

MITSUBISHI LSIs

M5L8284AP

DESCRIPTION
The MbLB8284AP is a clock generator and driver for use with
the 8086, 8088 and 8089 processors.

It has a synchronous delay circuit and synchronous con-
trol circuit capable of controlling two Multibus (Intel
trademark) circuits.

FEATURES

® Crystal controlled stable output frequency

® Capable of synchronous operation with other
M5L8284APs

® External frequency input

® A power-on reset by means of an external capacitor and

resistor

APPLICATION

Clock driver and generators and driver for 8086, 8088, and
8089.

FUNCTION
The M5L8284AP is a clock generator/driver for the 8086, 8088
and 8083 microprocessors.

The clip contains a crystal controlled oscillator, a divided-
by-3 counter, a peripheral clock output provided divided-by-
2 counter, a reset circuit and ready circuit to ensure syn-
chronization to the CLK signal.

The reset input RES is used to generate the reset output
RESET as the CPU reset synched to the CLK signal. A
Schmitt trigger is used at the input side.

Thus, a reset signal can be output at power on by con-
necting a capacitor and resistor to the RES input.

PIN CONFIGURATION (TOP VIEW)
gLock hd
SCHRONZATION CSYNG —[T ] 18] Voo (5V)
PERIPHERAL CRYSTAL
cLock oureot PoLK (2] 7] x SECiRAL |
ADDRESSEMABLE ey CRYSTAL
INPUT —'E z 5] e TERMINAL H% N
READY INPUT 1 RDY 1 —[4] & 15 ASYNG (G0 Shciion
READY OUTPUT READY +[5 R [14]—er EXTERNAL
READY INPUT 2 RDY 2 —[6] s [13)+ /T Qg SELECTION
-o OSCILLATOR
ODRESS it s AEN 2 -~ 12} osc 832
CLOCK OUTPUT CLK +—[8] [11]— RES ReSET INpUT
(oviano  [9] [10]—+ RESET Reser outPuT
Outline 18P4

The frequency/crystal selection input F/C can be used to
select the crystal oscillator circuit output or an external clock
input as the input for the divide-by-three counter.

By using these pins, the M5L8284AP output can be used
to drive multiple M5L8284AP devices.

The clock synchronization input CSYNC is used to oper-
ate multiple M5L8284APs in sync. )

BLOCK DIAGRAM

i ) @ Vee
RESET INPUT  RES @ # D Q0 RESET RESET OUTPUT
| —qCK { X
CRYSTAL X1 (53
TEF;Cn:xlSATE\ |1_ - Ogcnm%ﬂ > 12)0SC OSCILLATOR OUTRUT
TERMINAL 2 N ®
: —D> CLK  CLOCK OUTPUT
CLOCK SELECTION INPUT ~ F/C (i3 DVDED-313
COUNTER f— T I
EXTERNAL CLOCK INPUT  EFI(i4 SYNC 4 covirer (D) oLk PERIPHERAL
cK | CLOCK OUTPUT
! SYNC
CLOCK SYNCHRONIZATION
ooy csyne(d (@ GND
READY INPUT 1 -RDY (4)

READY INPUT 2 RDY 2 (§)

READY OUTPUT

READY SYNCHRONIZATION

SELECTION INPUT ASYNC @

MITSUBISHI
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086/8088/8089 PROCESSORS

PIN DESCRIPTIONS

Input
Pin Name or Function
output
e When AENT and AENZ are set low, RDY1 and RDY2 are enabled, respectively. By using these two inputs
AENT, Address enable , i pectively. By u ' 9 ® WO Inpu
AEN? inout Input separately, the CPU can be used to access two Multibusses. When not used as a multimaster, AEN should
P be set to low. These inputs are active low.
RDY! These inputs are connected to the output signal indicating the completion of data reception from a system
RDY2, Bus ready input Input bus device or, indicating that data is valid. RDY1 and RDY2 are enabled when AEN1 and AEN2 are low, re-
spectively. These inputs are active high.
This signal is used to select the synchronization mode of the READY signal generation circuit. When the
ASYNC Active low input Input ASYNC signal is set low, the READY signal is generated in two synchronization steps. When the ASYNC
signal is set high, the READY signal is generated in one step.
The state of RDY appears at this output in synchronization with the CLK output. This is done to synchronize
the READY output to the M5L8284AP internal clock because the RDY input generation is unrelated to the
READY - | Ready output Output R 'p o . put 9 R
CLK signal. This pin is normally connected to the CPU ready input and cleared after the required hold CPU
time has elapsed.
Crystal elerﬁent These pins are used to connect the crystal. The crystal frequency is 3 times of ‘CPU clock frequency. The
X1, X2 te:'yminals Input crystal should be in the 12-25MHz range with the series resistance as possible as small. Care should be
taken that these pins are not shorted to ground.
— . When F/C is set fow, CLK and PCLK outputs are driven from the crystal oscillator circuit. When it is set
F/C Clock selection input Input ) ) ) utpu v 4 o
. high, they are driven from the EF! input.
EFI External clock input Input When F/C Fs set high, CLK and PCLK output signals are driven from this pin. A TTL level rectangular signal
and three times of the CPU frequency should be used.
This output is connected to the clock inputs of the CPU and the peripheral devices on the local bus. The
: output waveform is 1/3 the frequency of the crystal oscillator connected at X; and Xz or the signal applied
CLK Clock output Output P R ’ q Y ry A 1 2 g PP R
to the FEI input, and has a duty cycle of 1/3. Since for Vcc=5V, Vou=4. 5V, this output can be directly drive
the CPU clock input.
PCLK Peripheral clock Outout This output provides a clock signal for use with peripheral devices. The output waveform is 50% duty cycle
output P TTL level rectangular waveform with a frequency 1/2 that of the clock output.
This output is a TTL level crystal oscillator output. The f ncy is the same as that of the crystal con-
OsC Oscillator output Output utpu vel ory ! " outpu © freque ‘y s the sal e' 3 e onys
nected at X; and X, but care should be taken as the frequency will be unstable if these pins are left open.
RES Reset input Input This active low input is fnsed to genlerate the res'et output signal for (hé CPU. The input is a schmitt trigger
input so that by connecting a capacitor and a resistor, the CPU reset signal can be generated at power on.
This pin is connected to the CPU reset input. The signal at this pin is synchronized the RES input with the
RESET Reset output ' Output p. X . ) . P 9 . P d P
. CLK signal. This output is active high.
When using multiple M5L8284AP devices, this input is used as a clock synchronization input. When CSYNC
Clock synchronization o . . . ) . .
CSYNC input Input is high, the internal counter of the M5L8284AP is reset and when CSYNL is low, it begins operation. CSYNC
P must be synchronized with EFI. See application notes.

' MITSUBISHI
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086,/8088,/8089 PROCESSORS

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~7 \
vV, Input voltage —0.5~5.5 \"
Vo Output voltage —0.5~Vee \"
Topr Operating free-air temperature range 0~75 ‘c
Tstg Storage temperature range —65~150 c

RECOMMENDED OPERATING CONDITIONS (1,=0~75C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max

Vee Supply voltage 4.5 5 5.5 v

CLK Voy=4V
lon High-level output current 0 -1 mA

Other outputs Vou=2. 4V
loL Low-level output current | Vo <0. 45V 0 5 mA

ELECTRIC CHARACTERISTICS (Ta=0~75, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max

RES 2.6 \
Vin High-level input voltage —

Other inputs RES 2 \
Vio Low-level input voltage 0.8 \%
Vry—Vr— | Hysteresis width RES Vee=5V 0.25 v
Vic Input clamp voltage Vec=4.5V, lic=—5mA —1 \%

CLK ’ v
Voun High-level output voltage Vee=4.5V, loy=—1mA -

Other outputs CLK 2.4 \
Voo Low-level output voltage Vec=4.5V, lo,=5mA 0.45 v
Ly High-level input current Vee=b5.5V, V,=5. 25V 50 uA

ASYNC ) —1.3 mA
I Low-level input current Veo=5.5V, V,=0. 45V

Other inputs ASYNC —0.5 mA
lee Supply current Vee=5.5V 162 mA

MITSUBISHI 3—g
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MS5L8284AP

CLOCK GENERATOR AND DRIVER FOR 8086/8088,/8089 PROCESSORS

SWITCHING CHARACTERISTICS (vcg=5vi1o%, Ta=0~75T , unless otherwise ~noted)

Alternate Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
Tc CLK repetition period tcLcL 100 ns
) ) (Note 5 a,b) CLKFrgg=<8MHz (Mtorol)+2 ns
Tw(cLkH) CLK high pulse width teHeL CLKFrog=10MHz 9 e
(Note 5 a,b) CLKFrgg=8MHz (2%5tcLoL) 15 : ns
TwicLkL) CLK low pulse width tcLcn ‘ CLKFrog=10MHz 0 s
trin CLK low-high transition time toHicHz | 1~3.5V 10 ns
trhl CLK high-low transition time tcLecu 3.5~1v 10 ‘ns
TwpcLkH) PCLK high pulse width tpHpL torc—20 ns
Tw(PcLKL) PCLK low pulse width .tPLPH tore—20 ns
tan A ey | e e s e
tav READY enable time with (Note) | taveion (Note 5 ¢, d) CLKFreg<8MHz 53 ne
respect to CLK CLKFrgg=10MHz
ToHL(CLK-RESET) High-low delay time from CLK to RESET teu v 40 ns
TouH(cLk-poik) | Low-high delay time from CLK to PCLK toLpH 22 ns
ToHL(cLk-poLk) | High-low delay time from CLK to PCLK toLeL 22 ns
Town(osc-cLk) | Low-high delay time from OSC to CLK toLch —5 22 ns
ToHL(osc-cLK) High-low delay time from OSC to CLK toLcL 2 35 ns
Tr Output rise time toLon 0.8~2V (except CLK) 20 ns
ts Output fall time tonoL 2~0. 8V (except CLK) 12 v ns
Note 1 : Applies to T2 state time
2 : Applies to T3 and TW state times
‘¢ MITSUBISHI
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086/8088/8089 PROCESSORS

TIMING REQUIREMENTS (Veoc=5V +/—10%, Ta=0~75%C, unless otherwise noted)
Alternate Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
fixtahmax | Crystal frequency 12 25 MHz
tweerin) | EFI high pulse width teneL 90%—90%V 13 ns
tw(eriL) | EFIl low pulse width teLen 10%—10%Vn 13 ns
tenert
Telren EF| repetition period (Note 3) teLer t:::j;—q? ns
RDY1 and RDY2 active setup ——
ASYNC=HIGH
SUREY) | ime with respect to CLK trivor SYNC=HIG 3% ns
RDY1 and RDY2 active hold —
ASYNC=LOW
tsu(rov) time with respect to CLK trivon 3 ns
t RDY1 and RDY2 inactive t 35 ns
SU(ROY) setup time with respect to CLK RIveL
4 RDY1 and RDY2 hold t 0 ns
h(roY) time with respect to CLK CLRIX
ASYNC setup time
ISUBRSNT) | \ion respect to CLK tavver 50 ns
4 ASYNC hold time N 0 ns
h(asyNS) with respect to CLK oLAavx
t AENT and AEN2 setup time ¢ 15 ns
SUCAEN) | with respect to RDY1 and RDY2 AIVRIV
¢ AEN1 and AEN2 hold ¢ 0 ns
htaen time with respect to CLK oLax
t CSYNC setup time ¢ 20 ns
SU(CSYNG) | it respect to EFI YHER
N CSYNC hold time t 20 ns
h(csvne) with respect to EFI EHYL
twicsyne) | CSYNC pulse width tyrive Qe ns
A RES setup time with t 65 ns
SURES) | espect to CLK (Note 4) fHeL
R RES hold time with ¢ 20 ns
h(RES) respect to CLK (Note 4) oLiTH
tr Input rise time tiun 0.8~2v T 20 ns
tf Input fall time tii 2~0.8v ‘ 12 ns
Note 3 : & =t(5ns max)+EFI + t{(5ns max)-+EFI
4 : tsu(res) and th(ges) are theoretically only to guarantee logic in the next clock period
MITSUBISHI 3—11
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086/8088/8089 PROCESSORS

Note 5 : Test circuits

Vee
(a) (0) ®Q
i 8 Load circuit
8 Load circuit 3 CLK
CLK (Note 6) AEN (Note 7)
17|
X 5 Load circuit
24MH215_ 16 READY 12 (Note 7)
— X,  0SC
R
R iz PG |——fov2
/T
- 7}
Trigger - 1 AEN 2
=R, CSYNC
R;=R;=5100 =5100
P T
Vee
Vee (d) T
(c)
1kQ
1kQ 14 g L
Pe EFl CLK HiNote 1)
13]. = 8 Load circuit I
F/C - CLK (Note 6) 13 FT
14 [Trigger 3
PG |———EF L AEN T
P.G (73 RDY2
CSYNC AEN 2
1 5 Load circuit
CSYNC
READY (Note 7)
Note 6 : Load circuit
v =3.41V Vv =2.08V
R_=5600 ) %
MS5L8284AP M5L8284AP -j— R.=3300
J;_ C.=100pF ]; CL=30pF
CLK pins Other pins

3—12
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MS5L8284AP

CLOCK GENERATOR AND DRIVER FOR 8086/8088,/8089 PROCESSORS

TIMING DIAGRAM (Reference level=15V)
CLK, RESET Signals

twierin)
Te(ren tw(eriL)
er S\
0osC , \ ’ \
Te
ToLH(osc—cLk) - T oHLLOSG_OLK) ToloikL Tutown
CLK / ) S
-7 triw »He true TDLH(CLK—PCLK) = pLH(osc—oLK)
PCLK = T ) kX
W(PCLKH
th(csyne) tsu(GSYNG) | W(PCLKL
CSYNC S 1hFES). tsu(RES)
tw(csyne)
RES A -/
ToHL(CLK—RESET) -t
RESET — L
READY Signal (with asynchronous device)
ok /% ___f »—F /) /[
th(roy) tsu(roy)
tsu(rov th(rov)
RDY 1, 2 ?l
. tsu(aen) th(aen)
AENT, 2 qt — J‘
tsu(async) the
ASYNC)
ASYNC .
tdv tdiv
READY 4 ‘
1}
READY Signal (with synchronous device)
CLK ’ !t \ \
’ th(rov) _tsutrov) |
tsucrov) therow)
ROY 1, 2 ~
tsu(aen) —<— th(aen)
AENT, 2 . 7
tsu(RsvNe) I"_" th(asvne) 7]
ASYNG B I S
tdv tdiv -r—L

[

READY

MITSUBISHI 13
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086,/8088/8089 PROCESSORS

APPLICATION NOTES
(1) Connecting the crystal

7y, oscfz
Xtal [ .

8y,  ouk|® 19}k

= M5L8284AP 8086

MaL
L ={FC 8088
{eswe
7

The crystal frequency should be three times the cycle time
of the 8086, 8088 or 8089, and the crystal should be located
as close to the M5L8284AP as possible. .

PRECAUTIONS FOR USE
(1) The oscillator circuit of the M5L8284AP is designed for
use with the fundamental mode crystal.
If noise is allowed to enter the XTALI, XTAL2 or Vg
pins, the oscillator frequency will be pulled of the parallel
resident frequency and the stray capacitance between
XTAL1 and XTAL2 may cause the circuit to go into re-
laxation oscillation. To prevent this, care should be given
to the following points.
(1) The should be one with a small parallel capacitance.
(2) A 0.01 —0.1uF capacitor should be connected be-
tween Vgc and ground. This capacitor should be lo-
cated as close as possiblve to the IC.

(2) External clock connections

® When the EFI input is not used

5L8284AP

vccsv)

X1 OSCl
X2
EXTERNAL O
SYNCHRONIZATION F/C
INPUT (SYNC)

(4) Power-on reset circuit

v

R=1k~10kQ

REs

Since the 8086, 8088 and 8089 require a reset pufse over
50us after Ve reaches 4.5V upon power on, the capacitor
value should be determined by the graph shown below.
Note that the time for V¢ to reach 4.5V has not been consi-

5v dered, so that it is necessary to choose the characteristics
value of capacitance under consideration of the power
was supply.
1
13 s 19
x F/C CLK CLK V(D =V (] —t)
(T:ER':AL C—————'S‘(?O/CK 1R 8086 clt= °RC
L LEVEL 50% 8088 V=4.5V
DUTY CYCLE) |M5L8284AP =505
CSYNC RES TAGE VC (1) Vo(t)=1.05v
NN RES VOLTAGE VO RC=190X10"°
The frequency should be three times the CPU cycle fre- p—
quency Y ./__nes Vi
quency (2.6V)
(8) Synchronizing using the CSYNC input RES v
—_ L
(1.05v)
® When the EFI input is used
v 5045 (1)
Vee (5V RES T VOLTAGE
M74LST4AP  MSLB284AP CHANGES IN RES INPUT VO
EXTERNAL Tk
SYNCHRONIZATION
INRUT (SYNC) o CSYNG
EXTERNAL CLOCK T FIC ok
(EF1) Rop ]__EFI
3—14 v MITSUBISHI
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MSL8284AP

CLOCK GENERATOR AND DRIVER FOR 8086 /8088/8089 PROCESSORS

APPLICATION EXAMPLES

(1) Use in the maximum mode

24MHz
Vec r‘lﬂl—l 1
. CLK
M5L8284AP MN/WX|— MRDCH—
CLOCK T =
GENERATOR[*™]CLK S So MWTC—=
RES L —lREADY = § ) AMWC |—»
© prESET  F 5; MSL8288S pRG[——= | COMMAND BUS
l RDY DEN CTRLR TOWC}——»
T DT/R AIOWC|— ,
8086 ALE INTAf—
CPU ‘
TOCKF—N.C. I
sTB
# 1%
ADo~ADis N M5L.8282P 1-MEGA BYTE
Ars~Are C—ADDR DATA_ ) “UArcH :> ADDRESS BUS
- (20r3) n
BHE |
—
T
\—DO*E
(2)
!
(2) Use in the minimum mode
24MHz
Vee
M5L828‘|4(AP MN/MX [=—Vcc
CLO o]
GENERATOR ::';:DY M':'Ti
RES [
RES ] h COMMAND BUS
-=JRESET RD
l RDY WR
T DT/Rf-————- 1
DEN|-———— 9 : _
8086 Fy r 1
CPU i |
ALE : : STB :
| —
[ F OE ]
M5L8282P 1-MEGA BYTE
AD:;fR::( t ADDR DATA:) L/;I)%H ,.'_:_,> ADDRESS BUS
BHE : : g
I
1 —————
i rE____11
I L_
e 11
—— ok Ll
Tgﬁghgéagsgﬂ: :Q:::>]6-BIT DATA BUS
(
1 2
I 1
1 (]
L
% [ Option

Required when the number of devices driving the bus increases

MITSUBISHI s—1s
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M5L.8286P/M5L8287P

MITSUBISHI LSIs

OCTAL BUS TRANSCEIVER

DESCRIPTION

The M5L8286P and M5L8287P are semiconductor integrated
circuits consisting of a set of eight 3-state output bus trans-
ceivers for use with a variety of microprocessor systems.

FEATURES

@ 3-state, high-fanout outputs (lo.=16mA, loy=—1mA for
the A outputs and lo. = 32mA, loy = — 5mA for the B
outputs)

® Low power dissipation

APPLICATION

Two-way bus transceivers for microcomputer systems

FUNCTION
The M5L8286P and M5L8287P are two-way bus transceivers
with non-inverted and inverted outputs respectively.

When the output enable input OE is high, the local bus
data pins Aj~ A; and system data pins By~ B; are both
placed in the high-impedance state.

When the output enable input OE is low, the input and
output states are controlled by the transmit input T.

When T is high, Ap~A; are input pins and By~Bj7 are out-
put pins. When T is low, By~ By are input pins and Ay~ Ay
are output pins.

PIN CONFIGURATIONS (TOP VIEW)

a1 ~ 20] Voo
ar+[2] 19] B0
n[3] 18]+~ &
LocaL sus ) M4 z 17] -8
PR Al E ig]-- s SYSTEM BUS
ns+[6] § 158, [ DATA
as=[7] ° [14] > 85
a++[8] i3]+~ B:
oe (2] 12~ &,
QuTPUT \weut GND [i0) Eo—T TRANSMIT INPUT
Outline 20P4
poo[1] hd 20] vee
a+[2] 5] &
ne+[3] i8] &
LocaL sus | AL z 17+ &
| el 5 ig]- 5 SYSTEM BUS
As |6 g E"E DATA
As+[7 ° [14]
A |8 Eﬂgﬁ
e El BEE
QuIRLT eyt GND - [i0] E«T TRANSMIT INPUT|
Outline 20P4

BLOCK DIAGRAM

e
e ins

LOCAL BUS
SYSTEM BUS
DATA DATA

As

NEE:T

A7

OUTPUT ENABLE OF
INPUT

M5L8286P

OUTPUT ENABLE

LOCALDi%_SV | SYSTEM BUS
B3 [ DATA

INPUT TRANSMIT INPUT

3—16
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MS5L.8286P/M5L8287P

OCTAL BUS TRANSCEIVER

FUNCTION TABLES (Note 1)

M5L8286P M5L8287P
OE | T A B OE | T A B
L L o 1 L L [e] 1
L H | o L H ] Fe)
H X z z H X z z
Note 1 : |: Input pin

O, O : Output pin (non-inverted for the M5L8286P and
inverted for the M5L8283P)
Z : Indicated the high-impedance state (A and B are
separated)
X : Either high or low

ABSOLUTE MAXIMUM RATINGS (Ta=0~75C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+7 Y,
vV, Input voltage —0.5~+45.5 Vv
Ve Output voltage —0.5~Vce \
Topr Operating free-air temperature range 0~+75 c
Tstg Storage temperature range —65~+150 C

RECOMMENDED OPERATING CONDITIONS (1a=0~75C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max
Vece Supply voltage 4.5 5 5.5 \
High-level output A output 0 —1 mA
lon : Vonz2.4V
current B output 0 —5 mA
Low-level output A output 0 16 mA
lou VoL <0. 45V
current B output- 0 32 mA
ELECTR'CAL CHARACTER'ST'CS (Ta=0~75C , unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min . Typ Max
A" High-level input voltage ) 2 \"
A input 0.8 A\
Vi Low-level input voltage -
B input 0.9 \"
Vic Input clamp voltage Veo=4.5V, lc=—bmA —1 \
A output Veo=4.5V, loy=—1mA 2.4 \
Vcu High-level output voltage
B output Vec=4.5V, loy=—5mA 2.4 \
A output Vee=4.5V, lo,=16mA 0.45 \
VoL Low-level output voltage
B output Vee=4.5V, lop=32mA 0.45 \%
Off-state output current with high-level | A output Vee=b5.5V, Vi=2V V=0.8Vv
lozn , 50 uA
applied at the output B output Vo=5. 25V V;=0. 9V N
Off-state output current with low-level A output Vee=5.5V, V;=2V V;=0. 8V
lozL : —0.2 mA
applied the output B output Vo=0. 45V V;=0.9v
hu High-level input current Vee=5.5V, V,=5. 25V 50 uA
he Low-level input current Vec=5.5V, V,;=0. 45V —0.2 mA
| Suppl t M5L8286P Vie=5.5V . 110 mA
u curren =5,
°°c PPy M5L8287P | 110 mA
F=1MHz, Vgas=2.5V
Cin Input capacitance 12 pF
Vee=5V, Ta=25C

) MITSUBISHI 17
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M5L8286P/ M5L8287P

OCfAL BUS TRANSCEIVER

SWITCHING CHARACTERISTICS (Vec=5V£10%, Ta=0~75%C, unless otherwise noted)

M5L8286P M5L8287P
Alternate Test -
Symbol Parameter Limits N Limits Unit
symbol conditions
Min Typ Max Min Typ Max
¢ Low-level to high-level and
PLH high-level and low-level
tenL transition time from input A. Tivov 5 30 5 22 ns
B to outputs B, A _ (Note 2)
tezn F)utput enable tlme from OE TELOV 10 20 10 - 30 ns
tpzL input to A or B output ’
terz F)utput disable time from OE TEHOZ 5 18 5 18 ns
teLz input to A or B output
From 0.8V
tr Output risetime TOLOH rom 20 20 ns
to2v
From 2V
tf Output falltime TOHOL 0.8V 12’ 12 ns
TIMING REQUIREMENTS (Voo=5V+10%, Ta=0~75C , unless otherwise noted)
Alternate Limits
Symbol Parameter Test conditions Unit
Symbol Min Typ Max
tsu T setup time with respect to OE TrveL 10 ns
th T hold time with respect to OE Tentv 5 ns
tr Input risetime Tion From 0.8V to 2V 20 ns
t Input falltime Tiu From 2V to 0.8V 12 ns
Note 2 : Test Circuit
INPUT Vee OUTPUT
——————
| r
DEVIGE | Loap !
PG UNDER CIRCUIT §
TEST ! (Note 3) 1
500 1 !
1 1
1 1
Note 3
Test Item toLn, teri tez, teze tenz, tpzn
2.28v 1.5v 1.5V
1140 660 Z 9000
A OUTPUT LOAD CIRCUIT
A OUTPUT A OUTPUT A OQUTPUT
I 100pF I 100pF I 100pF
2.14v 1.5v 1.5v
52.7Q 30 1800
8 OUTPUT LOAD CIRCUIT
8 OUTPUT 8 OUTPUT 8 OUTPUT
. laoopp J/;’:z‘OOpF 1;3009':
MITSUBISHI
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M5L8286P/M5L8287P

OCTAL BUS TRANSCEIVER

TIMING DIAGRAM (Reference voltage=1.5V)

A, B(INPUTS) 7¢ sg [

teLn tonp

M5L8286P

B, A(OUTPUTS) B. A(OUTPUT) Vo 0. 1v

tPHL tein

M5L8287P oF
B, A(OUTPUTS) :

tozn

B, A(OUTPUTS) x 2.0V

APPLICATION EXAMPLE

veo |

MBLE2B4AP MNW—_V,,_ CLK moch—
CLOCK GCLK 5 5 ' MWTC f——»
GENERATOR >
RES »—-JREADY B S AMWC }——
L ~RESET &, 5 M5'é€b2§83 ORG—= } COMMAND BUS
_1; RDY DEN CTRLR TOWC|——
T DT/R AIOWC|——
8086 ALE INTApb—
CPU
ToCK[—No i —
STB
N OE
ADo~ADis N| MsL8282P 1-MEGA BYTE
Arg~Arg <L—ADDR D/ TL‘) LATCH E ADDRESS BUS
_ (20r3) o
BHE | |
—
=
h—bo—— OE
M5L8286P :
TRAN?ZC)ENER <:>16 BIT DATA BUS
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MS5L8288S

BUS CONTROLLER FOR 8086,/8088/8089 PROCESSORS

DESCRIPTION

The M5L8288S is a semiconductor integrated circuit consist-
ing of a bus controller and ‘bus driver for the 8086 and 8088,
16-bit microprocessors. By using the status signals from the
CPU a Multibus (Intel trademark) control signal is gener-
ated.

FEATURES

® High-fanout outputs
Command output lg.=32mA, loy==—5mA
Control output lo,.=16mA, loy=—1mA

® Advanced command outputs (AIOWC and AMWC
outputs)

® |Low power dissipation

APPLICATION
Bus controller and bus driver for maximum mode operation
of the 8086 and 8088

FUNCTION
The M5L8288S is a bus controller and driver for maximum
mode operation of the 8086 and 8088 processors.

The command signals and control signals are decoded
by means of the So~S; outputs from the CPU and the con-
trol signals for I/0 devices and memory are output.

The device can be used in the Multimaster mode in -

which several CPUs acting as masters are connected to one
data bus. An input pin for the control signal AEN from an
8289 bus arbiter is provided.

By using the M5L8288S as a bus controller, a highper-
formance 16-bit microcomputer system can be configured.

PIN CONFIGURATION (TOP VIEW)

A\
/0 BUS MODE
MODE 10B—[1] 20 Veolsv)
CLOCK INPUT CLK—[2] B
_ STATUS INPUTS
STATUS INPUT § —[3] B
DATA TRANSMIT/ 1/ o
sece oo o7/ 4] g [17]->mce/POEN
ADDRESS LATCH
ADDRESS TATCH ALE 5] % [16]— DEN DATA ENABLE OUTPUT
ADDRESS ENABLE TEr & COMMAND ENABLE
ett AEN 6] @ [18]+-cen & T
MEMOR&'}%{‘R MRDC+| 7 14]—TNTA ACKNOWLEDGE
ADVANCED ICgMIg:gD OUTPUT
comm it AMWG +—| 8 3] Tomc COMMAND OUTPUT
lBBATE e o] 12]~ATGWS e Comano
/0 WRITE
(ovyeno 1o} [11]-70WC QMRS oureur
Outline 2081

BLOCK DIAGRAM .
Veo
- ——%
| |
% (9) (7) MRDC  MEMORY' READ COMMAND OUTPUT
= STATUS ADVANCED MEMORY WRITE
STATUS INPUTS i ® DECODER (8 AMWC CoMMAND OUTPUT
% (9 COMMAND (9) WTC MEMORY WRITE COMMAND OUTPUT
COMMAND
| GEﬂgg:‘ll:OR (IDTOWC 170 WRITE COMMAND OUTPUT { QUTPUTS
ADVANCED 1/0 WRITE
(2 RIOWCT CoMMAND OUTPUT
(13)TORC  1/0 READ COMMAND OUTPUT
& INTERRUPT ACKNOWLEDGE
! WINTA  SoMVAND ouTPUT
1
1/0 BUS MODE INPUT 10B (1) (O DT/R  DATA TRANSMIT/RECEIVE OUTPUT
CLOCK INPUT GLK (2) CONTROL Cglgm(zl- (5)ALE  DATA ENABLE OUTPUT CONTROL
ADDRESS ENABLE INPUT AEN (5) LOGIC GENERATOR T)DEN  ADDRESS LATCH ENABLE OUTPUT | OUTPUTS
= MASTER CASCADE ENABLE QUTPUT/
COMMAND ENABLE INPUT CEN () () MCE/PDEN  peppyenht DATA ENABLE OUTPUT
] 1
——
GND
MITSUBISHI

ELECTRIC




MITSUBISHI LSIs

MS5L.8288S

‘ BUS CONTROLLER FOR 8086,/8088/8089 PROCESSORS

PIN DESCRIPTIONS

Input of
Pin Name pu Functions
output
These are connected to the CPU status output So~Se.
So, S1, Sz | Status input Input The M5L8288S uses these signals to generate the proper timing command signals and control signals.
All pins are provided with internal pull-up resistors.
Used to connect the clock rator M5L8284AP clock output CLK.
CLK Clock input Input © gene . . .oc 'u put @
All outputs of the M5L8288S change in synchronization with the clock input.
Provides the strobe signal output for the address latches.
This pin is connected to the STB pin of the M5L8282P or M5L8283P and used to latch the address from the
ALE Address latch enable Outout CPU. When using any other address latch, the following conditions must be satisfied.
output P 1. The enable input must be active high.
2. Data reading is always performed while the enable input is high.
3. The latching operation is performed as the enable input goes from high to low.
Provides the data enable signal for the local bus or a data transceiver on the system bus.
DEN Data enable Output i ) . 9 4 .
Operates in active high mode.
. Controls the flow of data between CPU and memory or peripheral 1/0 devices.
DT/R Data transmit/receive Output When this pin is high, the CPU can write data to the peripheral devices. When it is low, it can read data
control output P from the peripheral devices.
It is connected to the transmit input T of the M5L8286P or M5L8287P bus transceivers.
When the IOB input is low and the AEN input is set to high, all command outputs are put in the high-
—_— impedance state. When the 10B i t is high, there i ffect the IORC, IOWC, AIOWC, and INTA out-
AEN Address enable input Input P © input 1s hig ) 'S,no ere _on ) ° © o
puts, the command output other than these four going into the high-impedance state.
None of the command outputs will go low until at least 115ns after AEN transits from high to low.
When this pin is set to low, all command outputs and DEN are prohibited by the PDEN control output (not
CEN Command enable input Input L P R . P P Y put (
high-impedance state). When set to high, the above outputs are enabled.
When this pin is set to high, the M5L8288S functions in the 1/0 bus mode, and when set to low it functions in
Input/output bus mode . "
10B inout Input the system bus mode. (The I/O bus mode and system bus mode are described in the functional
P description)
AIOWC Advanced I/0 write Outout The AIOWC issues an I/0 Write Command earlier in the machine cycle to give 1/O devices an early indica-
command output P tion of a write instruction its timing is the same as a read command signal. Active low.
TS 1/0 write command Instructs an 1/0 device to read the data on the data bus. Active low.
IowcC Output
output
—_— 170 read command
IORC output Output | Instructs an 1/0 device to drive its data onto the data bus. Active low.
AMWC Advanced write Output The AMWC issues a memory write command earlier in the machine cycle to give memory devices an early
command output P indication of a write instruction. Its timing is the same as a read command signal. Active low.
—_ Memory write command Provides a write instruction to memory for the current data on the bus.
MWTGC v Output v ! v "
output Active low.
—_— Memory read command Provides an output instruction to memory for the present data on the bus.
MRDC " Output v utpu Y i presel n the b
output Active low.
INTA Interrupt acknowledge Output This output informs an interrupting device that it has accepted the interrupt, outputting a vector address out-
ul
command output P put instruction to the data bus. IORC operates in the same manner for interrupt cycles. Active low.
This output pin has two functions.
1. When the 10B input is set to low:
Master cascade The MCE function is enabled. The signal acts as the enable signal which allows a slave PIC
(M5L8259AP) to read the cascade address output to the bus by the master PIC during an interrupt sequ-
MCE/ Enable output/ Outout e. Active high
ui . v .
PDEN Peripheral data pu ene |9 ) .
Enable output 2. When the I0B input is set to high:

P The PDEN function is enabled. This output provides the enable signal to the data bus transceiver con-
nected to the I/0 interface bus when an instruction occurs (IORC, IOWC, AIOWC, INTA). Operates the
same way as DEN with respect to the system bus.
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FUNCTIONAL DESCRIPTION

The state of the command outputs and control outputs are
determined by the CPU status outputs Sy~ S;. The table
summarizes the states of the outputs S~ S; and their cor-

responding valid command output names.

Depending upon whether the M5L8288S is in the I/0 bus
mode or system bus mode, the command output sequence
will vary. :

STATUS INPUTS AND COMMAND OUTPUTS RELATIONSHIPS
S S So 8086, 8088 status Valid command output name
L L L Interrupt acknowledge INTA
L L H Data read from an I/0 port 10RC
L H L Data write to an 1/0 port TOWC, AIOWC
L H H | Hat - '
H L L Instruction fetch MRDC
H L H Read data from memory MRDC
H H L Write data to memory m, AMWC
H ] ‘W H Passive state —

1. 170 bus mode operation

When IOB is high, the M5L8288S function in the 1/0 bus
mode.

In the 1/0 Bus mode all I/0 command lines (IORC, IOWC,
AIOWC, INTA) are always enabled (i.e., not dependent on
AEN). When an I/0 command is initiated by the processor,
the 8288 immediately activates the command lines using
PDEN and DT/R to control the 1/0 bus transceiver. The 1/0
command lines should not be used to control the system bus
in this configuration because no arbitration is present. This
mode allows one 8288 Bus Controller to handie two external
busses. No waiting is involved when the CPU wants to gain
access to the I/0 bus. Normal memory access requires a
“Bus Ready” signal (AEN LOW) before it will proceed. It is
advantageous to use the 10B mode if I/0 or peripherals de-
dicated to one processor exist in a multi-processor system.

2. System bus mode operation
When I0B is set to low, the M5L8288S enters the system bus
mode. In this mode no command is issued until 115 ns after

the AEN Line is activated (LOW). This mode assumes bus
arbitration logic will inform the bus controller (on the AEN
line) when the bus is free for use. Both memory and /0O
commands wait for bus arbitration. This mode is used when
only one bus exists. Here, both 1/0 and memory are shared
by more than one processor.

3. AMWC and AIOWC outputs
With respect to the normal write control signals MWTC and
IOWC, the advanced-write command signals AMWC and
AIOWC transit low one clock cycle earlier and remain low
for two clock cycles.

These signals are used with peripheral devices or static
RAM devices which require a long write pulse, so that the
CPU does not go into an unnecessarily wait cycle.

)‘MITSUBISHI
\ELECTRIC



MITSUBISHI LSIs

M5L8288S

BUS CONTROLLER FOR 8086,/8088/8089 PROCESSORS

ABSOLUTE MAXIMUM RATINGS (12=0~75TC, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+47 A%
\2 Input voltage —0.5~+45.5 \%
Vo Output voltage —0.5~Vcc v
Pd Power dissipation 1.5 w
Topr Operating free-air temperature range 0~75 c
Tstg Storage temperature range —65~-+150 C

RECOMMENDED OPERATING CONDITIONS (Ta=0~75C, unless otherwise noted)
Limits-
Symbol Parameter Unit
Min Nom Max
Vce Supply voltage 4.5 5 5.5 V.
High-level output | Command outputs —5
lon mA
current Control outputs —1
: Low-level output Command outputs 32 mA
o current Control outputs 16
ELECTRICAL CHARACTERISTICS (Ta=0~75C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Viu High-level input voltage 2 \Y
Ve Low-level input voltage 0.8 \
Vic Input clamp voltage —1 \Y
Command outputs Veo=4.5V, Vi=2V low==—5mA 2.4
Vou High-level output voltage v
Control outputs Vv,=0. 8V lon=—1mA 2.4
Command. outputs Vee=4.5V, V=2V lo.=32mA 0.5
Vou Low-level output voltage . v
Control outputs V,=0. 8V loo=16mA 0.5
I High-level input voltage Vec=b5.5V, V;=5.5V - 50 ~A
e Low-level input voltage Vee=b5.5V, V,=0.45V —0.7 mA
lozn Off-state output current with high-level applied to output| Voc=D5. 5V, Vo=5. 25V 100 ©A
loze Off-state output current with low-level applied to output | Vec=5. 5V, Vo=0. 4V —100 A
lcc Supply current Vee=5.5V 160 mA
MITSUBISHI 3—23

ya ELECTRIC




MITSUBISHI LSIs

S | MS5L8288S

BUS CONTROLLER FOR 8086,/8088/ 8089 PROCESSORS

SWITCHING CHARACTERISTICS (Vcc=5V£10%, Ta=0~75C , unless otherwise noted)

Alternate " Limits §
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
t Output low-level to high-level propagation time
PLH From CLK input to DEN output TOUNY : 5 45
ns
t Output high-level to low-level propagation time
PHL From CLK input to PDEN output
t Output low-level to high-level propagation time
PLH From CLK input to DEN output. TGVNX 10 45
ns
t Output high-level to low-level propagation time k
PHL From CLK input to PDEN output
Output low-level to high-level propagation time '
teLn From CLK input to ALE output TCLLH ' 20 ns
Output low-level to high-level propagaion time
teLn From CLK input to MCE output TCLMCH 20 ns
Output low-level to high-level propagation time
teLn From So~$ inputs to ALE output TSVLH 20 ns
Output low-level to high-level propagation time
teLn From So~S; inputs to MCE output TSVMCH 20 ns
Output high-level to low-level propagation time
tonL K propag TCHLL 4 15 ns

From CLK input to ALE output

Output high-level to low-level propagation time
tenL From CLK input to MRDC, IORC, INTA, TCLML 10 35 ns
AMWC, MWTC, AIOWC, and IOWC outputs .

Output low-level to high-level propagation time
teLn From CLK input to MRDC, IORC, INTA, TCLMH 10 35 ns
AMWC, MWTC, AIOWC, and IOWC outputs

Output high-level to low-level propagation time

terL From CLK input to DT/R output TCHDTL (Note 1) 50 ns

Output low-level to high-level propagation time

From CLK input to DT/R output TCHDTH 30 ns

tPLH

High-level output enable time
tezn From AEN input to MRDC, TORC, INTA, TAELCH 40 ns
AMWC, MWTC, AIOWC, and IOWC outputs

High-level output disable time

tonz From AEN input to MRDC, TORC, INTA, TAEHCZ 40 ns
AMWC, MWTC, AIOWC, and IOWC outputs

Outpuilgh-level to low-level propagation time
tenL From AEN input to MRDC, IORC, INTA, TAELCV 115 200 ns
AMWC, MWTC, AIOWC, and IOWC outputs

Output low-level to high-level and high-level to

:PL“ low-level propagation time TAEVNV 20 ns
PHL From AEN input to DEN output
t Output low-level to high-level and high-level to -
'PLH low-level propagation time From CEN input to TCEVNV 25 ns
PHL DEN and PDEN outputs
Output low-level to high-level and high-level to .
teLn low-level propagation time.
tonc From CEN input to MRDG, IORC, INTA, TCELRH 3% ns

AMWC, MWTC, AIOWC and IOWC outputs

TIMING REQUIREMENTS (Vec=5V£10%, Ta=0~75C , unless otherwise noted)

Alternate Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tc Clock CLK cycle time . TCLCL 100 ns
tw(ciLkL) | Clock CLK low pulse width TCLCH 50 ns
tw(cLkn) | Clock CLK high pulse width TCHCL 30 ns
So~§; setup time with respect to
toucso—sy| 2 SWP P TSVCH s ns

T for the T, state

So~$; hold time with respect to
e =
N(S0~%2) | 1101 the T, state TCHSV 10 ns

5~% setup time with respect to
teu (S s,
SU(S0~S2)| T o1 the T, state . TSHCL 35 ns

§o~§ hold time with respect to

th(so~s: T
h(So~s2) T for the T3 state CLSH 10 ns
tr Input rise time TILIH ) 20 ns
t§ Input fall time TIHIL 12 ns
3—24 . ' ¢ MITSUBISHI
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Note 1 : Test Circuit

INPUT Vee OUTPUT
r-——--=2
I i
DEVIGE | LoAD !
PG UNDER ! CIRCUIT y
TEST i
500 1 (Note 21

T

Note 2
Load circuit : teLn, terL terz, tez terz, tezw
2.14v 1.5v 1.5v
52.7Q 330 1800

Command output
load circuit

300pF 300pF 300pF

+
3+
3+

2.28V

1140
Control output

load circuit

80pF

+

Note 3 : AC TEST WAVE FORM

2.4v

1.5V «=— TEST POINT —= 1.5V

0. 45v

INPUT PULSE LEVEL : 0. 45~2. 4V

TIMING MEASUREMENT POINT : 1.5V

: MITSUB'SH' } 3—25
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TIMING DIAGRAM

1. Command output timing

STATE

ADDRESS/DATA

ALE

MRDC, IORC, INTA

AMWC, AIOWC
MWTC, 10WC

DEN (FOR READ AND)

INTERRUPT

PDEN (FOR READ AND)

INTERRUPT

DEN (FOR WRITE)
PDEN (FOR WRITE)

p1/R (FOR READ AND)

INTERRUPT

MCE

Note 3 :

T4 T T, Ts T4 .
te .
FcLecn) W(CLK)
- (TCLCH)
£ X 7 /X
th(So~S2) tw(cLkH) tsu(gl""s_z)
(TCHSV) = = (TCHCL) (TSHCL)
\ tsu(S1~S,) th(S~%)
NR N (TSVCH) {ToLSH) f
DATA
ADDRES:!
X VALID X vap| (Note )
J tew
teen [ | (TeHD)
(TCLLH)(Note 4) )/ N teLn
Y, (TSVLR)
tpHL
- (TCLML)
1t
TCLMH) =} LT
(TCLML) .
) teu, tene
> (TCVNV)
teun, tene
(TCVNX) ——
teun, e
(TCVNV)
—
teun, teri
(TCVNX) ]
tpLH
(TCHDTH)
.+ teHL
(TCHDTL)
( [ tpLH
}1 (Note 4) FCHDTH) ™
__tew terL
(TCLMCH) teLn (TCVNX)
(TSVMCH)

The address/data bus signals are shown only for reference.
The ALE and MCE leading edge occurs in synchronization with the falling edge of CLK or So~S;, whichever is later.
Unless otherwise noted, the timing of all signals is respect tol 5V
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2, DEN and PDEN timing

CEN ){
AEN
teLH, teHL
(TAEVNV)
DEN
tein, teHL
(TCEVNV)
PDEN
3. AEN timing [
AEN (TAELCV)
Q.sv tenz
[, (TAEHCZ)
MRDC, TORC, INTA tpzn Vou 0.5V
AMWC, MWTC, (TAELCH) | Von
ATOWC, IOWC ;I e
toLH
(TCELRH)
CEN
teHL
TCEHRL

Note 6 : CEN must be low or valid prior to T, to prevent the command from being generated.

APPLICATION EXAMPLE

cC D
ke [0 ik

M5L8284AP Mmﬁ MRBC—=

GENERRTORICLK S S0 MWTC |——

RES READY 5y S AMWC |——
RESET & 5 M5'l-383§88 ORCH— { COMMAND BUS

l RDY DEN CTRLR TGWG p——

T DT R AlOWCH——

ALE - NTAb—

STB
OE

3
8
- c
0|
(@)
X
z
o

ADy~AD:s N msLs2s2P 1-MEGABYTE
Ars~Ar <L—A‘DDR DATA_ ) LATCH :> ADDRESS BUS
SHE or3) 1

OE

M5L8286P .
TRAN%?)EWER <:>16 BIT DATA BUS
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* BUS ARBITER FOR 8086/8088 /8089 PROCESSORS

DESCRIPTION

The M5L8289P is a system bus (PMULTIBUS) arbiter for the
8086, 8088, and 8089 16-bit microprocessors. When a request
for access to the system bus is made by any of these mic-
roprocessors, the M5L8289P prevents simultaneous access
by two or more processors by allowing only the first proces-
sor which \requests access to access the system, preventing
all others from accessing the system bus. It generates the
required signals for bus access. (® MULTIBUS is a reg-
istered trademark of Intel Corporation.)

FEATURES

® ®MULTIBUS compatible

® Usable in multiprocessing systems using the 8086, 8088,
and 8089 microprocessors

Four modes of request and bus surrender are possible
Low power dissipation

APPLICATION
Bus arbitration for MULTIBUS boards using the 8088, 8086, or
8089

FUNCTION
The M5L8289P is a bus arbiter for ®MULTIBUS boards using
the 8086, 8088, or 8089 microprocessors. When several pro-
cessors are connected to the system bus (P MULTIBUS), it
is necessary to prevent two or more processors from
attempting to access the system bus simultaneously.

This function is performed by the M5L8289P, which de-
codes the processor status, and if access to the system bus

PIN CONFIGURATION (TOP VIEW)
\
STATUS INPUT §; —|1 ﬂ Vee (5V)
/0 BUS MODE 1= =
cbyrmor oy 108 —[2] ER } STATUS
SYSTEM BUS/ SYSB — | INPUTS
RESIDENT BUS REsg — L3 18]+ So
e, =
MoDE RESB —[4] z 7]+ cLk cLock INPUT
(CONTROL INPUT
BUS CLOCK BeTK —[&] 2 [16]« ToTK LocK INPUT
[+
— N COMMON
INTIALIZE 77 — [€] @ [i8]~ cRarck BuUS LooK
o
g v [T - sty
SS
oS B0 BP0 ] il 7 St
BUS PRIORITY m5mm COMMON BUS
ey Bean —[o] 12]-~ TBRa GegUesT
ov)ano  [i0] 11]+> BUSY BusY
Outline 20P4

is required, prevents other processors from attempting sys-
tem bus access by generating the required control signals.

BLOCK DIAGRAM
e
: ARBITRATION
] INIT  INITIALIZE INPUT
[ BCLK BUS CLOCK INPUT
5Q SYSTEM BUS P BREQ BUS REQUEST OUTPUT
2 o SYSTEM
?535‘1{2 { 5 @ GES';"S;"AJTSOR INTERFACE p BPRN BUS PRIORITY INPUT ( BUS
S @8 BPRO BUS PRIORITY OUTPUT
! l BUSY BUSY
CBRQ COMMON BUS REQUEST
LOCK INPUT  LOCK T '
CLOCK INPUT CLK
COMMON BUS ‘Iﬁ%ﬁ# TRALCR
ConRoL " |EsE R e | nese @ SOMTORE ] oo aus| L o
ANY REQUEST INPUT ANYRQST ll-NTERFACE EN SB?ES?S ENABLE
1/0 BUS MODE 0B LOCAL
CONTROL INPUT "SYsTEM BUS | BUS
1 SYSB/RESB RESIDENT BUS
- - - SELECTION
INPUT
32 ¢ MITSUBISHI

ELECTRIC




MITSUBISHI LSIs

- MS5L8289P

BUS ARBITER FOR 8086/ M/ 8089 PROCESSORS

FUNCTIONAL DESCRIPTION .

The M5L8289P decodes the status signals So~S; from the
processor, and requests system bus privileges or surrenders
them. The conditions for such operation are shown in Table
1. As shown in the Table 1, the following four modes are
possible for use with boards of various types.

(1) Single Bus Mode

In this mode there is neither memory nor I/0O ports on the
board, and the processor accesses only the system bus.

(2) 1/0 Bus Mode

In this mode 170 ports exist on the board, and the processor
accesses only these. For this mode the M5L8289P outputs a
system bus request signal only for memory access.

(3) Resident Bus Mode

In this mode both memory and/or I/0 port(s) exist on the
board and the processor can access both on the system
bus. In this mode the chip select signal (active low) for 1/0
ports and memory on the system bus is input to SYSB/
RESB. By doing this, when the 1/0 port(s) and memory on
the board are accessed, the M5L8289P does not output a re-
quest signal to the system bus.

(4) 170 Bus Mode Resident Bus Mode

In this mode both I/0 ports and memory are existent on the
board, and only the 1/0 port on the board is accessed.

In this mode the chip select signal (active low) for mem-
ory on the board is input to SYSB/RESB. By doing this, the
M5L8289P outputs a request signal to the system bus when
system memory is accessed. :

In addition, the M5L8289P has the following control inputs.
® LOCK )

This signal locks the bus arbitrate function when it is low,

the M5L8289P continues to output a request signal to the

system bus, and once acquired, setting LOCK to a high
level retains bus privileges until the conditions listed in

Table 1 are satisfied. Normally, this input is connected to

th LOCK output of the processor.'
® CRQLCK ‘

This signal locks the arbitrate function by CBRQ. When

set to low, the bus privilege surrender conditions listed

in Table 1 in which CBRQ are input, are ignored. This in-
put is set to low level when it is desired to prevent low-
priority arbiters from acquiring bus privileges:

® ANYRQST

Even after one bus access has been completed, the

M5L8289P does not surrender bus privileges until the

surrender conditions listed in Table 1 are satisfied.

However, by setting the ANYRQST input to high,\ the bus

can be freed after each single access, thereby facilitat-

ing the acquisition of bus privileges by low-priority arbi-
ters.

- MITSUBISHI
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Table ‘1' M5M8289P Modes and Bus Request and surrender Conditions

o 1/0 Bus
Status Resident bus mode only 1/0 Bus mode resident bus mode Single bus mode
mode only
10B=L 10B=H 10B=L 10B=H
A RESB=L RESB=H RESB=H RESB=L
Command S S So SYSB/RESB=H | SYSB/RESB=H | SYSB/RESB=H | SYSB/RESB=L
Interrupt acknowledge| 0 0 0 X @] X X X O
1/0 Port read 0 0 1 X O X X O
1/0 Write 01 0 X O X X X @)
Halt o 1 1 X X X X X X
Instruction fetch 1 0 0 O O X O X O
Memory read 1 0 1 O O X O X O
Memory write 1 1 0 O O X O X O
Passive cycle 111 X X x x X X
(O A request signal is output by the system bus.
X eeeees The system bus privileges are surrendered.
Input Bus request condition
Mode — - Bus surrender condition (Note 1)
10B RESB (excluding halt and passive cycles)
Single bus mode H L All bus access states HLT+(TI-CBRQ)+HPBRQ
Resident bus ((SYSB/RESB=L+T1)-CBRQ)
H H (SYSB/RESB=nhigh)- (Bus access state) .
mode only +HLT+HPBRQ
’ (170 Access state+T1)-CBRQ)+HLT
1/0 Bus mode only L L All memory access states
+HPERQ
1/0 Bus mode ((1/0 Access state +(SYSB/RESB=low))"
L H (SYSB/RESB=high)‘ (Memory access states)
resident bus mode CBRQ + HPBRQ HLT +HPBRQ
Note 1 : When LOCK=low, the bus is not released under any circumstances.
When CRQLCK=low, the bus is not released even when low-priority arbiters request it.
21 HLT ++--Halt state ’
. Idle (passive) state
CBRQ=low
---Indicates that a high-priority arbiter is requesting the bus (BPRN=high)
7
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PIN DESCRIPTION

Input or !
Pin Name Function
output
_— = = Status input fi th . The M5L8289P d this si | and b it, t -
So. 51, S, | Status input in atus input from the processor. The ecodes this signal and based on it, requests or surren
ders bus privileges.
This is the same clock input as used on the processor, and used for decoding of the status. It receives the
Clock input I
CLK inpul " clock from the M5L8284P.
— This is the lock input signal from the processor. When LOCK=low, the M5L8289P will, in no circumstances,
LOCK Lock input In ) put sig P
surrender bus privileges.
Common bus : P
—_— This is the lock signal for arbitration from a common bus request. When CRQLCK= low, the M5L8289P
CRQLCK | request lock In A . A
input ignores bus surrendering conditions by signal CBRQ.
Resident bus
RESB mode control In This is the M5L8283P mode setting input. When RESB=high, the M5L8289P is in the resident bus mode.
input
— 170 Bus mode 168
0B , In This is an M5L8289P mode setting input. When 10B=1ow, the M5L8289P is in the 1/0O bus mode.
control input
This controls the bus surrendering conditions for the M5L8283P. When ANYRQST = low, the M5L8289P re-
ANYRQST Any request n leases the bus under the conditions listed in Table 1. When ANYRQST=high, as soon as CBRQ goes low,
input the bus is released. Therefore, by setting ANYRQST to high and CBRQ to low, the M5L8289P can be made
to release the bus after a single access.
System- This input is valid when the M5L8289P is in the resident bus mode. When SYSB/RESB= low, this means
SYsB/ bus/resident In that the processor is accessing the bus on the board, and the M5L8289P does not output a request to the
RESB bus selection system bus. When SYSB/RESB=high, this indicates that the processor is accessing the system bus, and
input the M5L8289P outputs the request signal to the system bus.
BCLK Bus lock n This is the clock for arbitration of other boards. The M5L8283P performs arbitration in synchronous with this
input clock. It is fed from the system bus BCLK signal.
INIT Initialize n This line resets the arbitration circuit. Inmediately after resetting, none of the arbiters have system bus
input privileges. This input is fed from the system bus INIT signal.
= Bus request ) N
BREQ outputq Out This signal requests system bus privileges. It is used as the system bus BREQ signal.
Bus priority This signal indicates whether a high-priority arbiter has requested privileges or not. When BPRN=low, a
BPRN in utp In. high-priority arbiter has not requested privileges and when BPRN = high, this indicates that a high-priority
P arbiter has requested privileges. This input is fed from the system bus BPRN signal.
Bus priority This signal indicates whether the M5L8283P or high-order arbiter has requested the bus. When BPRO=
BPRO out & Out low, there was a bus request and when BPRO=high, there was no bus request. This signal is used as the
P system bus BPRO signal.
This signal indicates that the system bus has been acquired. When BUSY=low, the bus is busy and when
— BUSY=high, it indicates that no arbiter has acquired the bus privileges. When the M5L8289P has acquired
BUSY Busy In/Out o . L .
bus privileges, a low-level output (open collector) is made. This signal is used as the system bus BUSY
signal.
Common bus This signal indicates when any arbiter has requested the system bus. When CBRQ=low, the M5L8289P re-
CBRQ request In/Out leases the bus according to the conditions listed in Tablel. When making a request of the system bus,
a CBRQ is output as low (open collector). This signal is used as the system bus CBRQ signal.
Address This signal informs the bus buffer on the board that the system bus has been acquired. It is connected to
AEN enable input Out the address and data buffer outputs, and the output enable line on the board as well as the M5L8288P AEN
line.
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ABSOLUTE MAXIMUM RATINGS

Symbbl Parameter ) Conditions ) Limits Unit
Veo Supply voltage ‘ —0.5~7 \%
vV Input voltage —1~5.5 v
Vo Output voltage ' ‘ —0.5~7 v
Topr Operating temperature 0~75 c
Tstg Storage temperature —65~150 c

RECOMMENDED OPERATING CONDITIONS (Ta=0~75TC, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \
| High-level output | BUSY, CBRQ, Von=2.4V Open collector
{o]
" current Other output, Von=2. 4V 0 400 MA
BUSY, CBRQ, VoL=0. 45V 0 20 mA
Low-level output
loL AEN : VoL =<0. 45V 0 16 mA
current =
BPRO, BREQ, VoL =0. 45V 0 10 mA

ELECTRICAL CHARACTERISTICS (Ta=0~75C, Voc=5Vt10%, unless otherwise noted)

. - Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vi Low-level input voltage 0.8 \2
" Vin High-level input voltage ) 2.0 v
BUSY, CBRQ lot=20mA 0.45 v
Low-level —
VoL AEN loo.=16mA 0. 45 v
output voltage
BPRO, BREQ lo.=10mA 0.45 A\
v High-level BUSY, CBRQ . Open collector \%
en output voltage | AEN, BPRO, BREQ low=4004A 2.4 v
Vic Input clamp voltage Vee=4.50V, Ic=—5mA -1 \%
I Low-level input current - Vec=5. 50V, V¢=0. 45V —0.5 mA
hn High-level input current Vee=5. 50V, Vg=5.50V 60 A
lcc Supply current 120 mA
4 MITSUBISHI

33 ELECTRIC



MITSUBISHI LSIs

MSL8289P

BUS ARBITER FOR 8086,/8088 /8089 PROCESSORS

TIMING REQUIREMENT (Ta=0~75C, Vcc=5V+10%, unless otherwise noted)

ELECTRIC

Symbol Parameter Atternate Test conditions Limits Unit
symbol Min Typ Max
tcick) CLK cycle period tcicL 125 ns
twioLkL) CLK“L” pulse width teLen 65 ns
tw(cLKH) CLK“H” pulse width tohel 35 ns
tsu(so~s2) | Status active setup time tsveH 65 tere 10 ns
th(so~52) Status active hold time tchsv 10 torce.10 ns
tsu(s6~52) Status inactive setup time tshoL 50 ns
th(so~52) Status inactive hold time tesH 10 ns
th(Cocr) LOCK inactive hold-time toLL 10 ns
tsu(Lock) LOCK active setup time toLLz 40 ns
tsulsvse/AEss) | SYSB/RESB setup time toLsr 0 ns
th(svse/REss)| SYSB/RESB hold time toLsh2 20 ns
te(BoR) BCLK cycle time taLeL 100 ns
tw(Borkn) | BCLK*H” pulse width taneL 30 ns
tsu(BFRL) BPRN 1 | to BCLK setup time tenssL 15 ns
tsu(BUsY) BUSY t | to BCLK } setup time tavsaL 20 ns
tsucera) | CBRQ?t | to BCLK | setup time tceseL 20 ns
twanm INIT pulse width tivin 3taLeL+3tercL ns
tr Input rise time tiun 0.8~2v 20 ns
tf Input fall time tiaiL 2~0.8V 12 ns
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SWITCHING CHARACTERISTICS (Ta=0~75C, Voot5V+5% , unless otherwise noted)

Alternate Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
teuL(BREG) | BCLK—BREQ 1, | Delay time teLBRL 35 ns
BCLK—BPRO t, |
teLH(BPRO) ) taLpoH 40 ns
Delay time (See note 2)
BPRNt, | +=BPROt | 25
teHL(BPRO) t ns
PHL Delay time (See note 2) ee
teuL(BUSY) | BCLK—BUSY | Delay time teLeyL 60 ns
BCLK—BUSY
teLz(BUSY) i teLeyH 35 ns
Float time (See note 3)
toLH(AEN) CLK—AEN, t Delay time tcLAEH 65 ns
teHL(AEN) BCLK—AEN, | Delay time teLAEL 40 ns
teHL(GBRG) | BCLK—CBRQ, | Delay time teLceL 60 ns
BCLK—CBRQ Delay time
teLz(CBRQ) taLceH 35 ns
(See note 3)
tr Output rise time toLon 0.8vV~2.0V 20 ns
tf Output fall time (See note 4, 5) toroL 2.0V~0.8v 12 ns
Note 1 : Symbol t, | means rise signal and fall signal.

2 : BCLK generate the first BPRO and then BPRO changes lower in the chain are generated through BPRN.
3 : Measured at 0.5V above GND

Note 4 : A.C. test wave form.
tr
2.4
20 —TT———~ U _
>< 1.5 <=—— Test point —s= 1_5><

0.8 _______ A

0.45 7y
Note 5 : Load circuit

8289 L—_L
I C.=100pF
MITSUBISHI
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TIMING DIAGRAM

State Ta T T2 T3 Ta
tc twicLke)
$1
N o\ N
CLk % K #2 K 7 \ / 3( / &L
th(Se~S,) twicLkn) tsu(So~S,)
='|z = F: ) 2
tsu(So~S; =L
15 5 \ th(Se~Sz) [Z \
th(Tock) tsu(took)
___m A \ .
LOCK \ N /
SYSB/RESB X (2) (2)
tsu(svsa/RESE) th(svse/REsB)
f— — )
(3)
AEN
teHL(BREQ) teLH(REN)
—a —
tw(Bcikm) te(BoLk)
BCLK F 7[ 5( / 3
-——’T terL(BREQ)
BREQ#2 .
teLH(BPRO)
BPRN#2 jk_ A
_ tsu(zemm) 7
(BPRO#1)
AY
BPRO#2 N
teHL(8PRO) -_____—t;u%T—__-—-—-

(BPRN#3) T‘_

BUSY —t—70.5v —

teHL(CBRQ) teLz(BUSY) terL(BUSY)
T
CBRQ 0.5V
3
tsuEosy)
teLz(CBRO) t

Note 1 : LOCK can be active during any state as long as the relation ships shown above with the

respect to CLK are maintained.

LOCK can be inactive asynchronously.

CRQLCK is an asynchronous input signal.

Noise is permitted during this time. After ¢2 of T1 and before ¢1 of T4 should be stable.
AEN negative-edge is related to CLK, positive-edge to CLK.

ANE positive-edge is generated after as ricrity is lost.
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

MITSUBISHI LSls

MS5L8155P

DESCRIPTION

The M5L8155P is a 2K-bit RAM (256-word by 8-bit) fabri-
cated with the Nchannel silicon-gate ED-MOS technology.
This IC has 3 1/0 ports and a 14-bit counter/timer which
make it a good choice to extend the functions of an 8-bit
microcomputer. It is incased in a 40-pin plastic DIL package
and operates with a single 5V power supply.

FEATURES

Single 5V supply voltage

TTL compatible

Compatible with MELPS 85 devices
Static RAM: 256 words by 8 bits
Programmable 8-bit I/0 port: 2
Programmable 6-bit 1/0 port: 1
Programmable counter/timer: 14 bits
Multiplexed address/data bus

APPLICATION
Extension of I/0 ports and timer function for MELPS 85 and
MELPS 8-48 devices

FUNCTION

The M5L8155P is composed of RAM, 1/0O ports and counter/
timer. The RAM is a 2K-bit static RAM organized as 256
words by 8 bits. The I/0 ports consist of 2 programmable 8-
bit ports and 1 programmable 6-bit port. The terminals of the
6-bit port can be programmed to function as control termin-
als for the 8-bit ports, so that the 8-bit ports can be operated

PIN CONFIGURATION (TOP VIEW)
vo port ¢ | PO H T @ Veolw
lpC, e
TIMER INPUT TIMER IN—[3] 38— PC: | BSRT ©
RESET INPUT RESET —[4] 37— PCo
1/0 PORT C PCs —[5] [36]— P8,
TIMER OUTPUT TIMER OUT L6 35— PBs
seLedFNBET 1o~ 3~ PBs
CHIP ENABLE INPUT CE —[B] z 33—PB: |0
READ INPUT RD —[9] a 32)—PB; | PORT B
WRITE INPUT WR —[10] et 31)— PB,
gL R a0 & [O-ee
ADo —[12] [23]-— PBo
AD, —[T3 28] Pa;
AD, —[14] [27]— PAs
aiprecTionaL | AD: [ 26}~ PAs
ADDRESS/DATA BUS | AD, —[T§ B Pas |10
ADs —[17 [23)— PA; [ PORT A
ADs —[18 23— PA,
AD; —[19] 22]«— PAs
(0v)ves  [20] [21]— PA,
Outline 40P4

in a handshake mode. The counter/timer is composed of 14
bits that can be used to count down (events or time) and it
can generate square wave pulses that can be used for
counting and timing.

BLOCK DIAGRAM - - - - - -
(5V) Ve @)
(0V)Vss @0)
' ATIC RA
STATIC RAM PORT 170
ADy () (256 WORDS X 8 BITS) 8 A PORT A
ADs (18)
ADs ()
BIDIRECTIONAL | AD4 (6) DATA BUS
ADDRESS/DATA BUS | AD; (15) BUFFER 8 ) 8 [_
AD; (19 8—BIT INTERNAL
AD; (3 DATA BUS
ADo (12 g [PoRT /o
e i PORT B
'
8
_RESET INPUT RESET (3)
MEMORY SELECT INPUT 10/M (7)
— READ/
CHIP ENABLE INPUT E® WRITE
READ INPUT  RD (9—qCONTROL L8 dooar Vo
WRITE INPUT ~ WR (0—d CIRCUIT c PORT G
A S LATCH )
DE?E’«EBSLE ineuT  ALE W 14—BIT COUNTER/TIMER
.
I AN S———
TIMER IN_ TIMER OUT
TIMER INPUT TIMER OUTPUT
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

OPERATION

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to transfer the

data while input or output instructions are being executed by

the CPU. Command and address information is also transfer-

red through the data bus buffer.

Read/Write Control Logic

The read/write control logic controls the transfer of data by

interpreting 1/0 control bus output signals (RD, WR, 10/M

and ALE) along with CPU signal (CE). RESET signal is also

used to control the transfer of data and commands.

Bidirectional Address/Data Bus (ADy~AD>)

The bidirectional address/data bus is a 3-state 8-bit bus.

The 8-bit address is latched in the internal latch by the fall-

ing edge of ALE. Then if 10/M input signal is at high-level,

the address of I/0 port, counter/timer, or command register

is selected. If it is at low-level, memory address is selected.
The 8-bit address data is transferred by read input (RD)

or write input (WR).

Chip Enable Input (CE)

When CE is at low-level, the address

address/data bus is stored in the M5L8155P

Read Input (RD)

When RD is at low-level the data bus buffer is active. If 10/

M input signal is at low-level, the contents of RAM are read

through the address/data bus. If I0/M input is at high-level,

the selected contents of 1/0 port or counter/timer are read

through the address/data bus.

Write Input (WR)

When WR is at low-level, the data on the address/data bus

are written into RAM if I0/M is at low-level, or if IO/M is at

high-level they are written into. I/0 port, counter/timer or

command register.

Address Latch Enable Input (ALE)

An address on the address/data bus along with the levels of

CE and I0/M are latched in the M5L8155P on the falling

edge of ALE.

10/Memory Input (10/M)

When 10/M is at low-level, the RAM is selected, while at

high-level the 1/0 port, counter/timer or command register

are selected.

/O Port A (PA,~PA,)

Port A is an 8-bit general-purpose 1/0 port. Input/output set-

ting is controlled by the system software.

/0 Port B (PB,~PB;)

Port B is an 8-bit general-purpose 170 port. Input/output set-

ting is controlled by the system software.

information on

Table 1 Pin assignment of control signals of port C

Pin Function

PCs B STB (port B strobe)

PC4 B BF (port B buffer full)

PCs B INTR (port B interrupt)

PC; A STB (port A strobe)

PC, A BF (port A buffer full)

PCo A INTR  (port A interrupt)

Timer Input (TIMER IN)

The signal at this input terminal is used by the counter/timer

for counting events or time. (3MHz max.)

Timer Output (TIMER OUT)

A square wave signal or pulse from the counter/timer is out-

put through this pin when in the operation mode.

Command Register (8 bits)

The command register is an 8-bit latched register. The

loworder 4 bits (bits 0~3) are used for controlling and de-

termination of mode of the ports. Bits 4 and 5 are used as in-

terrupt enable flags for ports A and B when port C is used

as a control port. Bits 6 and 7 are used for controlling the

counter/timer. The contents of the command register are re-

written by output instructions (address 170 XXXXX000).
Details of the functions of the individual bits of the com-

mand register are shown in Table 2. .

Table 2 Bit functions of the command register

Bit | Symbol Function
0 PA PORT A I/0 FLAG 1: OUTPUT PORT A
0: INPUT PORT A
1 PB PORT B I/0 FLAG 1: OUTPUT PORT B
0: INPUT PORT B
2 PC; PORT C FLAG 00: ALT1
11: ALT2
01: ALT3
3| PG 10: ALT4
4 IEA PORT A INTERRUPT 1: ENABLE INTERRUPT
ENABLE FLAG 0: DISABLE INTERRUPT
5 IEB PORT B INTERRUPT 1. ENABLE INTERRUPT

ENABLE FLAG
COUNTER/TIMER CONTROL

0: DISABLE INTERRUPT

6 | TM1 | 00, NO INFLUENGE ON COUNTER/TIMER OPERATION

01: COUNTER/TIMER OPERATION DISCONTINUED (IF
NOT ALREADY STOPPED)

10: COUNTER/TIMER OPERATION DISCONTINUED AF-

1/O Port C (PCy~PCs) 7 1 ™2 TER THE CURRENT COUNTER/TIMER OPERATION
Port C is a 6-bit 1/0 port that can also be used to output IS COMPLETED

) ) 11: COUNTER/TIMER OPERATION STARTED
control signals of port A (PA) or port B (PB). The functions -
of port C are controlled by the system software. When port C
is used to output control signals of ports A or B the assign-
ment of the signals to the pins is as shown in Table 1.
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Status Register (7 bits)

The status register is a 7-bit latched register. The loworder 5
bits (bits 0~4) are used as status flags for the 170 ports. Bit
6 is as a status flag for the counter/timer. The contents of

Table 3 Bit functions of the status register

the status register are transferred into the CPU by reading
(INPUT instruction, address /0 XXXXX000) . Details of the
functions of the individual bits of the status register are
shown in Table 3.

Bit Symbol Function

0 INTR A PORT A INTERRUPT REQUEST

1 A BF PORT A BUFFER FULL FLAG

2 INTE A PORT A INTERRUPT ENABLE

3 INTR B PORT B INTERRUPT REQUEST

4 B BF PORT B BUFFER FULL FLAG

5 INTE B PORT B INTERRUPT ENABLE
(SET TO 1 WHEN THE FINAL LIMIT

6 TIMER COUNTER/TIMER INTERRUPT 2;;:'::;‘;?2?&%21'?HREEACHED
STATUS IS READ)

7 — THIS BIT IS NOT USED

I/0 Ports ~ Port B Register (8 bits)

Command/status registers (8 bits/7 bits)

These registers are assigned address XXXXX000. When ex-
ecuting an OUTPUT instruction, the contents of the com-
mand register are rewritten. When executing an INPUT in-
struction the contents of the status register are read.

Port A Register (8 bits)

Port A Register is assigned address XXXXX001. This register
‘can be programmed as an input or output by setting the
appropriate bits of the command register as shown in Table
2. .
Port A can be operated in basic or strobe mode and is
assigned 1/0 terminal PA;~PA;.

Table 4 Functions of port C

Port B register is assigned address XXXXX010. As with Port
A register, this register can be programmed as an input or
output by setting the appropriate bits of the command regis-
ter as shown in Table 2. Port B can be operated in basic or
strobe mode and is assigned 1/0 terminals PBy~PB;.

Port C Register (6 bits)

Port C register is assigned address XXXXX011. This port is
used for controlling input/output operations of ports A and B
by selectively setting bits 2 and 3 of the command register
as shown in Table 2. Details of the functions of the various
setting of bits 2 and 3 are shown in Table 4. Port C is
assigned 1I/O terminals PCo; ~ PCs and when used as port
control signals, the 3 low-order bits are assigned for port A
while the 3 high-order bits are assigned for port B.

rate | ALT1 ALT2 ALT 3 ALT 4
PCs Input Output Output B STB (port B strobe)
PC4 Input Output Output B BF (port buffer full)
PC3 Input Output Output B INTR (port'B interrupt)
PC; Input Output A STB (port A strobe) A STB (port A strobe)
PCy Input Output A BF (port A buffer full) A BF (port A-buffer full)
PCo Input Output A INTR (port A interrupt), A INTR (port A interrupt)

MITSUBISHI
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Configuration of ports

A block diagram of 1 bit of ports A and B is shown in Fig. 1.
While port A or B is programmed as an output port, if the
port is addressed by an input instruction, the contents of the
selected port can be read. When a port is put in input mode,
the output latch is cleared and writihg into the output latch is

disabled. Therefore when a port is changed to output mode
from input mode, low-level signals are output through the
port. When a reset signal is applied, all 3 ports (PA, PB, and
PC) will be input ports and their output latches are cleared.
Port C has the same configuration as ports A and B in mod-
es ALT1 and ALT2.

M5L8155P
Q D
INTERNAL
DATA BUS CLK
T, l
! i
| | %2
|
L___O“—"_jl *3
RD PORT
D Q
WR PORT CLK
CLR
MD

Y

— EXTERNAL PIN
{ I (PORT A OR
PORT B

1. WR PORT=I0/M-WR:-CE-"
(PORT ADDRESS SELECTED)
2. RD PORT=I0/M-RD"CE"
(PORT ADDRESS SELECTED)
3. MULTIPLEX CONTROL
%1 STROBE INPUT MODE
*2 INPUT MODE
%3 OUTPUT MODE
4. MD=1: OUTPUT MODE

0 INPUT MODE

Fig. 1 Configuration for 1 bit of port A or B

Table 5 Basic functions of I/0 ports

Address RD WR Function

0 1 AD bus «+ status register
XXXXX000

1 0 Command register +— AD bus

0 1 AD bus + port A
XXXXX001

1 0 Port A+ AD bus

0 1 AD bus + port B
XXXXX010

1 0 Port B +—'AD bus

0 1 AD bus + port C
XXXXX011 -

1 0 Port C «+ AD bus

Table 6 Port control signal levels at ALT3 and ALT4

The basic functions of the 1/0 ports are shown in Table 5.
The control signal levels to ports A and B, when port C is
programmed as a control port, are shown in Table 6.

Counter/Timer .
The counter/timer is a 14-bit. counting register plus 2 mode
flags. The register has two sections: address 1/0 XXXXX100
is assigned to the low-order 8 bits and address 1/0
XXXXX101 is assigned to the high-order 8 bits. The low-
order bits 0~13 are used for counting or timing. The counter
is initialized by the program and then counted down to zero.
The initial setting can range from 2 to 3FFF;6. Bits 14 and
15 are used as mode flags.
The mode flags select 1 of 4 modes with functions as
follow:

Control Signal Output mod Input mod .
STB'gn ufu mode hput mode Mode 0: - Outputs high-level signal during the former
nput Input half of the counter operation
BF L L .Outputs low-level signal during the latter half
INTR . “H” L of the counter operation
4— MITSUBISHI
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Table 7 Format of counter/timer

Bit Number
Function

Address

5(14(3(12[1]0

XXXXX100{T7| Te

THE LOW-ORDER 8 BITS

Ts|Ta| T3| T2| T | T
51741731 2| "1 '°|  OF THE COUNTER REGISTER

XXXXX101|Mz|M;

M1,M2: TIMER MODE
T1aT1aTui[Tig To|To| - THE HIGH-ORDER 6 BITS
¥ 71 OF THE COUNTER REGISTER

Table 8 Timer mode

Mode 1:  Outputs square wave signals as in mode 0
Mode 2: Outputs a low-level pulse during the final
count down
Mode 3: Outputs a low-level pulse during each final
count down
Starting and stopping the counter/timer is controlled by
bits 6 and 7 of the command register (see Table 2 for
details) . The format and timer modes of the counter/timer
register are shown in Table 7 and Table 8.
The counter/timer is not influenced by a reset, but counting
is discontinued. To resume counting, a start command must

M M, Timer operation be written into the command register as shown in Table 2.
Outputs high-level signal during the former half of the counter operation While operating 2n+1 count down in mode 0, a high-level
0 0 Outputs low-level signal during the latter half of the counter ope(r:::;:;ne o signal is output during the n+] counting and a Iow-IeveI sig-
, nal is output during the n counting.
0 1 Outputs square wave signals in mode 0 (mode 1)
Qutputs a low-level pulse during the final count dowm
1 0
(mode 2)
Outputs a low-level pulse during each final count down
1 1
(mode 3)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~7 \%
Vi Input voltage With respect to Vss —0.5~7 \'
Vo Output voltage —0.5~7 \'
Pg Maximum power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range —20~75 T
Tstg Storage temperature range —65~150 c

RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, unless otherwise noted)

Limits
Symbol Parameter Unit
i Min Nom Max
|

Vee Supply voltage 4.75 5 5.25 v
Vss Power-supply voltage 0 \
A\ Low-level input voltage —0.5 - 0.8 v
Vin High-level input voltage 2 Veet+0.5 \

ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vec=5V+5%, unless otherwise noted)

> Symbol Parameter Test conditions Limits Unit
Min Typ Max
Vou High-level output voltage Vgs=0V, lop=—400uA 2.4 \
VoL Low-level output voltage Vss=0V, lo.=2mA 0.45 \%
l Input leak current Vgs=0V,V;=0~V¢c ‘ —10 10 A
licce) Input leak current, CE pin Vgs=0V, Vi=0~V¢c —100 100 A
loz Output floating leak current Vss=0V, V,=0. 45~V —10 10 uA
Cj Input capacitance Vi =0V, {=1MHz, 25mVrms, Ta=25C 10 pF
Ci/o Input/output terminal capacitance VioL=0V, f=1MHz, 25mVrms, Ta=25C 20 pF
lcc Supply current from Vge Vgs=0V 180 mA
Note 1 : Current flowing into an IC is positive, out is negative.
MITSUBISHI 4—7
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TIMING

REQUIREMENTS (Ta=—20~75C, Voc="5V* 5%, unless otherwise noted)

Symbol Parameter Alternative T Test conditions Limits Unit
symbol Min Typ Max
tsuca-L) Address setup time before latch taL 50 ns
thcia) | Address hold time after latch tia 80 ns
th(L-rwn)| Read/write hold time after latch tic 100 ns
tw(L) Latch pulse width to 100 ns
thcaw-L) | Latch hold time after read/write tcL 20 ns
tw(rwy) | Read/write low-level pulse width tee 250 ns
tsu(p-w) | Data setup time before write tow 150 ns
th(w-o) | Data hold time after write two 0 ns
tw(rwn) | Read/write high-level pulse width trv 300 ns
tsu(p-r) | Port setup time before read Ltpn 70 ns
th(a-,P) Port hold time after read J trp 50 ns
tw(sTta) Strobe pulse width l tss 200 ns
tsu(p-ste) Port setup time before strobe tpss 50 ns
th(ste-p) | Port hold time after strobe teus 120 ns
tw( g H) Timer input high-level pulse width t2 120 ns
tw(s L) Timer input low-level pulse width t T 80 ns
tccg) Timer input cycle time teve [ 320 ns
tres) Timer input rise time tr ! 30 ns
t¢) Timer input fall time tf T 30 ns
SWITCHING CHARACTERISTICS (Ta=—20~75C, Vcc=5V=%5 %, unless otherwise noted.)
Alternative Limits
Symbol Parameter Test conditions Unit
- symbol Min Typ Max
texv(r-DQ) | Propagation time from read to data output tro 170 ns
tpzx(a-pq) | Propagation time from address to data output tao ’ 400 ns
tevz(r-pa) | Propagation time from read to data floating (Note 2) tror T 0 100 || ns
terL(w-p) L ) twe
Propagation time from write to data output 400 ns
teLn(w-P) twe
teLn(sTe-8F) | Propagation time from strobe to BF flag tseF 400 ns
tenL(r-srF) | Propagation time from read to BF flag tree 400 ns
teLu(stenTR) | Propagation time from strobe to interrupt tsi 400 ns
teHL(R-INTR) Propagation time from read to interrupt tro! 400 ns
teui(ste-sr) | Propagation time from strobe to BF flag tsee 400 ns
teLH(w-BF) | Propagation time from write to BF flag twer 400 ns
tPHL(W-INTR) Propagation time from write to interrupt twi 400 ns
teru(¢-oum tro
Propagation time from timer input to timer output 400 ns
teLn( 4 -ouT) tru
tezx(r-DQ) propagation time from read to data enable troE 10 ns
Note 1 Measurement conditions C=150pF
2 ! Measurement conditions of note 1 are not applied.
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TIMING DIAGRAM (reference level, high-level=2V, low-level=0.8V)
Basic output

PORT
teHL(w—p)
teLH(w—rp)
WA N N
tw(rwL) tw(rwH)
1
th(L—rwH) : thiw—p)

10/M

\ v/
e \ / \

\
ADo~AD; ADDRESS 4 X DATA
.
L tsua—u) thiL—a) tsuo-w L th(rw-0)
| U
ALE
1, s[
wi(L)
Basic input
! |
PORT
tsup—r)
th(r—p) -
7D N £ \_
twirwL) bR
to—rw) - texv(rR—DQ) tc(rw—L)
tezx(rR—pQ)
texz(rR—ba)
10/M

tezx(aA—q)

= 3
ADo~AD; ADDRESS X DATA

A

tsu(a—L) thi—a)

ALE
N

tw)

.
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Strobed output

PORT ' X

teLH(w—p)
teHL(w—P)

tPHL(W—INTR)
R
INTR }
tpLH(STB=INTR)
teLH(W—BF)
, BF
teHL(sTE—BF) > :
STROBE i ; 2

Strobed input

PORT ‘ K

tsu(p-sTB) th(ste—p)

tw(ste)

teLH(STB—INTR)

teLr(sTE—BF)

BF | / ’ \‘

teHL(R—BF)

teHL(R—INTR) :

INTR / i

Timer (Note 1)

TIMER IN

Hm

N\ \_

tw( s H)

A} - 7 .
TIMER OUT e/ (Note 2) :
PULSE MODE tpHL(# —ouT)

] teLp( 4 —ouT)

tenL(# —oum)

TMEROUT ____________ 'S /
SQUARE WAVE MODE (Note 2) ‘

Note 1 ! The wave form is shown counting down from 5 to 1.
2 . Aslong as the M1 mode flag of the timer register is at
high-level, pulses are continuously output.

4—10 MITSUBISHI
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

MITSUBISHI LSIs

M5L8156P

DESCRIPTION

The M5L8156P is a 2K-bit RAM (256-word by 8-bit) fabri-
cated with the N-channel silicon-gate ED-MOS technology.
This IC has 3 1/0 ports and a 14-bit counter/timer which
make it a good choice to extend the functions of an 8-bit
microcomputer. It is incased in a 40-pin plastic DIL package
and operates with a single 5V power supply.

FEATURES

Single 5V supply voltage

TTL compatible

Compatible with MELPS 85 devices
Static RAM: 256 words by 8 bits
Programmable 8-bit 1/0 port: 2
Programmable 6-bit 1/0 port: 1
Programmable counter/timer: 14 bits
Multiplexed address/data bus

APPLICATION
Extension of 1/0 ports and timer function for MELPS 85 and
MELPS 8-48 devices

FUNCTION

The M5L8156P is composed of RAM, 1/0 ports and counter/
timer. The RAM is a 2K-bit static RAM organized as 256
words by 8 bits. The 1/0 ports consist of 2 programmable 8-
bit ports and 1 programmable 6-bit port. The terminals of the
6-bit port can be programmed to function as control termin-

als for the 8-bit ports, so that the 8-bit ports can be operated

PIN CONFIGURATION (TOP VIEW)

vo porr ¢ | PO L {0l Vool5V)

PC4q 39+ PC.
TIMER INPUT TIMER IN—[3] 38—~ PCi | BORT ¢

RESET INPUT RESET —[4] 37]-— PCo

110 PORT C PCs —[5] 36]— P8,

TIMER OUTPUT TIMER OUT L8] 35— PBs

seLetINBDY 1om— EE

CHIP ENABLE INPUT CE —[8] 331<+PBs ||,0

READ INPUT RD —[3] = 32]—PB; [PORT B

WRITE INPUT WR —[T0] Py 31} PB,

BRI e D g e

ADg o [29]— PBo

AD; — 28]« PA;

ADz < PAs

BIDIRECTIONAL | AD3 ™ 28] PAs

ADDRESS/DATA BUS | AD, «—[T§] 28] PAs | /0

ADs Zl._. PA; PORT A

ADg (18] 23] PA,

AD; | 22]«— PA;

(0V)Veg [21]«— PAo

Outline 40P4

in a handshake mode. The counter/timer is composed of 14
bits that can be used to count down (events or time) and it
can generate square wave pulses that can be used for
counting and timing.

BLOCK DIAGRAM - - _ - _
(5V) Voo @
(0V) Vss @)
I STATIC RAM PORT o
ADs © (256 WORDS X 8 BITS) 3 PORT A
ADg @
ADs (17
BIDIRECTIONAL | AD,4 (B<—>{PATA BUS
ADDRESS/DATA BUS | AD; () BUFFER 6 8 8
AD: (9 8—BIT INTERNAL
AD: (9 DATA BUS
ADo (2 g |PoRT o
1 s PORT B
8
RESET INPUT RESET (3)
MEMORY SELECT INPUT 10/M () READ/
CHIP ENABLE INPUT  CE ®—q wriTE
READ INPUT  RD (9—=qCONTROL 8 A porT Vo
WRITE INPUT ~ WR (0 CIRCUIT c PORT C
AN E PGt ALE QD 14—BIT COUNTER/TIMER l
-—— —é}— - —(E> - -
TIMER IN _ TIMER OUT '
TIMER INPUT TIMER OUTPUT

MITSUBISHI
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M5L8156P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

OPERATION

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to transfer the

data while input or output instructions are being executed by

the CPU. Command and address information is also transfer-

red through the data bus buffer.

Read/Write Control Logic

The read/write control logic controls the transfer of data by

interpreting 1/0 control bus output signals (RD, WR, I0/M

and ALE) along with CPU signal (CE). RESET signal is also

used to control the transfer of data and commands.

Bidirectional Address/Data Bus (AD,~AD-)

The bidirectional address/data bus is a 3-state 8-bit bus.

The 8-bit address is latched in the internal latch by the fall-

ing edge of ALE. Then if 10/M input signal is at high-level,

the address of 1/0 port, counter/timer, or command register

is selected. If it is at low-level, memory address is selected.
The 8-bit address data is transferred by read input (RD)

or write input (WR).

Chip Enable Input (CE)

When CE is at high-level, the address information on

address/data bus is stored in the M5L8156P

Read Input (RD)

When RD is at low-level the data bus buffer is active. If 10/

M input signal is at low-level, the contents of RAM are read
through the address/data bus. If IO/M input is at high-level,
the selected contents of I/0 port or counter/timer are read
through the address/data bus.

Write Input (WR)

When XR is at low-level, the data on the address/data bus
are written into RAM if IO/M is at low-level, or if IO/M is at
high-level they are written into 1/0 port, counter/timer or
command register.

Address Latch Enable Input (ALE)

An address on the address/data bus along with the levels of
CE and I0/M are latched in the M5L8156P on the' falling
edge of ALE:

10/Memory Input (10/M)

When 10/M is at low-level, the RAM is selected, while at
high-level the 1/0 port, counter/timer or command register
are selected.

1/0 Port A (PA,~PA,)

Port A is an 8-bit general-purpose 1/0 port. Input/output set-
ting is controlled by the system software.

1/0 Port B (PB,~PB;)

Port B is an 8-bit general-purpose 170 port. Input/output set-
ting is controlled by the system software.

Table 1 Pin assignment of control signals of port C

Pin ' Function
PCs B STB (port B strobe)
PC, B BF (port B buffer full)

- PC3 B INTR  (port B interrupt)
PC. A STB (port A strobe)
PC, A BF (port A buffer full)
PCo A INTR  (port A interrupt)

Timer Input (TIMER IN)

The signal at this input terminal is used by the counter/timer
for counting events or time. (3MHz max.)

Timer Output (TIMER OUT)

A square wave signal or pulse from the counter/timer is out-
put through this pin when in the operation mode.

Command Register (8 bits)

The command register is an 8-bit latched register. The
loworder 4 bits (bits 0~3) are used for controlling and de-
termination of the mode of the ports. Bits 4 and 5 are used
as interrupt enable flags for ports A and B when port C is

" used as a control port. Bits 6 and 7 are used for controlling

the counter/timer. The contents of the command register are
rewritten by output instructions (address 1/0 XXXXX000).

Details of the functions of the individual bits of the com-
mand register are shown in Table 2.

Table 2 Bit functions of the command register

Bit | Symbol Function
0 PA PORT A I/0 FLAG 1: OUTPUT PORT A
0: INPUT PORT A
1 PB PORT B I/0 FLAG 1: OUTPUT PORT B
' 0: INPUT PORT B
2 PG PORT C FLAG 00: ALT1
11: ALT2
01:.ALT3
3| PC: 10: ALTA
4 IEA PORT A INTERRUPT 1: ENABLE INTERRUPT
ENABLE FLAG 0: DISABLE INTERRUPT
5 EB PORT B INTERRUPT 1: ENABLE INTERRUPT

ENABLE FLAG 0: DISABLE INTERRUPT

COUNTER/TIMER CONTROL

6 | TMT | 0. NO INFLUENGE ON COUNTER/TIMER OPERATION
01: COUNTER/TIMER OPERATION DISCONTINUED (IF

NOT ALREADY STOPPED)
10: COUNTER/TIMER OPERATION DISCONTINUED AF-

I/O Port C (PCo~PCs) 7 1 ™2 TER THE CURRENT COUNTER/TIMER OPERATION
) : IS COMPLETED
Port C is a 6-bit.1/0 port that can also be used to output 11: COUNTER/TIMER OPERATION STARTED
control signals of port A (PA) or port B (PB). The functions
of port C are controlled by the system software. When port C
is used to output control signals of ports A or B the assign-
ment of the signals to the pins is as shown in Table 1.
MITSUBISHI
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MSL8156P

2048-BIT STATIC RAM WITH 1I/0 PORTS AND TIMER

Status Register (7 bits)

The status register is a 7-bit latched register. The loworder 5
bits (bits 0~4) are used as status flags for the 1/0 ports. Bit
6 is as a status flag for the counter/timer. The contents of

Table 3 Bit functions of the status register

the status register are transferred into the CPU by reading
(INPUT instruction, address I/0 XXXXX000) . Details of the
functions of the individual. bits of the status register are
shown in Table 3.

Bit Symbol Function
0 INTR A PORT A INTERRUPT REQUEST
1 A BF PORT A BUFFER FULL FLAG
2 INTE A PORT A INTERRUPT ENABLE
3 INTR B PORT B INTERRUPT REQUEST
4 B BF PORT B BUFFER FULL FLAG
5 INTE B PORT B INTERRUPT ENABLE
(SET TO 1 WHEN THE FINAL LIMIT
F THE NTER/TIMER IS REACHED
6 TIMER COUNTER/TIMEH. INTERRUPT AOND s :’EC;ET TORO WHEN THE
STATUS IS READ)
7 — THIS BIT IS NOT USED
/0 Ports Port B Register (8 bits)

Command/status registers (8 bits/7 bits)
These registers are assigned address XXXXX000. When ex-
ecuting an OUTPUT instruction, the contents of the com-
mand register are rewritten. When executing an INPUT in-
struction the contents of the status register are read.
Port A Register (8 bits)
Port A Register is assigned address XXXXX001. This register
can be programmed as an input or output by setting the
appropriate bits of the command register as shown in Table
2.

Port A can be operated in basic or strobe made and is
assigned 1/0 terminal PA;~PA;.

Table 4 Functions of port C

Port B register is assigned address XXXXX010. As with Port
A register, this register can be programmed as an input or
output by setting the appropriate bits of the command regis-
ter as shown in Table 2. Port B can be operated in basic or
strobe mode and is assigned I/0 terminals PBy~PB;.

Port C Register (6 bits)

Port C register is assigned address XXXXX011. This port is
used for controlling input/output oberations of ports A and B
by selectively setting bits 2 and 3 of the command register
as shown in Table 2. Details of the functions of the various
setting of bits 2 and 3 are shown in Table 4. Port C is
assigned 1/0 terminals PCo~ PCs and when used as port
control signals, the 3 low-order bits are assigned for port A
while the 3 high-order bits are aésigned for port B.

Tomte ALT 1 ALT 2 ALT3 ALT 4
PCs Input Output Output B STB (port B strobe)
PC, Input Output | Output B BF (port buffer full)
PC3 Input Output Output B INTR (port B interrupt)
PC. Input Output A STB (port A strobe) A STB (port A strobe)
PC: Input Output A BF (port A butfer full) A BF (port A buffer full)
PCo Input Output A INTR (port A interrupt) A INTR (port A interrupt)

MITSUBISHI
ELECTRIC
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MSL8156P

2048-BIT STATIC RAM WITH I/0 PORTS AND TIMER

Configuration of ports

A block diagram of 1 bit of ports A and B is shown in Fig. 1.
While port A or B is programmed as an output port, if the
port is addressed by an input instruction, the contents of the
selected port can be read. When a port is put in input mode,
the output latch is cleared and writing into the output latch is

disabled. Therefore when a port is changed to output mode
from input mode, low-level signals are output through the
port. When a reset signal is applied, all 3 ports (PA, PB, and
PC) will be input ports and their output latches are cleared.
Port C has the same configuration as ports A and B in mod-
es ALT1 and ALT2.

EXTERNAL PIN
—)D (PORT A OR
PORT B

1. WR PORT=I|0/M*WR:CE*
(PORT ADDRESS SELECTED)

2. RD PORT=I0/M-RD-CE-
(PORT ADDRESS SELECTED)

M5L8156P
Q D
INTERNAL
TA BUS
DA U C"K:I
SR e
! |
| | %2
|
L__O—_Jl *3
RD PORT
D Q
WR PORT Lk
CLR

3. MULTIPLEX CONTROL
*1 STROBE INPUT MODE
*2 INPUT MODE
*3 OUTPUT MODE

4, MD=1: OUTPUT MODE

MD

0 I INPUT MODE

Fig. 1 Configuration for 1 bit of port A or B

Table 5 Basic functions of I/0 ports

Address RD WR Function
0 1 AD bus + status register
XXXXX000
1 0 Command register + AD bus
g 0 1 AD bus « port A
XXXXX001
1 0 Port A < AD bus
0 1 AD bus « port B
XXXXX010
1 0 Port B+ AD bus
0 1 AD bus + port C
XXXXX011
1 0 Port C «— AD bus

Table 6 Port control signal levels at ALT3 and ALT4

The basic functions of the 1/O ports are shown in Table 5.
The control signal levels to ports A and B, when port C is
programmed as a control port, are shown in Table 6.

Counter/Timer
The counter/timer is a 14-bit counting register plus 2 mode
flags. The register has two sections: address 1/0 XXXXX100
is  assigned to the low-order 8 bits and address /O
XXXXX101 is assigned to the high-order 8 bits. The low-
order bits 0~13 are used for counting or timing. The counter
is initialized by the program and then counted down to zero.
The initial setting can range from 25 to 3FFys. Bits 14 and 1
are used as mode flags. :
The mode flags select 1 of 4 modes with functions as
follow:

Control Signal Output mode Input mode Mode 0: Outputs high-level signal during the former
STB Input - Input half of the counter operation
BF e wpn Outputs low-level signal during the latter half
INTR “Hr wpw of the counter operation
4—14 ' MITSUBISHI
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2048-BIT STATIC RAM WITH 1I/0 PORTS AND TIMER

Table 7 Format of counter/timer Mode 1:  Outputs square wave signals as in mode 0
Mode 2:  Outputs a low-level pulse during the final
Bit Number .
Address Function count down
615]4]3]2]1]0 Mode 3: Outputs a low-level pulse during each final
THE LOW-ORDER 8 BITS ’
XXXXXT00/T7 | To| Ts | Ta| Ta| T2| T To| ¢ e GOUNTER REGISTER count down
! Starting and stopping the counter/timer is controlled by
o1 M1.M2: TIMER MODE bits 6 and 7 of the command register (see Table 2 for
XXXXX M2|Mi|T13|Ti2[T11[Ti0| To| Ts THE HIGH-ORDER 6 BITS . e .
~Ti3 . rm f the counter/timer
T~ T8 e COUNTER REGISTER delz'alls) The forme}t and’ timer modes of
register are shown in Table 7 and Table 8.
. The counter/timer is not influenced by a reset, but counting
Table 8 Timer mode . ) : Y
is discontinued. To resume counting, a start command must
Ma M, Timer operation be written into the command reglstgr as shown in .Table 2.
Outputs high-level signal during the former half of the counter operation Whlle Operatlng 2n+] COUnt ,dOWn in mOde 0’ a hlgh-level
0 0 Outputs low-level signal during the latter half of the counterope(r;i«;r; o signal iS OUtpUt during the n+‘| counting and a Iow-level sig-
nal is output during the n counting.
0 1 Outputs square wave signals as in mode 0 (mode 1)
1 0 Outputs a low-level pulse during the final count dowm
(mode 2)
1 1 Outputs a low-leve! pulse during each final count down
(mode 3)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~7 \
V, Input voltage With respect to Vsg —0.5~7 \%
Vo Output voltage —0.5~7 \%
Pd Maximum power dissipation Ta=25TC 1.5 w
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voitage 4.75 5 5.25 \"
Vss Power-supply voltage 0 Y
Vi Low-level input voltage —0.5 0.8 \
Vin High-level input voltage : 2 Vect0.5 \%
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Voc=5V+5%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vou High-level output voltage Vss=0V, loy=—400uA 2.4 v
VoL Low-level output voltage Vss=0V, lo,=2mA 0.45 v
N Input leak current Vgs=0V,V;=0~V¢c —10 10 A
licce) Input leak current, CE pin Vss=0V, V;=0~Vcc —100 100 A
loz Output floating leak current Vss=0V, V,;=0. 45~V¢c —10 10 LA
Cj Input capacitance Vi =0V, f=1MHz, 25mVrms, T3=25C 10 pF
Ci/o Input/output terminal capacitance VioL=0V, {=1MHz, 25mVrms, Ta=25C 20 pF
| lec Supply current from Vec Vgs=0V 180 mA
Note 1 : Current flowing into an IC is positive, out is negative.
MITSUBISHI 4—15
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

TIMING REQUIREMENTS (Ta=—20~75C, Vcc=5V=*5%, unless otherwise noted)

Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tsuca-L) Address setup time before latch ' taL 50 ns
th(L-a) Address hold time after latch tLa 80 ns
th(L-rwn)| Read/write hold time after latch tic 100 ns
“twon) Latch pulse width te 100 ns
th(rw-L) | Latch hold time after read/write toL ] 20 ns
tw(rwr) | Read/write low-level pulse width tcc 250 ns
tsu(p-w) | Data setup time before write tow 150 ns
th(w-b)y Data hold time after write two 0 ns
tw(rwh) | Read/write high-level pulse width trv 300 ns
tsu(p-r) Port setup time before read ter 70 - ns
th(r-p) Port hold time after read trp 50 ns
tw(sTe) | Strobe pulse width tss 200 | ns
tsu(p-ste) Port setup time before strobe \ tess ) 50 ns
th(sTe-p) | Port hold time after strobe teHs 120 ns
tw( s 1) Timer input high-level pulse width t2 120 ns
tws L) Timer input low-level pulse width t . 80 ns
tecg) Timer input cycle time tove 320 ns
tres) Timer input rise time tr 30 ns
tf$) Timer input fall time tf 30 ns

SWITCHING CHARACTERISTICS (Ta=—20~75C, Voo=5V=+5%, unless otherwise noted.)

Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ ' Max

texv(r-pq) | Propagation time from read to data output tro 170 ns
tezx(a-pq) | Propagation time from address to data output tap 400 ns
tevz(r-Da) | Propagation time from read to data floating (Note 7) troF 0 100 ns
terL(w-p) X ) twe

Propagation time from write to data output 400 ns
teLH(w-p) twe :
teLn(ste-er) | Propagation time from strobe to BF flag tser 400 ns
tenL(r-sF) | Propagation time from read to BF flag tree ! 400 ns
teLu(se-nTr) | Propagation time from strobe to interrupt ts 400 ns
tPHL(R-INTR) Propagation time from read to interrupt tro! 400 ns
teHL(sTB-BF) Propagation time from strobe to BF flag : tsee ) 400 ns
teLr(w-F) | Propagation time from write to BF flag twer 400 ns
tPHL(W-INTR) Propagation time from write to interrupt twi 400 ns
teHL(4-our) . . . . tro )

Propagation time from timer input to timer output 400 ns
teLr( ¢ -ouT) ) tr
tezx(r-DQ) propagation time from read to data enable trDE 10 ns

Note 1 ! Measurement conditions C=150pF
2 Measurement conditions of note 6 are not applied.
MITSUBISHI
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

TIMING DIAGRAM (reference level, high-level=2V, low-level=0.8V)
Basic output

tonLw—p)

PORT ' X
teLH(w—P)
_ \
WR N N\

twirwe) tw(rwH)
L

th(L—RwH) T thiw-b)

10/M

\ N\
CE / A\ / 6
ADo~AD; ‘ ADDRESS ) ' )g DATA :P(

tsua—u) thi—a) tsuo-w) l_!h(aw~u |
11

ALE &

tww

Basic input

PORT K

tsu(p—r)
? th(r—p)
twirw) tw(rwH)
te—w) texv(r—bQ) tc(rw—L)
tpzx(r—pQ)
texz(rR—DQ)

10/M ! \

CE i \ /

tpzx(a—Q)
ADy~AD; ADDRESS DATA —(
!
tsu(a—v) th-a)
ALE 7
twiv)
MITSUBISHI
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

Strobed output

PORT - X

teLH(w—p)

tenL(w—p)

LA

teHL(W—INTR)
—

INTR ‘ /

7 tpLH(STB—INTR)
teLH(w—sF) /
BF

teHL(sTE—BF) > :
STROBE @

Strobed input

PORT Xt K

tsu(p—ste) th(ste—p)
'
STROBE \ /
twiste) _ | teLH(sTB—INTR)
teLn(sTB—BF)
BF \ ‘
S
) teHL(R—BF)
-
INTR / N\
-

tPHL(R—INTR) i

RD
Timer (Note1)
1 5 4 3 2 1 5
twisn) || twism
TIMER OUT N 7
PULSE MODE V== (Note 2)
] teHL(# —ouT)
t teHL( 4 —ouT)
PHL(¢ —OUT)

TIMER OUT ___--_-__-.../(Note 2) )Jh_

SQUARE WAVE MODE

Note 1 : The wave form is shown counting down from 5 to 1.
2 1 Aslong as the M1 mode flag of the timer register is at
high-level, pulses are continuously output.
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PROGRAMMABLE COMMUNICATION INTERFACE

MITSUBISHI LSIs

MS5L8251AP-5

DESCRIPTION

The M5L8251AP-5 is a universal synchronous/asynchronous
receiver/transmitter (USART) IC chip designed for data
communications use. It is produced using the N-channel sili-
con-gate ED-MOS process and is mainly used in combina-
tion with 8-bit microprocessors.

FEATURES
® Single 5V supply voltage
® Synchronous and asynchronous operation
Synchronous:
5~8-bit characters
Internal ‘or external synchronization
Automatic SYNC character insertion
Asynchronous system:
5~8-bit characters
Clock rate—1, 160r 64 times the baud rate
1,1%, or 2 stop bits
. False-start-bit detection
Automatic break-state detection
® Baud rate: DC~64k-baud
® Full duplex, double-buffered transmitter/receiver
® Error detection: pari'/ty, overrun, and framing

APPLICATIONS

® Modem control of data communications using micro-
computers

® Control of CRT, TTY and other terminal equipment

FUNCTION

The M5L825T1AP-5 is used in the peripheral circuits of a
CPU. It permits assignments, by means of software, of op-
erations in all the currently used serial-data transfer systems

PIN CONFIGURATION (TOP VIEW)

A\
siomecTionaL [ 2 [0 28+ 01 ) giogecTioNAL
DATA 0s = [Z] 77+ Do | DATA BUS
RECEIVERDATA g1, — [7] Voo (5v)
(V) Vss [ 28— RC BEGEN SRpuT
o-E g @-ow gAY
BIDIRECTIONAL ] Ds + [E] a 23— RTS REQUEST-TO
e el I T = i i
D, «[g] g 21 — RESET RESET INPUT
Tg&”:\,%:{ﬁi‘?i T.c -5 T 20 - cLk Tcﬁl.ocK INPUT
conTRoL INPUT WR —[[0 o 19— 7D BN TR
SHFSE o5 -] [ e SR
CONTROL/DATA- B CLEAR-TO-
GONTRSL byt €/D —[2 7] CTS SENDiNBuT
contraLinpUT RD—[3 6]+~ g‘[I)NDET/ SRESOELEEl
RECEIVER- .
READY SaTaT FxRDY (4 5]~ TxRDY JNCMITTER

Outline 28P4

including IBM’s ‘bi-sync’. The M5L8251AP-5 receives para-
llel-format data from the CPU, converts it into a serial format,
and then transmits via the TxD pin. It also receives data sent
in via the RyxD pin from the external circuit, and converts it
into a parallel format for sending to the CPU. On receipt of
parallel-format data for transmission from the CPU or serial
data for the CPU from external devices, the M5L8251AP-5
informs the CPU using the TxRDY or RxRDY pin. In addition,
the CPU can read the M5L8251AP-5 status at any time. The
M5L8251AP-5 can detect the data received for errors and in-
form the CPU of the presence of errors as status information.
Errors include parity, overrun and frame errors.

BLOCK DIAGRAM

s |TRansmiT
’ B(UFFE)R TxD TRANSMITTER-DATA OUTPUT
P—S

CHIP-SELECT INPUT S

RESET INPUT RESET (21)
CLOCK INPUT  CLK(0) .8
CONTROL/DATA-CONTROL 5[ READ/WRITE 7
INPOT /D CONTROL
READ-DATA CONTROL INPUT RD(13) 4 Locic
WRITE-DATA CONTROL INPUT R (10)
0

DATA-SET READY INPUT

@9
. | .
! (i) TXRDY  TRANSMITTER-READY OUTPUT
TCF(‘)A'\:“TSR"QI (i) TAEMPTY  TRANSMITTER-EMPTY OUTPUT
8 P (9 TxT TRANSMITTER-CLOCK INPUT
@0 Veo(5V) ‘
‘ (@) vss(Ov)
(4) RRDY  RECEIVER-READY OUTPUT
RECEIVE OLEY RECEIVER-CLOCK INPUT
CONTROL X -
(15) SYNDET/BD SYNC DETECT/BREAK DETECT

DATA-TERMINAL READY OUTPUT MODEM [CTS

CLEAR-TO-SEND INPUT CONTROL )

REQUEST-TO-SEND OUTPUT
Do
D1 (28)
gz DATA

BIDIRECTIONAL DATA BUS BUS 8

‘ 4(5) BUFFER 7 !

Ds(6) RECEIVE
De(7) A BUFFER 3)RyD ~RECEIVER-DATA INPUT
D7(8) (s—P)
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PROGRAMMABLE COMMUNICATION INTERFACE

OPERATION

The M5L8251AP-5 interfaces with the system bus as shown
in Fig.1, positioned between the CPU and the modem or ter-
minal equipment, and offers all the functions required for
data communication.

16 ADDRESS BUS
Ao
4 CONTROL BUS
T70R | 170W | RESET #2(TTL)
8 DATA BUS
8
3 5

C/D CS Do~D; RD WR RESET CLK

M5L8251AP-5

Fig. 1 M5L8251AP-5 interface to 8080A standard sys-
tem bus ’

When using the M5L8251AP-5, it is necessary to program, as
the initial setting, assignments for synchronous/asynchronous
mode selection, baud rate, character length, parity check,
and even/odd parity selection in accordance with the com-
munication system used. Once programming is completed,
functions appropriate to the communication system can be
carried out continuously.

When initial setting of the USART is completed, data
communication becomes possible. Though the receiver is
always in the enable state, the transmitter is placed in the
transmitter-enable state (TxEN) by a command instruction,
and the application of a low-level signal to the CTS pin
prompts data-transfer start-up. Until this condition is satis-
fied, transrission is not executed. On receiving data, the re-
ceiver informs the CPU that reading for the receiver data in
the USART by the CPU has become possible (the RxRDY
terminal has turned to ‘I’). Since data reception and the en-

“ try of the CPU into the data-readable state are output as sta-
tus information, the CPU can assess USART status without
accessing the RxRDY terminal.

During receiving operation, the USART checks errors and
gives out status information. There are three types of errors:
parity, overrun, and frame. Even though an error occurs, the

. USART continues its operations, and the error state is re-
tained until error reset (ER) is effected by a command in-

~ struction. The M5L8251AP-5 access methods are listed in

Table 1.

Table 1 M5L8251AP-5 Access Methods

c/D

9]
2]

Function

Data bus + Data in USART

USART « Data bus

Data bus + Staus

Control + Data bus

3-State + Data bus

x| T|T|rr|rF
oz
x|z|z|r|z|r |3
3
x|zir|z|r|x|3
Ilr|rjirjirir

3-State « Data bus

Read/Write Control Logic

This logic consists of a control word register and command
word register. It receives signals from the CPU control bus
and generates internal-control signals for the elements.
Modem Control Circuit

This is a general-purpose control-signal circuit designed to
simplify the interface to the modem. Four types of control
signal are available: output signals DTR and RTS are con-
trolled by command instructions, input signal DSR is given to
the CPU as status information and input signal CTS controls
direct transmission.

Data-Bus Buffer

This is an 8-bit 3-state bidirectional bus through which con-
trol words, command words, status information, and transfer
data are transferred. Fig. 2 shows the structure of the data-
bus buffer.

Do TO INTERNAL
DATA BUS
STATUS BUFFER

RECEIVE—DATA
BUFFER

CONTROL BUFFER
I TRANSMIT—DATA l

BUFFER

Fig. 2 Data-bus-buffer structure

Transmit Buffer :

This buffer converts parallel-format data given to the data-
bus buffer in to serial data with addition of a start bit, stop
bits and a parity bit, and sends out the converted data
through the TyxD pin based on the control signal.
Transmit-Control Circuit

This circuit carries out all the controls required for serial
data transmission. It controls transmitter data and outputs the
signals required by external devices in accordance with the
instructions of the read/write control logic.

MITSUBISHI
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Receive Control Circuit
This circuit offers all the controls required for normal recep-
tion of the input serial data. It controls receiver data and out-
puts signals for the external devices in accordace with the
instructions of the read/write control logic.
Receive Buffer
This buffer converts serial data given via the RxD pin into a
parallel format, checks the bits and characters in accord-
ance with the communication format designated by mode
setting, and transfers the assembled characters to the CPU
via the data-bus buffer.
Receiver-Data Input (RxD)
Serial characters sent from another device are input to this
pin and converted to a parallei-character format to serve as
data for the CPU. Unless the ‘1’ state is detected after a
chip-master reset procedure (this resetting is carried out to
prevent spurious operation such as that due to faulty con-
nection of the RxD to the line in a break state), the serial
characters are not received. This applies to only the asyn-
chronous mode. When the RyD line enters the low state in-
stantaneously because of noise, etc, the mis-start prevention
function starts working. That is, the start bit is detected by its
falling edge but in order to make sure that it is the correct
start bit, the RyD line is strobed at the middle of the start bit
to reconfirm the low state. If it is found to be high a faulty-
start judgment is made.
Transmitter-Clock Input (TxC)
This clock controls the baud rate for character transmission
from the TxD pin. Serial data is shifted by the falling edge of
the TxC signal. In the synchronous mode, the TxC frequency
is equal to the actual baud rate. In the asynchronous mode,
the frequency is specified as 1, 16, or 64 times the baud rate
by the mode setting.
Example When the baud rate is 110 bauds:

TxC=110Hz(1X)

TxC=1. 76kHz(16X)

TxC=7. 04kHz(64X)
Write-Data Control Input (WR)
Data and control words output from the CPU by the lowlevel
input are written in the M5L8251AP-5. This terminal is usually
used in a form connected with the control bus I/OW of the
CPU.
Chip-Select Input (CS)
This is a device-select signal that enables the USART by a
low-level input. Usually, it is connected to the address bus
directly or via the decoder. When this signal is in the high
state, the M5L8251AP-5 is disabled.
Control/Data Control Input (C/D)
This signal shows whether the information on the USART
data bus is in the form of data characters or control words,
or in the form of status information, in accordance with the
RD and WR inputs. while the CPU is accessing the
M5L8251AP-5. The high level identifies control words or sta-
tus information, and the low level, data characters.

Read-Data Control Input (RD)

Receiver data and status information are output from the
CPU by a low-level input for the CPU data bus.
Receiver-Ready Output (RxRDY)

This signal indicates that the received characters have en-
tered the receiver buffer, and further, the receiver-data buf-
fer in the data-bus. buffer shown in Fig.2. It is possible to
confirm the RxRDY status by using this signal as an interrup-
tion signal for the CPU or by allowing the CPU to read the
D; bit of the status information by polling. The RxRDY is
automatically reset when a character is read by the CPU.
Even in the break state in which the RyD line is held at low,
the RxRDY remains active. It can be masked by making the
RxE(D,) of the command instruction 0.

Transmitter-Ready (TxRDY)

This signal shows that the data is ready for transmission. It is
possible to confirm the status of serial-data transmission by
using it as an interruption signal for the CPU or by allowing
the CPU to read the Dq bit of the status information by poll-
ing. Since the TxRDY signal shows that the data buffer is
empty, it is automatically reset when a transmission charac-
ter is loaded by the CPU. The TxRDY bit of the status in-
formation means that the transmit-data buffer shown in Fig. 2
has become empty, while the TxRDY pin enters the high-
level state only when the transmit-data buffer is empty, TxEN
equals ‘1", and a lowlevel input has been applied to the CTS
pin.

Status (Dy): When transmit-data buffer (TDB) is empty, it

becomes ‘1.
TxRDY terminal: When (TDB is empty) - (TxEN=1)-(CTS
=0)=1 or resetting, it becomes active.

Sync Detect/Break Detect Output-Input
(SYNDET/BD) ’
In the synchronous mode this pin is used for input and output
operations. When it is specified for the internal synchronous
mode by mode setting, this pin works as an output terminal.
It enters the high state when a SYNC character is received
through the RyD pin. If the M5L8251AP-5 has been program-
med for double SYNC characters (bi-sync), a high is en-
tered in the middle of the last bit of the second SYNC char-
acter. This signal is automatically reset by reading the status
information.

On designation of the M5L8251AP-5 to the external syn-
chronous mode, this pin begins to serve for input operations.
Applying a high signal to this pin prompts the M5L8251AP-5
to begin assembling data characters at the next rising edge
of the RyC. For the width of a high-level signal to be input, a
minimum RxC period is required.

Designation of the asynchronous mode causes this pin to
function as a BD (output) pin. When the start, data, and par-
ity bits and stop bits are all in the low state for two charac-
ters period, a high is entered. The BD (break detect) signal
can also be read as the Dg bit of the status information. This
signal is reset by resetting the chip master or by the RxD
line’s recovering the high state.
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Clear-To-Send Input (CTS)

When the TxEN bit (Do) of the command instruction has
been set to ‘I’ and the CTS input is low serial data is sent
out from the TyxD pin. Usually this is used as a clear-to-send
signal for the modem.

Note: CTS indicates the modem status as follows:

ON means data transmission is possible;
OFF means data transmission is impossible.

Transmitter-Empty Output (TXEMPTY)

When no transmisison characters are left in the transmit buf-
fer, this pin enters the high state. In the asynchronous mode,
the following transmission character is shifted to the transmit
buffer when it is loaded from the CPU. Thus, it is automati-
cally reset. In the synchronous mode, a SYNC character is
loaded automatically on the transmit buffer when no transfer-
data characters are left. In this case, however, the Tx(EMPTY
does not enter the low state when a SYNC character has
been sent out, since TxEMPTY = H denotes the state in
which there is no transfer character and one or two SYNC
characters are being transferred or the state in which a
SYNC character is being transferred as a filler. TYEMPTY is
unrelated to the TxEN bit of the command instruction.
Transmission-Data Output (TxD)

Parallel-format transmission characters loaded on the
M5L8251AP-5 by the CPU are assembled into the format de-
" signated by the mode instruction and sent in serial-data form
via the TxD pin. Data is output, however, only in cases
where the Dy bit (TxEN) of the command instruction is ‘1’
and the CTS terminal is in the low state. Once reset, this pin
is kept at the mark status (high level) until the first charac-
ter is sent.

Clock Input (CLK)

This system-clock input is required for internal-timing gen-
eration and is usually connected to the clock-output (CLK)
pin of the M5L8085AP. Although there is no direct relation
with the data-transfer baud rate, the clock-input (CLK) fre-
quency is more than 30 times the TX_C or % input frequen-
cy in the case of the synchronous system and more than 4.5
times in the case of the asynchronous system.

Reset Input (RESET)

Once the USART is shifted to the idie mode by a high-level

input, this state continues until a new control word is set.

Since this is a master reset, it is always necessary to load a
control word following the reset process. The reset input re-
quires a minimum 6-clock pulse width. )
Data-Set Ready Input (DSR)
This is a general-purpose input signal, but is usually used as
a data-set ready signal to test modem status. lts status can
be known from the status reading process. The Dy bit of the
status information equals ‘1’ when the DSR pin is in the low
state, and ‘0" when in the high state.

DSR=L—Dj bit of status information=1

DSR= H—D; bit of status information=0
Note: DSR indicates modem status as follows:

ON means the modem can transmit and receive;
OFF means it cannot.
Request-To-Send Output (RTS)
This is a general-purpose output signal but is used as a re-
quest-to-send signal for the modem. The RTS terminal is
controlled by the Ds bit of the command instruction. When Ds
is equal to ‘', RTS=L, and when D3 is 0, RTS=H.
Command register Ds=1—+RTS=L
Command register Ds=0—RTS=H
Note: RTS controls the modem transmission carrier as fol-
lows:
ON means carrier dispatch;
OFF means carrier stop.
Data-Terminal Ready Output (DTR)
This is a general-purpose output signal, but is usually used
as a data-terminal ready or rate-select signal to the modem.
The DTR pin is controlled by the D; bit of the command in-
struction; if D;=1, DTR=L, and if D;=0, DTR=H.
D; of the command register=1—DTR=L
D, of the command register=0—’ﬁ=H
Receiver-Clock Input (RxC)
This clock signal controls the baud rate for the sending in of
characters via the RyD pin. The data is shifted in by the ris-
ing edge of the RxC signal. In the synchronous mode, the
RxC frequency is equal to the actual baud rate. In the asyn-
chronous mode, the frequency is specified as 1, 16, or 64
times the baud rate by mode setting. This relationship is pa-
rallel to that of TX—C and in usual communication-line sys-
tems the transmission and reception baud rates are equal.
The TxC and RxC terminals are, therefore, used connected
to the same baud-rate generator.

PROGRAMMING

It is necessary for the M5L8251AP-5 to have the control word
loaded by the CPU prior to data transfer. This must always
be done following any resetting operation (by external RE-
SET pin or command instruction IR). There are two types of
control words: mode instructions specifying general opera-
tions required for communications and command instructions
to control the M5L8251AP-5 actual operations.

Following the resetting operation, a mode instruction
must be set first. This instruction sets the synchronous or
asynchronous system to be used. In the sysnchronous sys-
tem, a SYNC character is loaded from the CPU. In the case
of the bi-sync system, however, a second SYNC character
must be loaded in succession.

‘ Loading a command instruction makes data transfer
possible. This operation after resetting must be carried out
for initializing the M5L8251AP-5. The USART command in-
struction contains an internal-reset IR instruction (Dgbit) that
makes it possible to return the M5L8251AP-5 to its reset
state. The initialization flowchart is shown in Fig. 3 and the
mode-instruction and command-instruction formats are
shown in Figs. 4 and 5.
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SYNC__ CHARACTER

SINGLE CHARACTER SYNC 1=SINGLE
RESET 0=DOUBLE
SYNC DETECTION
EXTERNAL SYNC DETECT [1=exTerNnAL
0=INTERNAL
PARITY CHECK
EVEN PARITY " 1=EVEN
0=0DD
PARITY
5—{LOAD Ist SYNC PARITY ENABLE | 1=gNnABLE
C/D=CHARACTER 0=DISABLE
CHARACTER LENGTH
oloi1
o[1]o[1
5(6]7]8
: SYNCHRONOUS[scs]esp] er [Pen] . [ L [0 ] 0]
o R | 5% > oo n b
STOP BITS
0[] 11
—_ [LOAD COMMAND o[1]o[1
C/D=1 |NSTRUCTION 1.5 2

PARITY CHECK
EVEN PARITY 1=EVEN
0=0DD
PARITY
PARITY ENABLE 1=ENABLE
0=DISABLE

CHARACTER LENGTH
o1[1

BA

ololc |ujo|o
[E=l° [o=

Fig. 3 Initialization flow chart ’_.
ASYNCHRO&‘ggELSz l S l EP]PENI L2 [ L l B, I By l
Dy Ds Ds Ds D3 D Dy Do

Fig. 4 Mode-instruction format (C/5=1)
WR =0

ENTER HUNT MODE
ENTER HUNT MODE 1~ENABLE SEARCH FOR

SYNC CHARACTE

INTERNAL RESET INTERNAL RESET
: 1—TO INITIALIZATION

{ TRANSMISSION—CARRIER
REQUEST TO SEND CONTROL
1+RTS=0

ERROR RESET
ERROR RESET 1-+CLEAR ALL'ERROR FLAGS

LLipe Ok FE

SEND BREAK SEND BREAK CHARACTER
1-TxD=LOW

Rx ENABLE RECEIVER ENABLE
1=ENABLE
0=DISABLE

DATA
TERMINAL
READY DATA—TERMINAL READY
1-DTR=0

TRANSMISSION ENABLE

TXENABLE| 1=ENABLE
0=DISABLE

| eH | 1r JrTs] Er [src] mee JoTR]THEN]
D7 Dg Ds Ds D3 D2 Di Do

Fig. 5 Command-instruction format (C/D=1, WR=0)
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Asynchronous Transmission Mode

When data characters are loaded on the M5L8251AP-5 after
initial setting, the USART automatically adds a start bit (low)
, an odd or even parity bit specified by the mode instruction
during initialization, and ‘a specified number of stop bits
(high). After that, the assembled data characters are trans-
ferred as serial data via the TxD pin if, transfer is enabled
(TxEN=1:CTS=L). In this case, the transfer data (baud
rate) is shifted by the mode instruction at a rate of 1X, 1/16X,
or 1/64X the TyxC period.

If the data characters are not loaded on the M5L8251AP-
5, the TxD pin enters a mark state (high). When SBRK is
programmed by the command instruction, break characters
(low) are output continuously through the TxD pin.
Asynchronous Reception Mode
The RyD line usually starts operations in a mark state (high),
triggered by the falling edge of a low-level pulse when it
comes to this line. This signal is again strobed at the middle
of the bit to confirm that it is a perfect start bit. The detec-
tion of a second low indicates the validity of the start bit
(restrobing is carried out only in the case of 16X and 64X).
After that, the bit counter inside the M5L8251AP-5 starts
operating; each bit of the serial information on the RxD line
is shifted in by the rising edge of RxC, and the data bit, par-
ity bit (when necessary), and stop bit are sampled at the
middle position.

The occurrence of a parity error causes the setting of a

_parity-error flag. If the stop bit is in the low state, a frame
error flag is set. Attention should be paid to the fact that the
receiver requires only one stop bit even though the program
has designated 1'% or 2 stop bits.

Reception up to the stop bit means reception of a com-
plete character. This character is then transferred to the re-
ceiver-data buffer shown in Fig.2, and the RyRDY becomes
active. In cases where this character is not read by the CPU

and where_the next character is transferred to the receiver-
data buffer, the preceding character is destroyed and an
overrun-error flag is set.

These error flags can be read as the M5L8251AP-5 status
information. The occurrence of an error does not stop
USART operations. The error flags are cleared by the ER(D;
bit) of the command instruction.

The asynchronous-system transfer formats are shown in
Figs. 6 and 7.

Synchronous Transmission Mode

In this mode the TxD pin remains in the high state until initial
setting by the CPU is completed. After initialization, the state
of CTS=L and TxEN =1 enables serial transmission of char-
acters through the TxD pin. Then, data characters are sent
out and shifted by the falling edge of the TxC signal. The
transmission rate equals the TxC rate.

Thus, once data-character transfer starts, it must continue
through the TxD pin at the same rate as that of TxC. Unless
data characters are provided from the CPU before the trans-
mitter buffer becomes empty, one or two SYNC characters
are automatically output from the TxD pin. In this case, it
should be noted that the TxEMPTY pin enters the high state
when there are no data characters left in the M5L8251AP-5
to be transferred, and that the low state is not entered until
the USART is provided with the next data character from the
CPU. Care should also be taken over the fact that merely
setting a command instruction does not effect SYNC-
character insertion, because the SYNC character insertion is
enabled after sending out the first data character.

In this mode, too, break characters are sent out in suc-
cession from the TxD pin when SBRK is designated (D3;=1)
by a command instruction.

CPU—USART (5~8 BITS/CHARACTER)

l DATA CHARACTER |

ASSEMBLED DATA FORMAT

ETARTIDATA CHARACTER (5~8)[PARITY| STOP BITS)

TRANSMITTER DATA OUTPUT (TxD)

TxD MARK lSTARTl DA(TA BITS  [PARITY] sTOP
STATE BT} gisT
(1.5 5.2)

Fig. 6 Asynchronous transmission format |
(transmission)

RECEIVER INPUT (RxD)

RxD MARK |START[ ™ "DATA'BITS ARTY] STOP
STATE I BIT I (558) IP I BITS
(1.15.2)
RECEIPTION FORMAT
FTAR DATA BITS PARITY[STOP BIT|
BIT (5~8) I BIT |(1.15.2)|

USART—CPU (5~8 BITS/CHARACTER)
[oATA cHARACTER (5~8)I

Note : When the data character is 5, 6, or 7 bits/character
length, the unused bits (for USART — CPU) are set to

zero.

Fig. 7 Asynchronous transmission format Il (reception)
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Synchronous Reception Mode
Character synchronization in this mode is carried out inter-
nally or externally by initial-setting designation.
Programming in the internal synchronous mode requires
that an EH instruction (D;=1, enter hunt mode) is included
in the first command instruction. Data on the RyD pin is sam-
pled by the rising RxC signal, and the receiver-buffer con-
tents are compared with the SYNC character each time a bit
is input. Comparison continues untii an agreement is
reached. When the M5L8251AP-5 has been programmed in
the bi-sync mode, data received in further succession is
compared. The detection of two SYNC characters in succes-
sion makes the USART end the hunt mode, setting the SYN-
DET pin to the high state. This reset operation is prompted
by the reading of the status information. When the parity has
been programmed, SYNDET is not set in the middle of the
last data bit but in the middle of the parity bit.

In the external synchronous mode, the M5L8251AP-5 gets

out of the hunt mode when a high synchronization signal is
given to the SYNDET pin. The high signal requires a mini-
mum duration of one RxC cycle. In the asynchronous mode,
however, the EH signal does not affect the operation at all.

Parity and overrun errors are checked in the same way
as in the asynchronous system. During hunt-mode operations
the parity bit is not checked, but parity checking is carried
out even when the receiver is disabled.

The CPU can command the receiver to enter the hunt
mode, if synchronization is lost. This prevents the SYNC
character from erroneously becoming equal to the received
data when all the data in the receiver buffer is set to ‘I’
Attention should be paid to the fact that the SYNDET F/F is
reset each time status information is read irrespective of the
synchronous mode’s being internal or external. This, howev-

er, does not return the M5L8251AP-5 to the hunt mode. Syn-

chronism detection is carried out even though it is not the

hunt mode. The synchronous transfer formats are shown in

Figs. 8 and 9.

Command Instruction

This instruction defines actual operations in the communica-

tion mode designated by mode setting. Command instruc-

tions include transmitter/receiver enable error-reset, inter-
nal-reset, modem-control, enter-hunt and break transmission
instructions.

The mode is set following the reset operation. A SYNC
character is set as required, and the writing of high-level
signals on the control/data pin (C/D) that follows it is re-
garded as a command instruction. When the mode is set all
over again from the beginning, the M5L8251AP-5 can be re-
set by using inputting via the reset terminal or by internal re-
setting based on the command instruction.

Note 1: The command error reset (ER), internal reset (IR)
and enter-hunt-mode (EH) operations are only
effective when the command instruction is loaded,
so that these bits need not be returned to ‘0".

2: When a break character is sent out by a command,
the TxD enters the low state immediately irrespec-
tive of whether or not the USART has sent out data.

3: Operations of the USART'’s receiver section which is
always in the enable state cannot be inhibited. The
command instruction RxE =0 does not mean that
data reception via the RyD pin is inhibited; it means
that the RxRDY is masked and error flags are inhi-
bited.

CPU—USART (5~8 BITS/CHARACTER)
|DATA CHARACTER

ASSEMBLED TxD OUTPUT

I ST SO pe [ 1 DATA
CHARACTERIJCHARACTER?] CHARACTER[C 42 | CHARACTER

Fig. 8 Synchronous transmission format |
(transmission)

SERIAL INPUT DATA (R¢D)

I SYNC I SYNC ' DATA IC,?;;QI DATA I
CHARACTERI| CHARACTER2) CHARACTER] 8 Z4] CHARACTER

USART—CPU (5~8 BITS/CHARACTER)
DATA CHARACTERI

Note : When the data character is 5, 6, or 7 bits/character
length, the unused bits (for USART — CPU) are set to

zero.

Fig. 9 Synchronous transmission format Il (reception)
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Status Information FE: The occurrence ‘of a frame error in the receiver
The CPU can always read USART status by setting the C/D section makes the status information FE ‘1"
to ‘1’ and RD to ‘0. OE: The occurrence of an overrun error in the receiver
The status information format is shown in Fig. 10. In this section makes the status information OE ‘1"
format RxRDY, TxEMPTY and SYNDET have the same de- PE: The occurrence of a parity error in the receiver
finitions as those of the pins. This means that these three section makes this status information PE ‘1°.
pieces of status information become ‘I’ when each pinis in  TyRDY: This information becomes ‘1’ when the transmitdata
the high state. The other status information is defined as fol- buffer is empty. Be careful because this has a
lows: different meaning from the TxRDY pin that enters
DSR: When the DSR pin is in the low state, status in- the high state only when the transmitter buffer is
formation DSR becomes ‘1". empty, when the CTS pin is in the low state, and
when TxEN is ‘1",
|1 For DSR=LOW~— LEVEL 0 FOR DSR=HIGH—LEVEL |
-—{ SAME DEFINITION AS SYNDET/BD PIN 1

FE IS SET WHEN A VALID STOP BIT IS NOT DETECTED AT THE END OF EVERY CHAR-

ACTER (ASYNC ONLY) IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION

| FE DOES NOT INHIBIT OPERATION OF THE MSL8251AP-5

OE IS SET WHEN THE CPU DOES NOT READ A CHARACTER BEFORE THE NEXT ONE
BECOMES AVAILABLE IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION

OE DOES NOT INHIBIT OPERATION OF THE M5L8251AP-5

IPE IS SET WHEN A PARITY ERROR IS DETECTED:IT IS RESET BY THE ER BIT OF THE

]COMMAND INSTRUCTION PE DOES NOT INHIBIT OPERATION OF THE M5L8251AP-5

————‘—>| SAME DEFINITION AS RyRDY PIN

| SAME DEFINITION AS T,EMPTY PIN ]

1 FOR TRANSMIT DATA BUFFER IS EMPTY

S Tx
[DSRID | FE lOE I PE ITXE IRDY RDY /
Ds Dq4 D3 D2 Dy Do
Fig. 10 Status information (C/D=1, RD=0)

APPLICATION EXAMPLES

Fig. 11 shows an application example for the M5L8251AP-5
in the asynchronous mode. When the port addresses of the
M5L8251AP-5 are assumed to be 00# and 01# in this figure,
initial setting in the asynchronous mode is carried out in the
following manner:

being equal to ‘I". For this reason the same definition applies
to the status and pin of TxRDY, and ‘1’ is assigned when the

ransmit-data buffer is empty. Actual transfer of data is car-

ried out in the following way:
IN o1 Status read
The IN instruction prompts the CPU to read the USART’s

MvI A, B6# Mode setting status. The result is; if the TxRDY equals ‘1’ transmitter data
out o1 is sent from the CPU and written on the M5L8251AP-5.
MVI A 274 Command-instruction Transmitter data is written in the M5L8251AP-5 in the follow-
ouT 014 ing manner:
In this case, the following are set by mode setting: MvI A 2D# 2D, is an example of transmit-

Asynchronous mode ' ter data.

6 bits/character ouT 00t USART+(A)

Parity enable (even) Receiver data is read in the following manner:

1'%stop bits IN 00 (A)+USART

Baud rate: 16X
Command instructions set the following
RTS=1—RTS pin=L

RxE=1
DTR=1—DTR pin=L ’
T)(EN=1

When the initial setting is complete, transfer operations are
allowed. The RTS pin is initially set to the low-level by set-
ting RTS to ‘1", and this serves as a CTS input with TxEN

In the above example, the status information is read and
as a result, the transmitter data is written and read. Interrup-
tion processing by using the TxRDY and RyRDY pins is also
possible,

Fig. 12 shows the status of the TxD pin when data written
in the USART is transferred from the CPU. When the data
shown in Fig.12 enters the RyD pin, data sent from the
M5L8251AP-5 to the CPU becomes 2D;s and bits Dg and Dy
are treated as ‘0.
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an anal

—_ X X2
BAUD RATE e CLK CLK FROM
GENERATOR RxC RESET IN o=——EXTERNAL
(DIVIDER) RESET RESET OUT CIRCUIT
[: RTS RD p RD
CTS WR p= WR
USART CPU
M5L8251AP-5 M5L8085AP
DTR cs b— 10/M
TO EXTERNAL cmcuw{ DTR cs ADDRESS
DSR _ DECODER
Cc/D Ais~Ag
-7
TO TRANSMISSION LINE{
RxD D7~Do 8 ' AD7;~ADg
8 8 ALE

TO MEMORY AND OTHER PERIPHERAL DEVICES

Fig. 11 Example of circuit using the asynchronous mode

SAMPLING STOP BIT (1.5 BITS)
)/; / § —
START BIT—I DATA L—J LSTART BIT
PARITY BIT

Fig. 12 Example of data transmission
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
‘Vcc Power-supply voltage ‘ —0.5~7 v
\"A Input voltage With respect‘to Vss « —0.5~7 v
Vo Output voltage —0.5~7 v
Pd Power dissipation 1000 mw
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, unless otherwise noted)
Limits
Symbol Parameter in Nom Mox Unit
Vece Supply voltage 4.75 5 5.25 v
Vss Power-supply voltage A\
Vin High-level input voltage 2.0 Vee v
Vi Low-level input voltage —0.5 0.8 \
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Voc=5V+5%, Vss=0V, unless otherwise noted)
Limits o
Symbol Parameter Test conditions in v iox Unit
Von High-tevel output voltage low=—400uA 2.4 v
i VoL Low-level output voltage lo,=2.2mA 0. 45 \%
lcc Supply current from Vec All outputs are high 100 mA
hn High-level input current Vi=Vee —10 10 A
he Low-level input current V=0. 45v —10 10 A
loz ‘Off-state input current Vss=0V, V;=0. 45~5, 25V —10 10 HA
C Input capacitance Vec=Vss, f=1MHz, 25mVims, Ta=25C 10 pF
Cio Input/output capacitance Vee=Vss, f=1MHz, 25mVims, Ta=25C 20 pF
428 MITSUBISHI
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TIMING REQUIREMENTS (Ta=—20~75C , Voc=5V£5%, Vss=0V, unless otherwise noted)

Alternative Limits
Symbol Parameter : Test conditions Unit
Symbol Min Typ Max
tccs) Clock cycle time (Notes1, 2) toy 320 1350 ns
tw(#) Clock high pulse width ts 120 te4)—90 ns
tw(#) Clock low pulse width ts 90 ns
tr Clock rise time ta 20 ns
tf Clock fall time te 20 ns
1X baud rate frx DC 64 kHz
Transmitter input clock
frx 16X baud rate frx DC 310 kHz
frequency
64X baud rate frx DC 615 kHz
Transmitter input clock low 1X baud rate trepw 12 tccs)
tw(tPwL) X
pulse width 16X, 64X baud rate trew 1 tcc#)
Transmitter input clock high 1X baud rate trep 15 tcis)
tw(tPwh) )
pulse width 15X, 64X baud rate treo 3 tcc#)
1X baud rate fax DC 64 kHz
Receiver input clock
frx 16X baud rate frx DC 310 kHz
frequency
64X baud rate fax DC 615 kHz
Receiver input clock low 1X baud rate trpw 12 tc(#)
tw(rPwL) )
pulse width 15X, 64X baud rate trpw 1 tc(¢)
Receiver input clock high 1X baud rate trPD 15 tc(#)
tw(rPwH) .
pulse width 16X, 64X baud rate trrp 3 teos)
tsuca—r) | Address setup time before read (CS, C/D) (Note3) tar 0 " ns
th(r—a) | Address hold time after read (CS, C/D) (Note3) tha 0 ns
tw(r) Read pulse width trr 250 ns
tsuca—w) | Address setup time before write taw : . 0 ns
th(w—a) | Address hold time after write twa 0 ns
twiw) Write pulse width tww 250 ns
tsutbo—w) | Data setup time before write tow 150 -ns
th(w—po)| Data hold time after write two 20 ns
tsu(eso—rxc)| ESYNDET setup time before RxC tes 18 tcc#)
tsu(c—r) | Control setup time before read ter 20 tc(#)
thy Write recovery time between writes (Note4) thv 6 tc(#)
tsu(rxo—ts) | RxD setup time before internal sampling pulse tsrx ( 2 Ms
thits—rxp) | RxD hold time after internal sampling pulse thrx 2 “S

Note 1 : The TxC and RxC frequencies have the following limitations with respect to CLK.
For 1X baud rate frx, fax<1/(30tg(4)). For 16X 64X baud rate frx, fax<1/(4.5tc(4))
2 . Reset pulse width=6tg(¢) minimum. System clock must be running during reset.
3 ! CS, C/D are considered as address.
4 . This recovery time is for mode initialization only. Write data is allowed only when TxRDY=1. Recovery time between writes for asynchronous
mode is 8tg(¢), and that for synchronous mode is 16tg(¢).

MITSUBISHI , 4—29
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SWITCHING CHARACTERISTICS (Ta=—20~75C, Vee=5V£5%, Vss=0V , unless otherwise noted)

Alternative Limits *
Symbol Parameter Test conditions (Note7) Unit
symbol - Min . Typ ‘| Max
trzv(r—po) | Output data enable time after read (Note5) tro C.=150pF 200 ns
tevz(r—po) | Output data disat: : time after read tor 10 100 ns
tezv(txc—Txp) | TxD enable time after falling edge of TxC torx 1 us
tpLH(cLe—Txr) | Propagation time from center of last bit to TxRDY clear (Note6) trxROY ) 8 tc(#)
tenL(w—Txr) | Propagation time from write data to TxRCY (Note5) tTxRDY CLEAR 400 ns
teLH(cLB—RxR)| Propagation time from center of last bit to RxRDY (Notef) taxroY 26 tec#)
teHL(r—rxR) | Propagation time from read data to RxRDY clear (Note6) tRxRDY CLEAR : 400 ns
tpLH(Re—syD) | Propagation time from rising edge of RyC to internal SYNDET (Notef) tis 26 tc(#)
tpLr(cLe—Txe) | Propagation time from center of last bit to TXEMPTY (Note5) trxemPTY 20 tc(#)
tpHL(W—C) Propagation time from rising edge of WR to control (Note5) twe 8 tc(#)
Note 5 @ Assumes that address is vaild before falling edge of RD

6  Status-up date can have a maximum delay of 28 clock periods from the event affecting the status.

7 © Input pulse level 0.45—2.4v Reference level Input 2v
Input pulse rise time 20ns Output Vip=2V, V, =0.8V 4200
Input pulse fall time 20ns Load Vou=2V, Vo =0.8V

FROM OUTPUT OF X
2.4 )C 7 X M5L8251AP-5 out
0.4 0.8 0.8 ) C. l 6k
4—30 MITSUBISHI
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TIMING DIAGRAMS
System Clock CLK tees)

t tr tw( ) tw()

1 I =

CLK {

Transmitter Clock & data
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 18 1 2 3 4 5

twrpwi) | tw(rPwh)
Tox Y il \
tpzv(rxc-TxD) tpzv(txc-TxD)
D ) i
Receiver Clock & data '
Rx-BIT COUNTER STARTS HERE
RxD START BIT M DATA BIT XDATA BIT
p—— — —
8RxC PERIODS . 16RxC PERIODS
1 2 34 5 6 7 81910 111213141516 1 2 3 4 5 6 7 8 9 10111213 141516 1 2 3
RxC(16X)
tw(rpwL) tw(rPwH)
AC(1X) ' \ : I - \
3te(s)
INTERNAL h
SAMPLING t ﬂ
PULSE
twes)
tsu(rxp-1s) L this-rxp)
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Write Control Cycle (CPU—USART)

[

D7~Dg
(DATA INPUT)

tsu(a-w)

thiw-a) /

)
—

tsu(a-w)

th(w-a)

tww)

7

tsu(oaw) | |thiw-ng),

‘X . VALID
b .

teHL(w-c)
DTR, RTS
Read Control Cycle (USART—CPU)
tsuc-r) ’
DSR, CTS X
tSIAI(A.E) 'h(R-A) /——
(3 \L 7
A X
c/D
tsu(a-r) th(r-a)
tw(r)
R /
w \
tpvz(r-pq)
tpzv(r-pa)
Dy~Dg Vi j) .
(DATA OUTPUT) KE} VALID
MITSUBISHI
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Write Data Cycle (CPU—USART)

tsuca-w) thw-)
tsu(a-w) thow-a)
c/D i

. \ twiw) s
WR
™ /

tsu(pa-w) thiw-pa)

y \
D7~Dqg
(DATA INPUT) X VALID K
. 7
TxRDY / \

teHL(W-TxR)
Read Date Cycle (USART—CPU)
tsu(a-r) th(r-a) '
TS
]
tsuca-r) thea-a)
c/D l
i /
{ tw(r) r
RD g Z
\

tevz(r-pQ)
tezv(r-DQ)
D7~Do }

VALID
(DATA OUTPUT)
N /

e T\

tPHL(R-RxR)
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Transmitter Control & Flag Timing (Async Mode)

s J W\ [ [ | Y A W ]\

WR-TXEN  WR-DATA 1 WR-DATA 2 WR-DATA 3 WR-DATA 4 WR-SBRK

W_U\f\ \ \JK

A\

w  —A \ = \
———\LH\ L Ly

0
=
ol

(STATUS)

T I
TXEMPTY \j \ \
B ) @@99@@@@ @ﬂ@@@@@ﬁ@ AB0606ST SBP_STP

DATA 1 DATA 2 DATA 3 DATA 4 BREAK STATE

Note 8 : Example format = 7 bits/character with parity & 2 stop bits .
Note 9 : TxRDY(pin)= 1 +(Transmit-data buffer is emoty) + (TXEN=1) « (CTS=10)=1
Note 10 : TxRDY(status)= 1 «(Transmit-data buffer is emoty)= 1

Receiver Control & Flag Timing (Async Mode)

‘C/Bj\ \l \II\ \ r JUT

RD DATA 1 RD DATA 3 RD ALL 0 DATA
RD
\J \J )
WR-RxE ' WR-ER WR-RXE WR-RxE
WR
BD
(PIN) \ .

DATA 2

LOST|
OE
(STATUS)

oy teLH(cLB-RXR) ’V¢_\ [ TI—}\

00480305 AV002E0005R $—\80123456P§s0123456r’£ J

(72

Rx

=]

DATA 1 P DATA 2 DATA 3 P BREAK STATE

Note 11 : Example format = 7 bits/character with parity

434 MITSUBISHI
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Transmitter Control & Flag Timing (Sync Mode)

c/d \ M [ \ [/ \ /9 W
WR  WR WR WR WR  WR_ WR
DATA | DATA 2 DATA3  DATA 4 SBRK SBRK DATA &

wR \ . \rl (VI

s | / \
T«RDY -
(PIN) \
T«RDY
(STI:(TUS) \ﬁ
TYEMPTY \ ‘ [\ [ [

BecN 1000061 0.0 008010 00 000G W D0AENGR0000G 0008

MARK

STATE DATA1 DATA 2 SYNC SYNC DATA 3 DATA 4 STATE BREAK STATE DATA5 SYNC SYNC
- H1 CH2 STATE CH1 CH2

Note 12 : Example format = 5 bits/character with parity, bi-sync characters.

Receiver Control & Flag Timing (Sync Mode)

INTERNAL SYNC MODE EXTERNAL SYNC MODE
c/d J L \ [T\ v /7 J 7T/
RD RD RD RD RD
DATA 1 STATUS DATA 3 SYNC CH 1SYNC CH 2 RD STATUS RD DATA
A5 1 \J Y
WR-EH-RyE WR-ER WR-EH-R4E
WR ~ \J
INTERNAL gﬁL%RNAL tsu(esp-Rxc)
SYNDET SYNC t o 1
(PIN) (OUTPUT) PLH(RxC-SYD) (INPUT) ?{_ ‘,_\
SYNDET
(STATUS) J
DATA
e DATA 2
(STATUS)
RxRDY ['Ji [ \ / \
AEbGLD

Rxo Akt el ekeke ok et oo e R ARG

SYNC SYNC! 1DATA 1 DATA 2 DATA 3 SYNC = SYNC

CH1 CHZ2i! CH1 CH2 DATA 2

il

EXITS HUNT MODE 1} cHARACTER} SyNDET SET
SYNDET SET ASSEMBLY = (STATUS)
(STATUS) BEGINS

EXITS HUNT MODE_T T_CHARACTER
SYNDET SET ASSEMBLY BEGINS

Note 13 . Example format = 5 bits/character with parity, bi-sync characters.
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DESCRIPTION ,

The M5L8253P-5 is a programmable general-purpose timer
device developed by using the N-channel silicon-gate ED-
MOS process. It offers counter and timer functions in sys-
tems using an 8-bit parallel-processing CPU.

The use of the M5L8253P-5 frees the CPU from the exe-
cution of looped programs, count-operation programs and
other simple processing involving many repetitive opera-
tions, thus contributing to improved system throughputs.

The M5L8253P-5 works on a single power supply, and
both its input and output can be connected to a TTL circuit.

FEATURES

Single 5V supply voltage

TTL compatible

Clock period: DC~2MHz

3 independent built-in 16-bit down counters

6 counter modes freely assignable for each counter
Binary or decimal counts

APPLICATION
Delayed-time setting, pulse counting and rate generation in
microcomputers.

FUNCTION

Three independent 16-bit counters allow free programming
based on mode-control instructions from the CPU. When
roughly classified, there are 6 modes (0~5). Mode 0 is main-
ly used as an interruption timer and event counter, mode 1
as a digital one-shot, modes 2 and 3 as rate generators,
mode 4 for a software triggered strobe, and mode 5 for a

PIN CONFIGURATION (TOP VIEW)
D, —[1] ~ 74 Voo (5V)
Ds —[2] 23] —WR WRITE INPUT
D5+ [3] 221 — RD READ INPUT
BIDIREC- —[7 1 . &g CHIP-SELECT
SR chad ! Z 211 TS \eur
DATA BUS | Ds—[3] a 20— A1 | ADDRESS
D2+ [5] & 73] — A, [ INPUTS
Dy —[7] a [T8] — CLK2 CLOGK INPUT
Do+ [E] 3 5] —out2 COUNTER
CLOCK INPUT CLKO—[Z] a [16] «— GATE2 GATE INPUT
Co Ry outo— [ 8] — CLK1 CLOCK INPUT
GATE INPUT GATEO— [T] 2] — GATE! GATE INPUT
— COUNTER
(ov) GND  [I2] i3] —outt SOYNTE
Outline 24P4

hardware triggered strobe. The count can be monitored and
set at any time. The counter operates with either the binary
or BCD system.

BLOCK DIAGRAM

—
(5V) Vge CONTROL- 8
WORD -
(0V) GND REGISTER (9 CLKO  CLOCK INPUT
' 8
o) COU(’)“TER 1D GATE0 GATE INPUT
06(2) () OUTO  COUNTER OUTPUT
D5(3) 8
BIDIREGTIONAL | Da(3) el
DATA BUS | p3(5) BUFLER 9oLkl cLock INPUT

COUNTER i

READ INPUT RD@

HGATEl GATE INPUT
(90UT!  COUNTER OUTPUT

] (9CLK2 CLOCK INPUT

R 8
WRITE INPUT  WR(@) READ/ COU'Z“TER 19 GATE2  GATE INPUT
CHIP-SELECT INPUT CS WRITE
Ut  TSED) S ()OUT2  COUNTER OUTPUT
A
ADDRESS INPUTS 2 INTERNAL
A0(9 DATA BUS

mnﬁ%mm
Bevisievel
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DESCRIPTION OF FUNCTIONS

Data-Bus Buffer

This 3-state, bidirectional, 8-bit buffer is used to interface
the M5L8253P-5 to the system-side data bus. Transmission
and reception of all the data including control words for
mode designation and values written in, and read from, the
counters are carried out through this buffer.

Read/Write Logic

The read/write logic accepts control signals (RD, WR) from
the system and generates control signals for each counter. It
is enabled or disabled by the chip-select signal (Cs); if CS
is at the high-level the data-bus buffer enters a floating
(high-impedance) state.

Read Input (RD)

The count of the counter designated by address inputs Ap
and A; on the low-level is output to the data bus.

Write Input (WR)

Data on the data bus is written in the counter or controlword
register designated by address inputs Ag and A; on the low-
level.

Address Inputs (Ao, A7)

These are used for selecting one of the 3 internal counters
and either of the control-word registers.

Chip-Select Input (CS)

A low-level on this input enables the M5L8253P-5. Changes
in the level of the CS input have no effect on the operation
of the counters.

Control-Word Register

This register stores information required to give instructions
about operational modes and to select binary or BCD count-
ing. Unlike the counters, it allows no reading, only writing.
Counters 0,1 and 2 ’

These counters are identical in operation and independent
of each other. Each is a 16-bit, presettable, down counter,
and has clock-input, gate-input and output pins. The counter
can operate in either binary or BCD using the falling edge of
each clock. The mode of counter operation and the initial
value from which to start counting can be designated by
software. The count can be read by input instruction at any
time, and there is a “read-on-the-fly” function which enables
stable reading by latching each instantaneous count to the
registers by a special counter-latch instruction.

CONTROL WORD AND INITIAL-VALUE LOADING
The function of the M5L8253P-5 depends on the system soft-
ware. The operational mode of the counters can be speci-
fied by writing control words (Ao, Aj=1, 1) into the control-
word registers.

The programmer must write out to the M5L8253P-5 the
programmed number of count register bytes (1 or 2) prior to
actually using the selected counter.

Table 2 shows control-word format, which consists of 4
fields. Only the counter selected by the Dy and Dg bits of the
control word is set for operation. Bits Ds and D4 are used for

- specifying operations to read values in the counter and to in-

itialize. Bits D3~ D, are used for mode designation, and Dg
for specifying binary or BCD counting. When Dy=0, binary
counting is employed, and any number from 0000 to FFFFis
can be loaded into the count register. The counter is
counted down for each clock. The counting of 0000;¢ causes
the transmission of a time-out signal from the count-output
pin.

The maximum number of counts is obtained when 0000;¢
is set as the initial value. When Dy=1, BCD counting is em-
ployed, and any number from 0000;o to 9999, can be loaded
on the counter.

Neither system resetting nor connecting to the power
supply sets the control word to any specific value. Thus to
bring the counters into operation, the above-mentioned con-
trol words for mode designation must be given to each coun-
ter, and then 1 ~2 byte initial counter values must be set.
The following is an example of this programming step.

To designate mode 0 for counter 1 ,with initial value 8253;¢
set by binary count, the following program is used:

Mvi A, 70,6 Control word 706

ouT ny n; is control-word-register address
Mvi A, 53,6 Low-order 8 bits

OuUT n, ny is counter 1 address

Mvi A, 82,6 - High-order 8 bits

OuUT n, nz is counter 1 address

Thus, the program generally has the following sequence:

(1) Control-word output to counter i (i=0, 1, 2).

(2) Initialization of low-order 8 counter bits

(3) Initialization of high-order 8 counter bits

The three counters can be executed in any sequence. It is
possible, for instance, to designate the mode of each coun-
ter and then load initial values in a different order. Initializa-
tion of the counters designated by RL 1 and RL 0 must be
executed in the order of the low-order 8 bits and then the
high-order 8 bits for the counter in question.

MITSUBISHI
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Table 1 Basic Functions

cs RD WR A A Function = <
0 1 0 0 0 Data bus—Counter 0

0 1 0 0 1 Data bus—Counter 1

0 1 0 1 0 Data bus—Counter 2

0 1 0 1 1 Data bus—Control-word register
0 0 1 0 0 Data bus+Counter 0

0 0 1 0 1 Data bus+Counter 1

0 0 1 1 0 Data bus*—Céunter 2

0 0 1 1 1 3-state

1 X x X X 3-state

0 1 1 X X 3-state

Table 2 Control-Word Format

@ SC(Select Counter)

SC1 SCO
0 0 Select counter 0
0 1 Select counter 1
1 0 Select counter 2
1 1 Prohibited combination
® RL(Read/Load)
RL1 RLO
0 0 | Counter Latch Command
0 1 Read/load low-order 8 bits only
1 0 | Read/load high-order 8 bits only
1 1 Read/load low-order 8 bits and then high-order 8 bits
®M(Mode)
M2 M1 MO
0 0 0 Mode0
0 0 1 Model
X 1 0 Mode2
X 1 1 Mode3
1 0 0 Mode4
: 1 0 1 Mode5
: ®BCD
, N \ l- 0 Binary counter (16 bits)
D, De Ds Ds Ds D, D Do 1 Binary-coded decimal counter (4 decades)
[sct | sco| ru | RO | M2 [ M1 | mo [ scD|
f sC } RL f M BCD-

3 _MITSUBISHI :
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MODE DEFINITION

Mode 0 (Interrupt on Terminal Count)

Mode set and initialization cause the counter output to go
low-level (see Fig. 1). When the counter is loaded with an

initial value, it will start counting the clock input. When the -

terminal count is reached, the output will go high and remain
high until the selected count register is reloaded with the
mode. This mode can be used when the CPU is to be inter-
rupted after a certain period or at the time of counting up.

Fig. 1 shows a setting of 4 as the initial value. If gate input
goes low, counting is inhibited for the duration of the low-
level period. ’

Reloading of the initial value during count operation will
stop counting by the loading of the first byte and start the
new count by the loading of the second byte.

Mode 1 (Programmable One-Shot)

The gate input functions as a trigger input. A gate-input ris-
ing edge causes the generation of low-level one-shot output
with a predetermined clock Iength starting from the next
clock. Fig. 2 shows an initial setting of 4. While the counter
output is at the low-level (during one-shot), loading of a new
value does not change the one-shot pulse width, which has
already been output. The current count can be read at any
time without affecting the width of the one-shot pulse being
output. This mode permits retriggering.

Mode 2 (Rate Generator)

Low-level pulses during one clock operation are generated
from the counter output at a rate of one per n clock inputs
(where n is the value initially set for the counter). When a
new value is loaded during the counter operation, it is re-
flected on the output after the pulses by the current count
have been output. In the example shown in Fig. 3, n is given
as 4 at the outset and is then changed to 3.

In this mode, the gate input provides a reset function.
While it is on the low-level, the output is maintained high;
the counter restarts from the initial value, triggered by a ris-
ing gate-input edge. This gate input, therefore, makes
possible external synchronization of the counter by hard-
ware.

After the mode is set, the counter does not start counting
until the rate n is loaded into the count register, with the
counter output remaining at the high-level.

Mode 3 (Square Rate Generator)

This is similar to Mode 2 except that it outputs a square
wave with the half count of the set rate. When the set value
n is odd, the square-wave output will be high for (n+1)/2
clock-input counts and low for (n—1)/2 counts. When a new
rate is reloaded into the count register during its operation, it
is immediately reflected on the count directly following the
output transition (high-to-low or low-to-high) of the current
count. Gate-input operations are exactly the same as in
Mode 2. Fig. 4 shows an example of Mode 3 operation.
Mode 4 (Software Triggered Strobe)

After the mode is set, the output will be high. By loading a

number on the counter, however, clock-input counts can be
started and on the terminal count, the output will go low for
one input-clock period and then will go high again. Mode 4
differs from Mode 2 in that pulses are not output repeatedly
with the same set count. The pulse output is delayed one
clock period in Mode 2, as shown in Fig. 5. When a new
value is loaded into the count register during its count op-
eration, it is reflected on the next pulse output without
affecting the current count. The count will be inhibited while
the gate input is low-level.
Mode 5 (Hardware Triggered Strobe)
This is a variation of Mode 1. The gate input provides a trig-
ger function, and the count is started by its rising edge. On
the terminal count, the counter output goes low for on one
clock period and then goes high. As in Mode 1, retriggering
by the gate input is possible. An example of timing in Mode
5is shown in Fig. 6.

As mentioned above, the gate input plays different roles
according to the mode. The functions are summarized in
Table 3.

Table 3 Gate Operations

Gate

Low or going low Rising High

Mode

Enables

0 Disables counting counting

(1) Initiates counting
1 (2) Resets output
after next clock

Enables
counting

(1) Reloads counter

2 (1) Disables counting
(2 (2) Initiates counting

) Sets output high
immediately

Enables
counting

(1) Reloads counter

3 (1) Disables counting
(2) Initiates counting

(2) Sets output high
immediately

Enables

4 Disables counting counting

5 Initiates counting
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OLK _FLn_l'II_I'LI'I_ﬂLFLr'LFLl'LI"L

CLK
WR (=l T T ouT(n=4)]
OUT(GATE="H") | 5
. OUT(n=5) 1 I
WR
GATE 1 [
GATE 1 |321,0 (4)4_ 4 227 4 2 4 2 4 2
4 4 4 OUT(n= 1 ] 1 ]
out 1 [
Fig. 1 Mode 0 Fig. 4 Mode 3

ck SFinrrnrnororirnrorir.
WA (=]

GATE [ 4 3 2 1.0
our 4 3 2 1 90 out 1T
—— GATE
GATE . L1 : 4"‘4_2' 3 2 1.0
out 321 4 3 21 (i___ out L]
Fig. 2 Mode 1 Fig. 5 Mode 4

ok JULMMrunrnr
WR To=4) (n=3)
4 2 17—' 2 3
OUT(GATE="H")

GATE 1 |
4 3 3.4 3 21 4.3 2 1 4.3
ouT | | LI

cw L nnnnnnnnr
GATE |

4 3 2 1 0

OUT(n=4) | -
GATE

— 4 h‘ﬁl 4 3 2 1 0
OUT(n=4) L

Fig. 3 Mode 2

COUNTER MONITORING

Sometimes the counter must be monitored by reading its
count or using it as an event counter. The M5L8253P-5 offers
the following two methods for count reading:

Read Operation

The count can be read by designating the address of the
counter to be monitored and executing a simple I/O read
operation. In order to ensure correct reading of the count, it
is necessary to cause the clock input to pause by external
logic or prevent a change in the count by gate input. An ex-
ample of a program to read the counter 1 count is shown be-
low. If RL1, RLO=1, 1 has been specified in the control word,
the first IN instruction enables the low-order 8 bits to be read
and the second’IN instruction enables the highorder 8 bits.

IN n, -+ ny is the counter 1 address
MOV D, A

IN n,

MOV EA

The IN instruction should be executed once or twice by the
RL1 and RLO designations in the control-word register.

Fig. 6 Mode 5

Read-on-the-Fly Operation
This method makes it possible to read the current count
without affecting the count operation at all. A special coun-
ter-latch command is first written in the -control-word regis-
ter. This causes latching of all the instantaneous counts to
the register, allowing retention of stable counts. An example
of a program to execute this operation for counter 2 is given
below.

Mvi A, 1000XXXX ---- Ds=D,=0 designates counter

latching
ouT ny - ny is the control-word-register address
~IN n; --** n3 is the counter 2 address
MOV D, A
IN n3
MOV E,A

In this example, the IN instruction is executed twice. Due to
the internal logic of the M5L8253P-5 it is absolutely essential
to complete the entire reading procedure. If two bytes are
programmed to be read, then two bytes must be read before
any OUT instruction can be executed to the same counter.

" MITSUBISHI
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Power supply voltage —0.5~7 v
vV, Input voltage With respect to GND —0.5~7 v
Vo Output voltage —0.5~7 \
Pd Maximum power dissipation Ta=25C 1000 mw
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS
Limits
Symbol Parameter Unit
Min Nom Max

Vece Power supply voltage 4.5 5 5.5 v

Vss Supply voltage (GND) 0 v

Vin High-level input voitage 2.2 Veet0.5 \

Vi Low-level input voltage —0.5 0.8 \
ELECTRlCAL CHARACTERISTICS (Ta=—20~75C, Vgo=5V=£10%, unless otherwise noted.)

Limits

Symbol Parameter Test conditions i v Max Unit
Vou High-level output voltage Vss=0V, loy==—400uA 2.4 \
Voo Low-level output voltage Vss=0V, lo,=2.2mA 0. 45 v
™ High-level input current Vss=0V, V|=5.5V +10 A
I Low-level input current Vss=0V, V|=0V +10 u©A
loz Off-state output current Vss=0V, V|=0~Vcc *+10 uA
lcc Power supply current Vss=0V 140 mA
C, Input capacitance ViL=Vss, f=1MHz, 25mVrmS, Ta=25C 10 pF
Cio Input/output capacitance Vi/oL=Vss, f=1MHz,25mVrms.Ta=25C 20 pF

MITSUBISHI 4—a1
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TIMING REQUIREMENTS (Ta=—20~75%C, Voo= 5 V10%, Vgs=0V)

PROGRAMMABLE INTERVAL TIMER

Read cycle
Alternative Limits
Symbol Parameter Test condition Unit
symbol Min Typ Max
tw(r) Read pulse width trr 300 ns
t " Address setup time before read t 30 ns
SU(A-R) AR C,_=]50pF
th(r-a) Address hold time after read tra 5 ns
trec(r) Read recovery time trv 1000 ns
Write cycle
Alternative Limits
Symbol Parameter Test condition Unit
symbol Min Typ Max
tw(w) Write pulse width tww 300 ns
tsuca-w) | Address setup time before write taw 30 ns
th(w-a) Address hold time after write t 30 ns
h(w-A WA Co=150pF
tsu(p-w) | Data setup time before write tow 250 ns
th(w-p) Data hold time after write two 30 ns
trec(w) | Write recovery time trv 1000 ns
Clock and gate timing
Alternative Limits
Symbol Parameter Test condition Unit
symbol Min Typ Max
tw( # H) Clock high pulse width tewn 230 ns
tw( ¢ L) Clock low pulse width tewL 150 ns
te(#) Clock cycle time toik 380 DC ns
twcan) | Gate high pulse width tow CL=150PF 150 sn
tw(aL) Gate low pulse width taL 100 ns
tsu(a-#) | Gate setup time before clock tas 100 ns
th(¢-a) Gate hold time after clock tan 50 ns
SWITCHING CHARACTERISTICS (Ta=—20~75C, Voo=5V+10%, Vss=0V)
Alternative Limits
Symbol Parameter Test condition Unit
symbol Min Typ Max
tpzv(r-q) | Propagation time from read to output trp 200 ns
tevz(r-q) | Propagation time from read to output floating toF =150 25 100 ns
1=150pF
texv(a-q) | Propagation time from gate to output toba 300 ns
texv( ¢ -q) | Propagation time from clock to output too 400 ns
MIT.
4—42




MITSUBISHI LSIs

MSL8253P-5

PROGRAMMABLE INTERVAL TIMER

TIMING DIAGRAMS (Reference Voltage: High=2.2V, Low=0.8V)

Read Cycle
A, A, TS
tsuca—r) o th(r—a)
™ % ’
tw(r)
- —Y
D7~Do t
tpzv(r—a) tpvz(r-q)
Write Cycle
A, Ay, TS
tsuca-w) o thiw—a)
[
WR 8
D7~Do
tsu(o-w) thiw—o) '

. trec(r), trecw)
(recovery time)

RD - WR \ /

Clock and Gate Cycle

L twicL) | twigH) |
GATE
tsue—+¢) | th(s-a) tsute—#) th(¢-a)
| T :
ok ————\ J—\ -
N ]
tecs) tweso) tw(¢n) texv(c—a)
f 1
B -
out X
N
texv($-q)
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PROGRAMMABLE PERIPHERAL INTERFACE

DESCRIPTION

This is a family of general-purpose programmable input/
output devices designed for use with an 8-bit/16-bit parallel
CPU as input/output ports. Device is fabricated using N-
channel silicon-gate ED-MOS technology for a single supply
voltage. They are simple input and output interfaces for TTL
circuits, having 24 input/output pins which correspond to
three 8-bit input/output ports.

FEATURES

® Single 5V supply voltage

® TTL-compatibie

® Darlington drive capability

® 24 programmable 1/0 pins

® Direct bit set/reset capability
APPLICATION

Input/output ports for MELPS85 microprocessor

FUNCTION

These PPIs have 24 input/output pins which may be indi-
vidually programmed in two 12-bit groups A and B with
mode control commands from a CPU. They are used in three
major modes of operation, mode 0, mode 1 and mode 2.
Operating in mode 0, each group of 12 pins may be prog-
rammed in sets of 4 to be inputs or outputs. In mode 1, the 24
I/0 terminals may be programmed in two 12-bit groups,
group A and group B. Each group contains one 8-bit data
port, which may be programmed to serve as input or output,
and one 4-bit control port used for handshaking and interrupt
control signals. Mode 2 is used with group A only, as one 8-

PIN CONFIGURATION (TOP VIEW)
PA; i 0] —PAl
INpuT/OUTPUT | PA2+— [2 39 —PAs | wpyrsouteur
PORT A | pa, «s 3] 8] - PA, [ PORTA
PA «— [4 [37] — PA;
READ INPUT RD— 36] — WR WRITE INPUT
CHIP SELECT 55— [6] 35] — RESET RESET INPUT
(ov) GND [7] =z 34] Do
(3]
PORT ADDRESS{ m— 5] [ 33—
INPUTS | p,— [T] 5 32 —0:
PCr— 119 > 31] D | b1.DIRECTIONAL
PCe+— [T Z 30] +—D, | DATA BUS
PCs+— E E —Ds
[veursoureur | PO+ 3 28] +—De
PORT C | PCy« [T4] 27] —D,
PC+— [[5] 26] Voo (5v)
PCp e 28] —PB;
PCyes 2] —PBg
- — INPUT/OUTPUT
PBo<— [18] 23 —pes 1 ISRV
[neurrguteur g, 53] «—PB,
PB,+— [20] 21] —PBs3
Outline 40P4

bit bidirectional bus port and one 5-bit control port. Bit set/
reset is controlled by CPU. A high-level reset input (RESET)
clears the control register, and all ports are set to the input
mode (high-impedance state).

BLOCK DIAGRAM
READ INPUT RD J
D INPUT RD (5) mour 8 srouP 5
WRITE INPUT WR (9 9 —] A 8 b0 ;\T . I!‘IPC:’::C:)UTPUT
! READ/WRITE CONTROL o
ADDRESs (A1 ® CONTROL 8 —] -BIT
INPUTS { Logic | ] [
Ao e TF
RESET INPUT RESET (9 i GROUP A
CHIP SELECT L (MoST SIGNII;I
ANT 4 BITS
s 0 6.8 < INPUT/OUTPUT
BIT PORT C
1 GROUP B
D; @) INTERNAL | 4 3ROUP
Ds @ . 8 DATA BUS|S—7- LEAST SIGNIFI
Ds @ - [ CANT 4 BITS)
Ds G0 DATA BUS 1
DATA BUS | p, G BUFFER [ 8
O 8 GROUP 3
D& GROUP 8 + B INPUT/OUTPUT
D& 1 B 7 PORT B PORT B
CONTROL (8-BIT)
(5V) Voo €9 L]
(ov) GND @
MITSUBISHI

ELECTRIC



MITSUBISHI LSIs

M5L8255AP-5

PROGRAMMABLE PERIPHERAL INTERFACE

FUNCTIONAL DESCRIPTION

RD (Read) Input

At low-level, the status or the data at the port is transferred
to the CPU from the .PPIl. In essence, it allows the CPU to
read data from the PPI.

WR (Write) Input

At low-level, the data or control words are transferred from
the CPU and written in the PPI.

Ao, A, (Port address) Input

These input signals are used to select one of the three
ports: port A, port B, and port C, or the control register. They
are normally connected to the least significant two bits of the
address bus.

RESET (Reset) Input

At high-level, the control register is cleared. Then all ports
are set to the input mode (high-impedance state).

CS (Chip-Select) Input

At low-level, the communication between the PPl and the
CPU is enabled. While at high-level, the data bus is kept in
the high-impedance state, so that commands from the CPU
are ignored. Then the previous data is kept at the output
port.

Read/Write Control Logic

The function of this block is to control transfers of both data
and control words. It accepts the address signals (Ag, A,
CS), I/0 control signals (RD, WR) and RESET signal, and
then issues commands to both of the control groups in the
PPI.

Data Bus Buffer

This three-state, bidirectional, eight-bit buffer is used to
transfer the data when an input or output instruction is ex-
ecuted by the CPU. Control words and status information are
also transferred through the data bus buffer.

Group A and Group B Control

Accepting commands from the read/write control logic, the
control blocks (Group A, Group B) receive 8-bit control
words from the internal data bus and issue the proper com-
mands for the associated ports. Control group A is associ-
ated with port A and the four high-order bits of port C. Con-
trol group B is associated with port B and the four low-order
bits of port C. The control register, which stores control
words, can only be written into. '

Port A, Port B and Port C

The PPI contains three 8-bit ports whose modes and input/
output.settings are programmed by the system software.

Port A has an output latch/buffer and an input latch. Port

B has an I/0 latch/buffer and an input buffer. Port C has an
output latch/buffer and an input buffer. Port C can be di-
. vided into two 4-bit ports which can be used as ports for
control signals for port A and port B.

The basic operations are shown in Table 1.

Table 1 Basic Operations

A | Ao | CS | RD |WR Operation
0 0 0 0 1 | Data bus+ Port A’

0 1 0 0 1 | Data bus < Port B

1 0 0 0 1 | Data bus « Port C

0 0 0 1 0 | Port A+ Data bus

0 1 0 1 0 | Port B+ Data bus

1 0 0 1 0 | Port C + Data bus

1 1 0 1 0 | Control register +— Data bus
X X 1 X X | Data bus is in high-impedance state
1 1 0 0 1 | illegal condition

Where, “0” indicates low level

“1” indicates high-level
Bit Set/Reset .
When port C is used as an output port, any one bit of the
eight bits can be set (high) or reset (low) by a control word
from the CPU. This bit set/reset can be operated in the
same way as the mode set, but the control word format is
different. This operation is also used for INTE set/reset in
mode 1 and mode 2.

Bit set/reset flag

Don't care
Bit selection code

Port C
Bit selected

PC;
PC¢
PCs
PC4
PCs
PC,
PCy
PCo

Set/reset code
,——J~—,—L—\ Set (high) =1
[57]0¢[Ds[D:[D3]D;] D Dol Reset (low) =0

Fig. 1

[¥]
5
o
&
o

olo|lo|o|=|=|=|=
o= |0~ |—
o |=lo|jl=|lo|—=|Oo|—

Control word format for port C set/reset
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’

BASIC OPERATING MODES
The PPl can operate in any one of three selected basic
modes.
Mode 0: Basic input/output
Mode 1: Strobed input/output (group A, group B)
Mode 2: Bidirectional bus (group A only)

The mode of both group A and group B can be selected
independently. The control word format for mode set is
shown in Fig. 2.

(group A, group B)

Mode set flag

Group A mode set
Mode 0: Dg, Ds
Mode 1: Dg, Ds
Mode 2: Dg, Ds
Port A input/output set
output = 0

input =1

0,0
0,1
1, X

[T}

Port C (high-order four bits) input/output set
output =0
input =1

Group B mode set

Mode 0 =0
Mode 1 =1

Port B input/output set
[— Port C Iow order four bits) input/output set

—
|07 D6|Ds [ Da[ D3] D2 D1 Do) mput 1

Fig. 2 Control word format for mode set.

1. Mode 0 (Basic Input/Output)

This functional configuration provides simple input and out-
put operations for each of the three ports. No “handshaking”
is required; data is simply written in, or read from, the speci-
fied port. Output data from the CPU to the port can be held,
but input data from the port to the CPU cannot be held. Any
one of the 8-bit ports and 4-bit ports can be used as an input
port or an output port. The diagrams following show the
basic input/output operating modes.

D7 Dg Ds Dg D3 D2 Dy Do

8 %DB7~DBO 8 %DB7~DBO
M5L8255AP-5 M5L8255AP-5
PA PCw) PC) PB PA_PCw) PCw) PB
Jo 14 {4 18 *a el ks
PC7;~PC4 PB7~PBg PC7;~PC4 PB;~PBo
PA7~PAg PC3~PCo PA;~PAg PC3~PCo

D7 Ds Ds D4 D3 D Dy Do

[1]0]0fofof0[1]1]

D; Dg Ds D4 D3 Dy Dy Do

[1]ojoJofijofofo]

8 %DB7~ DBo 8 %DB7~DBO
M5L8255AP-5 M5L8255AP-5
PA _PCw) PCw) PB PA_PCw) PCw) PB
fs 4 {4 18 ta f }a 8
PC;~PC4  'PB7~PBqg PC;~PCq 'PB;~PBg
Ar~PAg PC3~PCo A;~PAg PC3~PCy

D7 Dg Ds D4 D3 D2 D1 Do

10]0[0f1[0]0]1]

8 %DByNDBo 8 ,I/DB7~DB(]
M5L8255AP-5 M5L8255AP-5
PA PCw) PCw) PB PA PCw) PCw) PB

ie 4 q4t8
PC,~PC,  'PB~PB
PA;~PAg PC3~PCo

Dy Dg Ds D4 D3 D Dy Do

[1]0JoJof1]o[1]o]

ts 4 4 de
PC~PC, 1PB~PBo
PA;~PAg PC3~PCq

D7 Dg Ds D4 D3 D2 D1 Do

[1]0[0J0]T][O[1]1]

D7 Ds Ds D4 D3 D2 D1 Do

[1]0Jof1]0f0]o]o0]

8 %DB;’VDBO 8 fDB7~DBO
M5L8255AP-5 M5L8255AP-5
PA_PCw) PCu) PB PA PCw) PCw) PB
To T a0 o To lais

PC,~PC, 'PB;~PBp PC;~PC, PB;~PBp
PA/~PA;  PC3~PCo PA/~PA;  PC3~PCo

D; Ds Ds Dg D3 D2 D1 Do

D7 Dg Ds D4 D3 D2 Dy Do

[1]oJo]i]1]ofo]o]

B%DB7~DBO 8%DB7~DBO
M5L8255AP-5 M5L8255AP-5
PA_PCw) PCw) PB PA_PCw) PCw) PB
}e 14 # 8 %a 2 %4 ts

PC7;~PCy PB7;~PBo PC;~PCy4 PB;~PBqo
PA;~PAqy PC3~PGCo PA7~PAy PC3~PCo
D; Ds Ds D4 D3 D> Dy Do D; Dg Ds D4 D3 D, Dy Do
1]ofo[1]o]of1]0 [FToTol1JoJo[1]1]
8 %DB7~DBQ 8 %DBy~DBo
M5L8255AP-5 M5L8255AP-5
PA_PCw) PCy) PB PA PCw) PCw) PB
*8 ITRTRE 8 fa 14 ys
PC;~PC, 'PB;~PB, PC;~PC, PB;~PBo
PA/~PA;  PC3~PCo PA;~PA;  PC3~PCp

Dy Dg Ds D4 D3 D7 Dy Do

8 %DB7~DBO 8 %DBy'\'DBo
M5L8255AP-5 M5L8255AP-5
PA PCwy PCw) PB PA PCw) PCw) PB
4;8 TR ia 14 4 {8
PC;~PC4 PB;~PBg PC;~PCs4 PB;~PByg
PA/~PA;  PC3~PCo PA;~PA;  PC3~PCo
D7 Dg Ds D4 D3 D2 D1 Do D7 Ds Ds D4 D3 D2 D1 Do
[[ToJofofofofofo] [ifofofofofojof1]

D7 Ds Ds D4 D3 D2 D1 Do

B%DBerBo : S%DBy~DBo
M5L8255AP-5 M5L8255AP-5
PA PCw) PCw) PB PA PCwy) PC() PB
}a 2] {4 te *s TR
PC;~PCy 'PB;~PBo PC;~PC; 'PB;~PBo
PA;~PA;  PC3~PCo PA/~PAy  PC3~PCp

D7 Dg Ds D4 D3 D2 D1 Do
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2. Mode 1 (Strobed Input/Output)

This function can be set in both group A and B. Both groups
are composed of one 8-bit data port and one 4-bit control
data port. The 8-bit port can be used as an input port or an
output port. The 4-bit port is used for control and status sig-
nals affecting the 8-bit data port. The following shows opera-
tions in mode 1 for using input ports.

STB (Strobe Input)

A low-level on this input latches the output data from the ter-
minal units into the input register of the port. In short, this is
a clock for data latching. The data from the terminal units
can be latched by the PPl independent of the control signal
from the CPU. This data is not sent to the data bus until the
instruction IN is executed.

IBF (Input Buffer Full Flag Output)

A high-level on this output indicates that the data from the:

terminal units has been latched into the input register. IBF is
set to high-level by the falling edge of the STB input, and is
reset to low-level by the rising edge of the RD input.
INTR (Interrupt Request Output)
This can be used to interrupt the CPU when an input device
is requesting service. When INTE (interrupt enable flag) of
the PPI is high-level, INTR is set to high-level by the rising
edge of the STB input and is reset to low-level by the falling
edge of RD input.

INTE, of group A is controlled by bit setting of PC,. IN-
TEg of group B is controlled by bit setting of PC,.

Mode 1 input state is shown in Fig. 3, and the timing chart
is shown in Fig. 4.

MODE 1 (PORT A) MODE 1 (PORT B)

PA;~PAy <—r‘i PB,~PBy <.,;.8_

=——STB, ﬁﬂfé:
LB

l<——STBs
> IBF,
L - IBFg

INTR,

2 . ——INTRg
l«<=>1/0 RD—9

CONTROL WORD CONTROL WORD

D; Ds Ds Dy D3 Dy D; Dy D; Ds Ds Dg D3 Dz Dy Do
Llof [ h/dx]x[x] LiDxx[x x[i17x]
PCg, PC;
1 =INPUT
0=0UTPUT

Fig. 3 An example of mode 1 input state

[
o

[+
n

|
Ol

INTR st/

PORT
INPUT X

(Note 1)

=

1
INPUT
waren — XL !
Note 1 : When INTE is low-level. INTR is always low-level.

Fig. 4 Timing chart

The following shows operations using mode 1 for output

" ports.

OBF (Output Buffer Full Flag Output)
This is reset to low-level by the rising edge of the WR signal
and is set to high-level by the falling edge of the ACK
(acknowledge input) . In essence, the PPl indicates to the
terminal units by the OBF signal that the CPU has sent data
to the port.
ACK (Acknowledge Input)
Receiving this signal from a terminal unit can indicate to the
PPI that the terminal unit has accepted data from a port.
INTR (Interrupt Request)
When a peripheral unit is acéepting data from the CPU, set-
ing INTR to high-level can be used to interrupt the CPU.
When INTE (interrupt enable flag) is high and OBF is set to
high-level by the rising edge of an ACK signal, then INTR
will also be set to high-level by the rising edge of the ACK
signal. Also, INTR is reset to low-level by the falling edge of
the WR signal when the PPl has been receiving data from
the CPU.
INTE, of group A is controlled by bit setting of PCe.
INTEg of group B is controlled by bit setting of PC,.
Mode 1 output state is shown in Fig. 5, and the timing
chart is shown in Fig. 6.
Combinations for using port A and port B as input or out-
put in mode 1 are shown in Fig. 7 and Fig. 8.
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MODE 1 (PORT A) MODE 1 (PORT B)
8
PA~Pho = PB~PBo| >
— OBF, WR =\
l<— ACK, —
BF ——i —
= INTR, AR /
2 .
PC4~PCs == 1/0 WR—>9 INTR -
% (Note 2)
J
CONTROL WORD CONTROL WORD PORT Y/
D7 Ds Ds D4 D3 Dy Dy Do D; Dg Ds D4 D3 D, Dy Do ) OUTPUT

|10101/0XXX| I]XXXX10XI

L PC4, PCs
1 =INPUT

0=0UTPUT Note 2 : When INTE is low-level. then the output of INTR is
. aways low-level.

Fig. 56 Mode 1 output example Fig. 6 Timing diagram
PAy~Pho |- PA~Pho <A —
WR —>d PC; |——=0OBF, RD —>9 PC4 rl<——ST—B‘A
PCg[=——ACK, PCs|—=1BF,
. PC3|—=INTR, : PCs}—=INTR,
PC4~PCs L2~ 10 PCs~PC; 210
PB;~PBo 8 PB;~PBo AR
RD—>9 PCf=—3STBg | WR—>9 PCi|——0BF;
PCi|—=IBF, PCz[=— ACKs
PORT A (STROBED OUTPUT) PORT A (STROBED INPUT)
PORT B (STROBED INPUT) PCo—=>INTRg PORT B (STROBED OUTPUT) PCo[—="INTRg
CONTROL WORD CONTROL WORD

D7 Dg Ds Ds D3 D2 D1 Do . D7 Ds Ds D4 D3 D; DI ﬁo
CTol Tol 1 [11x] [ilolt]ifif1]o]x]

LPC4, PCs LPCG, PC;
1 =INPUT .

1=INPUT
0 =0UTPUT 0=0UTPUT
Fig. 7 Mode 1 port A and port B I/0 example. Fig. 8 Mode 1 port A and port B I/0 example
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3. Mode 2 (Strobed Bidirectional Bus Input/
Output)

Mode 2 can provide bidirectional operations, using one 8-bit

bus for communicating with terminal units. Mode 2 is only

valid with group A and uses one 8-bit bidirectional bus port

(port A) .and a 5-bit control port (high-order five bits of port

C). The bus port (port A) has two internal registers, one for

input and the other for output. On the other hand, the control

port (port C) is used for communicating control signals and

bus-status signals. These control signals are similar to mode

1 and can also be used to control interruption of the CPU.

When group A is programmed as mode 2, group B can be

programmed independently as mode 0 or mode 1. When

group A is in mode 2, the following five control signals can

be used.

OBF (Output Buffer Full Flag Output)

The OBF output will go low-level to indicate that the CPU

has sent data to the internal register of port A. This signal

lets the terminal units know that the data is ready for transfer

from the CPU. When this occurs, port A remains in the float-

ing (high-impedance) state.

ACK (Acknowledge Input)

A low-level ACK input will cause the data of the internal reg-

ister to be transferred to port A. For a high-level ACK input,

the output buffer will be in the floating (high-impedance)

state. '

STB (Strobe Input)

When the STB input is low-level, the data from terminal units

will be held in the internal register, and the data will be sent

to the system data bus with an RD signal to the PPI.

IBF (Input Buffer Full Flag Output)

When data from terminal units is held on the internal regis-

ter, IBF will be high level.

INTR (Interrupt Request Output)

This output is used to interrupt the CPU and its operations

the same as in mode 1. There are two interrupt enable flags

that correspond to INTE, for mode 1 output and mode 1

input.

INTE;

is used in generating INTR signals in combination
with OBF and ACK. INTE; is controlled by bit set-
ting of PCs. )

INTE; is used in generating INTR signals.in combination
with IBF and STB. INTE; is controlled by bit set-
ting of PCa.

Fig. 9 shows the timing diagram of mode 2, and Fig. 10 is
an example of mode 2 operation.

BE

O
o)
a

INTR (Note 3)
o | |
ACK
f
RD J

DATA FROM DATA FROM
TERMINAL UNIT CPU

(2]
=
[se)

©
o

PORT A

Fig. 9 Mode 2 timing diagram

Note 3 : INTR=IBF - MASK + STB -+ RD + OBF - MASK - ACK + WR

PC,~PCo I:c

3

170 IBFA STB, ACK, OBFs I/0 INTRa
CONTROL WORD

D; Dg Ds D4 D3 D; Dy Dy

O X x v/

PC2~PCo
———— 1 =INPUT

0=0UTPUT

PORT B
t———= 1 =INPUT
0=0UTPUT

GROUP B MODE
L— = 0=MODEO

1 =MODE 1

Fig. 10 An example of mode 2 operation
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4. Control Signal Read

In mode 1 or mode 2 when using port C as a control port, by

Table 2 Read-out control signals

i i i i n Data
CPU execution of an IN instruction, each control signal and D, De Ds Ds Ds D, o | Do
bus status from port C can be read. Mode A .
5. Control Word Tables Mode 1,input | 1/0 | 170 | IBFA [INTEA|INTRA|INTEg| IBFg [INTRg
Control word formats -and operation details for mode 0, mode Mode 1, output |OBFA|INTEA| 1/0 | 1/0 |INTRA|INTEg|OBFg|INTRg
1, mode 2 and set/reset control of port C are given in Tables [ yoge2  |OBFA|INTE:| IBFA |INTE:|INTR, By group B mode
3, 4,5 and 6, respectively. Z i
Table 3 Mode 0 control words
Control words Group A Group B
D; D¢ Ds Dy D3 D2 Dy Do Hexadecimal Port A Port C (high order 4 bits) Port C (low order 4 bits) Port B
1 0 0 0 0 O 0 80 ouT ouT ouT ouT
1.0 0 0 0 O 1 81 ouT ouT IN ouT
1 0 0 0 0 0 1 O 82 ouT ouT ouT IN
1.0 0 0 0-0 1 1 83 ouT ouT IN IN
10 0 0 1 0 O O 88 ouT IN ouT ouT
1.0 0 0 1 0 0 1 89 ouT IN IN ouT
10 0 0O 1 0 1 O 8A ouT IN ouT IN
1T 0 0 0 1 0 1 1 8B ouT IN IN IN
1.0 0 1 0 O O O 90 IN ouT ouT ouT
1 0 0 1 0 O 0 1 91 IN ouT IN ouT
1.0 0 1 0 O 1 O 92 IN ouT ouT IN
1 0 0 1 0 O 1 1 93 IN ouT IN IN
1.0 0 1 1 0 0 O 98 IN IN ouT ouT
1 000 1 1 0 0 1 99 IN IN IN ouT
1 0 0 1 1 0 1 0 SA IN IN ouT IN
1 0 0 1 1 0 1 1 9B IN IN IN IN
Note 4 : OUT indicates output port, and IN indicates input port.
Table 4 Mode 1 control words
Control words Group A Group B
. Hexa- Port C Port C
D; De Ds Dy D3 D, D Do Port A Port B
decimal PC; PCe PCs PC4 PC3 PC2 PC, PCo
A4 - | RN
101 0 0 1t 0 X A5 OUT | OBFa ACKa ouT INTRA | ACKg | OBFg | INTRg ouT
A6 [ [P _
101 0 0 1 1 X A7 ouT OBF, ACKa ouT INTRA STBg IBFg INTRg IN
AC | — S
101 01 1 0 X AD ouT OBFa ACKa IN INTRA | ACKg | OBFg | INTRg ouT
AE | — — |
101 0 1 1 1 X AF ouT OBF, ACKa IN INTRA | STBg IBFg INTRg IN
B4 _ - | —
1 0 1.1 01 0 X B85 IN ouT IBFa STBa INTRA | ACKg OBFg | INTRg ouT
B6 _ ' _
101 1,01 1 X 87 IN ouT IBF A STBa INTRA | STBg IBFg INTRg IN
BC ' E— JER B ’
101 1 1 1 0 X 8D IN IN IBFa STBa INTRA | ACKg | OBFg | INTRg ouT
BE I ___
1T 01 1.1 1 1 X BF IN IN IBF A STBa INTRA | STBg IBFg INTRg IN
Note 5 : Mode of group A and group B can be programmed independently.
6 : Itis not necessary for both group A and group B to be in mode 1.
7
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Table 5 Mode 2 control words

Control words Group A ‘ Group B
Hexa- Port C PortC
D; D¢ Ds Dy D3 D2 Dy Dg decimal Port A Port B
Ex PC; | PCs | PCs | PCs | PCs | PC; | PCi | PGCo
11 X X X 000 co | Bidirectional | GBF, | ACKa | IBFs | STBa | INTRa out ouT
1 1 X X X 0 01 cl Bidirectional | SBF, | ACKa | IBFa | STBa | INTRA IN ouTt
11 X X X010 G2 | Bidrectional |\ GBE. | ACKa | IBFs | STBa | INTRa out IN
T 1 X X X 0 11 c3 | Bidirectional | GRFE. | ACKa | IBFA | STBa | INTRA IN IN
1T 1 X X X 10X C4q | Bidiectional | GBE, | ACKa | IBFs | STBa | INTRa | ACKg | OBFg | INTRg | OUT
11 X X X 1 1 X ce | Bidirectional | GRF. | ACKa | IBFs | STBa | INTRs | STBg | IBFg | INTRs | IN
Table 6 Port C set/reset control words

Control words Port C Remarks
D; Dg Ds Dy Ds Dz Dy Do | S |'PC, | PCs | PCs | PC4 | PCs | PC2 | PCy | PCo
0 X X X 00 00 00 N
0 X X X 0 0 0 1 01
0 X X X 0 0 1 0 02 0
0 X X X 0 0 11 03 1
0 X X X 0 1 00 04 0 INTEg set/reset for mode 1 input
0 X X X 0 1 0 1 05 1 INTE; set/reset for mode 1 output
0 X XX 0 1 1 0 06 0
0 X X X 0 1 11 07 1
0 X X X1 0 00 08 INTE, set/reset for mode 1 input
0 X X X 1 0 01 09 INTE; set/reset for mode 2
0 X X X 1 0 1 0 0A 0
0 X X X 1 0 1 1 (0= 1
0 X XX 1 1 00 0C 0 INTE, set/reset for mode 1 output
0 X X X 1 1 01 oD 1 - INTE, set/resetf'ormodeZ
0 X X x 11 10 OE 0
00X X X 1 1 1 1 oF | 1 ]

Note 7 : The terminais of port C should be programmed for the output mode, before the bit set/reset operation is executed.
8 : Also used for controlling the interrupt enabie flag(INTE)
MITSUBISHI 4—s51
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~7 \%
V, Input voltage With respect to GND —0.5~7 \'
Vo Output voltage —0.5~7 \%
P4 Power dissipation Ta=25C : 1000 mw
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 c

RECOMMENDED OPERATING CONDITIONS (1,=—20~75¢, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min Nom Max
Vce Supply voltage 4.75 5 5.25 \4
GND Supply voltage 0 v
Vin High-level input voltage 2 Vee v
Vi Low-level input voltage —0.5 0.8 \4

ELECTR'CAL CHARACTER'ST'CS (Ta=—20~75C, Vec=5VE5%, GND= 0V, unless otherwise noted)

Symbol Parameter Test conditions ] - Limits Unit
/ ; Min Typ Max
Vou High-level output voltage E::: bus GND=0V :Z:;::ggz: 2.4 Y
VoL Low-level output voltage Data bus GND=0V lou=2. 5mA 0. 45 \
Port lor=1.7mA
lou High-level output current (Note10) GND=0V, Vou=1.5V, Rexr=7500 -1 —4 mA
lec Supply current from Vee GND=0V 120 mA
Ly High-level input current GND=0V, V,=5. 25V +10 A
e Low-level input current GND=0V, V=0V +10 A
loz Off-state output current GND=0V, V,=0~5. 25V +10 | wxA
Cj Input capacitance ViL=GND, f=1MHz, 25mVrms Ta=25C 10 pF
Ci/o Input/output terminal capacitance Vi,0.=GND, f=1MHz, 25mVrms Ta=25C 20 pF
Note 9 : Current flowing into an IC is positive: out is negative.
10 : It is valid only for any 8 input/output pins of PB and PC.
TIMING REQUIREMENTS (Tag=—20~75C, Vcc=5VE 5%, GND=0V, unless otherwise noted)
Alternative Limits i
Symbol Prameter Test conditions Unit
symbol Min Typ Max
tw(r) Read pulse width trr 300 ns
tsucpe-r) | Peripheral setup time before read tir 0 ns
th(r-pe) | Peripheral hold time after read thr 0 ns
tsu(a-r) | Address setup time before read tar 0 ns
th(r-a) Address hold time after read tra 0 ns
tww) Write pulse width tww 300 ns
tsu(pa-w) | Data setup time before write tow 100 ns
th(w-npq) | Data hold time after write two 30 ' ns
tsu(a-w) | Address setup time before write taw 0 ns
th(w-a) Address hold time after write twa 20 ns
tw(ack) | Acknowledge pulse width tak ) 300 ns
tw(ste) | Strobe pulse width tsT 500 ns
tsu(pe-ste) | Peripheral setup time before strobe tps 0 ns
th(sTe-pe) | Peripheral hold time after strobe ten : 180 : ns
tc(rRwW) Read/write cycle time trv 850 - ns
4—52 MITSUBISHI
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SW|TCH|NG CHARACTER'ST'CS (Ta=—20~75C, Vec=5V1 5%, unless otherwise noted)

Alternative Limits :
Symbol Parameter Test conditions Unit
symbol Min Typ Max

tpzv(R-DQ) Propagation time from read to data output tro 200 ns
tevz(R-pQ) Propagatioh time from read to data floating (Notel1) tor 10 100 ns

teHL(w-PE)
Propagation time from write to output twe 350 ns

teLH(w-PE)
teLn(sTe-F) | Propagation time from strobe to IBF flag tsis 300 ns
tpLH(sTeUNTR) | Propagation time from strobe to interrupt tsir 300 ns
teuL(rinTR) | Propagation time from read to interrupt triT C_=150pF 400 ns
tenL(r.igr) | Propagation time from read to IBF flag tris 300 ns
teuL(w-inTR) | Propagation time from write to interrupt twit 850 ns
teL(w-osF) | Propagation time from write to OBF flag twos 650 ns
tpLH(ack-oer) | Propagation time from acknowledge to OBF flag taos 350 ns
tpLu(acknTr) | Propagation time from acknowledge to interrupt tar 350 ns
tezviackpe) | Propagation time from acknowledge to data output tan 300 ns
tevziackpe) | P ion time from ledge to data floating (Note!1) 20 250 ns

Note 11 : Test conditions are not applied
: A.C Testing waveform 2.4
Input pulse level 0.45~2.4v )
Input pulse rise time 20ns 0.45
Input pulse fall time 20ns )
Reference level input Vik=2V, V,.=0.8V .
output Vou=2V, Vo =0.8V

MITSUBISHI 4—53
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TIMING DIAGRAM
Data Bus Read Operation

tw(r)

tsu(a-R) th(r-a)

)

trzv(r-Da) tevz(r-0a)

Do~D7

Data Bus Write Operation

<

L twiw) |
i
tsu(a-w) thiw-a)
TS, Ao, A ><
L tsu(pa-w) thiw-p) g
Do~D;
Mode0O Port Input tw(r) |
= .
tsu(pe-R) th(r-pe)
PORT INPUT
ModeO, 1 Port Output | tww) |
WR \
tPHL(W-PE)
teLH(W-PE)
PORT OUTPUT
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Mode1 Strobed Input

STB \_
-

IBF

twisTe)

tpLH(sTB-1BF)

7

INTR

teLH(sTB-INTR)

t th(ste-pe)
SU(PE-STB)
-
N\
PORT INPUT
X 1/
Mode1 Strobed Output
twiw)
WR -\-
tenL(w-o8F) | teLH(ACK-0BF) |
OBF
tw(ack)
ACK \
toHL(W-INTR)
! INTR
tenL(w-pE)
teLH(w-PE)
Yy
PORT OUTPUT
—
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Mode2 Bidirectional

teHL(w-08F)

O
o]
S

teLH(ACK-0BF)

N N
INTR .
X )
tw(ack)
>
< -o-
: 4
ACK - Z
tw(sTe)
7
STB
teLH(sTB-1BF)
IBF % \
. . tPLH(R-1BF) S—
, $ .
( tsu(re.sTe) thste-pe) tezv(ack-pE) tevz(ack-pe)
' A

PoRT A «ur | RN\ N\
NS £/ O\ f/;

Note 13 : INTR=IBF - MASK - STB - RD + OBF - MASK + ACK - WR
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Circuit Examples for Applications

1. Mode 0

An example of a circuit for an application using mode 0 is
shown in Fig. 11.

e lanyl
Xi X2
Ph RESET T
PORT A g RESET OU
PAo J—
RD P= o RD
) RESET IN
WR WR
c ke
PORT —
PCs csp ADDRESS _
DECODER oM
PPI Ao, Ar cPU
M5L8255AP-5
M5L8085AF
PCs 8
PORT C R
PCo
M74LS373P ¢ ALE
0OC
PB;
PORT B § 37 J(B jr A?7
PBo
Do ADo
Fig. 11 Circuit example for an application using mode 0.
7
In this example, the PPl is in mode 0, and the control IN 00# CPU A register + Port A

word should be 10010000 (9045).

Mvi A, 90#

OuUT 03#
The PPI Will be initialized by executing the above two in-
structions.

Then, for example, to read data from port A and to output
data to port B and C, the following three instructions can be
used. .

IN 00# CPU A register + Port A
OUT 01# Port B « A register
OUT 02# Port C + A register
After setting the mode, each port operafes as a normal port.

After setting the mode, as shown in Fig. 11, to read data
from port A, to output to port B, and to set the first bit of port
C “1”, the following four instructions can be used.

OUT 01#  Port B < Aregister
Mvi A, 01# Bit-setting control word for PCo
OuUT 03%# Outputting to control address
(CS="10", Ay = Ag = “1")
The other bits of port C, in this case, are not affected.

¢ MITSUBISHI i—s7
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2. Mode 1

The actual program for the circuit of Fig. 12 is as follows:

An example of a circuit for an application using mode 1 is

shown in Fig. 12.

MVi A, BO#  Control word is 10110000, port A is
the mode 1 input and the others are

PAg A
| PA) Ao

|<—FROM ADDRESS A
[<—FROM ADDRESS Ay

output
OUT 03 Outputting to the control address
MVi A, 09%#  PCybit-set 00001001
OUT 03# Outputting to the control address
El Interrupt enable
HLT Halt

—PA; CS P<=—FROM DECODER ) ) )
INPUT | ———={PA; RESETj=—FROM CPU If the data has been set in a terminal unit, and the
DATA , ‘Eﬁ; WR p=—WR strobe signal has been input, then the data will be latched in
——’-'F;Ae RD P~RD port A and the CPU RST7.5 goes high-level. In the case of
DATA STROBE '{}g._azgg,\,,_mo T Fig. 11, a jump to 003Cs is executed to continue the prog-
SIGNAL——4PC, 31 ——> ram as follows:
=== p————
pun STBABF D l——~ (70 pata
A Dy |—— BUS 003Cys IN 00# CPU register A + Port A
INTR, PCs Ds PC; interrupt signal becomes low-level
. . Db——
PB~PB; D, El
tg RET
CPU
TO RST7.5
(INTERRUPT INPUT)|
Fig. 12 A circuit for an application using mode 1
Transferring data from a terminal unit to port A and send-
ing a strobe signal to PC4 will hold the data in the internal
latch of the PPI, and PCs (IBF input buffer full flag) is set to
“1” If a bit-set of PC4 has been executed in advance, the
CPU can be interrupted by the INTR signal of PC3; when the
input data is latched in the PPL. In this way, port A becomes
an interrupting port; and at the same time, port B can select
its mode independently.
’ i/
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3. Mode 2

An example of a circuit for an application using mode 2 is

shown in Fig. 13.

‘In Fig. 13, the: data. bus of the slave system is connected
with the corresponding; PPl A bit of the master station. The
input port consists of a three-state buffer and gate B which
allow the slave CPU to read flag outputs (IBF, OBF) of the
PPI as data.

When the following instruction is executed in this exam-
ple, the action is as described:

IN 014# (reading in from 01, input port)

The data which is made up of the least significant bit
(Do), the OBF (output buffer full flag output) and the next
least significant bit (D), the IBF (input buffer full flad
output)will be read into the slave CPU.

When the following instruction is executed, the action is
as described:

IN 00# (reading in from 00;¢ input port)

ACK (PCg) of the PPI becomes low-level by gate C,
and the contents of the port A output latch will be read into
the slave CPU.

When the following instruction is executed, the action is
as described:

OUT 00# (writing out to 00;6 output port)

STB (PC4) of the PPl becomes low-level by gate D, then
the contents of the slave CPU register A will be written into
the port A input latch of the PPI.

Actual operations are as follows:

1. PPl is set in mode 2 by the master CPU (03 address).

2. The master CPU writes the data, which is transferred to
the slave CPU, into port A of the PPI (in turn, OBF be-
comes low-level).

3. The slave CPU continues to read the state of flags (OBF
and IBF) as data while OBF is high-level (i.e. no datd
from the master CPU).

4. When the slave CPU senses that OBF has become low-
level, the slave CPU starts to read the data from 006
(Which is the input address for the preceding data)
which is in the output latch of port A (in turn, OBF returns
to high-level).

5. During this period, the master CPU reads the status flags
(reading in from 02 of port C) and checks the states of
both the bit 7 (OBF) and bit 5 (IBF). If OBF is low-level,
it indicates that the slave CPU has not yet received the
data; so the maser does not write new data. If OBF is
high-ievel, the master CPU writes the next data.

6. When data is to be transferred to the master CPU, the
contents of the slave CPU A register will be transmited to
the port input latch of the PPl. The slave CPU transfers
the data to address 00s6 (in turn, the IBF becomes high-
level).

7. The master CPU transfers data to port C and then checks
the status flag. If the input latch contains data from the
slave CPU, which is indicated by IBF having a high-level
output, the data is read from port (00;6) (in turn, the IBF
returns to low-level).

8. The slave CPU reads the status flag from 01;¢ to deter-
mine if IBF has returned to low-level. If it has not, new
data will not be written as long as IBF is high-level.

9. In this way, data can be exchanged. Since there are two
sets of independent registers, input latch and output
latch, used by port A of the PPI, it is not necessary to
alternate input/output transfers.

A program which has operating functions as described
above, is explained as follows.

The operation, in mode 2, for group A of the PPl is consi-
dered here.

]
PPI MODE SET ADDRESS |
0316 )
l
TNOTL] B A SLAVE SYSTEM DATA BUS AD
_ DECO-}—~dcs [iATCH ’
10/M oBR | 2 |n IDo7 8 £8 ;
MASTER 2 M74LS373PE :E;
CPU oc SLAVE
M74LS373P == ~ ‘
MEFE o (CE—0] — » cPU
’ DECO- —
8 lo, 5C.1.57Ba B ) e DER 10/M
q INTR
D7 | —
75 dro  PRI| ]! iR
wWif——— ~dwr ! R
TO CPU ! SLAVE SYSTEM

. MASTER SYSTEM" INT INPUT |
]

Fig. 13 A circuit for an application using mode 2
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1. Master CPU subroutine for transmitting data to the slave

CPU.

READ STATUS
FROM PORT C

CALL BF="H,

WRITE DATA INTO
THE OUTPUT
LATCH OF PORT A

_

RET

3. Slave CPU subroutine for transmitting data to the master

Program example

MOUT . PUSH

OBF IN
ANI
JNZ
POP
ouT
RET

PSW.

024
80#
OBF
PSW
00#

2, Subroutine for receiving data from the slave CPU.

CALL

READ STATUS
FROM PORT C

YES

READ DATA FROM
THE INPUT LATCH
OF INPUT LATCH
OF PORT A

_

RET

Program example

MIN N 02
ANI 204
Jz MIN
IN 004
RET

4, Subroutine for receiving data from the master CPU.

CPU.
Program example Program example
e SOUT PUSH PSW ] SIN IN 01
IBF IN o1# ANI 014
READ STATUS® . READ STATUS
FROM PORT C ANI 024 FROM PORT C JNZ SIN
Jz IBF IN 001
AL POP PSW RET
CALL
NO ouT 00 YES
RET
WRITE DATA READ DATA OUT
INTO ADDRESS FROM ADDRESS
0015 0015
RET RET
4—60 - 4 MITSUBISHI
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4, Address Decoding
Address decoding with multiple PPI units is shown in Figs.
14 and 15. These are functionally equal.

The same address data is output to both the upper and
lower 8-bit address bus with the execution of IN or OUT in-
struction by the CPU. :

5. PPI Initialization

It is advisable to rest the PPl with a system initial reset and
to select the mode at the beginning of a system program.
The initial state of the PPl used as an output port is shown in
Fig. 16.

POWER
SUPPLY Ve Sﬂ
ov
M74LS373P
CPU RESET ] |
M5LB08SAP 27 — SIGNAL ! SELECTING MODE AT THE
AG ; OUTPUT PORT OUTPUT =*1"
5
AsD7 8 Aq TO PORT UNSTABLE
ADo ] As ADDRESS FLOATING
Az BUS (INPUT MODE)
A
Aol Fig. 16 PPI initialization
EOC
[e)
T ALE - Note 14 : Period of reset pulse must be at least 50us during or af-
10/M —
ABCETE ter power on. Subsequent reset pulse can be 500ns
Y M74LS138P minimum.
TO PORT ADDRESS INPUT|E; 01 67
Ay AND A; OF EACH PPI JA I*I*T
—~—— —
TO THE CHIP SELECT INPUT TS OF
EACH PPI
Fig. 14 PPl address decoding (case 1)
CPU
M5L8085AP
Aisf—
Aig
Az
Aiz TO
A ADDRESS
Ak BUS
Ag
Ag ’
10/M j ABCEE
— M74LS138P
EL 01 67
TO PORT ADDRESS INPUT
Ay AND A, OF EACH PPI
TO THE CHIP SELECT INPUT CS OF
EACH PPI .
Fig. 15 PPl -address decoding (case 2)
-4 “MITSUBISHI 4—61
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PROGRAMMABLE DMA CONTROLLER

DESCRIPTION
The M5L8257P-5 is a programmable, 4-channel direct mem-
ory access (DMA) controller. It is produced using the N-
channel silicon-gate ED-MOS process and is specifically
designed to simplify data transfer at high speeds for micro-
computer systems.

The LSI operates on a single 5V power supply.

FEATURES

Single 5V supply voltage

Single TTL compatible

Priority DMA request logic
Channel-masking function

Terminal count and Modulo 128 outputs
4-channel DMA controller

Compatible with MELPS85 devices

APPLICATION
DMA control of peripheral equipment such as floppy disks
and CRT terminals that require high-speed data transfer.

FUNCTION

The M5L8257P-5 controller is used in combination with the
M5L8212P 8-bit input/output port in 8-bit microcomputer sys-
tems. It consists of a channel section to acknowledge DMA
requests, control logic to exchange commands and data with
the CPU, read/write logic, and registers to hold transfer
addresses and count the number of bytes to be transferred.
When a DMA request is made to an unmasked channel from
the peripherals after setting of the transfer mode, transfer-
start address and the number of transferred bytes for the
registers, the M5L8257P-5 issues a priority request for the
use of the bus to the CPU. On receiving an HLDA signal

Ll
PIN CONFIGURATION (TOP VIEW)
1/Q READ —== ., .
NPT Tor S
Nr A 39— | A008ERS
wEon St e =l
ouTpUT MEMW 4] F7— A e ouat
MARK OUTPUT MARK ~—[5} 36— TC COUNT.
READY INPUT READY —[§] 135]+— A3
HOLD ACKNOWL: 1 pp —. 52— A | \QRRESS
ESS . A, | OUTPUTS
STOROBE ourpggs‘\SDSTB'— = 33— A | §Y]
ENABLE QUTPUT AEN —L9] a 32— Ao
g § R
eyt S L} 3 30— Do
CLOCK INPUT CLK —[12] o 29— D DATA
o
RESET INPUT RESET —[13 128]— D INPUT/
ACKNOWLE eDe | DA 114 27— 0
PUT 2.3 | DACK; —[Tg] 126]+— D4
— - OMA AC:
DRQs 25 DACK“}KNOWLEDGE
DMA | pra, —[T7 [52]— BcK; | UTAUTS
REQUEST 0]
INPUT 0~3 | DRQ: —[T§] 23— s oATA
DRQo —[19] [22]— Ds INeuTS/
GROUND  GND 21D,
Outline 40P4

from the CPU, it sends a DMA acknowledge signal to the
channel with the highest priority, starting DMA operation.
During DMA operation, the contents of the high-order 8 bits
of the transfer memory address are transmitted to the
M5L8212P address-latch device through pins Do~ D;. The
contents of the low-order 8 bits are transmitted through pins
Ao ~ A;. After address transmission, DMA transfer can be
started by dispatching read and write signals to the memor-
ies and peripherals.

BLOCK DIAGRAM( v - - - - - —
5 g )
V) Vee oo ] {9DRQ DMA REQUEST
(ov) GND 16-BIT ADDRESS N T .CH-O
DMA ACKNOWLEDGE
D, 8 —>1  REGISTER DACKo qirp
Ds |
Ds T
D. _ DATA BUS — . CH-1 DRQ; DMA REQUES
DATA INPUTS/OUTPUTS D: BUFFER 8 , 16-BIT ADDRESS {)TA';%KI%WIEDGE
Do 8 1 -1  REGISTER DACK: eyt CH-1
D1 1 i
Do X DMA REQUEST
I/0 READ INPUT/OUTPUT 175 RQ p 16-BITCED%)RESS DRQ2  |NpUT CH-2
1/0 WRITE INPUT/OUTPUT T70 W@ 8 [ | " RecisTER DACK: gm é?“é‘,?‘ﬁ’“"“
CLOCK INPUT CLK READ/WRITE —T h
RESET AD/W 7
RESET INPUT . RES \DAwR 8 Tha {)DRQs DMA REQl_JaEST
20 * 16-BIT ADDRESS DV ACKNONLEDGE
ADDRESS INPUTS/OUTPUTS ‘ N TBE%IJAL 8 +~]  REGISTER 19 DACKs  i1pyt oH3
A3 BUS . |
CHIP SELECT INPUT TS(@D
TERMINAL COUNT
A (3D { TC 0
ADDRESS OUTPUTS :: L] prioRiTY MARK MARK OUTPUT
A7 RESOLVER
CONTROL |
READY INPUT READY (€ LOGIC
HRQ OUTPUT  HRQ() 8
HLDA INPUT HLDA (7)) AND
MEMORY READ OUTPUT MEMR (3) 4 MODE SET
MEMORY WRITE OUTPUT MEMW (4 REGISTER |
ADDRESS ENABLE OUTPUT  AEN(Z
ADDRESS STROBE OUTPUT ADSTB (8
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OPERATION

/O Read Input/Output (/OR)

When the M5L8257P-5 is in slave-mode operation, this
threestate, bidirectional pin serves for inputting and reads
the upper/lower bytes of the 8-bit status register or 16-bit
DMA address register and the high/low order bytes of the
terminal counter.

In the master mode, the pin gives control output and is
used to obtain data from a peripheral equipment during the
DMA write cycle.

/O Write Input/Output (I/OW)

This pin is also of the three-state bidirectional type. When
the M5L8257P-5 is in slave-mode operation, it serves for in-
putting and loads the contents of the data bus on the upper/
lower bytes of the 8-bit status register or 16-bit DMA
address register and the upper/lower bytes of the terminal
counter.

Memory Read Output (MEMR)

This active-low three-state output is used to read data from
the addressed memory location during DMA read cycles.
Memory Write Output (MEMW)

This active-low three-state output is used to write data into
the addressed memory location during DMA write cycles.
Mark Output (MARK)

This signal notifies that the DMA transfer cycle for each
channel is the 128th cycle since the previous MARK autput.
Ready Input (READY)

This asynchronous input is used to extend the memory read
and write cycles in the M5L8257P-5 with wait states if the
selected memory requires longer cycles.

Hold Acknowledge Input (HLDA)

This input from the CPU indicates that the system bus is
controlled by the M5L8257P-5.

Address Strobe Output (ADSTB)

This output strobes the most significant byte of the memory
address into the M5L8212P 8-bit input/output port through
the data bus.

Address Enable Output (AEN)

This signal is used to disable the system data bus and sys-
tem control bus by means of the bus enable pin on the
M5L8228P system controller. It may also be used to inhibit
non-DMA devices from responding during DMA cycles.

Hold Request Output (HRQ)

This output requests control of the system bus. HRQ will nor-
mally be applied to the HOLD input on the CPU.
Chip-Select Input (CS)

This pin is active on a low-level. It enable the IORD and
IOWR signals output from the CPU, when the M5L8257P-5 is
in slave-mode operation.

In the master mode, it is disabled to prevent the chip
from selecting itself while performing the DMA function.
Clock Input (CLK)

This pin generates internal timing for the M5L8257P-5 and is

.connected to the $ ,(rr) output of the M5L8224P-5 clock

generator.

Reset Input (RESET)

This asynchronous input clears all registers and control lines
inside the M5L8257P-5.

DMA Acknowledge Outputs (DACKO~DACK3)

These active-low outputs indicate that the peripheral equip-
ment connected to the channel in question can execute the
DMA cycle.

DMA Request Inputs (DRQ0O~DRQ3)

"These independent, asynchronous channel-request inputs

are used to secure use of the DMA cycle for the peripherals.
Data-Bus Buffer

This three-state, bidirectional, 8-bit buffer interfaces the .
M5L8257P-5 to the CPU for data transfer. During a DMA cy-
cle the upper 8 bits of the DMA address are output to the
M5L8212P latch device through this buffer.

Address Inputs/Outputs (Ay;~Aj)

The four bits of these input/output pins are bidirectional.
When the M5L8257P-5 is in slave-mode operation, serve to
input and address the internal registers. In the case of mas-
ter operation, they output the low-order 4 bits of the 16-bit
memory address.

Terminal Count Output (TC)

This output signal notifies that the present DMA cycle is the
last cycle for this data block.

Address Inputs/Outputs (A;~A;)

These four address lines are three-state outputs which con-
stitute bits 4 through 7 of the memory address generated by
the M5L8257P-5 during all DMA cycles.
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Register Initialization :
Two 16-bit registers are provided for each of the 4 channels.
DMA Address register

15 0
Ais Aig A1z Az Ay Ao Ag Ag A7 As As Ay As Az A Aﬂ

DMA TRANSFER STARTING ADDRESS

Terminal count register

15 1413 0
[Rd Wr[Ci3 12 Cii Gio Cs Cs C7 Gs Cs G4 Cs C2 Ci Go

DMA MODE NUMBER OF TRANSFERRED BYTES—1

The DMA transfer starting address, number of transferred
bytes, and DMA mode are written for each channel in 2
steps using the 8-bit data bus. The lower-order and upper-
order bytes are automatically indicated by the firstlast flipf-
lop for the writing and reading in 2 continuous steps.

"The DMA mode (read, write, or verify) is indicated by
the upper 2 bits of the terminal count register. The read
mode refers to the operation of peripheral devices reading
data out of memory. The write mode refers to data from
peripheral devices being written into memory. The verify
mode sends neither the read nor the write signals and per-
forms a date check at the peripheral device.

In addition to the above-mentioned registers, there is a
mode set register and a status register.

Mode set register (write only)
7

[ AL Trecs ] ew [ mre [ Ens [ EN2 [ ENI |

0
ENO |

ADDED FUNCTION SETTING BITS CHANNEL ENABLE BITS

Status Register (read only)
7 0
[ o 0 0 UuP TC3 TC2 TGl TCO

The upper-order 4-bits of the mode set register are used to
select the added function, as described in Table 1. The low-
er-order 4-bits are mask kits for each channel. When set to
1, DMA requests are allowed. When the reset signal is input,
all bits of the mode set and status registers are reset and
DMA is inhibited for all channels. Therefore, to execute
DMA operations, registers must first be initialized. An exam-
ple of such an initialization is shown below.

MODESET:
MVI A, ADDL : :
OUT 00#: Channel 0 lower-order-address -
MVI A, ADDH
OUT 00%#: Channel 0 upper-order address
MVI A, TCL
OUT 01#: Channel 0 terminal count lower-order
OUT 01#: Channel 0 terminal count upper-order
MVI A, XX
OUT 08%#: Mode set resister

As can be seen from the above example, until the contents
of the address register and terminal count register become
valid, the enable bit of the mode set register must not be
set. This prevents memory contents from being destroyed by
improper DRQ signals from peripheral devices.

DMA Operation Description

When a DMA request signal is received at the DRQ pin from
a peripheral device after register initialization for a channel
that is not masked, the M5L8257P-5 outputs a hold request
signal to the CPU to begin DMA operation (S;).

The CPU, upon receipt of the HRQ signal, outputs the
HLDA signal which reserves capture of the bus after it has
executed the present instruction to place this system in the
hold state.

When the M5L8257P receives the HLDA signal, an inter-
nal priority determining circuit selects the channel with the
highest priority for the beginning of data transfer (Sy).

Upon the next S; state, the address signal is sent. The
lower-order 8-bits and upper-order 8-bits are sent by means
of the Ay~ A; and Dy~ Dy pins respectively, latched into the
M5L8212P and output at pins Ag~Ass. Simultaneous with this,

. the AEN signal is output to prohibit the selection of a device

not capable of DMA.

In the S; state, the read, extended write, and DACK sig-
nals are output and data transferred from memory or a
peripheral device appears on the data bus.

In the S; state, the write signal required to write data
from the bus is output. At this time if the remaining number
of bytes to be transferred from the presently selected chan-
nel has reached 0, the terminal count (TC) signal is output.
Simultaneously with this, after each 128-byte data transfer a
mark signal is output as required. In addition, in this state
the READY pin is sampled and, if low, the wait state (Sy) is
entered. This is used to perform DMA with slow access
memory. devices. In the verify mode, READY input is
ignored. -
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In the S, state, the DRQ and HLDA pins are sampled at Memory Mapped 1/O
the end of a transferred byte as the address signal, control When using memory mapped 1/0, it is neccessary to change
signais, and DACK signal are held to determine if transfer the connections for the control signals.
will continue.

As described above, transfer of 1 byte requires a mini-
mum of 4 states for execution. For example, if a 2MHz clock
input is used, the maximum transfer rate is 500k byte/s.

/0 RD MEM RD
70 WR MEM WR
MEM RD i70 RD

RESET

MEM WR 70 WR
° SYSTEM BUS M5L8257P-5
oL
DRQ Fig. 2 Memory mapped I/0
HLDA . -
HLDA ‘ Also, the read mode and write mode specifications for set-
ting the mode of the terminal count are reversed.

o
o

READY+

VERIFY
84
DRQ - HLDA Y
DRG+HLDA

Fig. 1 DMA Operation state transition diagram
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INTERNAL REGISTERS OF THE M5L8257P-5

Ao~Ass

Upper
D: Dj

Lower

Dy De Ds D, Dy Do D; D¢ Ds Dy D3 D, Dy Do

[A15|A\4|A13’A12|An|A10| Ag ‘ As | A7IA5 l As | Aq | As ‘ Az | A l Ao| DMA address

channel-0
[ra|wrlcis[ci|cn]ci] o] ce] cr [ cs| s culcalc.[ i [ o] terminal count
[Am\rAm[AulAuiAn lA|o| As | Asg | Az | As | As ‘ A4 I As [Az | A | A°| DMA address
channel-1
[Ra|wrci[ciz|cn]ci co|ca] e | Cs| cs| ca] ca] 2 ci|co]  terminal count
[Ais | Ara| Ais [ Az | A [Avo] Ao | A [ A7 ] A [ As | Ad[ A [ A2 [ A [ A|  DMA address
channel-2
‘ [Rd|Wr|Cis[Ciz|Cni[Cio| Co | Ga| Cr | G| Cs | Ca| Cs| c2] G ] ol terminal count
[Ais A A[ Al An [Ao] A [ As] A [ A [ As] Ac ] As [ A2 [ A [ A]  DMA address
channel-3 .
[Rd|wr|cis[Cizlcn|Cio] Co| Ca| Cr| Gs| Cs| Cal Cs| o ci|Co|  terminal count
[ AL [Tos|ew | re |ens|enz]ent|eno]  Mode setting (for write only)
[o]o]o]up|rcsfrca|tci|roo]  status (for read oniy)
. Address of the memories for which DMA will be carried out from now on. In mntnallzatlon DMA start addresses must be written.

Co~Ci3 . Terminal counts-in this IC (the number of remaining transfer bytes minus 1)
Rd. Wr . Used for DMA-mode-.setting by the following convention:
Rd Wr Mode to be set
0 0 DMA verify
0 1 DMA write
1 0 DMA read
1 1 Prohibition
AL . Automatic load mode. When this bit has been set, contents of the channel 3 register are written, as are on the channel 2 register when
“channel 2 DMA transfer comes to an end. This mode allows quick, automatic chaining operations without intervention of the software.
EW . Extended write signal mode. When this bit has been set, write signals can be transmitted in advance to memories and peripheral equip-
ment requiring long access time.
TCS . Terminal count stop. When a DMA transfer process is complete, with terminal-count output, the channel-enable mask of that channel is re-
set, prohibiting subsequent DMA cycles.
RP . Rotating priority mode. The setting of this mode allows the priority order to be rotated by each byte transfer.
Channel used for the present data transfer CH-0 CH-1 CH-2 CH-3
1 CH-1 CH-2 CH-3 CH-0
2 CH-2 CH-3 CH-0 CH-1
Priority list for the next cycle
3 CH-3 CH-0 CH-1 CH-2
4 CH-0 CH-1 CH-2 LCH-3-
ENO~EN3 : Channel-enable mask. This mask prohibits or allows the DMA request.
upP . Update flag. This is set when register contents are transferred in an automatic load mode from channel 3 to channel 2.
TCO~TC3 : Terminal-count status flags: At the time of terminal-count output, the flag corresponding to the channel is set.
4—66 ~'MITSUBISHI
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REGISTER ADDRESS

Address input

F/L Register
A3 Az A Ao
0 0 0 0 0 channel 0 DMA address Low-order
0 0 0 0 1 channel 0 DMA address High-order
0 0 0 1 0 channel 0 terminal count Low-order
0 0 0 1 1 channel 0 terminal count High-order
0 0 1 0 0 channel 1 DMA address Low-order
0 0 1 0 1 channel 1 DMA address High-order
0 0 1 1 0 channel 1 terminal count Low-order
0 0 1 1 1 channel 1 terminal count High-order
0 1 0 0 0 channel 2 DMA address Low-order
0 1 0 0 1 channel 2 DMA address High-order
0 1 0 1 0 channel 2 terminal count Low-order
0 1 0 1 1 channel 2 terminal count High-order
0 1 1 0 0 channel 3 DMA address Low-order
0 1 1 0 1 channel 3 DMA address High-order
0 1 1 1 0 channel 3 terminal count Low-order
0 1 1 1 1 channel 3 terminal count High-order
1 0 0 0 0 Mode Setting (for Write Only)
1 0 0 0 0 Status (for Read Only)

F/L © First/last flip-flop. This is toggled when program and register-read operations for each channel are finished, and specifies whether the next
program or read operation is to be for the upper bytes or the lower bytes. This means that write and read operations for each register must be
carried out for a set of lower and higher bytes.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vce Power-supply voltage —0.5~7 \'
V, Input voltage / With respect to GND —0.5~7 \
Vo Output voltage . —0.5~7 V.
Pd Power dissipation (max.) Ta=25C 1000 mW
Topr Operating free-air temperature range —20~75 C
Tstg Storage temperature range —65~150 C

RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, unless otherwise noted)
Limits
Symbol Parameter Vin Nom MaTJ Unit
Vce Power-supply voltage 4.75 5 5.25 \%
Vss Power-supply voltage (GND) 0 \Y
Vg High-level input voltage 2 Vect0.5 \'
Vi Low-level input voltage —0.5 0.8 \ \
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Voc="5V*5 %, unless otherwise noted)
Limits .
Symbol Parameter Test conditions - Unit
Min Typ Max
Vor Low-level output voltage lor=1.6mA 0. 45 \
Voui High-level output voitage for AB, DB and AEN lop==—150uA 2.4 Vce \%
Vomz High-level output voltage for HRQ o= — 802 A 3.3 Vce \%
Vons High-level output voltage for others o “ 2.4 Vce \%
lcc Power-supply current from Vgc 120 mA
I Input current Vi=V¢c~0V —10 10 #A
loz Off-state output current V,=V¢c~0V —10 10 uA
G, Input capacitance Ta=25C, Veo=Vss=0V 10 pF
Pins other than that under measurement are set
Cio Input/output terminal capacitance to 0V, fe=1MHz 20 pF
TIMING REQUIREMENTS (Ta=—20~75C, Voc=5V£5%, Vss=0V, Vyy=Vou= 2V, V, .=V, =0.8V, unless otherwise noted)
Alternative . Limits .
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tw(r) Read pulse width Trr 250 ns
:Saﬁegfg) Address or CS setup time before read Tar 0 ns
thira) Address or CS hold time after read Tra 0 ‘ ns
tsu(r—pq) | Date setup time before read Trp 0 200 ns
th(r—pq) | Data hold time after read Tor 20 100 ns
twiw) White pulse width Tww 200 ns
tsu(a—w) | Address setup time before write Taw 20 ns
th(w—a) Address hold time after write Twa 0 ns
tsu(pa—w)| Data setup time before write Tow Co=150pF 200 ns
th(w—paq) | Data hold time after write Two 0 ns
tw(rsT) Reset pulse width Tastw 300 ns
tsu(vec—nsT) | Supply voltage setup time before reset TrstO 500 “S
tr Input signal rise time Ty 20 ns
tf Input signal fall time Ti 20 ns
tsu(rsT-w) | Reset setup time before write Trsts 2 tc(#)
tecs) Clock cycle time Tev 0.32 4 us
twis) Clock pulse width Te 80 0.8tc(4) ns
| tsuiora—¢) | DRQ setup time before clock Tas 70 ns
th(nLoa—pra) | DRQ hold time after HLDA Tau 0 ns
tsucnoa—#) | HLDA setup time before clock Tus 100 ns
tsurov—#) | Ready setup time before clock Trs © 30 ns
th ¢ —roY) Ready hold time after clock Tru 20 ns
Note 1 : Measurement conditions: M5L8257P C._=100pF, M5L8257P-5 C_ =150pF
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SWITCHING CHARACTERISTICS (Ta=—20~75T, Voc=5V+5%, Vss=0V, Vou=2V, Vo_=0. 8V, unless otherwise noted) (Note2)

Alternative . Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
t -
PLH(#—HRQ) | probagation time from clock to HRQ (Note3) Toa 160 ns
teHL( —HRQ)
t -
PLH(# —HRQ) Propagation time from clock to HRQ (Note5) Toa 250 ns
teHL( # —HRQ)
teLn(#—aen) | Propagation time from clock to AEN (Note3) TaeL 300 ns
tPHL( # —AEN) Propagation time from clock to AEN (Note3) Taer 200 ns
tpzv(AEN—A) Propagation time from AEN to address active (Note6) Taea 20 ns
tozv( ¢ —A) Propagation time from clock to address active (Note4) Teass 250 ns
tevz(¢ —a) | Propagation time from clock to address floating (Note4) | Tarae 150 ns
teLn(# —a) | Address setup time after clock (Noted) Tasm 250 ns
N . toun(s -
h(¢—a) Address hold time after clock (Noted) TaH 50 ns
AT
th(r—a) Address hold time after read (NoteG) TAHR 60 ns
thow—a) Address hold time after write (Note6) Tanw 300 ns |
tezv( ¢ —pa) | Propagation time from clock to data active Teane 300 ns
tpvz( 4 —pq) | Propagation time from clock to data floating (Note4) TaroB tenL(4 = ' 170 ns
aste)+20
tpHL(A—ASTB) Propagation time from address to address strobe (Noted) Tass 100 ns
thcaste—a) | Propagation time from address strobe to address hold (Note6) Tans 50 ns
tpLH( # —ASTB) Propagation time from clock to address strobe (Note3) | Tgr. : 200 ns
tpHL( # —ASTB) Propagation time from clock to address strobe (Note3) | Tgrr 140 ns
. tecs)
tw(asTe) Address strobe pulse width (Note6) Tsw ~100 ns
teHiL(as—R) | Propagation time from address strobe to read or
" Tasc 70 ns
teHL(as—we) | extended write (Note6)
th(oa—r) Read or extended write hold time after data
T 20 ns
th(ca—we) | (Note6) pee
:PLH(’_DACK) Propagation time from clock to DACK or TC/MARK T . 250 ns )
PHL($ —TC/MARK) (Note3, 7) AK
tpLH($ —TC/MARK)
t -
tPHL( # =R | propagation time from clock to read, write' or extended T 200 ns
PHLCE =W | write (Noted, 8) poL
terL( 4 —we)
teLn( ¢ —R) Propagation time from clock to read or write o
T 200 ns
teLn( s —w) (Notes4, 9) per .
t, — Propagation time from clock to read active or write
PZV($ —R) AP g Teac 300 ns
tezv(# —w) | active (Noted)
tevz(¢ —R) Propagation time from clock to read floating or
) . Tarc 150 ns
tpvz($ —w) | write floating (Noted)
2t
tw(r) Read pulse width (Note6) Tram : cté) ns ns
tw(#)—50
t
twiw) Wirite pulse width (Note6) Twwwm c_<5¢0) ns
2tc(s)
tw(we) Extended write pulse width Twwme 50 ns
Note 2 @ Reference level is Vou=3.3V Note 6 : Tracking specification
3 1 Load=1TTL . 7 1 Btpis —pack)<50nS, Atpui( ¢ —Te/mark)<50NS, AteLu( ¢ —tc/mark) <50NS
4 : Load=1TTL+50pF 8 | Atpu(¢—r)<90ns, Atpni(s —w)<50nS, Atpni(s—we)<50ns
5 . Load=1TTL+(R_.=3.3kQ), 9 I Atprn(s—r)<50ns, AtpLu(s —w)<50ns
Vou=3.3V
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TIMING DIAGRAMS

DMA Mode
slslslslslslslslslslsls|sls
tsu(ora—¢ e | - .
‘ e twg) e tsu(pra—9¢)
DRQo~DRQs f : \
" /
. tPLH(s—HRQ) e tPHL(¢—HRQ)
HRQ ; k=1 th(HLDA—DRQ) /
tsu(HLDA—¢)
-t
HLDA \ f

tpLH(s—AEN) teHL(g—AEN)
AEN f
thzv(s—n) —>14 e tsu(s—n) tevz(s—a)
Ao~Ay :
(LOWER ADDRESS)

tpzv(s_pa) g fex tPvz(s—Da) sia{th(s—n) emthiasTE-A)
Do~D; 74 »
(UPPER ADDRESS)
teLH(g—asTB) 9—# *I teHL(g—ASTE) terL(a—asTB)
ADST! .
os im t

| teLH(s—DACK)

= | touL(s—DACK) > >t tpHL(ASTB—R)
tpHL(ASTB—WE) —
DACKo~_ . '\ v
DACK3 T
tezvis—p) =r=— L tPLH(4-R) —
MEMR/I70 R : - Z \_ j S* [
toHL(s—W)
‘PH:.(¢—R)<-—>I et >t toLn(4-w) tovz(s-R)

. A)

MEMW/170 W 7 \
{SU(RDY—¢) je>te->] th(s—RDY)

READY i f -\ / \

tPLH(¢—TC/MARK) tPHL($—TC/MARK)
TC/MARK ‘ / \

Slave Mode (Reference voltage: “H"=2V “L"=0.8V)

Read Write tsutcs—w) A—j thiw—cs)
TS ¢ cs
tsu(cs—r) le—s| th(r_cs)

. X K . X
twia—R) tw(r) | tsuia-w) | thw—r)
e th(r—a) L . te

R £ -
I70R Do~D7 X %

1
. tsu(r<bQ) th(rR—pa) ) tsu(po—w) 4
Do~D; @ I/OW

tw(rs)

h(w—pa)

twiw)
tsu(rsT—w)

tsu(vee—RsT)

VCC X‘
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s lslslslsls|ls|s|iss|s|sw|swls|s|s|s
AYAVAVAVAVAWAWE WAWAW AYAYAWAWEL
tsu(pra-#)
X - = ——— - '\- DRQo~DRQ3;

\ ’ ‘ \ HRQ

tsu(HLDA—8) —>—=—tsu(nLoa—¢)

A
7F \ HLDA
A

tetw(gp—pey | mTmTE==

tpzv(AEN—A)

—qu—_—' @ < : »mAgoc;gssss)
LD 24

Do~Dy
(UPPER ADDRESSES)

tw(asTe)

’ \ ADSTB

/ , \ ' [ DACKo~
th(pa-r) . DACKj;

:

th(oa-we) j=—>{ th(r—n)
- \ /_ /M MEMR/I/OR
thiw—a)
D\ ST
— \ ﬁ F N\ /4 \_ 1 / MEMW/170
m tsu(rov—¢) k<~ th(s_RrDY)
/ \ \ f_\ READY
’ \ ’ \ TC/MARK
Note 1 :

The center line indicates a floating
(high-impedance) state.
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MS5L8259AP

DESCRIPTION

The M5L8259AP is a programmable LS! for interrupt control.
It is fabricated using N-channel silicon-gate ED-MOS tech-
nology and is designed to be used easily in connection with
an 8085A, 8086 or 8088.

FEATURES

® Single 5V supply voltage

TTL compatible

CALL instruction to the CPU is generated automatically
Priority, interrupt mask and vectored address for each in-
terrupt request input are programmable

Up to 64 levels of interrupt requests can be controlled by
cascading with M5L8259AP

Polling functions

APPLICATION
The M5L8259AP can be used as an interrupt controller for
CPUs 8085A, 8086 and 8088

FUNCTION
The M5L8259AP is a device specifically designed for use in
real time, interrupt driven microcomputer systems. It man-
ages eight level requests ‘and has built-in features for ex-
pandability to other M5L8259APs. The priority and interrupt
mask can be changed or reconfigured at any time by the
main program.

When an interrupt is generated because of an interrupt
request at 1 of the pins, the M5L8259AP based on the mask

PIN CONFIGURATION (TOP VIEW)
CHIP SENBUT T5—[] ~ 7 Voo(5V)
controL gt WA —[2] [ nopmess InpuT
controL eyt A0~ 3] :I‘_INTAI/}\‘CP’EJNrOWLEDGE
D; «—[4] 25 — IR,
Ds = [3] 5 20 — IR
Ds «»E % %o—ms
BIDIRECTIONAL | D+ L7 o 20— IR: | INTERRUPT
‘ UEST
DATABUS| D, + [g] o ] ir, INP%TSS
D; = [3] o 20 IR,
Dy +[i0 19— IR
>0 8P Jueosuer
CASCADE [CASo~—[12 7] —INT O -
LINES \cAs, — [ jHSP/EN M@g -
(ov)vss  [14] [15] — CAS, EASECADE
Outline 28P4

and priority will output an INT to the CPU. After that, when
an INTA signal is received from the CPU or the system con-
troller, a CALL instruction and a programmed vector address
is released onto the data bus.

BLOCK DIAGRAM

INTERRUPT

- D7
ACKNOWLEDGE INPUT TNTA @9~ 8 &g
INTERRUPT CONTROL LOGIC (&0,
REQUEST output 'NT @ DATA BUS 34 BIDIRECTIONAL DATA BUS
3
(9)D>
J(s ] %s o:
(IDDo
INTERRUPT} o In service] s '
INTERRUPT §§§.§$§E 7 Ff;;gﬂ/TEvR_"' REGISTER READ/WRITE[™ (VR WAITE CONTROL INPUT
REQUEST INPUTS (RR) (1R) t—] CONTROL (3)RD READ CONTROL INPUT
: LoGIC @)Ao ADDRESS INPUT

I i

i

CASCADE
Voo(5V) @) INTERRUPT MASK REGISTER |5 | Secen @)CAs, [ CASCADE LINES
Vss(0v) @ (IMR) COMPARATORL s,
' (©5F/EN
SLAVE PROGRAM INPUT/
- - - - - ENABLE BUFFER OUTPUT
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PIN DESCRIPTION

Input or
Symbol Pin name P Functional significance
output
cs Chip select input Input This input is active at low-level, but may be at high-level during interrupt request input and interrupt processing.
WR Write control input Input Command write control input from the CPU
RD Read control input Input | Data read control input for the CPU
. Input/
D;~Dg Bidirectional data bus our:put Data and commands are transmitted through this bidirectional data bus to and from the CPU.
CAS Input/ These pins are outputs for a master and inputs for a slave. And these pins of the master will be able to
20A30 Cascade lines our: ut address each individual slave. The master will enable the corresponding slave to release the device routine
P address during bytes 2 and 3 of INTA.
SP/EN Slave program input/ Input/ | SP: In normal mode, a master is designated when SP/EN=1 and a slave is designated when SP/EN=0.
Enable buffer output output EN: In the buffered mode, whenever the M5L8259AP’s data bus output is enabled, its SP/EN pin will go low.
INT Interrupt request output| Output | This pin goes high whenever a valid interrupt is asserted.
The asynchronous interrupt inputs are active at high-level. The interrupt mask and priority of each interrupt
input can be changed at any time. When using edge triggered mode, the rising edge (low to high) of the
IR;~1Rg Interrupt request input Input . P 9 'y 9 edg . 99 L 9 . ge ( o) X
. interrupt request and the high-level must be held until the first INTA. For level triggered mode, the high-
level must be held until the first INTA.
INTA Interrupt acknowledge Input When an interrupt acknowledge (INTA) from the CPU is received, the M5L8259AP releases a CALL instruc-
input P tion or vectored address onto the data bus.
. This pin is normally connected to one of the address lines and acts in conjunction with the the CS, WR and
Ag Ao address input Input — . . .
RD when writing commands or reading status registers.

Table 1 M5L8259AP basic operation

The M5L8259AP is interfaced with a standard system bus as

shown in Fig. 1 and operates as an interrupt controller. Ao | D: | D; |RD|WR| CS Input operation (read)
0 0 1 0 | IRR, ISR or interrupting level—data bus
16 ADDRESS BUS 0 1 0 | IMR—Data bus
Output operation (write)
0 0 0 1 0 0 | Data bus—~OCW?2
CONTROL BUS
0 0 1 1 0 0 | Data bus—~OCWS3
0|1 !X | 1|0/ 0 |Databus—ICWI
8 DATA BUS . 1] x| x| 1] 0] 0| Databus—0OCWI, ICW2, ICW3, ICW4
8 Disable function
i) i ! X X I X 1 1 0 | Data bus—High-impedance
CS Ay D/~Dy RD WR INT INTA X | X | X | X | X | 1 | Databus—High-impedance
CASq f=—=
A CASCADE
M5L8259AP S [uines
CASy f=—>
SP/EN IR; IRs IRs IRs IR3 IRz IRy IRg
SLAVE PROGRAM INTERRUPT REQUEST INPUTS
INPUT/ ENABLE
BUFFER OUTPUT
Fig. 1 The M5L8259AP interfaces to standard system
bus.
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Interrupt Sequence
1. When the CPU is an 8085A:

(1) When one or more of the interrupt request inputs are
raised high, the corresponding IRR bit(s) for the high-
level inputs will be set.

(2) Mask state and priority levels are considered and, if
‘appropriate, the M5L8259AP sends an INT signal to
the CPU.

(3) The acknowledgement of the CPU to the INT signal,
the CPU issues an INTA pulse to the M5L8259AP.

(4) Upon receiving the first INTA pulse from the CPU, a
CALL instruction is released onto the data bus.

(5) A CALL is a 3-byte instruction, so additional two
INTA pulses are issued to the M5L8259AP from the
CPU.

(6) These two INTA pulses allow the M5L8259AP to re-
lease the program address onto the data bus. The
low-order 8-bit vectored address is released at the
second INTA pulse and the high-order 8-bit vectored
address is released at the third INTA pulse. The ISR
bit corresponding to the interrupt request input is set
upon receiving the third INTA pulse from the CPU,
and the corresponding IRR bit is reset.

(7) This completes the 3-byte CALL instruction and the
interrupt routine will be serviced. The ISR bit is reset
at the trailing edge of the third INTA pulse in the
AEOI mode. In the other modes the ISR bit is not re-
set until an EOl command is issued.

'R_I_I\‘\IRR SET

NTA 1 2
INTA
IRR RESET
I I | j /‘ ISR RESET
ISR SET (AEOI MODE)

2. When the CPU is an 8086 or 8088:
(1) When one or more of the interrupt request inputs are

IR
T~ ser

iNTA | ' 2
/L_Kmn

RESET
1SR SET ISR RESET (AEOI MODE)

The interrupt request input must be held at high-level un-
til the first INTA pulse is issued. If it-is allowed to return to
low-level before the first INTA pulse is issued, an interrupt
request in IR; is executed. However, in this case the ISR bit
is not set. ! .

This is a function for a noise countermeasure of interrupt
reguest inputs. In the interrupt routine of IR, if ISR is check-
ed by software either the interrupt by noise or real interrupt
can be acknowledged. In the state of edge trigger mode
normally the interrupt request inputs hold high-level and its
input low-level pulse in the case of interrupt.

Interrupt sequence outputs

1. When the CPU is an 8085A:
A CALL instruction is released onto the data bus when
the first INTA pulse is issued. The low-order 8 bits of the
vectored address are released when the second INTA
pulse is issued, and the high-order 8 bits are released
when the third INTA pulse is issued. The format of these
three outputs is shown in Table 2.

Table 2 Formats of interrupt CALL instruction and vec-
tored address
First INTA pulse (CALL instruction)

De Ds D4 D; .= D Dy Do

D,
Lo [ v Tofof v T 1 ]ol]

_Second INTA pulse (low-order 8-bit of vectored address)

raised high, the corresponding IRR bit(s) for the high- IR Interval= 4

level inputs will be set. D7 | Ds | Ds | Ds | By | D2 | Dy Do
(2) Mask state and priority levels are considered and if IRo A7 As | As 0. 0 0 0 0

appropriated, the M5L8259AP sends an INT signal to | IR, A; As As 0 0 1 0 0

the CPU. ) IRz | Ay As As 0 1 0 0 0
(3) As an acknowledgement to the INT signal, the CPU IRs As As As 0 1 1 0 0

issues an INTA pulse to the M5L8259AP. Re | A As As 1 0 ) 0 0
(4) Upon receiving the first INTA pulse from the CPU, IRs Ay As As K 0 1 0 0

the M5L8259AP d.oes.not drive the data bus, and the 1R A Ao A ] 1 0 0 0

data bus keeps hlghinﬂedance state. R ~ e . ] ] ] 0 0
(5) When the second INTA pulse is issued from the

CPU, an 8-bit pointer is released onto the data bus.
(6) This completes the interrupt cycle and the interrupt

routine will be serviced. The ISR bit is reset at the

trailing edge of the second INTA pulse in the AEOI

mode. In the other modes the ISR bit is not reset un-

til an EOl command is issued from the CPU.
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R Interval=8
D, Dg Ds D4 D3 D2 D, Do

IRo A; As 0 0 0 0 0 0
IR, Ay As 0 0 1 0 0 0
IRz As As 0 1 0 0 0 0
IR3 Ay As 0 1 1 0 0 0
IR4 Ay As 1 0 0 0 0 0
IRs Ay As 1 0 1 0 0 0
IRe Ay As 1 1 0 0 0 0
IR7 Ay As 1 1 1 0 0 0

Third INTA pulse (high-order 8 bits of vectored address)

Ds D5 D4 D3 Dz D1 DO
l Ava | Az | Arz | Ay | Aro I Ag | As |

D7
IJ15
2. When the CPU is a 8086 or 8088:

The data bus keeps a high-impedance state when the

first INTA pulse is issued. Then the pointer T;~Tj is re-

leased when the next INTA pulse is issued. The content
of the pointer T;~Tj is shown in Table 3. The T.~T, are

a binary code corresponding to the interrupt request

level, Ajp ~ As are unused and ADI mode control is

ignored.

Table 3 Contents of interrupt pointer
Second INTA pulse (8-bit pointer)

Dy De Ds D4 D3 D2 D, Do
IRo Ty Te Ts Ta T3 0 0 0
IR, Ty Te Ts Ta Ts 0 0 1
IRz Tz Te Ts Ta T3 0 1 0
1IR3 T7 Te Ts Ta T3 0 1 1
IR4 Tz Te Ts Ta T3 1 0 0
IRs T7 Te Ts Ty Ts 1 0 1
IRs | T; Te Ts Ta Ts 1 1 0
R, | Ty Te Ts Ta T3 1 1 1

Interrupt Request Register (IRR),
(ISR)
As interrpt requests are received at inputs IR;~IRo, the cor-
responding bits of IRR are set and as an interrupt request is
serviced the corresponding bit of ISR is set. The IRR is used
to store all the interrupt levels which are requesting service,
and the ISR is used to store all the interrupt levels which are
being serviced. The status of these two registers can be
read. These two registers are connected through the priority
resolver.
An interrupt requst received by IRp is acknowledged on
the leading edge when in the edge triggered mode or it is
~ acknowledged on the level when in the level triggered

In-service Register

mode. After that an INT signal is released and the interrupt
request signal is latched in the corresponding IRR bit if the
high-level is held until the first INTA pulse is issued. It is im-
portant to remember that the interrupt request signal must
be held at high-level until the first INTA pulse is issued.

The interrupt request latching in the IRR causes a signal
to be sent to the priority resolver unless it is masked out.
When the priority resolver receives the signals it selects the
highest priority interrupt request latched in IRR. The ISR is
set when the last INTA pulse is issued while the corres-
ponding bit of IRR is reset and the other bits of IRR are un-
affected.

The bit of ISR that was set is not reset during the inter-
rupt routine, but is reset at the end of the routine by the EOI
command (end of interrupt) or by the trailing edge of the last
INTA pulse in AEOI mode.

Priority Resolver

The priority resolver examines all of the interrupt requests
set in IRR to determine and selects the highest priority. The
ISR bit corresponding to the selected (highest priority) re-
quest is set by the last INTA pulse.

Interrupt Mask Register (IMR)

The contents of the interrupt mask register are used to mask
out (disable) interrupt requests of selected interrupt request
pins. Each terminal is independently masked so that mask-
ing a high priority interrupt does not influence the lower or
higher priority interrupts. Therefore the contents of IMR
selectively enable reading.

Interrupt Request Output (INT)

The interrupt request output connects directly to the inter-
rupt input of the CPU. The output level is compatible with
the input level required for the CPUs.

Interrupt Acknowledge Input (INTA)

The CALL instruction and vectored. address are released
onto the data bus by the INTA pulse.

Data Bus Buffer

The data bus buffer is a 3-state bidirectional data bus buf-
fer that is used to interface with the system bus. Write com-
mands to the MS5L8259AP, CALL instructions, vectored
addresses, status information, etc. are transferred through
the data bus buffer.

Read/Write Control Logic

The read/write control logic is used to control functions such
as receiving commands from the CPU and supplying status
information to the data bus.

Chip Select (CS)

The M5L8259AP is selected (enabled) when CS is at low-
level, but during interrupt request input or interrupt proces-
sing it may be high-level.

Write Control Input (WR)

When WR goes to low-level the M5L8253AP can be written.
Read Control Input (RD)

When RD goes low status information in the internal register
of the M5L8259AP can be read through the data bus.

4 MITSUBISHI
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Address Input (A,)
The address input is normally connected with one of the
address lines and is used along with WR and RD to control
write commands and reading status information.
Cascade Buffer/Comparator
The cascade buffer/comparator stores or compares identi-
fication codes. The three cascade lines are output when the
M5L8259AP is a master or input when it is a slave. The iden-
tification code on the cascade lines select it as master or
slave.
PROGRAMMING THE M5L8259AP
The M5L8259AP is programmed through the Initialization
Command Word (ICW) and the operation command word
(OCW) . The following explains the functions of these two
commands.
Initialization Command Words (ICW5g)
The initialization command word is used for the initial setting
of the M5L8259AP. There are four commands in this group
and the following explains the details of these four com-
mands.
ICW1
The meaning of the bits of ICW1 is explained in Fig. 3 along
with the functions. ICW1 contains vectored address bits A;~
As, a flag indicating whether interrupt input is edge trig-
gered or level triggered, CALL address interval, whether a
single M5L8259AP or the cascade mode is used, and
whether ICWA4 is required or not.

Whenever a command is issued with Ay=0 and Ds=1,

this is interpreted as ICW1 and the following will automati-

cally occur.

(a) The interrupt mask register (IMR) is cleared.

(b) The interrupt request input IR; is assigned the lowest
priority.

(¢) The special mask mode is cleared and the status read
is set to the interrupt request register (IRR).

(d) When 1C4=0 all bits in ICW4 are set to zero.

ICw2

ICW2 contains vectored address bits Ajs ~

type T7~Ts, and the format is shown in Fig. 3.

ICW3

When SNGL=1 it indicates that only a single M5L8259AP is

used in the system, in which case ICW3 is not valid. When

SNGL=0, ICW3 is valid and indicates cascade connections

with other M5L8259AP devices. In the master mode, a “1” is

set for each slave. )

When the CPU is an 8085A the CALL instruction is re-
leased from the master at the first INTA pulse and the vec-
tored address is released onto the data bus from the slave
at the second and third INTA pulses.

When the CPU is a 8086 the master and slave are in
high-impedance at the first INTA pulse and the pointer is re-
leased onto the data bus from the slave at the second INTA
pulse.

The master mode is specified when SP/EM pin is high-
level or BUF=1 and M/S=1 in ICW4, and slave mode is
specified when SP/EM pin is low-level or BUF=1 and M/S

Ag or interrupt

Ao D7 Ds Ds ' Dy Ds D, . Dy Do
owt | o | | & | & | ENEIE o1 |
ICWZI [AIS/T7 | AM/TEI Ai3/Ts l A12/Ty I An/Ts I Ao I Ag l Asg I

SINGLE YES(SNGL=1)
NO(SNGL=0)
ows| 1 | s | s | s [ s | [ s2/1D; | s1/10: [ so/10 |
|ow4\ NO(IC4=0)
YES(IC4=1)
owa | | o | o | o [sewm]| Bur | ws | aor| upm |
FULLY NESTED MODE
READY TO ACCEPT INTERRUPT

Fig. 2 Initialization sequence
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VECTOR ADDRESS.LOW-ORDER BITS
(A7~As)

(Note 1)

1: LEVEL TRIGGERED MODE
0. EDGE TRIGGERED MODE

1: CALL ADDRESS INTERVAL IS4
0: CALL ADDRESS INTERVAL IS8 | (Note 1)

1: SINGLE
0: CASCADE MODE

1: ICW4 NEEDED
0: NO ICW4 NEEDED

Nt;te1 : 8085A ONLY
Lo I a | A a | ILTIMI ADI ISNGLI IC4 I
Ao D7 Ds Ds D4 D3 D, Dy Do

VECTOR ADDRESS HIGH-ORDER BITS
(Ais~Ag)OR INTERRUPT TYPE (T7;~T5)

L 1 lA,s/T71A14/T5| As/Ts | ap/Te] Anms] Ao | A [ A ]

Ay Dy De Ds Dy D3 D> Dy Do
IcW2
1: IRn INPUT HAS A SLAVE
0: IRp INPUT DOES NOT HAVE A SLAVE
7 s [ s | s [ s [ s [ s [ s ]| s |
Ao D; De Ds Da D3 D. Dy Do SLAVE IDENTIFICATION CODE
ICW3 (MASTER DEVICE) o[1T2[3]4]s5]6]7
ofofolo[i "1
oJo 1]t Jolol1]n
o1 ol o1 o]

{7 [ o] o[ o] oo [m]| ]|
Ao D7 Ds Ds Ds D3 D, Dy Do
ICW3 (SLAVE DEVICE)

1: SPECIAL FULLY NESTED MODE
0: NOT SPECIAL FULLY NESTED MODE

0 X | NON BUFFERED MODE
1 0 | BUFFERED MODE/SLAVE
1 1 BUFFERED MODE/MASTER

1: AEOI MODE
0: NORMAL EOI MODE

1: 8086, 8088 MODE
0: 8085A MODE

| v ] o | o | o [sem|sur [ ws [ aeor]| uem |
Ao D7 Ds Ds [ D3 [ Dy Do
ICW4

Fig. 3 Initialization command word format
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=0 in ICWA4. In the slave mode, three bits ID,~ 1D, identify
the slave. And then when the slave code released on the
cascade lines from the master, matches the assigned ID
code, the vectored address is released by it onto the data
bus at the next INTA pulse.

ICW4

Only when IC4=1 in ICWI is ICW4 valid. Otherwise all bits
are set to zero. When ICW4 is valid it specifies special fully
nested mode, buffer mode master/slave, automatic EOl and
microprocessor mode. The format of ICW4 is shown in Fig. 3.
Operation Command Words (OCWys)

The dperation command words are used to change the con-
tents of IMR, the priority of interrupt request inputs and the
special mask. After the ICW are programmed into the

‘M5L8259AP, the device is ready to accept interrupt requests.
There are three types of OCWs; explanation of each follows,
and the format of OCWys is shown in Fig. 4..

OoCwi1

The meaning of the bits of OCW1 are explained in Fig. 4
along with their functions. Each bit of IMR can be indepen-
dently changed (set or reset) by OCW1. '
ocw2

The OCW2 is used for issuing EOl commands to the
M5L8259AP and for changing the priority of the interrupt re-
quest inputs.

OoCcws3

‘The OCWS3 is used for specifying special mask mode, poll
mode and status register read.

1: INTERRUPT MASK SET

1 [ [ [ ]

l 0: INTERRUPT MASK RESET

I B N T T S T T T
Ao D7 Ds Ds Dy D3 D, Dy Do
ocwi1

NON-SPECIFIC EOI

ROTATE ON NON-SPECIFIC EOI

—|=|=m|o|lo|lo|=|o

NQ OPERATION

SPECIFIC EOI (RESETS ISR BITS Ly~Ly)

1

1

1

0 | SETS AUTOMATIC ROTATION FLIP-FLOP

0 | RESET AUTOMATIC ROTATION FLIP-FLOP

1 | ROTATE ON SPECIFIC EOI (RESETS ISR BIT Ly~Lo)
0 { SETS PRIORITY COMMAND (SET LOWEST PRIORITY BIT Lo~L,)
0

}eol

AUTOMATIC ROTATION

} SPECIFIC ROTATION

ID LEVEL TO BE ACTED UPON

112
00
01
1]0

6
1
1
0

JEIy T N

—|o|=|o

4
1
0
0

—|=|o|lw

olo|o

0 X NO OPERATION
RESET SPECIAL MASK MODE
SETS SPECIAL MASK MODE

1: POLL COMMAND

0: NO POLL COMMAND
0 NO OPERATION
1 0 | SETS STATUS READ REGISTER IN IRR
1 1 | SETS STATUS READ REGISTER IN ISR
L o] o fesum[swm| o [ 1+ [ p [ ar [ws]
Ao D7 Ds Ds D4 D3 D, Dy Do
ocw3
Fig. 4 Operation command word format
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FUNCTION OF COMMAND

Interrupt masks

The mask register contains a mask for each individual inter-

rupt request. These interrupt masks can be changed by

programming using OCWI1.

Special mask mode

When an interrupt request is acknowledged and the ISR bit

corresponding to the interrupt request is not reset by EOI

command (which means an interrupt service routine is
executing) lower priority interrupt requests are ignored.

In special mask mode interrupt requests received at in-

terrupt request inputs which are masked by OCW1 are dis-
abled, but interrupts at all levels that are not masked are
possible. This means that in the mask mode all level of in-
terrupts are possible or individual inputs can be selectively
'programmed so all interrupts at the selected inputs are dis-
abled. The masks are stored in IMR and special mask is
set/reset by executing OCW3.
Buffered mode
The buffered mode will structure the M5L8259AP to send an
enable signal on SP/EN to enable the data bus buffer, when
the data bus requires the data bus buffer or when cascading
mode is used. In this mode, when data bus output of the
M5L8259AP is enabled, the SP/EN output becomes low-
level. This allows the M5L8259AP to be programmed
whether it is a master or a slave by software. The buffered
mode is set/reset by executing ICW4.
Fully nested mode
The fully nested mode is the mode when no mode is speci-
fied and is the usual operational mode. In this mode, the
priority of interrupt request terminals is fixed from the lowest
IR; to the highest IRy. When an interrupt request is acknow-
ledged the CALL instruction and vectored address are re-
leased onto the data bus. At the same time the ISR bit cor-
responding to the accepted interrupt request is set. This ISR
bit remains set until it is reset by the input of an EOIl com-
mand or until the trailing edge of last INTA pulse in AEOI
mode. While an interrupt service routine is being executed,
interrupt requests of same or lower priority are disabled
while the bit of ISR remains set. The priorities can be
changed by OCW2.

Special fully nested mode

The special fully nested mode will be used when cascading

is used and this mode will be programmed to the master by

ICWA4. The special fully nested mode is the same as the fully

nested mode with the following two exceptions.

1. When an interrupt from a certain slave is being serviced,
this slave is not locked out from the master priority logic.
Higher priority interrupts within the slave will be recog-
nized by the master and the master will initiate an inter-
rupt request to the CPU. In general in the normal fully
nested mode, a serviced slave is locked out from the
master’s priority, and so higher priority interrupts from the
same slave are not serviced.

2. When an interrupt from a certain slave is being serviced
the software must check ISR to determine if there are
additional interrupts requests to be serviced. If the ISR
bit is 0 the EOl command may be sent to the master too.
But if it is not 0 the EOl command should not be sent to
the master.

Poll mode
The poll mode is useful when the internal enable flip-flop of
the microprocessor is reset, and interrupt input is disabled.
Service to the device is achieved by a programmer initiative
using a poll command. In the poll mode the M5L8259AP at
the next RD pulse puts 8 bits on the data bus which indi-
cates whether there is an interrupt request and reads the
priority level. The format of the information on the data bus is
as shown below.

1: there is an interrupt request.

Binary code of the highest priori
0: there is no interrupt request. Y 9 p ty

level requesting services.

!
Ll -7 - -] Jwfw]w]

Dy Ds Ds Da D3 D2 Dy Do

When 1=0 (no interrupt request), Wo~W, is 111. The poli
is valid from WR to RD and interrupt is frozen. This mode
can be used for processing common service routines for in-
terrupts from more than one line and does not require any
INTA sequence. Poll command is issued by setting P=1 in
OCW3.

End of interrupt (EOIl) and specific EOl (SEOI)

An EOI command is required by the M5L8259AP to reset the
ISR bit. So an EOlI command must be issued to the
M5L8259AP before returning from an interrupt service
routine.

When AEOI is selected in ICW4, the ISR bit can be reset
at the trailing edge of the last INTA pulse. When AEOI is not
selected the ISR bit is reset by the EOl command issued to
the M5L8259AP before returning from an interrupt service
routine. When programmed in the cascade mode the EOI
command must be issued to the master once and to corres-
ponding slave once. .

There are two forms of EOl command, specific EOl and
non-specific EOl. When the M5L8259AP is used in the fully
nested mode, the ISR bit being serviced is reset by the EOI
command. When the non-specific EOI is issued the
M5L8259AP will automatically reset the highest ISR bit of
those that are set. Other ISR bits are reset by a specific EOIl
and the bit to be reset is specified in the EO! by the prog-
ram. The SEOI is useful in modes other than fully nested
mode. When the M5L8259AP is in special mask mode ISR
bits masked in IMR are not reset by EOI. EOI and SEOI are
selected when OCW2 is executed.

MITSUBISHI
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Automatic EOI (AEOI)

In the AEOI mode the M5L8259AP executes non-specific
EOI command automatically at the trailing edge of the last
INTA pulse. When AEOI=1 in ICW4, the M5L8259AP is put in
AEOI mode continuously until reprogrammed in ICW4.

The AEOI mode can only be used in a master M5L8259AP
and not a slave.

Automatic rotation

The automatic rotation mode is used in applications where
many interrupt requests of the same level are expected
such as multichannel communication systems. In this mode
when an interrupt request is serviced, that request is
assigned the lowest priority so that if there are other inter-
rupt requests they will have higher priorities. This means
that the next request on the interrupt request being serviced
must wait until the other interrupt requests are serviced
(worst case is waiting for all 7 of the other controllers to be
serviced) . The priority and serving status are rotated as
shown in Fig. 5.

BEFORE ROTATION (1IR3 THE HIGHEST PRIORITY

REQUIRING SERVICE)

|°l LOIOIO]

1S; IS5
ISR STATUS [ 0 | 0 |

LOWEST PRIORITY

O

AFTER ROTATION
(IR3 WAS SERVICED AND ALL OTHER
PRIORITIES ROTATED CORRESPONDINGLY)

IS 1S 1S5 1Sy 1S
isrsTatus [0 T o ] |0|0Lo]o[o]

HIGHEST PRIORITY  LOWEST PRIORITY

i i
L1z ]ofrJefs]a]

Fig. 5 An example of priority rotation

HIGHEST PRIORITY

l j

PRIORITY
STATUS

PRIORITY
STATUS

In the non-specific EOl command automatic rotation mode is
selected when R=1, EOlI=1, SL=0 in OCW2. The internal
priority status is changed by EOIl or AEOI commands. The
rotation priority A flip-flop is set by R=1, EOI=0 and SL=0
which is useful when the M5L8259AP is used in the AEOI
mode.

Specific rotation

Specific rotation gives the user versatile capabilities in inter-
rupt controlled operations. It serves in those applications in
which a specific. device’s interrupt priority must be altered.
As opposed to automatic rotation which automatically sets
priorities, specific rotation is completely user controlled.

That is, the user selects the interrupt levél that is to receive
lowest or highest priority. Priority changes can be executed
during an EOI command. SR

Level triggered mode/Edge trlggered mode

Selection of level or edge triggered mode of the M5L8259AP
is made by ICW1, When using edge triggered mode not only
is a transition from low to high required, but the high-level
must be held until the first INTA. If the high-level is not held
until the first INTA, the interrupt request will be treated as if
it were input on IR;, except that the ISR bit is not set. When
level triggered mode is used the functions are the same as
edge triggered mode except that the transition from low to
high is not required to trigger the interrrupt request.

In the level triggered mode and using AEOI mode
together, if the high-level is held too long the interrupt will
occur immediately. To avoid this situation interrupts should
be kept disabled until the end of the service routine or until
the IR input returns low. In the edge triggered mode this
type of mistake is not possible because the interrupt request
is edge triggered.

Reading the M5L8259AP internal status

The contents of IRR and ISR can be read by the CPU with
status read. When an OCWS3 is issued to the M5L8259AP and
an RD pulse issued the contents of IRR or ISR can be re-
leased onto the data bus. A special command is not re-
quired to read the contents of IMR. The contents of IMR can
be released onto the data bus by issuing an RD pulse when
Ao=1. There is no need to issue a read register command
every time the IRR or ISR is to be read. Once a read regis-
ter command is received by the M5L8259AP, it remains valid
until it is changed. Remember that the programmer must
issue a poll command every time to check whether there is
an interrupt request and read the priority level. Polling over-
rides status read when P=1, RR=1 in OCWS3.

Cascading

The M5L8259AP can be interconnected in a system of one
master with up to eight slaves to handle up to 64 priority
levels. A system of three units that can be used with the

- 8085A is shown in Fig. 6.

The master can select a slave by outputting its identifica-
tion code through the three cascade lines. The INT output of
each slave is connected to the master interrupt request in-
puts. When an interrupt request of one of the slaves is to be
serviced the master outputs the identification code of the
slave through the cascade:lines, so the slave will release
the vectored address on the next INTA pulse.

The cascade lines of the master are nomally low, and will ‘
contain the slave identification code from thé\leading edge
of the first INTA pulse to the trailing edge of the last INTA
pulse. The master and slave can be programmed to work in
different modes. ICWs must be issued for each device, and
EOI commands must be issued twice: once for the master
and once for the correspdnding slave. Each CS of the
M5L8259AP requires an address decoder.
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PROGRAMMABLE INTERRUPT CONTROLLER

ADDRESS BUS 16
CONTROL BUS
DATA BUS 8
3 (8 3 3
8 18
X !
TS Ao INT Ts Ao NT TS Ao INT
M5L8259AP CASs OAS A%
M5L8259AP M5L8259AP
MASTER CAS: AS, SLAVE I SLAVE
CAS; CAS, L—={cas;
SP/EN_M; Mg Ms Ms M3 Mz MiMo SP/EN 7 6 543210 SP/EN 7 6543210
Vee 7 65 4 3210 GND 76 543210 GND 76543210
N " J
INTERRUPT REQUEST INPUTS
Fig. 6 Cascading the M5L8259AP
DEN
DATA BUS 8
Do~D7 Do~Dy
ADDRE
(Note 1) ADo~AD; 55 BUS 1A
RD OR TORC Ao INT INTR
WR OR TOWC ‘ _ <
INTA ;V_L;ﬁ tov 3 OF \
EN
MG 1 > iy TO BUS BUFFER
H.— s
e——— s < _
D S 5 r—i}cs@
As > X
As IRo f
;———A —|R T
A .
) INTERRUPT . i
REQUEST IRs
INPUTS — | 'R
— | IRs
— 1 IRs
—} IRy
Note 1 : Do~D; of the M5L8259AP are direct connected with ADy~AD; of the 8086.

Fig. 7 Example of interface with the 8086
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INSTRUCTION SET

Item | - Instruction code , Function

Mnemonic -

Number Ao Dy, Ds Ds Dy D3 D2 D, Do |[ICW4 required? Intervel Single Trigger
1 ICW1 A 0 Ay As As 1 0 1 1 0 N 4 Y E
2 ICW1 B 0 Ay Aes As 1 1 1 1 0 N 4 Y L
3 ICW1 C 0 A; As As 1 0 1 0 0 N 4 N E
4 ICW1 D 0 A; As As 1 1 1 0 0 N 4 N L
5 ICW1 E 0 A; Ag 0 1 0 0 1 0 N 8 Y E
6 ICW1 F 0 A; As 0 1 1 0 1 0 N 8 Y L
7 ICW1 G 0 A; As 0 1 0 0 0 0 N 8 N E
8 ICW1 H 0 A; As 0 1 1 0 0 0 N 8 N L
9 ICW1 | 0 A As As 1 0 1 1 1 Y 4 Y E
10 ICW1 J 0 A; As As 1 1 1 1 1 Y 4 Y L
1 ICW1 K 0 Ay As As 1 0 1 0 1 Y 4 N E
12 ICW1 L 0 A; As As 1 1 1 0 1 Y 4 N L
13 ICW1 M 0 A; As 0 1 0 0 1 1 Y 8 Y E
14 ICW1 N 0 A; As 0 1 1 0 1 1 Y 8 Y L
15 ICW1 O 0 A; As 0 1 0 0 0 1 Y 8 N E
16 ICW1 P 0 Ay As 0 1 1 0 0 1 Y 8 N L
17 ICW2 1 Ais Ais Az Az An Ap Ag As 8-bitwectored address
18 ICW3 M 1 Sz Se Ss Sa Ss Sz S So Slave connections (master mode)

19 ICW3 S 1 0 0 0 0 0 ID; 1Dy IDo Slave identification code (slave mode)

X SFNM BUF AEOI 8086 .
20 ICW4 A 1 0 0 0 0 0 0 0 0 N N N N
21 ICW4 B 1 0 0 0 0 0 0 0 1 N N N Y
22 ICW4 C 1 0 0 0 0 0 0 1 0 N N Y N
23 ICW4 D 1 0 0 0 0 0 0 1 1 N N Y Y
24 ICW4 E 1 0 0 0 0 0 1 0 0 N N N N
25 ICW4 F 1 0 0 0 0 0 1 0 1 N N N Y
26 ICW4 G 1 0 0 0 0 0 1 1 0 N N Y N
27 ICW4 H 1 0 0 0 0 0 1 1 1 N N Y Y
28 ICW4 | 1 0 0 0 0 1 0 0 0 N Y S N N
29 ICW4 J 1 0 0 0 0 1 0 0 1 N Y S N Y
30 ICW4 K 1 0 0 0 0 1 0 1 0 N Y S Y N
31 ICW4 L 1 0 0 0 0 1 0 1 1 N Y S Y Y
32 ICW4 M 1 0 0 0 0 1 1 0 0 N Y M N N
33 ICW4 N 1 0 0 0 0 1 1 0 1 N Y M N Y
34 ICW4 O 1 0 0 0 0 1 1 1 0 N Y M Y N
35 ICw4 P 1 0 0 0 0 1 1 1 1 N Y M Y Y
36 ICW4 NA 1 0 0 0 1 0 0 0 0 Y N N N
37 ICW4 NB 1 0 0 0 1 0 0 0 1 Y N N Y
38 ICW4 NC 1 0 0 0 1 0 0 1 0 Y N Y N
39 ICW4 ND 1 0 0 0 1 0 0 1 1 Y N Y Y
40 ICW4 NE 1 0 0 0 1 0 1 0 0 Y N N N
41 ICW4 NF 1 0 0 0 1 0 1 0 1 Y N N Y
42 ICW4 NG 1 0 0 0 1 0 1 1 0 Y N Y N
43 ICW4 NH 1 0 0 0 1 0 1 1 1 Y N Y Y
44 ICW4 NI 1 0 0 0 1 1 0 0 0 Y Y S N N
45 ICW4 NJ 1 0o o0 0 1 1 0 0 1 Y Y S N Y
46 ICW4 NK 1 0 0 0 1 1 0 1 0 Y Y S Y N
47 ICW4 NL 1 0 0 0 1 1 0 1 1 Y Y S Y Y
48 ICW4 NM 1 0 0 0 1 1 1 0 0 Y Y M N N
49 ICW4 NN 1 0 0 0 1 1 1 0 1 Y Y M N Y
50 ICW4 NO 1 0 0 0 1 1 1 1 0 Y Y M Y N
51 ICW4 NP 1 0 0 0 1 1 1 1 1 Y Y M Y Y
52 OoCwi1 1 My Ms Ms M, Ms M2 M, Mo Interrupt mask
53 OCW2 E 0 0 0 1 0 0 0 0 0 EOI
54 OCW?2 SE 0 0 1 1 0 0 Lo Ly Lo SEOI
55 OCW2 RE 0 1 0 1 0 0 0 0 0 Rotate on Non-Specific EOl command (Automatic rotation)
56 OCW2 RSE 0 1 1 1 0 0 Lo Ly Lo Rotate on Specific EOI command (Specific rotation)
57 OCW2 R 0 1 0 0 0 0 0 0 0 Rotate in AEOI Mode (SET)
58 OCW2 CR 0 0 0 0 0 0 0 0 0 Rotate in AEOI Mode (CLEAR)
59 OCW2 RS 0 1 1 0 0 0 Lo Ly Lo Set priority without EOI
60 OoCw3 P 0 0 0 0 0 1 1 0 0
61 OCWS3 RIS 0 0 0 0 0 10 1 1
62 OCW3 RR 0 0 0 0 0 1 0 1 0
63 OCW3 SM 0 0 1 1 0 1 0 0 0
64 OCW3 RSM | 0 0 1 0 0 1 0 0 0

Note : Y:yes, N: no, E: edge, L: level, M: master, S: slave
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ABSOLUTE MAXIMUM RATINGS

Symbol T Parameter Conditions Limits Unit
Vee Supply voltage —0.5~7 \
V, Input voltage With respect to Vss —0.5~7 \"
Vo Output voltage —0.5~7 \%
Pdq Power dissipation Ta=25C 1000 mw
Topr Operating free-air temperature range —20~75 C
Tstg Storage temper ature range —65~150 C

RECOMMENDED OPERATING CONDITIONS (T2=—20~75C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 A\
Vss Supply voltage 0 \%
Vin High-level input voltage 2 Vect0.5 \Y
Vi Low-level input voltage —0.5 "0.8 v
ELECTRICAL CHARACTERISTICS (1a=—20~75C, Voc=5V+10%, Vss=0V, unless otherwise noted)
! Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vou High-level output voltage lon=—4001A 2.4 \
VonanT) | High-level output voltage, interrupt requset output lon=—1001A 3.5 - v
. low==—400uA 2.4
VoL Low-level output voltage lo,=2.2mA . 0.45 \%
lcc Supply current from Vg 85 mA
L High-level input current Vi=V¢c —10 10 LA
L Low-level input current V=0V —10 10 #A
loz Off-state output current Vss=0, V;=0. 45~5.5V ) —10 10 A
hkGr) High-level input current, interrupt request inputs Vi=Vcc 10 LA
hear) Low-level input current, interrupt request inputs V=0V i —300 A
Ci Output capacitance Vee=Vss, f=1MHz, 25mVrms, Ta=25TC 10 pF
Ci,o Input/output capacitance Vee=Vss, f=1MHgz, 26mVrms, T3=25C L 20 pF
TIMING REQUIREMENTS (Ta=—20~75C, Vgo=5V£10%, Vss=0V, unless otherwise noted)
Symbol Parameter Alterative Limits Unit
Symbol Min Typ Max

twiw) Write pulse width . twiwn . 290 ns
tsua-w) Address setup time before write taHwL 0 ns
thiw-a) Address hold time after write twHAX 0 ns
tsu(ba-w) Data setup time before write tovwH 240 ns
th(w-pa) Data hold time after write twHDX ’ 0 ns
tw(r) Read pulse width trLRH 235 ns
tsuca-r) Address setup time before read taHRL 0 ns
th(r-a) Address hold time after read trHAX 0 ns
twar) Interrupt request input width, low-level time, edge triggered mode | t 100 ns
tSU(CAS-INTA) Cascade setup time after INTA (slave) teviaL 55 ns
trecw) Write recovery time twhRL 190 ) ns
trecr) Read recovery time tRHRL 160 ns

End of command to next command (Not same command type) 500 ns
tdrw) — — tocHoL

End of INTA sequence to next INTA sequence o 625 ns
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SWITCHING CHARACTERISTICS

(Ta=—20~75T , Vec=5V1+10%, Vss=0V, unless otherwise noted),

Alternative Limits
Symbol Parameter Unit
Symbol Min Typ Max

tpzv(R-DQ) Data output enable time after read trLov \ 200 ns
tevz(r-DQ) Data output disable time after read truDZ 10 100 ns
tezv(a-DQ) Data output enable time after address taHDV 200 ns
teHL(R-EN) Propagation time from read to enable signal output triel 125 ns
teLH(R-EN) Propagation'time from read to disable signal output trHEH 150 ns
teLHOR-INT) Propagation time from interrupt request input to interrupt request output tJH/.H 350 ns
tPLV(INTA-CAS) Propagation time from INTA to cascade output (master) tiaLcv 565 ns
tpzv(cas-DQ) Data output enable time aﬁer cascade output (slave) tcvov 300 ns

Note 1 : INTA signal is considered read signal
CS signal is considered address sianal
Input pulse level 0.45~2. 4v
Input pulse rise time 20ns

Input pulse fall time 20ns 24
Reference level input Viu=2V, V,.=0.8v
output Vou=2V, Vo, =08V ___ 0.45 0.8
Load capacitance C_=100pF, where SP/EN :
pin is 15pF
TIMING DIAGRAM
Write Mode
TS, Ao
tsuca-w) thw-a)
e —
twiw)  EEEE—
" \ /
\
th(w-ba)
| tsu(pa-w) =
Dy~Do
‘Read Mode
Y
TS, Ao .
tsu(a-r) th(r-a)
—
tw(r) | l—
] \
INTA )(
tezv(R-0Q) tevz(r-pQ)
tezv(a-Da)
r N
D;~Dg < %/
tPHL(R-EN) teLH(R-EN)
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Interrupt Sequence

IR

.\
_“:WIR) ———

teLH(IR-INT)

INT \(Note 1) \(Note 2)

(Note 1)

(Note 2)
INTA
av/ g (Note 2)
Dy~Do (Note 3) (Note Note
)

teLV(INTA-CAS) tsu(cas-iNTa

' -
CAS;~CASy ]"’ZV‘C"S'DQ’ (Note 1) (Note 2)

Other Timing

WR

trecw)
RD
INTA trec(r)

td(rw)

WR
RD
INTA

Note 1 : 8086, 8088 mode

2 : 8085A mode .

3 : 8086, 8088 mode is in high-impedance state, pointer is released during the next INTA.
When in single 8085A mode, data is released by all INTAs. When master, CALL in-
struction is released during the first INTA, high impedance state during the second and
third INTA. When slave, high impedance state during the first INTA, vectored address
is released during the second and third INTA.

MITSUBISHI 4—g5
ELECTRIC




MITSUBISHI LSIs

MSL8279P-5

\
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE
DESCRIPTION —
The M5L8279P-5 is a programmable keyboard and display PIN CONFIGURATION (TOP‘»VIEW)
in.terface dgvice t.hat 'is designed to bg usec.1 in .combi.nation RETURN LINE | Rz — 70 Voo (5v)
with an 8-b|t/16-bnf microprocessor. This device is fabricated INPUTS | g, —[Z] 39]— R, } RETURE LINE
with N-channel silicon-gate ED-MOS process technology CLOCK INPUT CLK —[3] 38— R, | INPUTS
and is packed in a 40-pin DIL package. It needs only single INTERRUPT | —[4] [37]— CNTL CONTROL INPUT
REQUEST OUTPUT
5V power supply. R. —[5] [36]— SHIFT SHIFT INPUT
RETURN LINE | Rs —[6] 35]— 5
FEATURES INPUTS | s —[7] 39—5: | scan TiMiNG
® Single 5V supply voltage Ry “ = %‘*S‘ OUTPUTS
RESET INPUT RESET — r 32— S0
® Keyboard mpde READ STROBE #r5 —[T0 8 S o8
® Sensor matrix mode WRITE STQOPBE - a
® Strobed mode ipuT WR 1L T %"031 DISPLAY ()
: Do 29]— OB
® Internally provided key bounce protection circuit D° o 75 ‘OBZ
h | — 0B,
: ;’rsgra:mn;abideiboun:e time Dy ~r 57— OAo
“ey loskouyR-key rotover BIDIRECTIONAL | Ds 115} 26— 0A1 | pispLay ()
® 8-character keyboard FIFO DATA BUS| D, «[T§ 75— on, [ OUTPUTS
® [nternally contained 16 X 8-bit display RAM Ds —[17] 22— 0As
® Programmable right and left entry Ds —[T8 23] — B0 BRANKYS yrpur
D, —[19] 72— cs 'CNFglFJ’TSELECT
I.\PI\I:LICATIONSI‘./ o4 (0V) Vss _ 21]— Ao GONTROL/DATA
icrocomputer evice .
40P4
® 64 contact key input device for such items as electronic Outline 40

cash registers .
® Dual 8- or single 16-alphanumeric display

FUNCTION

The total chip, consisting of a keyboard interface and a dis-
play interface, can be programmed by eight 8-bit com-
mands. The keyboard portion is provided with a 64-bit key

debounce buffer and an 8 X 8-bit FIFO/SENSOR RAM. It
operates in any one of the scanned keyboard mode, scan-
ned sensor matrix mode or strobed entry mode. The display
portion is provided with a 16 X 8-bit display RAM that can
be organized into a dual 16X 4 configuration. Also, an 8-digit
display configuration is possible by means of programming.

BLOCK DIAGRAM

CONTROL/DATA SELECT INPUT
CHIP SELECT INPUT

RESET CLOCK

ERRUPT
INPUT INPUT DATA BUS REQUEST OUTPUT
RESETCLK “D; Dg Dy Dy D3 D; Dy Do~ INT

BIDIRECTIONAL

WRITE STROBE INPUT WR (1)

ixeeBr | @)Vec(5v)
EBOUNCE]
BBIT INTERNAL .
8 DATA BUS RAM 20 Vss(0V)

1/0 CONTROL
LOGIC

READ STROBE INPUT R

" i

INSTRUC-
TION
DECODER

KEY-
BOARD
DEBOUNCE]
LOGIC

CONTROL
LOGIC

TIMING
COUNTER

&

Rs w

r @ 2

RETURN LINE INPUTS Ra -
o

Rz ':_>

w

o
L

OA; 0A, OA OAg OB; 0B, OBy OBy

OUTPUTS

BD S3 2 S So
28 %2 91 %0

DISPLAY (A) DISPLAY (B)BLANKING  goaN TIMING

DISPLAY

OUTPUT OUTPUTS

OUTPUTS
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

PIN DISCRIPTION

Input or )
pin Name Functions
. output
These are the return lines which are connected with the scan lines through the keys or sensor switches,
Ro~R> Return line inputs In and are used for 8-bit input in the strobed entry mode. They are provided with internal pullups to maintain
them high until a switch closure pulls one low. They become active at low-level.
CLK Clock input in Clock signal from the system which is used to generate internal timing.
When there is any data in the FIFO during the keyboard mode or the strobed mode, this signal turns high-
INT Interrupt request output Out level so as to request interrupt to the CPU. It turns low each time data is read, but if any data remains in the
FIFO it will turn high again and request interrupt to the CPU. End Interrupt command resets INT signal.
Resets the chip when this signal is high. After the reset it assumes 16-digit, left-entry, encode display and
RESET Reset input In 2-key lockout mode, and the prescale value of the clock becomes 31. The display RAM, however, is not
cleared. .
RD Read strobe input In Functions to control data transfer to the data bus.
WR Write strobe input In Functions to control command/data transfer from the data bus.
Do~D> Bidirectional data bus In/out All data and commands between the CPU and the chip are transferred through these lines.
Control/data select When this signal is high, it indicates that the signals in and out are either command (in) or status (out).
Ao . In T .
input When low, it indicates they are data (in/out).
cs Chip select input In Chip select is enabled when this signal is low.
— This signal is used in preventing overlapped display during digit swiching. It also may be brought to low-
BD Blanking display output Out 9 P 9 PP pay 9 d'g 9 y 9
level by display blanking command.
These output ports can.be used either as a dual 4-bit port or a single 8-bit port depending on an applica-
OAg~OA; | Display (A) and out tion, and the contents of the display RAM are output synchronizing with the scan timing signals. These two
OBy~O0Bs; | (B) outputs - 4-bit ports may be blanked independently. Blanking may be activated with either high- or low-level signal
by means of clear command.
These signals are used to scan the key switch, the sensor matrix or the display digit. They can be either
So~S3 Scan timing outputs Out decoded or encoded, but it requres an external decoder in the encode mode. Signals So~S3 are all turned
to low-level when RESET is high.
In the keyboard mode, the shift input becomes the second highest bit of the key input information and is
SHIFT Shift input In stored in the FIFO. This input is ignored in the other modes. It is constantly kept at high-level by an internal
pull resistor. The signal is active at high-level.
In the keyboard mode, the control input becomes the most significant bit of the key input information and is
stored in the FIFO. The signal is active at high-level. In the strobed entry mode, it becomes the strobe sig-
CNTL Control input In - 'g Av gh-lev . ry‘ L g
nal and stores the return input data in the FIFO at the rising edge of the input. It affects nothing internal in
the sensor mode. It is constantly kept at high-level by an internal pullup resistor.
OPERATION tion. Also, an 8-digit display configuration is possible by

One of the three operating modes, the keyboard mode is
the most common; and allows programmed 2-key lockout
and N-key rollover. Encoded timing signals corresponding
with key input are stored in the FIFO through the keyde-
bounce logic, and the debouncing time of the key is also
programmabile. In the sensor mode, the contents of the 8 X
8 key contacts are constantly stored in the FIFO/sensor
RAM, generating an interrupt signal to the CPU each time
there is a change in the contents. In the strobed entry mode,
the CNTL input signal is used as a strobe for storing the 8
return line inputs to the FIFO/sensor RAM.

The display portion is provided with a 16 X 8-bit display
RAM that can be organized into a dual 16 X 4-bit configura-

means of programming. Input to the register can be per-
formed by either left or right entry modes. In the auto incre-
ment mode, read and write can be carried out after desig-
nating the starting address only.

Both the keyboard and display sections are scanned by
common scan timing signals that are derived from the basic
clock pulse. This frequency-dividing ratio is changeable by
means of programming. There are decode and encode mod-
es for the scanning mode; timing signals that are decoded
from the lower 2 bits of the scan counter are output in the
decode mode, while the 4-bit binary output from the scan
counter is decoded externally in the encode mode:
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

COMMAND DESCRIPTION
“ There are eight commands provided for programming the
operating modes of the M5L8279P-5. These commands are
sent on the data bus with the signal CS in low-level and the
signal Ag in high-level and are stored in the M5L8279P-5 at
the rising edge of the signal WR. The order of the command
execution is arbitrary.
1. Mode Set Command

MsB LsB
lofofo[p[p[k]K]«]

Code :

DD (Display mode set command)

0  8—8-bit character display—left entry
1 16—8-bit character display—left entry'
0  8—8-bit character display—right entry
1 16-8-bit character display—right entry
KKK (Keyboard mode set command)

000 Encoded display keyboard mode — 2-key lockout'
0 01 Decoded display keyboard mode — 2-key lockout
010 Encoded display keyboard mode — N-key rollover
011 Decoded display keyboard mode — N-key rollover
100 Encoded display, sensor mode ' )
101 Decoded display, sensor mode

110 Encoded display, strobed entry mode

111 Decoded display, strobed entry mode

Note. 1 : Default after reset.

2. Program Clock Command
MSB LsSB
lolof1]r[rrir]r]

Code :

The external clock is divided by the prescaler value PPPPP
designated by this command to obtain the basic internal fre-
quency.

When the internal clock is set to 100kHz, it will give a
5.1ms keyboard scan time and a 10.3ms debounce time.
The prescale value that can be specified by PPPPP is from
2 to 31. In case PPPPP is 00000 or 00001, the prescale is set
to 2. Default after a reset pulse is 31, but the prescale value
is not cleared by the clear command.

3. Read FIFO Command

MSB LsB
[o]1]o]a[x[aTA]A] x=Dontcare

Code :

This command is used to specify that the following data
readout (CS*Ay"RD) is from the FIFO. As long as data is to
be read from the FIFO, no additional commands are neces-
sary.

Al and AAA are used only in the sensor mode. AAA de-
signates the address of the FIFO to be read, and Al is the
auto-increment flag. Turning Al to “1” makes the address
-automatically incremented after the second read operation.
This auto-increment bit does not affect the auto-increment of
the display RAM.

4. Read Display RAM Command **
MsB LSB
Lol [r]afalalalal

Code :

This command is used to specify that the following data
readout (CS-A-RD) is from the display RAM. As long as
data is to be read from the display RAM, no additional com-
mands are necessary.

The data AAAA is the value with which the display RAM

" read/write counter is set, and it specifies the address of the

display RAM to be read or written next.

Al is the auto-increment flag. Turning Al to “1” makes the
address automatically incremented after the second read/
write operation. This auto-increment bit does not affect the
auto-increment of FIFO readout in the sensor mode.

5. Write Display RAM Command

MSB LSB
L1 lofolafafalala]

Code :

With this command, following display RAM read/write
addressing is achieved without changing the data readout
source (FIFO or display RAM). Meaning of Al and AAAA are
identical with read display RAM command..

6. Display Write inhibit/Blanking Command

MSB LsB
code: |1 [0 ]1]x[w[w]eL][eL] x = Dont care
‘ A A B

The IW is a write inhibit bit to the display RAM that corres-
ponds with the output A or B. Inhibit is activated by turning
the IW “1”.

The BL is used in blanking the out A or B. Blanking is
activated by turning the BL “1”. Setting both BL flags makes
the signal BD low so that it can be used in 8-bit display
mode.

Resetting the flags makes all IW and BL turn “0”.

7. Clear Command
MBS LSB

[1 11 [0 colcolcoler]on]

Code :

Cp: Clears the display RAM.
: CD CD CD

0 X X No specific performance

1 0 X Entire contents of the display RAM are
turned “0”.
The contents of the display RAM are
turned 20H (00100000 = O0A30A,0A;0A
0B30B;0B;0By).
Entire contents of the display RAM are
turned “1”.

1 1 0

MITSUBISHI
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Ce : Clears the status word and resets the interrupt signal
(INT).

Ca : Clears the display RAM and the status word and resets
the interrupt signal (INT). :

Clearing condition of the display RAM is determined by
the lower 2 bits of the Cp.

Clearing the display RAM needs some time (~ 160
i second) and causes the display-unavailable status (DU)
in the sta&:s word to be “1”. The display RAM is not accessi-
ble for the duration of this time, even if the display mode
was in 8-digit display mode or a decoded mode.

As both Cg and C,4 function to reset the internal keyde-
bounce counter, the key input under counting is ignored,
and the internal FIFO counter is reset to make the interrupt
signal low-level.

Ca resets the internal timing counter, forcing Sp~ S; to
start from S3S,S$;S, = 0000 after the execution of the com-
mand.

8. End Interrupt/Error Mode Set Command
MSB LSB

|’1|l|1|E1XIX|X|XI)&=Don’tcare

Code :

In the sensor matrix mode, an interrupt signal is generated
at the beginning of the next key scan time to inhibit further
writing to the FIFO when there is a change in the sensor
switch. The interrupt request output INT is reset when the
sensor RAM is read with the Auto-increment flag “0”, or the
execution of this command.

When E is kept in “0”, depression of any sensor makes
the second highest bit of the status word “1”. When E is kept
in “1”, the status is kept “0” all the time.

When E is programmed to “1” in the N-key rollover mode,
the execution of this command makes the chip operate in
special error mode, during which time depression of more
than two keys in a key debounce time causes an error and
sets the second highest bit of the status word “1”.

Status word
MSB LsB
[oulsie[ o [u|FIn[n]N]

NNN: Indicates the number of characters in the FIFO
during the keyboard and strobed entry modes.
F: Indicates that the FIFO is filled up with 8 charac-

ters.
The number of characters existing in the FIFO ( 0
~ 8 characters) can be known by means of the
bits NNN and F (FNNN = 0000~FNNN = 1000).
U: Underrun error flag
This flag is set when a master CPU tries to read
an empty FIFO.
O: Overrun error flag
This flag is set when another character is strobed
into a full FIFO.
The bits U and O cannot be cleared by status
read. They will be cleared by the clear command.
Sensor closure/muitiple error flag
When “111EXXXX” is executed by turning E =10,
the bit S/E in the status word is set when there is
at least one sensor closure.
When “1T11EXXXX” is executed by turning E = 1
(special error mode) , the bit S/E is set when
there are more than two key depressions made in
a key scan time. )
DU: Display unavailable
This flag is set when a clear display command is
executed, and announces that the display RAM is
not accessible.

S/E:

Note 2 : The underrun, overrun and special error flags are reset by
either executing clear command (CF= 1) or reading status
word.

‘¢ MITSUBISHI
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CPU INTERFACE

1. Command Write

A command is written on the rising edge of the signal WR
with CS low and Aq high.

2. Data Write

Data is written to the display RAM on the rising edge of the
signal WR with CS and Ay low.

The address of the display RAM is also incremented on
the rising edge of the signal WR if Al is set for the display
RAM. '

3. Status Read

The status word is read when CS and RD are low and A, is
high. The status word appears on the data bus as long as
the signal RD is low.

4. Data Read

Data is read from either the FIFO or the display RAM with
CS=RD =0 and Ay = 0. The source of the data (FIFO or
display RAM) is decided by the latest command (read dis-
play or read FIFO). The data read appears on the data bus
as long as the signal RD is low. ‘

The trailing edge of the signal RD increments the’

address of the FIFO or the display RAM when Al is set. After
the reset, data will be read from the FIFO, however.

[e Ao RD WR Operation
0 1 1 0 Command write
0 0 1 0 Data write
0 1 0 1 Status read
0 0 0 1 Data read
1 X X X No operation
KEYBOARD INTERFACE

Keyboard interface is done by the scan timing signals (S~
S3), the return line inputs (Ry~ R7), the SHIFT and the
CNTRL inputs.

In the decoded mode, the low order of two bits of the in-
ternal scan counter are decoded and come out on the timing
pins (Sg~Ss). In the encoded mode, the four binary bits of
the scan counter are directly output on the timing pins, thus
a 3-to-8 decoder must be employed to generate keyboard
‘scan timing.

The return line inputs (Ro~Ry), the SHIFT and the CNTL
inputs are pulled up high by internal pullup transistors until a
switch closure pulls one low. :

The internal key debounce logic works for a 64-key mat-
rix that is obtained by combining the return line inputs with
the scan timing.

For the keyboard interface, M5L8279P-5 has four distinc-
tive modes that allow various kinds of applications. In the fol-
lowing explanation, a “key scan cycle” is the time needed to
scan a 64-key matrix, and a “key debounce cycle” needs a
duration of two “key scan” cycles. (In the decoded mode 32
keys, unlike 64 keys in the encoded mode, can be employed

for a maximum key matrix due to the limit of timing signals.
However, both the key scan cycle and the key debounce
cycle are the same as in the encoded mode.)

1. 2-Key Lockout (Scanned Keybeard mode)

The detection of a new key closure resets the internal de-
bounce counter and starts counting. At the end of a key de-
bounce cycle, the key is checked and entered into the FIFO
if it is still down. An entry in the FIFO sets the INT output
high. If any other keys are depressed in a key debounce cy-
cle, the internal key debounce counter is reset each time it
encounters a new key. Thus only a single-key depression
within a key debounce duration is accepted, but all keys are
ignored when more than two keys are depressed at the
same time.

Example 1 : Accepting two successive key depressions

Kevl ~1]J L U

TKEY DEBOUNCE{CYCLE
U o u

-
KEY DEBOUNCE CYCLE
Note 3 : f : Debounce counter reset

KEY 2

t : Key input

Example 2 : Overlapped depression of three keys

KEY 1 _1Tl L lTl

KEY 2 L# | [
! KEY+DEBOUNCE CYCLE
KEY 3 | . N
A 4

Note 4 : Only key 2 is acceptable

4 MITSUBISHI ‘
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2. N-Key Rollgver:(Scanned Keyboard Mode)

Each key depression: is treated independently from all
others so as to allowr auerlapped key depression. Detection
of a new key deprassion makes the internal key debounce
counter reset and start to count in a same manner as in the
case of 2-key lockout. But, in N-key rollover, other key clo-
sures are entirely ignored within a key debounce cycle so
that depression of any other keys would not reset the key
debounce counter. In this way, overlapped key depression is
allowed so as to enable the following key input:

KEY 1
’ KEY DEBOUNCE
CYCLE
KEY 2
[} tKEY DEBOUNCE
CYCLE
KEY 3

KEY DEBOUNCE} . %
CYCLE

The scanned key input signal does not always reflect the
actual key depressing action, as the key matrix is scanned
by the timing signal.

With N-key rollover, there is a mode provided with which
error is caused when there are more than two key inputs in
a key debounce cycle, which can be programmed by using
the end interrupt/error mode set command. In this mode
(special error mode), recognition of the above error sets the
INT signal to “1” and sets the bit S/E in the status word.

In case two key entries are made separately in more
than a debounce cycle, there would be no problem, as key
depression is clearly identified. And no problem exists for 2-
key lockout, as the both keys are recognized invalid.

Example of error (Special error mode)

KEY 1 LI LI
KEY 2 Ll = L
KEY SCAN
CYCLE
KEY 1 |
KEY 2 KEY SCAN u L
CYCLE
KEY DEBOUNCE CYCLE

3. Sensor Matrix Mode

The key debounce logic is disabled in this mode. As the im-
age of the sensor switch is kept in the FIFO, any change in
this status is reported to the CPU by means of the interrupt
signal INT. Although a debounce circuit is not used in this
mode, it has an advantage in that the CPU is able to know
how long and when the sensor was depressed.

In the sensor matrix mode with the bit E = 0 of the end
interrupt/error mode set command, the second most signifi-
cant bit of the status word (S/E bit) is set to “1” when any
sensor switch is depressed.

Any sensor change detected by the M5L8279P-5 in one
key scan cycle causes only once INT generation at the first
timing of the next scan cycle.

4. Strobe Mode

The data is entered into the FIFO from the return lines (Ro~
R;) at the rising edge of a CNTL pulse. The INT goes high
while any data exists in the FIFO, in the same manner as in
the keyboard mode. The key debounce circuit will not
operate.

Formats of data entered into the FIFO in each of the
above modes are described in the following:

Keyboard matrix

MSB LSB

LI T T TT 1]

[ —

A » ENCODED RETURN
INPUT

CNTL  SHIFT ScAN TIMING SIGNALS (Sz, Si, AND So)

Sensor matrix mode
MSB LS8

e mlela ]

CNTL AND SHIFT INPUTS ARE IGNORED

Storobe mode
MSB LSB
lelelr ==l w]
CNTL AND SHIFT INPUTS ARE IGNORED

MITSUBISHI
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DISPLAY INTERFACE
The display interface is done by eight display outputs (OAg
~OAs, OBy~OBs3), a blanking signal (BD), and scan timing
outputs (Sp~S;3). ;

The relation between the data bus and the display out-
puts is as shown below:

Dy Dg Ds . ' Dy D3 D; Di ‘Do
! ! ! ! ! ! i [
OA; OA; OA; OA; OB3; OB; OB; OBy

Clearing the display RAM is not achieved by the reset
signal (9-pin) but requires the execution of the clear com-
mand.

The timing diagrams for both the encoded and decoded
modes are shown below.

For the encoded mode, a 3-to-8 or 4-to-16 decoder is re-
quired, according to whether eight or sixteen digit display
used.

(1) Encoded mode

S LMoL
P,

s L1 1 rr
<L LT L
s | | L

(2) Decoded mode

s L u
L™ I U L
s U o LI

Note 5 : Here Py is 640us if the internal clock frequency is set to
100kHz.

Timing relations of Sy, BD, and display outputs (OAg~
OA;, OBo~O0B;) are shown below.

S I I I
(Encoded

ﬁULruhr,

OA¢~0A3 (N-1)th Nth (N+1)th
0OBy~0B3 DATA DATA DATA
Note 6 : Values of the output data shown in the slanted line areas are

decided upon the clear command executed last to become
the value of the display RAM after the reset. The values in the
slanted areas after reset will go low. In the same manner, the
values OAp~OA;, OBy~OB; are dependent on the clear com-
mand executed last. When the both A and B are blanked, the
signal BD will be in low-level.

~ MITSUBISHI
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KEY ENTRY: METHODS
1. Left Entry
Address 0 in the display RAM corresponds to the leftmost
position (S3S,S:S; =.0000) of a display and address 15 (or
address 7 in 8-character display) to the rightmost position
(838,S1Sp = 1111 or S,$S; = 111). The 17th (9th) character
is entered back into the leftmost position.
Auto-increment mode

14 15 —DISPLAY RAM

0 1
—_— ADDRESS AS SEEN
Ist entry E[[ D:I FROM THE CPU

0 1 14 15

2nd entry ﬂ ::::ED
0 1 __g__ 14 15
16th entry o
o1 14
17th entry ____
0 1 o 14 15
18th entry m ____

LEFT ENTRY

Auto-increment mode

0 1 2 3 4 5 6 7 <+DISPLAYRAM
ADDRESS AS SEEN
1st entry | 1 ’ . I | I ’ | l FROM THE CPU

01 2 3 4 5 6 7

plef [T ][]

Execution of o1 23 4567
thecommand1|2| ‘ ; | ‘ 1 |

2nd entry

2. Right Entry
The first data is entered in the rightmost position of a dis-
play. From the next entry, the display is shifted left one char-
acter and the new data is placed in the rightmost position. A
display position and a register address as viewed from the
CPU change each time and do not correspond.
Auto-increment mode ‘

1 2 14 15 0 <+DISPLAY RAM

1st entry [ | ] ::: I I JIJ ::glF;IETSI?EASPSUEEN
2 3 o 15 0 1
2nd entry | | |___| |1|2|
3 4 o o 1 2
3rd entry | | |___|1|2|3|
0 1 R 13 14 15
Bthentry [1]2]  [14]15]16]
12 o 14 15 0
7thentry [2]3]  [15[18]17]
2 3 15 0 1
18th entry

{3]4] ::: 11617 ] 18]

Auto-increment mode
1 2 3 4 5 6 7 0 +~DISPLAYRAM

tstentry [ | | | | | | |1] rRoumeces
2 3 4 5 6 7 01
Zdeny | | | | [ [ [1]2]

Execution of 28456701

10010101 thecommand| | [ | | | [1]2]
ENTER NEXT AT LOCATIONS 5 AUTO-INCREMENT 10010101
01 2 3 4 5 6 7 ENTER NEXT AT LOCATIONS 5 AUTO-INCREMENT
3rd entry 12 3 34 5 6 7 0 1 2
Lle] [ [ s] [] vy [TTT T
01 2 3 4 5 6 7
4th ent 1]2 34 . 4586 7 01 2 3
i l | | ] I | ‘ | | 4th entry | |3|4| |l|21 | |
. @7 MITSUBISHI
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~7 A"
V, Input voltage With respect to Vsg —0.5~7 v
Vo Output voltage —0.5~7 \)
Pd Maximum power dissipation Ta=25C 1000 mw
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —60~150 c
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, unless otherwise noted.)
Limits
Symbol Parameter i Nom Vo Unit
Vce Supply voltage 4.5 5 5.5 \"
Vss Supply voltage 0 \
Vin(RL) High-level input voltage, for return line inputs 2.2 \"
Vin High-level input voltage, all others 2 \%
ViL(RL) Low-level input voltage, for return line inputs Vss=0.5 1.4 v
ViL Low-level input voltage, all others Vss~0.5 0.8 A%
ELECTRICAL CHARACTERISTICS  (Ta=—20~75C, Vec=5V+10%, Vss=0V, unless otherwise noted.)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
Vou High-level output voltage lon=—400uA 2.4 \%
VouanT) | Low-level output voltage, interrupt request output lon=—400uA 3.5 \
VoL Low-level output voltage lo,=2.2mA 0. 45 \%
lec Supply current from Vec 120 mA
Input current, return line inputs, shift input and control Vi=Vee 10 ~A
e input Vi=0v —100 A
1 Input current, all others Vi=Vgc~0V —10 10 A
loz Off-state output current Vi=Vge~0V —10 10 ~A
C, Input capacitance Vi=V¢c 5 10 pF
Co Output capacitance Vo=Vcc 10 20 pF
1—oa ¢ "MITSUBISHI
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TIMING REQUIREMENTS (Ta=—20~75C, Vcc=5V+10%, Vss=0V, unless otherwise noted.)

Read Cycle
Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
ter) Read cycle time troy 1000 ns
tw(r) Read pulse width trr 250 ns
(Note 7)
tsu(a-r) | Address setup time befor RD tar 0 ns
th(r-a) Address setup time after RD tra 0 ns
Write Cycle
Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ i Max
Tow) Write cycle time twey 1000 \ ns
Tww) Write pulse width tww 250 l ns
tsuca-w) Address setup time before WR taw 0 i ns
(Note 7)
th(w-a) Address hold time after WR twa 0 ns
tsu(oa-w) | Data input setup time before WR tow 150 ns
th(w-pq) | Data input hold time after WR two 0 ns
Other Timing
Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tc( #) Clock cycle time toy 320 ns
(Note 7)
twe ¢ ) Clock pulse width tsw 120 ns
For an internal clock frequency of 100kHz :
® Key scan cycle time: ~ 5.1ms ® Single digit display time: 490us
® Key debounce cycle time: ~10.3ms ® Blanking time: 150us
® Single-key scan time: 80us N ® Internal clock cycle: 10us
® Display scan time: ~10.3ms
Note 7 ! Test conditions. -
Input pulse level: 0. 45~24v High-ievel input reference level: 2v
Input pulse rise time: 20ns Low-level input reference level: 0.8v
Input pulse fall time: 20ns C_ =150pF
SWITCHING CHARACTERISTICS (Ta=—20~75C , Voc=5V£10%, Vss=0V , unless otherwise noted.)
Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tpzv(r-p@) | Output enable time after read tro i 150 ns
(Note 8)
tezv(a-pq) | Output enabl time after address tap / 250 ns
tevz(r-Dq) | Output disable time after read tor ‘ 10 100 ns
Note 8 : Test conditions.
Input pulse level: 0.45~2.4v Low-level input reference voltage: 0.8v
Input pulse rise time: 20ns High-level output reference voltage: 2v
Input pulse fall time: 20ns Low-level output reference voltage: 0.8v
High-level input reference voltage: A C_ =150pF
* 4 'MITSUBISHI 4—95
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Read operation G MR

whi

ter) )

twir) ' |

N Y/
m .
tsu(a—r) th(r—a)
Vg
[
N

tezv(r—DQ) tpvz(r—pa)
trzv(a—ba)

. ” 4 N

Dy~Dy

(DATA OUTPUTS) 7
Wirite operation

tew)
| twiw)
WR N Ve
v
tsu(a—w) thw—a)
TS, Ao
| tsutoa—w) th(w—o:w )
Do~D7
(DATA INPUTS)
Clock input totey
tw(s)
/l

CLK =

4—96- - 4:MITSUBISHI
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DISPLAY TIMING

(This example is encoded display, left entry mode with internal clock cycle 10uscc. Scan timing output Sz, S; are not shown.)

640us

<

80us
Ro~Ry RoJ RiJ Rz RsJ ReJ Rs} Re | RJ] Ro ] Ri ] Rz] RsJ RaeJ] Rs] Rs | Ry
—> .
40¢s (Note 9)
I80,us 704 5 490us I 150us
| [
BLANK T BLANK BLANK
OAo~0A3 CODE 0A(0) CODE OA(1) CODE
1
BLANK BLANK BLANK
0Bo~0B; CODE 08(0) CODE oB(1) CODE

>

o

Ol
-
——

Note 9 ! The scanned data on the return line is sampled serialy from Ry to R;. Each data is latched in the midde of the each sampling period.

‘¢ MITSUBISHI | e
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APPLICATION EXAMPLE ST
CNTL CONTROL
SHIFT 8X 8 KEY
SHIFT - EYBOARD
RETURN MATRIX
8 Lnes |&ROW
CODE
Vee5V) |
37y 36 8 LINES
CNTL SHIFT Ro~R7
INTERRUPT REQUEST INT ANt Vool 8
BIDIRECTIONAL| 2
8 BUS Vss
DATA BUSp=— Do~D; ;‘vGND(OV)
3-8 DECODER
- M5L8279P-5
MICROPROCESSOR — 10
SYSTEM RD 0 )5 3 (Note 10)
CONTROL WA 11 o S~y 4, SCAN LINE
4
RESET 9 Locoer
CS 2 | —
c CS
ADDRESS BUS 416 DECODER
Ao 20, DRIVE
_|23 BD
cLOCK CLk 3 .doik =) 2 "
OBy~0B3; OA;~0A;|
MSL8085AP '
BLANKING ADDRESS
4 DISPLAY
DATA DISPLAY
4 16-DISITS

Note 10 © When using an 8-bit character display of more than 9 digits for the decoder display, it is necessary to provide
two decoders for example 4 =10 decoder, 4 =16 decoder and key scan 3 — 8 decoder.
Only Sy, S; and S; may be used as inputs to the key scan 3 — 8. decoder.
(Don't drive the keyboard decoder with the MSB of the scan line.)

4—98 '  MITSUBISHI
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8-BIT 8-CHANNEL A-D CONVERTER

DESCRIPTION
The M58990P A-D converter is used to convert analog sig-
nals to 8-bit digital values.

The A-D converter is fabricated using silicon-gates and
CMOS technology. The M58990P can selectively multiplex
8 channels of analog input.

FEATURES
Linearity error Absolute accuracy
Type No. Max Maxtg
LSB LSB
M58990P +% *1
M58990P-1 *1 *+1%
® Single 5V supply voltage
® The |I/0 pins can be connected directly to TTL circuits
® Conversion resolution of 8 bits
® Multiplex 8 channels of analog input
® Broad range of analog input voltages: 0V~V¢¢
® Conversion time: 60us
® Conversion by successive approximation
® Can be used online through the data bus of a micro-

processor

APPLICATION

Used with microcomputers to control analog systeris

FUNCTION

The M58990P has eight analog input terminals that are
selected by the input signals to the 3 address terminals
(ADD A~ADD C). The address signals of these terminals

PIN CONFIGURATION (TOP VIEW)

INs —[T] ~ 28] — IN2
ANALOG
INy —[2] 27— N 4 iUt
g0 [z 5
INe —[4] [25)— ADD A
ot cowen. " 2] 3 24— Aod 8 | [5TESS)
ik iiodn I S~ Wil M
NVER- — © —
SION OUTPUT Eoi u = 22— AL {ORRESS\ATY
DIGITAL ouTPUT 27 —[8] . 21]— 2! msB
' =
OUTRUT ENABLE OF — 3] IR 20— 2 .
CLOCK INPUT CLK — [0 19— 2 DiTaL.
(5V)Vee  [I] g— 2
S e 3 24 Lo
“vovo [ 0§ er() R
7 — 56 DIGIT
output 24 15l — 2 QIGITAL

Outline 28P4

are read and latched in the internal address latches by the
ALE signal. When the OE terminal is at low-level, the out-
put terminals 27'~27® are in a floating state so they can be
connected directly to the data bus of a microcomputer. The
input terminal START is used to call for the start of an ana-
log to digital conversion and a signal is output through ter-
minal EOC when the conversion is completed.

REFERENCE(+) REFERENCE(—) OUTPUT
BLOCK DIAGRAM VOLTAGE VOLTAGE ENABLE INPUT
REF(+)

- (o—
R
: L| RESISTER
LADDER

REF(—)  OE

(D Vee(5V)
(13) GND(0V)

INg @
INy @ ® 5 I
IN2 () gw X @ 2
N2 () z3¢ H TREE] & @) 22
ANALOG INPUT INe (O 2IF COMPARATOR - E - ® 2
o< 4Ty =
5% : EE3| Do o
INs () 8 5Ig @ 2°
IN 000 :
B St N O
SUCCESSIVE W2
ADD A () APPROXIMATION aD 2
. ADDRESS INPUT 4 ADD B () LATSH
ADD C @) |
! CONTROL
ADDRESS LATCH , ¢ CIRCUIT 7) EOC END OF
ENABLE INPUT CONVERSION
OUTPUT
- - § 0 = -
START  CLK
START  CLOCK INPUT
CONVERSION
INPUT
MITSUBISHI
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8-BIT 8-CHANNEL A-D CONVERTER

PIN DESCRIPTIONS

Input or
Pin Name pu Functions e
Output wed
INo : U . S
¢ Analog signal Inout These are analog signal input pins. Which of the 8 inputs is selected, is determined by ADD A~ADD C. An
IN g sig P analog voltage applied at the selected pin is converted to a digital value in the range of 2~ 2% and output.
7
ADD A - ! A : .
¢ Address signal Input The input is used for selecting which of the 8 terminals INo~IN7 is to be converted from analog to digtal.
ADD C The address input through ADD A~ADD C is read to the address latch by the rising edge of ALE.
ALE Address latch ~In ut This is the strobe signal which causes the address signal input through ADD A~ ADD C to be read and
enable signal P latched for use as an internal address. o
This is one of the input terminals for the reference voltage that is applied to the 256R resistor ladder circuit.
REF(+) | Reference voltage(+) Input | The other terminal is REF(—) and the voltage levels of these two inputs must meet the condition: REF(+) |
>REF(—).
This is one of the input terminals for the reference voltage that is applied to the 256R resistor ladder circuit.
REF(—) | Reference voltage(—) Input | The other terminal is REF(+4) and the voltage levels of these two inputs must meet the condition: REF(+)
>REF(—).
The signal at this pin controls the digital output. When the signal is low-level, pins 2"~ 278 are in a floatin
OE Output enable signal Input 9 o p g' P 9 P 9
state. When it is high-level , the data is output.
27 The analog signal, which was input through INo~IN7, is converted to digital data and is output from these
S Digital signal Output | terminals. When OE is low-level, these terminals are floating. When OE is high-level, the converted digital
28 data is output. The MSB is 2™ and the LSB is 2°%. )
End of conversion | This terminals is used to indicate the completion of an analog to digital conversion. It is reset by a START
EOC signal Output | signal (high-level to low-level) and is set on completion of the conversion (low-level to high-level). This
9 output is normally used to generate an interrupt request for the CPU.
' The input signal at this terminal is used to start a conversion cycle by setting the successive approximation
START Start conversion signal Input register. The successive approximation register is reset by rising from low-level to high-level and conver-
sion is started after being-set by falling from high-level to low-level.
CLK Clock input Input The signal at this terminal is the basic clocking signal used to determine internal timing.
5—4 ~MITSUBISHI
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Basic Function Blocks

8-channel Multiplexer

The M58990P has eight input pins (INg~IN;) used for en-
tering analog signals. When analog signals are present at
INo ~ IN;, the 8-channel multiplexer selects one of those
signals and converts it into a digital signal.

The address decoder contains an input latch circuit which
functions to hold the input signal present at pins ADD A~
ADD C. This circuit is illustrated in Fig. 1, while timing of
the address latch is shown in Fig. 2.

ALE ALE
. ALE
J ALE J
J S; J S
ADD AD° s, S, To
~ADD C decoder

256R Ladder Network And Switch Tree
Fig. 3 shows the 256R resistor ladder and switch tree cir-
cuit. The 256R ladder network is created in the diffusion
process by forming 256 individual resistors into the subs-
trate. 254 of these resistors have the same value R, while
the resistor on each end of the ladder carries the value 3/
2R and 1/2R respectively. The reference voltage source is
applied to both ends of the ladder, and the reference vol-
tage used to compare analog input voltages is output at
each of the steps.

The reason for using different resistance values on the
ends of the ladder network is illustrated in Fig. 9 (a) show-
ing the I/0 characteristics of the A-D converter. The diffe-
rent resistance values provide symmetry between the zero
point and full scale point in the output characteristics trans-
fer curve. As noted in this diagram, the width of the hori-
zontal axis of each step is determined by the potential dif-
ference created by each ladder resistor. The step widths

Fig.1 Address latch circuit for the zero and full scale points are respectively 1/2 and
Control code from successive approximation register
N
ALE Voo Vo by
. REF
Address input latched here. 3
+) SR
ADD A A N
~ADD C
R | i . Vier to
T 256R < ! i ) REF
| l : - comparator
Fig.2 Address latch timing 2R ! : e input
: ‘ 1 } ~
When the ALE signal is “L”, S; and S, (Fig. 1) are closed, REF

and S, and S; are open. At this time, ‘external input is inhi-
bited at Sz, and the previous data is sent to the decoder.
When ALE transits from “L” to “H”, S; and S, open, and S,
and Sj close. This simultaneously latches the address. data,
and enables output to the decoder. At this point, the new
data arriving at ADD A~ ADD C is blocked at S;. Subse-
quent transition of ALE from “H” to “L” does not produce a
change; the latched data remains held.

The method for determining selection of the analog input at
INo~IN5 is by reading the value of the latched address sig-
nal. Value allocations are shown in Table 1.

Table 1 Address signals as related to selected
analog signal pin

(=)
Fig.3 256R ladder network and switch tree

3/2-times that of the intermediate steps.

The switch tree is an analog switch network made up of
510 MOSFETSs, and ‘is used to output the ladder step vol-
tage selected by successive approximation register
(S.AR.) code to the comparator. The output voltage
obtained from the 256R ladder and switch tree is increased
or decreased in accordance with the S. A. R. code, with the
monotonicity of the 256R ladder.

ADD C ADD B ADD A Analog input
0 0 0 INg
0 0 1 IN,
0 1 0 IN,
0 1 1 INg
A 0 0 INg
1 0 1 INs
1 1 0 INg
1 1 1 IN,
“4 ‘MITSUBISHI k " 5—5
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Comparator. v

The comparator used in M58990P has a chopper type
amplifier used to minimize input offset voltage and drift.
This circuit is illustrated in Fig. 4. Fig. 6 shows the oper-
ational timing of the comparator.

At the start of the comparing cycle, Sg and S, close on the
positive edge of ¢, and ¢;. Analog input voltage Vy is then
sent to the comparator. At the same time, the input of the
AC amplifier is biased at point A shown in the 1/0 charac-
teristics curve of Fig. 6.

When Sy and S, open, S, closes on the positive edge of ¢,
and the difference voltage A V derived from comparing
analog input voltage V|y and reference voltage Vger from
the ladder appears at AC amplifier input. Amplification of
this difference voltage causes a voltage saturated at “H” or
“L” level to appear at output. (This is shown as point B or
C in Fig. 5.)

Offset and drift are blocked by the AC-amplifier. The com-
parator results are stored in the successive approximation
register at the end of the comparing cycle.

: WAL A4
. [
from J -——-- 4_-,__ -
analog inr.:u_t‘ | RN
Vin S, | So :
o ' To SAR
from J ! | .A.R.
ladder output L-Q —————— -
Virer S, AC amplifier

Fig.4 Comparator

1/0 characteristics
of CMOS inverter

7/
/
/

/
/.
/

//,\Input=0utput

Ay
4 AV=Vger—Vin
Ve
/

/ When AV>0

|
|
|
[
|
|

When &AV<0

Output voltage

7/ B

Input voltage

Fig.5 AC amplifier I/0 characteristic;

CLK

Comparing cycle

So closes, short-circuiting
AC amplifier input and output

]

$o

[ IR DI UL ——— P —

| S, closes, entering output from ladder in

1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
|
| amplifier * i

———d S closes, entering
| analog signal in amplifier
?4
|
|
o |
|
|
?3

Comparator results stored in S.A.R. \J |
[\

Fig.6 Comparing cycle timing

MITSUBISHI
\ELECTRIC



MITSUBISHI LSIs

MS8990P,-1

8-BIT 8-CHANNEL A-D CONVERTER

Successive Approximation Register
(S.A.R.)

The S.A.R. takes the results from the comparator and con-
verts them to an 8-bit binary code for use in determining
the reference voltage value that should be used in the next
input comparison. The relationship between reference vol-
tage Vger and the binary code is as follows:

V,
Veer = (27C,4+25C¢+---2°C,) X 2?;

+ REF(—) — \;s; seen(1)

Where C7+Ca++Co=f=o

When C7=Ce="'=00=0, VHEF=REF(_)
Here, Vegg stands for full scale range of analog voltage,
which indicates the range between minimum and maximum
value, or Vesr=REF(+)—REF(—)-(2)
C7, Cg*-* Cy are each represented by a 0 or 1 digit in the
binary code, with C; the MSB and C, the LSB. Consequent-
ly, from equation (1), we have:

1 1 1
Vrer= (?C1+Ez”os+"‘+_2s‘co) XVesr

When each digit (bit) in the right half of equation (3) is
weighted from 1/2 to 1/28, the value relative to full scale
can be obtained. With the successive comparator method,
successive approximations are made from MSB to LSB un-
til reference voltage Vger is as close to Vi as it can get.
The following explanation provides more specifics.

When the start pulse entered at the START pin transitions
from “L” to “H”, the S.A.R. sets only the MSB “1”, the other
bits being reset to “0”. As a result, the voltage selected for
reference voltage Vggr is approximately one-half of Vegg,
and this is used to compare with analog input V.

The conversion is started when the start pulse transition
from “H” to “L”, and the first comparing cycle is entered.
At this time, should V,y be smaller than Vggr, MSB will be
reset to “0”. If larger, the MSB will remain “1” and the next
comparing cycle will be entered. For this cycle, the bit next
to MSB, Cg will be set, and the previous results will be car-
ried up. In other words, taking the next selected reference
voltage as Vger, when ‘

Vin>VRer, then:
Vesr

1 1
Vrer' = (74—7) Vesr™ 51 +REF (=)

1
FSR |-
VlN _H -
1/4Vesr
VREF
0 1 L L 1 t

1 2 3 4
Comparing cycle

‘ C,(MSB)

v
FSRI-
Vrer
Vin _,_l_==
1/4Ves
0 I 1 1 1 t

1 2 3 4
Comparing cycle

1 1 1 1 C,(MSB) 1 o 0 0
Ce 0o 1 0 0 Cs 0 1 0 0
Cs 0o 0 1 1 Cs 0o 0 1 1
C" 0 0 0 1 ............ 04 0 0 0 ] ............
Cs 0o 0 o0 0 Cs 0 0 0 0
C, 0o 0 0 0 C, 0o 0 o0 0
Cy 0o 0 0 0. Cy 0o 0 o0 0
Co(LSB) 0 0 0 0 Co(LSB) 0 0 0 0

(a) When Viy>Veer (b) When Vin< Vger

Fig.7 Changing reference voltage during A-D conversion
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And when Vy<Vger,

1 v,
Vrer'=" Vesh = 5?; REF (—)

In the second comparing cycle, V |y is compared with Vgge',
and the results for Cg are obtained. From there, the compa-
rator cycles are repeated until the value for Gy is obtained.
This process is illustrated in Fig. 7.

There are eight comparing cycles for each conversion cy-

cle, and one comparing cycle requires eight clocks. This

means that each conversion cycle requires 64 clocks, and
since clock frequency is 640kHz, each conversion cycle re-

quires 100us. (Note 1)

When the comparison has been made, results are latched

in the . output circuit, and the EOC signal is sent. The EOC

signal is reset to “L” by the start pulse, then set “H” when
the conversion is. completed.

The EOC signal has interrupt capability with regards to the

CPU, and can be tied to the start pulse for continuous con-

version. )

If a new start signal is entered during conversion, the S.A.R.

is reset and starts over from that point.

Note 1 : Conversion time tc, a characteristics value that

will be convered later, is defined as the time
between the positive edge of the start pulse and
the positive eage of EOC. Consequently, tc is a
combination value of conversion cycle time,
EOC delay time (1 to 8 clocks), and latch cycle
time applied to the output circuit (1 clock).
EOC delay time is determined by the state of
the internal circuitry and start pulse timing. Con-
sequently, if continuous conversions are to be
run at a fixed conversion time, the start pulse
must be applied synchronized with the positive
edge of EOC.

Output Circuit

As illustrated in Fig. 8, the output circuit consists of a D
latch and a 3-state buffer. At the end of a conversion cycle,
the converted data is latched in the D latch. Then when OE
transits “H”, the latched data is output to pins 27 '~278,
When OE is “L”, pins 27 '~2"% are in a fioating state.
During the conversion cycle, the previous data is held in
the D latch.

Signal from S.A.R.

Internal latching signal OE signal

Fig.8 Output circuit

rarrad |l

Errors And Accuracy OfThe A-D
Converter

Resolution

The analog input voltage range overswhich conversion op-
erations are possible is referred to as the full scale range
(FSR), and resolution defines the number of “steps” that
FSR can be broken down into. In general, n-bits of resolu-
tion indicates that FSR can be resolved into 1/2" steps.
Also, resolution can be arrived at by taking FSR divided by
2" as the size of the LSB.

Consequently, for 8-bits, FSR is divided into 256 steps, and
if FSR is referenced to 5.12V, then the LSB will be 20mV.

Mp-———=—==—= = ————-

| A-D converter having

110 infinite resolution

101+

|
~1/2 Ls8|

H o quantization

error |
|
Perfect 3-bit A-D cc;mverter

100 +1/2LsSB
quantization
o1} error

Output code

010

001

000 I L L
0051152 3 4 5

Analog input

Of — —— -

=<
z

(a) A-D converter I/0 characteristics

Error

(b) Quantizing error

Fig.9 A-D converter /O characteristics and quantizing
errors

Quantizing Error ,

An inherent error in the A-D conversion process develops
due to the fact that analog input values of less than the LSB
must be rounded off. Figure 9 shows the quantizing errors
occurring in a 3-bit A-D converter. The |/O characteristics
of a perfect 3-bit A-D converter are illustrated in Fig. 9 (a).
Where FSR is 8 and LSB is 1, as shown in the diagram,
analog input voltage V\y is rounded off to n in the range of

1 1
n—5LSB = Vi< n+?LSB (o< n§7).

: ) MITSUBISHI
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In this case, a quantization error of 1/2 LSB is produced
on one of the two ends of the step.

Fig. 9 (b) shows how quantization errors are produced.
Each step is shown like the tooth of a saw, centered on 0.
An input of full scale becomes —1 LSB. This is because
output codes can only be produced up to 111, =74, so
when using the converter near full scale should be took
care. In order to reduce quantization errors, resolution must
be increased.

Non-linearity Errors

Non-linearity error is the portion of A-D converter 1/0 char-
acteristics that indicate the amount of deviation from the
ideal line. These errors can be expressed as total linearity,
or for only a portion of the scale, as differential nonlinearity.
This is shown in Fig. 10.

Linearity indicates the amount of deviation from a straight
line drawn from the start to the end of a step. Differential
linearity indicates the amount that an actual step differs
from 1 LSB of perfect step width. Monotonicity is the term
used to express the fact that rises and falls in output follow
rises and falls in input, and monotonicity cannot be assured
unless differential nonlinearity is less than 1/2 LSB.

M- — — — — ———
Step width of a perfect converter

[ Differential nonlinearity |

wk T ) !

110

|
2 *H' : Zef |~ Nonlinearity indicates
8 100|- I"H-SB Cinarity the deviation
~ | from this line
g 1LS8 |
3 -+ |
010 Perfect A-D conversion |
characteristics |
001 A-D conversion characteristics with I
nonlinear error :
000 v
FSR "

Analog input

Fig.10 Nonlinearity in A-D conversion characteristics

Zero Error And Full Scale Error

Zero error is the error relative to the input voltage required
to bring the output code to all Os, and full scale error is the
error relative to the input voltage required to bring the out-
put code to all 1s. These errors are expressed as the
amount of deviation from the perfect A-D conversion curve,
and are illustrated in Fig. 11.

/
/
M- - - — = - —— — 4
Full scale error } |
1MoF 1
v !
0f :
3 |
8 100l
S Perfect A-D conversionl
3 | characteristics |
= 011f |
© . A I
010
,}' J\A-D conversion !
o1 characteristics showing zero
Zero error and full scale errors i
1 \%
000‘ 0 TSR N
Analog input
Fig.11 Zero and full scale error

Absolute Accuracy

Absolute accuracy accounts for the various errors occurring
in the A-D conversion, and indicate how closely the output
code represents the analog input. Where the output code is
N,

_ N VIN
absolute accuracy = N LSB

This is shown in Fig. 1g2.

- |
ME
Absolute |
10k accuracy |
|
101 |
) A-D converter |
§ 100 | having infinite
= resolution I
g ot |
© |
010 Actual A-D conversion - |
characteristics |
001 !
000 l V
0 FSR ™

Analog input
(a) A-D converter /O characteristics

+1LsB

V V VIN

r
e

—SBf———— ————— — — —— —

(b) Absolute accuracy

Fig.12 A-D converter absolute accuracy
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Precautions Regarding Reference Voltage
Power Supplies

Fig. 13 shows a portion of the 256R ladder network and
switch tree, and Fig. 14 illustrates the turn-on resistance
characteristics for MOSFETSs.

As Fig. 14 showé, where drain potential Vp approaches Vg,
the turn-on resistance of n-channel MOSFETs increases.
On the other hand, when Vp approaches GND, turn-on re-
sistance for p-channel MOSFETSs increases.

Where threshold voltage for the two transistor types is
taken as VihN and VihP respectively, when Vp is between
GND and VihN, p-channel MOSFETs will not turn on, and
when Vp is in the range Vgc— VthP  ~ Vge, n-channel
MOSFETs will not turn on. Due to this fact, the border
formed by (REF(4) 4 REF(—))/2 in the switch tree of Fig.
13 is an operating limit for MOSFETs. Above this line, p-
channel devices are used, and below this line n-channel
devices are used.

Control code from S.A.R.
S

REF(+) .
128
R iy
b It
| .T ' !
: | ' ! : to p-ch
! ! MOS
i 4 !
| ! >switch
circuit

REF(+)+REF(—)
2

a5 9H

1 R to n-ch
MOS
: >switch
y—
1
REF(—) o—

circuit
" Fig.13 256R ladder network and switch tree

Pch MOSFET

) o
- [*]
4 i

Nch MOSFET

VihP VthN
I
I
|

1 1 | vD
GND __Vec Vee
-2

Fig.14 MOS switch turn-on resistance

For ladder network and switch tree structures like this, the

- following precautions should be observed in the design of

the reference voltage supply.

1. REF (+) potential must not exceed Vgc.

2. REF (—) potential must not go below GND.

3. The value for (REF(+) + REF(—))/2 must not differ
greatly from the value of Vgc/2.

4. REF(+4)>REF(—) must be observed.

The reason for 1 and 2 is that for MOS switches located

near the Vgee pin, their souces and substate PN junctions

are likely to forward bias, with the resulting current flow

changing ladder potentials. '

In 3, (REF(+) + REF(—))/2 is the potential for the center

of the ladder, and as shown in Fig. 13, this is the borderline

between p-channel and n-channel switch operations. Con-

sequently, if this potential varies greatly from Vge/2, turn-on

resistance of the n-channel swiches near the center of the

ladder will increase. (See Fig. 14.) On the other hand, if

this value is smaller than Vcc/2, the turn-on resistance of

the p-channel switches will increase.

Where turn-on resistance is high, the required settling time

after fully charging the comparator’s input capacitor becom-

es too long, and accuracy cannot be maintained.

In 4, if REF(+4) < REF(—), the up-down transients of the

control signals from the S.A.R. will be reversed relative to

the up-down transients of the referénce voltage from ladder

to comparator. In this case, instead of the approximations

converging, the bits will diverge all Os or all 1s. Also, as

noted previously, where REF (4) and REF (—) approach

GND and V¢ respectively, the switches will not turn on.

5—10
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.3~7 Y
Vv, Input voltage With respect to GND —0.3~Vge+0.3 \Y
Vo Output voltage 0~Vce \
P4 Maximum power dissipation Ta=25C 500 mwW
Topr Operating free-air temperature range 0~70 ‘c
Tstg Storage temperature range —65~150 c

RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, unless otherwise noted)
Limits
Symbol Parameter Y Nom iax Unit
. Vece Supply voltage 4.75 5.25 \
GND Supply voltage \v}
Vin High-level input voltage 2 Vece v
ViL Low-level input voltage —0.3 0.8 V.
VREF(+) Max of reference voltage(+) Vee [Veet0.1 Y
VRer(—) Min of reference voltage(—) —0.1 0 Y
Vner () HVnee) J{V“E“‘) %—U.l % Yeepon| v
AVger Defferential of reference voltage 5.12 5.25 \%
Vian Analog input voltage 0 VRer(+) v
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Voc=5V %5%, unless otherwise noted)
Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
Vin High-level input voltage VinC1) 2 \
Vi Low-level input voltage Vin(o) Vea=5V 0.8 v
Vou High-level output voltage Vout(1) lon=—360uA, Ta=70C Vee—0.4 \
Voo Low-level output voltage, 27'~27 output | Vout(o) lo,=1.6mA 0.45 \
Vou(eoc)| Low-level output voltage, EOC output VouTt(o) lor=1.2mA 0.45 \%
I High-level input current hine 1) V=>b.25V 1.0 A
he Low-level input current hncCo) Vi =0V —1.0 A
logn | Oftals Cigh-mpedance ste) 1 guut|_lour Vo5V 3| wA
lozu Off state (high-mpe e sram. 2”~2° output | louT Vo=0V —3| wA
lcc Supply current from Vcc input fe(#=500kHz, Ta=70"C 1000 uA
Lz Off-state input current, (INo~IN7 input) lorr(+) Veeo=5V, V=5V 200 nA
Iz Off-state input current, (INo~IN7 input) lorr(—) Vec=5V, V=0V —200 nA
Conversion resolution N 8 Bits
Linearvity arvor ~ M58990P x4+ | 4| LsB
M58990P-1 +5 +1 LSB
Zero error Voc=Vger(+)=5. 12V +4 +5 LSB
Full-scale error Vger(—)=GND +4 +5 LSB
" Absolute accuracy M589%0P + LSB
M58990P-1 15 LSB
Riapper | Ladder resistances Vee=5V 1 kQ
C, Input capacitance Cin V,=GND, Vo=25mVrms, f=1MH_ pF
Co Output capacitance Cout Vo=GND, Vo=25mVrms, {=1MH; 12 pF
Note 1 : Current flowing into an IC is positive, and Min and Max show the absolute limit.
MITSUBISHI 11
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TIMING REQUIREMENTS (Ta=25C, Vco=Vaer(+)=5V, Vaer(—)=GND unless otherwise noted)

Alternative Limits
Symbol Parameter Test conditions Unit |
) Symbol Min Typ Max
tw(sTarT)| Start pulse width tws 200 ns
twiaLe) ALE pulse width twaLe 200 ns
tsu(a) Address setup time ts 50 ns
tha) Address hold time th 50 ns
fc(s) Clock frequency fc 10 640 1200 kHz
te(s) Clock cycle —_ 100 1.56 0.83 “s
Note 2 : Input voltage level is V, . =0. 8V, V;;=2V
SWITCHING CHARACTERISTICS (7a=25T, Voc=Vaer(+)=5V, Vaer(-)=GND, unless otherwise noted)
Alternative Limits
Symbol Parameter Symbol Test conditions Min v Max Unit
trzx(oe-nq)| Propagation time from OE to output thi, tho C_=50pF 250 ns
texz(oE-pa)| Propagation time from OE to output floating tin, ton 250 ns
tc Cycle time tc fo(¢) =640kHz 114 ns
tdeoc) | EOC delay time teoc 1 8 %I,ggk cycle

DIAGRAM

tecs)

TIMING

CLK

ALE

¥ A-L

1/fc(s)

tw(aLe)
ADD A . VALID
~ADD C ADDF‘;\ESS A

{ &

tsuca)

+ thea)

s

{ o

INg
~IN7

¥

STABLE ANALOG INPUT

(G

START ] K

s

(L

tw(sTART)

EOC
td(eoc)

)

r

OE

tpzx(oe-pa)

U

2'~2®

A

tpxz(oe-pa)

9}._
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APPLICATION EXAMPLE

5V 5v 5v 5,120V
¥ 1 ]
v ..
C%ST 5.5 Q Sop /
T EOC Vee| N
AP - N
M5L8085 Ro OP. AMP
M53274P
REF(+)
RESET
ouT
M58990P
INF—0 Viy )
RD \
) OE INF—0 Vinz
| : | Analog
wa | ! " input voltage
WR START cl !
| | 1
| |
ALE
IN.b—o0 Vine )
Ass
ALE
STB
DO, 3
~DO; a ADD A
DI, ~ADD C
8 ~Dlg| -
M5L8212P
,8 8 —1,.0—8
ADy~AD; | 271~2
M53493P
REF(—) o
CLK 3MHz = Qo 750kHz CLK
RDRDO(”
(1)
Vss = GND
7T
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CMOS PROGRAMMABLE DMA CONTROLLER

DESCRIPTION
The M5M82C37AP is a programmable 4-channel DMA PIN CONFIGURATION (TOP VIEW)
(Direct Memory Access) controller. This device is specially VOR o
. S . 40
designed to simplify data transfer at high trasfer rate for :t‘g‘xgﬁ‘é"’“‘ 10R L1 A
; X INPUT/QUTPUT 10W | 2] 3] — A | ADDRESS
microcomputer systems. MORY MEMR «— 5] — A, | OUTPUTS
. . . s
Fabricated using the silicon-gate CMOS technology, the ;‘AEADOOUTPUTW,_ 7] — A,
M5M82C37AP operates using a single 5V power supply. n’gnEU%LATBP._UET NU +[5] 3] «+ EOP :ENNP%%FOTEESESS
READY INPUT READY — 3]« A
FEATURES poNOWLEDGE NPUT HLDA — 7] : 5] « A, ADDRESS INPUTS/
® 5V single supply, single TTL clock vt ADSTB — 2 53] + A, |OUTPUT
. . ENA - -
® Four channel DMA controls with priority DMA request oureur E:LE AEN +[3] S 32+ Ao
acknowledge functions gngELE:; ) . Hg‘_ cﬁ % \é‘:; (5v)
. T . . Hil INPU — - o
[} D!::IA eszble/tﬁsable, al.:’;(;matlc initialization enas‘k'e/dls- GCLOGK INPUT  GLK —» :.U ] - DB,
able, address increment/decrement programmability for RESET INPUT RESET — A ] «~ DB, gﬁﬁmgum
each cannel oA DACK; « & 7] DB,
® Programmable DREQ input and DACK output logic OURPOTEEE | pACK, «— [ %) ~ DB,
polarity DREQ; — [1§] [25] — DACK, \owteoce|
® Direct connecting permits easy DMA channel expan- o UEsTs | DREQe— [T E—‘DACK| ouTPOTS
sion. INPUTS DREQ, —LI8 3 - o8, DATA INPUTS/
® Memory to memory data transfer DREQo — 19 2]+ DBs { qurpuTS
® EOP input/output permits DMA operatlon completion Vss (OV) 1] -~ 0B,
check as well as forcibly completing DMA operatlon. Outline 40P4
APPLICATION
® DMA control of peripheral equipment such as floppy
diskettes and CRT terminals that require high-speed
data transfer.
BLOCK DIAGRAM
|~——(19) DREQ,
Vee (1) , ’
& CURRENT BASE - ) g:ggo
Ves @0) WORD WORD oA ©, |
! COUNT =] count Y (249) DACK,
DB, @i ‘ REGISTER/| |REGISTER/ Cfg;f‘g'- (7) DREQ,
COUNTER
DBs 22 COUNTER __[sTatus
DB; (23 DATA REGISTER
DB, (26 || wopE
N BUS REGISTER
DB, (28 BUFFER MASK
DB, (9 REGISTER TIMING
CONTROL
DB, REQUEST
0(30 REGISTER [~ Loaic
Ar @0 COMMAND
A Go | REGISTER
6
: CURRENT L__JTEMPORARY
As (38 ADDRESS ADDRESS BASE REGISTER
A4 (37 -~ ADDRESS BUS
BUS REGISTER/
As (35 REGISTER CONTROL
BUFFER COUNTER
Az (34 LOGIC
A (33 N
Ao 3 _
)
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FUNCTION

M5MB82C37AP is a programmable DMA controller LS used
in microprocessor systems.

This device basically consists of a DMA request control
block for acknowledging DMA requests, a CPU interface
for exchanging data and commands with the CPU, a timing
control circuit for controlling each of the various types of
timing, and a register for holding and counting DMA
addresses and number of transfer words.

After setting the transfer mode, starting address, and byte

number in each of the registers and when a DMA request
is made to an unmasked channel, the M5M82C37AP re-
quires use of the bus to the CPU. When the HLDA signal is
received from the CPU, the DMA acknowledge signal is
sent to DMA requesting channel with the highest priority
and begins DMA operation.

During DMA operation, the contents of the low-byte of the
transfer memory address are output through A;~ A,. Every
time a change in the high-order 8-bit values is necessitated
immediately after DMA operation has begun or due to bor-
rowing or decrement during DMA operation, the change is
output via pins DB; ~ DBy to the externally mounted latch
circuit. After the address is transmitted, read and write sig-
nals are sent to the memories and peribherals activating
DMA transfer.

PIN DESCRIPTION

IOR input/output (/O read input/output)

The function of this pin differs depending on the state of
the M5M82C37AP.

During DMA operation, the IOR outputs low-level pulses
providing read timing to the peripheral devices:

In the cascade mode DMA, this pin becomes high impe-
dance. In non-DMA mode, IOR is an input to read the con-
tents of the registers in the M5M82C37AP.

IOW input/output (/O write input/output)
The function of this pin deffers depending on the state of
the M5M82C37AP. In DMA operation, IOW outputs a low-
level pulse to denote the write timing to peripheral devices.
In cascade mode DMA, this pin becomes high impedance.
In non-DMA mode, IOW is input to write data to the regis-
ters of the M5M82C37AP. '

MEMR output (Memory read output)

In DMA mode, this pin outputs a low-level pulse to denote
the memory read timing.

In cascade mode DMA or in non-DMA. operation this pin
becomes high impedance.

MEMW output (memory write output)

In DAM mode, this pin outputs a low-level pulse to denote
the memory write timing.

In cascade mode DMA or in non-DMA opration, this pin be-
comes high impedance.

NU pin (Non-usable)
Pin 5 is a non-usable pin. This pin should be tied to V¢, or
it should be left open.

READY input (ready input)

This input is used to extend the read -or write pulse in the

DMA operation. As long as low-level is input, the DMA

transfer period is extended. If no timing extension is

needed, this input should be tied to Vcc.

Note @ The ready input level must be stable near the falling edge of
the clock input. If the minimum READY setup time from clock
or the minimum READY hold time after clock is violated,
MSM82037AP_ might go into illegal DMA operations.

HLDA input (hold acknowledge input)

This input means that the CPU acknowledges the use of

the bus. If M5M82C37AP sets the HRQ output high-level

and the HLDA input goes to high-level the M5M82C37AP

begins DMA operation.

Note : (i)When HLDA is high-level, CS input is disabled and unex-
pected read or write operation to M6M82C37AP is prevented.
(ii)At least 1. clock period is required from HRQ rising edge to
HLDA rising edge

MITSUBISHI
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ADSTB output (address strobe output)

This pin outputs a high-level pulse when the higher 8 bits of
the transfer address is output through data bus at the DMA
operation. This pulse is used as the strobe pulse for the ex-
ternal address latch circuit.

In non-DMA mode or in cascade mode DMA this output re-
mains low-level.

AEN output (address enable output)

AEN is an output which denotes that the bus control signal
address output etc. from the M5M82C37AP are valid. When
AEN output is high-level, they are valid output, so AEN is
used as a control input for an external three-state bus
buffer.

HRQ output (hold request output)

This output denotes that the M5M82C37AP requests the
use of the bus to the CPU. The M5M82C37AP sets HRQ
high in response to the DMA request.

CS input (chip select input)

This input is a chip select signal which is set to low-level
when the CPU reads or writes data to the' M6M82C37AP.
When HLDA is high-level, this input is masked and the
M5MB82C37AP is not selected.

CLK input (clock input)
The master clock for the M5M82C37AP is input.

RESET input (reset input)
When a high-level pulse is input from RESET, the
M5MB82C37AP is set to the initial state.

DACKO, DACK1, DACK2, DACK3 output
(DMA acknowledge output)

DMA acknowledge is the signals which shows a peripheral
device whether DMA operaiton for its channel is under ex-
ecution.

By resetting, they become active low outputs, but they can
be mode into high-acive outputs by altering the contents of
the command register.

DREQO, DREQ1, DREQ2, DREQ3
DREQ is an input which shows that a peripheral device re-
quests DMA service. By resetting, they become active high
inputs but they can be made into active low inputs by alter-
ing the contents of the command regsiter. DREQ should
keep in active until the DACK output returns.

VSS

Vgs is connected to system ground.

DB,~DB, inputs/outputs

(data bus inputs/outputs)

In non-DMA mode, the contents of the registers of the
M5MB82C37AP are read out or written through DB;~DB,. -
In DMA mode, the higher 8 bits of the transfer address are
output through DB;~ DBy in the S, state. In the memory to
memory DMA mode, data to be transferred between
memories via the temporary register are read and written
by the M5M82C37AP through DB,~DB,.

VCC
The 5V power supply is connected through Vec.

A;~A, input/output (address input/output)
In the DMA mode, the lower 8 bits of the transfer address
are output through A;~A,.

In cascade mode DMA, they become high impedance. In
the non-DMA mode, A; ~ A, become register select
address inputs, while A;~A, become high impedance.

EOP input/output
(end of process input/output)
EOP is an N-channel open drain input/output. When the

"~ word count register reaches count-up, a low-level pulse is

output from EOP. (This is called internal EOP.) EOP may

be pulled down to low-level. If EOP is pulled down dﬁring

DMA operation, the DMA operation is forcibly terminated.

(This is called external EOP.)

Note : In cascade mode DMA, the EOP pulse is not output, and exter-
nal EOP cannot terminate cascade mode DMA operation.

5—16
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OPERATION

The unit of operation of the M5M82C37AP is one clock
period long and is called a ‘state’. The M5M82C37AP has
seven kinds of states.

The following is the description of the basic DMA
operation. When the M5M82C37AP is DMA disabled or no
DMA request comes for unmasked DMA channel, the
M5MB82C37AP is in stand-by condition. At this time the
M5MB82C37AP repeats S, (Inactive state) until a valid DMA
request comes. When the M5M82C37AP is enabled and a
valid DMA request arrives, the M5M82C37AP sets HRQ
output high and waits until the use of the bus is acknow-
ledged. This state is called so state. The M5M82C37AP re-
peats S, state as long as the HLDA input is low. When
HLDA goes to high, the M5M82C37AP begins DMA opera-
tion. )
Care must be taken became the M5M82C37AP requires at
least 1 clock period from the HRQ rising edge to the HLDA
rising edge. (l.e. S, state must be repeated at least twice.)
In DMA operation, the M5M82C37AP normally executes
four (or three) states per one word transfer.

These four states are called S;, S,, Sz and S, state in sequ-
ence.

In S, state, AEN is set to high (if AEN is low), the lower 8
bits of data of the transfer address are output through A;~
A, and the higher 8 bits of address data are output through
DB; ~ DBy. The higher address data are output only in the
S, state, so the strobe pulse for the external address latch
circuit is output from ADSTB. The S, state is not executed if
the higher 8 bits of address data are not changed in de-
mand mode DMA or block mode DMA.

In the S, state, MEMR or IOR output is set to low. If the S,
state is not executed, address outputs A;~A, are changed
at the S, state also.

In the S; state, MEMW or IOW output goes down to low.
The S, state is the last state of a word transfer. MEMR (or
IOR) and 10R (or MEMW) outputs rise up to high. And the
contents of the current address register and the current
word counter are updated.

If DMA continues in demand mode or block mode, the S; or
S, state follows after the S, state.

If not the S, state follows after S,. (In single mode DMA, S,
always follows after S,.)

When the M5M82C37AP returns to the S, state, the HRQ
and AEN outputs are reset, A; ~ A,, DB; ~ DB,, MEMR,
MEMW are set to high impedance and Az~ A,, IOR, IOW
are set to inputs.

If the read or write pulse width is not sufficient for the
memories or the peripherals, the transfer time can be ex-
tended by setting the READY input to low. Until READY
goes up to high, wait states (Sy) are inserted -before S,
and read , write, and address outputs are hold.

The M5M82C37AP has four type of DMA transfers.

® READ TRANSFER
This is the transfer operation from memories to peripher-
al. Low-level pulses are output from MEMR and IOW,
while MEMW, IOR remain high.

® WRITE TRANSFER
This is the transfer operation from peripheral to memor-
ies. Low-level pulses are output from MEMW and IOR,
while MEMR and IOW remain high .

® VERIFY TRANSFER
This is the dummy transfer, MEMR, MEMW, 1OR and IOW
all remain high. (not high impedance). Low-level input to
READY is ignored. AEN. ADSTB. DACK and address in-
formation are normally output.

® MEMORY-TO-MEMORY TRANSFER
This is the transfer from the memory address designated
by channel 0 to the memory address designated by chan-
nel 1. In this transfer, the channel 0 address and channel
1 address are alternately output. when the channel 0
address is active, the MEMR pulse is output at the same
time and the memory data are read and written to the
temporary register when the channel 1 address is active,
the MEMW pulse is output and the contents of the tem-
porary register are output from the data bus.
Accordingly, ¢ 1 byte memory transfer is executed by two
operations a read operation which consists of S;4, Sy2, Si3
and Sy, states and write operation which consists of Sy,
S12, Spz and S, states). .
In memory to memory DMA, The transfer type assignment
of ch 0, ch 1 mode register (read, write or verify) is
ignored.

MITSUBISHI
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Notes for memory-to-memory transfer

Observe the following points when programming memory-

to-memory DMA.

® The contents of the word count register of channel 0 and
1 must be programmed identically.

® The transfer mode of channel 0 and 1 must be set to the
block transfer mode.

® All the mask bits must be set to inhibit external DMA re-
quest input. (Memory-to-memory DMA is started by soft-
ware DMA request to channel 0.)

® In memory-to-memory DMA operation, all the DACK out-
puts are inactive. (but AEN is set during transfer.)

Table 1 DMA priority for the M5M82C37AP

PRIORITY

Two kinds of DMA priority can be programmed for the
M5M82C37AP. (Command register bit 4) If plural channels
request DMA at the same time, DMA is acknowledged for
the channel which has the highest priority. (Table 1)

(1) ’ Fixed Priority (bit 4=0)

The DMA channel which has the highest priority is
channel 0. Channel 1 has the second, channel 2 has the
third and channel 3 has the lowest priority.

Rotating Priority (bit 4=1)

This priority mode is that the channel which has ser-
viced the DMA request, has the lowest priority at the
next DMA operation. (Just after reset the lowest priority
channel is channel 3)

For example, just after channel 1 DMA is executed,
channel 2 has the highest priority, channel 3 has the
second highest, channel 0 has the third and channel 1
has the lowest priority.

ELECTRIC

. DMA priority for next transter
Priority type DMA channel serviced -
E Highest 2nd 3rd Lowest

Fixed priority ch0 " ch1 “ch2 ch3
ch0 ch1 ch2 ch3 ch0

Rotating priority ch1 ch2 ch3 ch0 chi
ch2 ch3 ch0 chi ch2

ch3 ch0 chi ch2 ch3
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Description Of The Transfer Mode
The following is the description of the transfer mode of the
M5M82C37AP

)

Single mode DMA transfer

In single mode DMA, the M5M82C37AP executes only
one word transfer when the bus control is acknow-
ledged by the CPU, and when the S, state is ended,
the M5M82C37AP reset HRQ output and releases the
bus. .

If the DMA request input continues at active level, at
least one S, state is executed since the HLDA input
falls down to low, and HRQ is kept low. Accordingly,
8085 CPU etc. can execute at least one instruction be-
tween DMA transfer.

Block mode DMA transfer

In the block mode, once the DMA request is acknow-
ledged, the DMA is executed continuously until the ter-
minal count (TC) occurs.

TC means that

(i)The contents of the current word count register are
about to be counted down from 0000, to FFFF4¢

or that

(i)an external EOP pulse is input before the S, state.
The DREQ input should be kept active until the DACK
output is made active, but once DMA is acknowledged,
DMA transfer continues until TC occurs even when
DMA request becomes inactive.

When DMA is executed continuously, the S; or S, state
follows directly after S,. If the contents of the higher 8
bits of the address are not changed at the following
word transfer, the S, state is skipped and the'S;, state
is executed just after S,.

Demand mode DMA transfer

In the demand mode, DMA is executed continuously
while the DMA request is active.

Once the DMA is acknowledged to the channel which
is programmed for the demand mode, DMA operation
is executed continuously until TC occurs or the DMA
request becomes inactive.

If DMA stops due to an inactive DREQ before TC, the
rest of the DMA will be resumed when DREQ becomes
active and the DMA is acknowledged again.

The operation during DMA is almost the same as in the
block mode DMA.

Cascade mode DMA transfer

This mode is used for DMA channel expansion by cas-
cade connction when more.than 4 channels are re-
quired. (See fig. 1)

If the DMA request for the channel which is program-
med in the cascade mode occurs and the request is
acknowledged, only the DACK output becomes active.
(IOR, 1OW, MEMR, MEMW, DB;~DB,, A;~A, become
floating. AEN, ADSTB outputs stay at low. CS and
READY inputs are ignored.)

Accordingly the cascade mode DMA operation of the
M5M82C37AP is only that it requests a bus hold re-
quest for the CPU instead of the low-level
M5M82C37AP and transmits the bus acknowledgement
signal by setting DACK active.
Note

® The contents of the base and current address/word count regsiters
of channels programmed in the cascade mode are invalid and
change unpredictably.

® A software DMA request for the channel which is programmed in
cascade mode may cause the system of hangup.

® When cascaded M5M82C37AP’s are connected as shown in fig. 1,
the high level M5M82C37AP should be initialized first and the
DACK output set ‘high active' in order to initialize the low level
M5M82C37AP’s because the registers of the M5M82C37AP cannot
be read or written when HLDA input is high.

® An external EOP cannot terminate cascade mode DMA operation.

MITSUBISHI 5—19
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CPU
HOLD HLDA

DACK,;

DREQ,

HRQ HLDA

DACK,

the high level M5M82C37AP

HRQ HLDA

HRQ HLDA

the low level M5M82C37AP’s

Fig.1

(5)

Auto initialization feature (mode regsiter bit 4=1)
When bit 4 of the mode register is set to ‘1’, the prog-
rammed channel enters the auto initialization mode.
Auto initialization is performed when TC occurs and the
contents of the base address/word count registers are
loaded in the current address/word count registers.
(The contents of the base address/word count regis-
ters are programmed to the same value as the current
registers, at the same time.)

Example of a DMA system using a cascade connection

REGISTERS

The following is a description of the registers of
M5M82C37AP.

M

Address registers

The M5M82C37AP has two 16-bit address registers for
each DMA channel.

One is called the current address register. It holds the
contents of the memory address at which DMA opera-
tion is performed and the contents are incremented (or

Note @ If a channel is programmed for auto initialization the mask reg- decremented) at every word transfer. This fegister is
ister bit for that channel is not set after TC. If it is not program- read/write enabled when in the incative state. The
med for auto initialization, the mask register bit is set after TC, other is the base address register. This register is a
so the mask register bit must be reset to set this channel to write-only register and is written at the same time the
DMA-enable. current address register is programmed. The contents
(6) Extended write feafure (command register bit 5=1) , of the base address register are loaded into the cur-
In_normal DMA operation, the write pulse MEMW (or rent address register when the channel has reached
IOW) falls down to low in the S, state. But, if extended TC if the channel is programmed in the auto initialize
write is programmed, the write pulse falls at the S, mode. .
state and the width can be extended for one clock The registers of the M5M82C37AP are read or written
period. ) through an 8-bit data bus so the address register must
(7) Compressed timing DMA feafure (command regsiter be accessed twice, first the lower 8 bits, second the
bit 3=1) higher 8 bits. The M5M82C37AP has a first/last flip-flop
In normal DMA, the transfer for one word consists of which is toggled when the 16-bit regsiter is accessed.
three or four states. It selects the lower or higher byte.
If the compressed timing DMA is programmed, the S; (2) Word count registers
state is not executed and the one word transfer con- The M5M82C37AP has two 16-bit word count registers
sists of two or three states. In this mode, the write out- for each DMA channel. ) o
put (IOW, MEMW) falls to low in the S2 state as well One is called the current word count register. It holds
as the read output (IOR, MEMR) . In memory-to- the number of DMA transfer words, and the contents
memory DMA operation, the compressed timing are decremented at the end of every word transfer. TC
assignment is ignored. occurs when the contents of the word counter about to
5—20 MITSUBISHI
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decrement from 000046 to FFFF,g.
The other is the base word counter, a write only regis-
ter that is used for auto initialization like the base
address register. :
The read/write operation for the word count register is
the same as for the address registers.
Mode registers
The M5MB82C37AP has four 6-bit length registers to
select the DMA modes and types for the 4 DMA chan-
nels. They are write only registers.
To program one of these registers, the channel selec-
tion is done by the 2 LSBs of the written data allowing
all four registers to assigned at the same address. The
other 6 bits are written to one of the four registers. The
bit assignment is shown in figure 2.
Command register
This register is an 8-bit write only register used to de-
fine common operations for the four DMA channels.
The bit assignment is shown in figure 3.
Command regsiter is set 00,5 by reset.
Mask register
This register is a 4-bit register with one mask bit for
each DMA channel.
The four bits of this regsiter can be programmed simul-
taneously (fig. 4) or can be set or reset 1 bit at a time
(fig. 5). All bits can be cleared by the clear mask reg-
ister command.

. After reset, the 4 mask bits are all set to‘1’.

(6)

Note :

Request register

This register is 4-bit register with one software request

bit for each DMA channel.

One request bit can be set or reset at a time. (fig. 6)

All the request bits are reset after the DMA operation of one
channel. So, when the DMA is started by software re-
quest, other external DMA requests must be masked by
setting all the mask register bits. (Software requests are
not masked by the mask register.) All the request bits are
set to ‘0’ after reset.

Status register

This register is an 8-bit read only register. The 4 MSBs

show the status of the four DREQs. ‘1’ means that the

DREQ input is active.

The other four bits are the TC bits which are set to ‘1’

when TC occurs. The lower 4 bits are reset after the

status registers are read or after reset.

The relation between these bits and the channels is

shown in fig. 7

Temporary Register

This register is an 8-bit read only register.

It is used to store temporary data read during the first

part of the memory-to-memory DMA operation.

When the CPU reads this register, the register con-

tents are the data which were transfered in memory-to-

memory transfer DMA immediately prior to the CPU
read.

"

00

DMA mode a

n

Demand transfer
Single transfer
Block transfer
Cascade transfer

/\ddress 1 Decrement
increment
decrement 0 Increment

u 1 Enable
initialization 0 Disable

Transfer type

|
|
= |
|

Channel to be 01
writen 10

n

Verify transfer
Write transfer
Read transfer
Not usable

Ch o0
Ch1
Ch 2
Ch3

/__—/;\/_H

Bit configuration of the data written to the mode registers

(Address="1011")

lb7|bs|b5|b4|bglb2|b1|bol

Fig.2 Mode registers
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DACK 1 High active
output logic] 0 Low active

DREQ | ! Low active
input logic] 0 High active

Extended write
Normal write

1
Write pulse width{ 0

Priority 1 Rotating priority
0 Fixed priority

Compressed 1 Compressed timing
timing 0 Normal timing

\ 1 Enable
Controller enable{ 0 Disable
1
Channel 0 address hold { 0 E?::;Te
(If bit 0=0, bit 1 is invalid)

Memory to {1 Enable
memory transfer | 0 Disable

Bit configuration of the data written to the command register
I:’ I be I bs l by l bs I b, I b, I:O I (Address=‘1000';)

Fig.3 Command register

No effect

Mask set

Mask bit for channel 3 !
0 Mask clear

1 Mask set
0 Mask clear

1 Mask set
0 Mask clear

Mask bit for channel 1

Mask bit for channel 2 {

Mask bit for channel 0 { | Mask set
0 Mask clear

"

| bf[ be I bs I b I bs I b | b, | bo I Bit configuration of the data written by the mask bit write command
(Address="1111";)

Fig.4. Mask register (write all bit)
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No effect

Mask bit 1 Mask set
0 Mask clear
00 Cho

Ch | select 01 Cht
10 Ch2
11 Ch3

- N | /T
I by l be I bs l bs I b I b, I b, I ;I Bit configuration of the data written by the single mask bit write command
) (Address=1010")

Fig.5 Mask register (write single bit)

No effect N
N 1 Request bit set
R t bit
equest bi {O Request bit clear
00 ChoO
01 Ch1
| select
Channel 10 ch2
11 Ch3
r ~ —
Lb; I be I bs | by I bs ' b, I by I b I Bit configuration of the data written by the request bit write command
(Address='1001",)
Fig.6 Request register
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| 1 Active
REQ input for ch 3

prEa lnp\u o {0 Inactive
DREQ input for ch 2 1 Active
’ 0 Inactive
DREQ input for ch 1 1 Active
0 Inactive
DREQ input for ch 0 1 Active
Inactive

Terminal count {] zeached
for ch 3 ot reached

Terminal count J’ ! Reached
L 0 Not reached
forch 2

Terminal count

{ 1 Reached
for ch 1

0 Not reached

Terminal count

{ 1 Reached
forch 0

Not reached

| b, I be I bs | be I b | by I b, I bo I Bit configuration of the status register
(Address=1000")

Fig.7 Status register

5 ¢ MITSUBISHI ,
- | ELECTRIC



MITSUBISHI LSIs

M5M82C37AP,-4,-5

CMOS PROGRAMMABLE DMA CONTROLLER

PROGRAMMING

The registers in the M5M82C37AP can be read or written
when CS and HLDA inputs are low.

The address assignment is shown in fig. 8 and 9. Some of
the write operations in these figures do not, in fact, write in
any registers. They are called software commands. The fol-
lowing is a description of the software commands.

Clear first/last F/F

In reading or writing a 16-bit register, the higher and lower
8 bits are accessed separately. Selection is done by a first/

Master clear
This command executes a software reset.
Note : The following are the effects of the software reset for the
M5M82C37AP.
® Mask bits are set for all the DMA channels.
® The command register is cleared to ‘00;¢’. (Note that bit 2 is ‘0".)
® The temporary register is cleared.
®The 4 TC bits of the status register are cleared.
® The first/last flip flop is reset.
® Software DMA request bits are cleared.

last flip-flop which toggles when ever one of the 16-bit reg- (When the hardware reset is performed, together with the
isters is accessed. This command clears the first/last flip- above effects, DMA operation is terminated and the
flop, so after this command is executed, the next accerss of M5M82C37AP returns to the S, state.)

the 16-bit register is begins at the lower 8 bits. Clear mask register

This command clears all the mask bits and enable DMA for
all the channels.

Table 2 Read operation with the M5M82C37AP

First
Last REGISTER READ
F/F

&
2z
>
z
o
@
3l
o

HLDA

CHO Current address register bit7 ~bit0
CHO Current address register bit15~bit8
CHO Current word count register bit7~bit0
CHO Current word count register bit15~bit8
CH1 Current address register bit7~bit0
CH1 Current address register bit15~bit8
CH1 Current word count register bit7~bit0
CH1 Current word count register bit15~bit8
CH2 Current address register bit7~bit0
CH2 Current address register bit15~bit8
CH2 Current word count register bit7~bit0
CH2 Current word count register bit15~bit8
CH3 Current address register bit7~bit0
CH3 Current address register bit15~bit8
CH3 Current word count register bit7~bit0
CHS3 Current word count register bit15~bit8
Status register

Invalid

Invalid
Invalid

Invalid
Temporary register
Invalid
Invalid

Read operation is not executed.
Read operation is not executed.

X X|2 2242|4242 2/0000/0000[0D0O00|0OO00OO0

X X|= = = 2/0000|= = = 4|la 2410000000 0O0
X X|= = O0|=w = 00|= == <0000 (= == =24/000O0
X =200 00|0O0O00/000O0/0O000C(0O00 0|00 0O
= XO0OO0OO0O/0O0OO0OO0|0O0O0O0|0O0O0O0I0OO0O0O0I0O0 OO0
XX OO0 000000000000 00000 000 OO

X X2 0=20|-0-20|"-200|+ =200 -+00|= =00
X XXX X XXX XX -0=20-0-0|=-0-=0|=-0=0
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Table 3 Write operation with the M5M82C37AP

First
Last
F/F

z
z
8l
3l

HLDA

>
z

REGISTER WRITTEN

CHO base and current address register bit7~bit0
CHO base and current address register bit15~bit8
CHO base and.current word count register bit7~bit0
CHO base and current word count register bit15~bit8

CH?1 base and current address register bit7~bit0
CH1 base and current address register bit15~bit8
CH1 base and current word count register bit7~bit0
CH?1 base and current word count register bit15~bit8

CH2 base and current address register bit7~bit0
CH2 base and current address register bit15~bit8
CH2 base and current word count register bit7~bit0
CH2 base and current word count register bit15~bit8

CH3 base and current address register bit7 ~bit0
CH3 base and current address register bit15~bit8
CH3 base and current word count register bit7~bit0
CH3 base and current word count register bit15~bit8

Command register
Request register
Single mask bit write
Mode register

Clear first/last flip-flop software commands
Master clear software commands

Clear all mask register bits software commands
Write all mask bits software commands

X X|3 34 aldaaaslo00000O0OC|0O0OCO|0O0 OO
X X|= 2 2 2000022 aa|aaaslo0o00/0o00O0O
X X|= 4 0O0|= = 00|==~~0000|4==2000O0
X X|2 0o+0l+0+0|4+200|a 200|200 |==200
X 2loooocjloooco|jlocooo|loocooo|oooo|oo oo
- Xloooolooooloooo|loooo|looooloo oo

XX oooo|loooo|loooo|loooo|loooo|loo oo
X X|X X X X[X XXX/ -0—=20|-0=0(=0=0(=0=0

‘Write is not executed.

Write is not executed.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.3~7 \'
vV, Input voltage With respect to Vss —0.3~Vcc+0.3 \"
Vo Output voltage —0.3~Vgc+0. 3 \"
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature —65~150 c
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75T, unless otherwise noted)
Limits
Symbol Parameter - Unit
Min Typ Max

Vee Supply voltage 4.5 5 5.5 \%

Vss Supply voltage(GND) 0 \
ELECTRICAL CHARCTERISTICS (Ta=—20~75C, Voc=5V£10%, Vss=0V, unless otherwise noted)

Limits .
Symbol Parameter Test conditions - Unit
Min Typ Max
Vi Hign-level input voltage 2.0 Veet0.3 Vv
VL Low-level input voltage —0.3 0.8 v
v Hiah-level outout volt low=—200uA 2.4 \
igh-level output voltage
oH 9 uipdt volag low=—100A(HRQ only) 3.2 v
lo.=2. 0mA(data bus)

V, Low-I | output volt: 0.45 \%

ot ow-level output voltage lo.=3. 2mA(other outputs)
B Input current Vi=0~Vce —10 -+10 ~A
loz Off-state output current Vi=0~V¢c —10 -+10 uA
lcc Supply current Vin=Vecc, ViL=Vss, fox=1/tc(#)min. 15 mA

MITSUBISHI 5—27
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CMOS PROGRAMMABLE DMA CONTROLLER

TIMING REQUIREMENTS (Ta=—20~75C, Voc=5V+10%, Vss=0V, unless otherwise noted)
(i) SLAVE MODE

Limits
Symbol Parameter AsI;e'::;tle M5M82C37AP M5M82C37AP-4 M5M82C37AP-5 Unit
Min Max Min Max Min Max
tsuccs-m) Address setup time before read Tar 50 50 T 50(0) ns
tsuca-r) .
tsu(cs-w) CS setup time before write Tew 200 150 150 ns
tsuca-w) Address setup time before write Taw 200 : 150 150 ns
tsu(oa-w) Data setup time before write Tow 200 150 100 ns
ther-ce) Address hold time after read Tra 0 0 0 ns
th(r-a)
thiw-cs) CS hold time after write Twe 20 20 20(0] ns
thw-a) Address hold after write Twa 20 20 20(0) ns
th(w-paQ) Data hold after write Two 30 30 30(0) ns
tw(r) Read pulse width Taw 300 250 200 ns
tww) Write pulse width Twws 200 200 160 ns
tw(RESET) Reset pulse width Tastw 300 300 300 ' ns
tsu(vcc-reser) | Voc setup time before to reset TrsTD 500 500 500 ns
tsu(reseT-r) | Reset setup time before read
t’su(RESET-W) Reset setup time before Write Trsts Zote) Ztots) Ztoce) ns
(i) DMA MODE
Alternate Limits
Symbol Parameter symbol M5M82C37AP M5M82C37AP-4 M5M82C37AP-5 Unit
Min Max Min Max Min Max
tw(#) Clock high-level pulse width TcH 120 100 80 ns
tw(#) Clock low-level pulse width ToL 150 110 68 ns
tcc#) Clock period Tey 320 250 200 ns
tsu(eop.#) | External EOP setup time before clock Teps 60 45 40 ns
tw(eor) External EOP pulse width Tepw 300 225 220 ns
tsu(prea- ¢ ) | DREQ setup time before clock Tas 0 0 0 ) ns
tsu(reapy- # )| READY setup time before clock Trs 100 60 60 ns
th( 4 -reapy) | READY hold time before clock Tau 20 20 20 ns
tsu(nLpa-#) | HLDA setup time before clock Ths 100 ] ‘75 75 ns
tsu(pa-memn) | Data setup time before MEMR Tios 250 190 170 ns
th(memr.pq) | Data hold time after MEMR Tion 0 0 0 ) ns
Note @ A.C Testing waveform v
Input pulse level 0.45~2. 4v
Input pulse rise time 10ns
Input pulse fall time 10ns
Reference level input  V,y=2V, V,, =0.8V 2.4 >
Output  Vou=2V, Vo, =0.8V 0.45 X% 8 O.BX
508 : MITSUBISHI
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SWITCHING CHARACTERISTIC (Ta=—20~75C, Vcc=5V+10%, Vss=0V, unless otherwise noted)
(i) SLAVE MODE

Limits
Symbol Parameter As“;::::le M5M82C37AP M5M82C37AP-4 M5M82C37AP-5 Unit
Min Max Min Max Min Max
tezv(R-DQ) Data enable time after read TroE 200 200 140 ns
tevz(R-DQ) Data disable time after read TroF 0 100 0 100 0 70 ns
(i) DMA MODE
Limits
Symbol Parameter Alternate M5M82C37AP M5M82C37AP-4 M5M82C37AP-5 Unit
symbol Min Max Min Max Min Max
teLH( ¢ -aEN) | Propagation time from clock to AEN TaeL 300 225 200 ns
tprL( 4 -aen) | Propagation time from clock to AEN Taer 200 150 130 ns
tezv( ¢ -A) Propagation time from clock to address active| Tgaas 250 190 170 ns
teHL(#-A) Propagation time from clock to address stable| Tagm 250 190 170 ns
tevz( #-a) Propagation time from clock to address floating Taras 150 120 90 ns
tezv(#-pq) | Propagation time from clock to data bus Trape 300 225 200 ns
tpvz($-pq) | Propagation time from clock to data bus TaroB 250 190 170 ns
teLH( 4 -aDsTE) | Propagation time from clock to ADSTB Tere 200 150 130 ns
tpuL( #-apsTB) | Propagation time from clock to ADSTB Tstr 140 110 90 ns
tsu(pe-anste) | Data output setup time before ADSTB Tass 100 100 100 ns
th(abpste-pq) | Data output hold time before ADSTB Tans 50 40 30 ns
tezv( s -R) Propagation time from clock to read or write active Trac 200 150 150 ns
tezv(s-w)
tenuceom Propagation time from clock to read or write TocL 270 200 . 190 ns
terL(#-w)
teLH( ¢ -R) Propagation time from clock to read TocTr 270 210 190 ns
teLH( £ -w) Propagation time from clock to write Toctw 200 150 130 ns
tevz(s-m) Propagation time from clock to read or write floating Tarc . 150 120 120 ns
tevz( ¢ -w)
th(r-A) Address output hold time after read Tanr tes)—100 to(g)—100 to4)—100 ns
th(w-a) 'Address output hold time after write Tanw to(s)—50 te(s)—50 to)—50 ns
tsu(pa-memw) | Data output setup time before MEMW Toov 200 125 125 ns
th(memw-pa) -| Data output hold time after MEMW TooH 20 20 © 10 ns
teLH( # -DACK) | Propagation time from clock to DACK Tak 250 220 170 ns
tpHL( # -eop) | Propagation time from clock to EOP Tak 250 190 170 ns
teLH( ¢ -eop) | Propagation time from clcok to EOP Tak 250 190 170 ns
teLn(s -rra) Propagation time from clock to HRQ Toa L] 160 120 120 ns
tPHL( # -HRQ) “H'3.3V 250 190 120
MITSUBISHI v 5—29
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TIMING DIAGRAMS

Reset timing
tsutvec-resem)
Vee
| twiresem)
RESET J 3K

tw(e)

te(e

tsu(reseT-R)

or i A

tsu(reseT-w)
oW ‘ ’

Slave mode timing (READ)

. A — —
CS. Az~Aq A CS, ADDRESS VALID
tsuccs-r) th(r-cs)
tsuca-r) thr-a)
twir)
T
IOR \ ZF
x
tezv(r-DQ) tevz(r-00)
DB;~CBo DATA VALID /
-MITSUBISHI
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Slave mode timing (WRITE)

thiw-cs)
1 tsu(cs-w)
cs !
7
tsuca-w) thiw-a)
-
Az~Aq ADDRESS VALID X
5 7
| twiw) )
Iow 4
th(w-oa)
tsu(oa-w)

DB;~DB,

INPUT DATA VALID

X
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DMA transmit timing

S, S, So So CH Sz Ss Ss Sz Ss Ss S Sy S,
et AWV R UV AN s VAT
t -
fsui:nso-é) Sulbrea®
o , I
I » \
DREQ A \\ X
I
teLH(s-HRQ) tPHL(4-HRQ)
HRQ / »
tsu(HLDA-¢)
HLDA / / \
K ] ten
L(#-DACK) tpLH(g-DACK)
4
- DACK 7
teLH(g-AEN) t
PHL(¢-AEN)
AEN
tezv(ga) teL(g-a) tevz(s-a)
-
Ar~Ag § Ar~Aq X Ar~Aq )r-———
teLu(s-aDsTE) | tPHL(p-ADSTE)
ADSTB 7 . \&
th(apsTe-oB)
tsu(ps-apsTe) .
DB,~DB, —Ais~As :]
tezv(s-0Q) tevz(s-pa
T
teLH(s-R) teLigr) tevz(ar)
tezv(sr) teHL(s-R) terL(s-R)
MEMR/IOR 7 \ \ ]L
tezv(ew) t
ad Y teri(aw) PHLEW)
teLH(sw) tevz(sw)
Y
_ 7 \ 1 ! / \
MEMW/IOW \ A
- i S
(——— signifies expansion write) I
teui(geop) | teLn(s-EOP)
=l
; o
EOP \
(Internal) 7
tsu(eop-#)
EOP \&\ [
(External)
tw(eor)
MITSUBISHI
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READY input timing

Sz Ss Sw Sw S,
CLK / \ ]’: \ T k /——m—j_\ [\
‘ tsu(reapy-¢) th(sreany)  tsu(reapy-¢)

\ A7

teL(s-r)
MEMR/IOR x
trHL(p-R)
teuL(sw) teLH(ew)
MEMW/IOW \ \
terL(aw) |
(——— signifies expansion write)
'Sz Sy Sz S,
ax \_f ) /U
tsu(reADY-9)
th(s-reapy)
S/ // 3R J A\
tenL(g-a) teri(en)
- r
Ar~hq )t .
teHL(p-R) | teLn(e-R)
MEMR/IOR » J / \ /
tenL(sw) teLn(pw)
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Inter-memory transmission

Sy Si2 Sis Sia Sz S22 S; Szs S Sy
SV AYAWAVAY AYAYAVAN
teuL(g-a) tevz(g-a)
tezv(4-a) t
s
A;~Ao __._g Ar~A, X Ar~Ay >__.___.
- |
teLn(g-ansTe) tPHL(s-ADSTR) thaoste-oa)
ADSTB ) S / \
tsu(oa-MemR)
tezv(s-00) tevz(s-00) - tsu(oa-memw)
1 th(MEMR-DQ) o]
il
r | \
Data - N /| Data
DB;~DBy =t Ais~Ag >\—<<<<r input >—< Ass AB, —\ output
1
tMEMW-DQ)
-
teLn(sr)
e
tezv(er) terL(e-R) ‘
PVZ(4-R)
MEMR !: 1{
trzv(sw) tenL(sw) teLn(gew)
tevz(s-w)
e \ |/
terL(s-E0P) teLH(s-EOP)
-
R
EOP x F
(Internal) e/
tsu(eop-¢)
EOP \ /
(External)
tw(eor)
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DESCRIPTION

The M5MB82C37AFP is a programmable 4-channel DMA
(Direct Memory Access) controlier. This device is specially
designed to simplify data transfer at high trasfer rate for

microcomputer systems.

Fabricated using the silicon-gate CMOS technology, the
M5M82C37AFP operates using a single 5V power supply.

FEATURES

® 5V single supply, single TTL clock
® Four channel DMA controls with priority DMA request

acknowledge functions

® DMA enable/disable, automatic initialization enable/dis-

PIN CONFIGURATION (TOP VIEW)

1/0 READ
(e
INeuT/OUTPUT _IOW 10W + [ 2]
READ OUTPUT MEMR «

WRITE DurpyTMEMW +
NON-USABLE

:lngDY INPUT READY —
ACKNOWLEDGE INPUTHLDA —

Al
oBDRESS STROBE ADSTB «[E]

ADDRESS ENABLE
AN
UEST
ouTRUT HRQ
CHIP SELECTINPUT ~ CS — [17]
‘CLOCK INPUT  CLK —

0] — A,

3] — As | ADDRESS
3] — A, | OUTPUTS

37— A,
END OF PROCESS
3] ++ EOP \Nput/0UTRUT

]~ A,
3] > A, ADDRESS INPUTS/
53] = A, [OUTPU

2]+ Ay
3] Voo (5V)
3] + DB,
E"’ DB,

G-‘v-'d4dV.E028NSI

able, address increment/decrement programmability for RESET INPUT RESET — ] «» DB, gﬁélﬂguw
each cannel DMA - -
: . acknowLeoge ] DACKe 14 ] -~ DB,
® Programmable DREQ input and DACK output logic QUTPUTS DACK; + [ [75) > DB,
polarity DREQ; —[1§ 2]~ DACK, | ACKNOWLEDGE
® Direct connecting permits easy DMA channel expan- ggé\ussvs DREQ; — [17] [22] — DACK, | oUtputs
sion. INPUTS DREQ, — L8 2l -~ 08, DATA INPUTS/
® Memory to memory data transfer DREQ, — [19) &+ DB { outPUTS
® EOP input/output permits DMA operation completion Vss (OV) 2]+~ o8,
check as well as forcibly completing DMA operation. :
y complefing P Outline 40P2R
APPLICATION
® DMA control of peripheral equipment such as floppy
diskettes and CRT terminals that require high-speed
data transfer.
BLOCK DIAGRAM
v 19) DREQ,
ccC
CURRENT BASE DMA fs g:g?
Vss (0 WORD WORD o v 8 I
: COUNT COUNT RIORI 24) DACK;
DB, @1 ReGISTER/| | REGISTER/ C?g;?é"- 17) DREQ,
TER COUNTER
DB, (22 COUN STATOS 19 DACK,
DB;s (23 DATA REGISTER [ 16) DREQs
DB, (26 MODE 15) DACK;
OB, (53 BUSR "] REGISTER 12) CLK
DB, 38 BUFFE MASK TIMING 13 RESET
DB, (33 REGISTER CONTROL (6) READY
DB, (30 | - REQUEST [ _| (3¢ EOP
) REGISTER LOGIC 59 Hra
Ar (0 |__|commAND
G REGISTER [ () HLDA
6
A Go CURRENT | BASE EMPORARY]| (pcs
s ADDRESS ADDRESS REGISTER (9) AEN
A 3 ADDRESS BUS (8) ADSTB
A (5 BUS REGISTER/ REGISTER
3 BUFFER COUNTER CONTROL (4) MEMW
A; (33 LOGIC (3) MEMR
A (33 (2)iow
Ao (32 o IOR
»‘ .
- - - - - - ]
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CMOS PROGRAMMABLE DMA CONTROLLER

FUNCTION

M5M82C37AFP is a programmable DMA controller LSI
used in microprocessor systems. .

This device basicaﬂy consists of a DMA request control
block for acknowledging DMA requests, a CPU interface
for exchanging data and commands with the CPU, a timing
control circuit for controlling each of the various types of
timing, and a register for holding and counting DMA
addresses and number of transfer words. '

After setting the transfer mode, starting address, and byte
number in each of the registers and when a DMA request
is made to an unmasked channel, the M5M82C37AFP re-

quires use of the bus to the CPU. When the HLDA signal is ,

ABSOLUTE MAXIMUM RATINGS

received from the CPU, the DMA acknowledge. signal ‘is
sent to DMA requesting channel with the highest priority
and begins DMA operation.

During DMA operation, the contents of the low-byte of the
transfer memory address are output through A;~ Aq. Every
time a change in the high-order 8-bit values is necessitated
immediately after DMA operation has begun or due to bor-
rowing or decrement during DMA operation, the change is
output via pins DB; ~ DB, to the externally mounted latch
circuit. After the address is transmitted, read and write sig-
nals are sent to the memories and peripherals activating
DMA transfer.

Symbol Parameter Conditions . Limits Unit
\ o Supply voltage . —0.3~7 \
V, Input voltage With respect to Vsg —0.3~Vcc+0.3 Y
Vo Output voltage —0.3~Vge+0.3 \
Topr Operating free-air temperature range —20~75 C .
Tstg Storage temperature —65~150 Cc
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75€ . unless otherwise noted)
Limits
Symbol Parameter - Unit
Min Typ Max
Vee Supply voltage 4.5 5 5.5 \
Vss Supply voltage(GND) 0 \
ELECTRICAL CHARCTERISTICS (Ta=—20~75C, Voc=5V+10%, Vss=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
Vin Hign-level input voltage 2.0 Veet0.3 \
Vo Low-level input voltage . —0.3 0.8 \"
lon=—200uA ) 2.4 \%
Vv High-level output voltage -
oH 9 put voltag low=—100A(HRQ only) 3.2 %
lo.=2. 0mA(data bus)
V Low-level output voltage 0.45 \%
ot P 9 lou=3. 2mA(other outputs)
L Input current V|=0~V¢c —10 +10 LA
loz Off-state output current Vi=0~V¢c —10 =+10 A
Icc Supply current Vi=Vec, ViL=Vss, forx=1/tc(#)min. 15 mA
5—36 MITSUBISHI
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TIMING REQUIREMENTS (Ta=—20~75C , Voc=5V£10%, Vss=0V, unless otherwise noted)
(i) SLAVE MODE
e Limits
Symbol Parameter bol M5MB82C37AFP M5M82C37AFP-4 M5M82C37AFP-5 Unit
symbol
4 Min Max Min Max Min Max
t -
su(cs-R) Address setup time before read Tar 50 50 50(0) ns
tsuca-r)
tsucs-w) CS setup time before write Tew 200 150 150 ns
tsuca-w) Address setup time before write Taw 200 150 150 ns
tsu(pa-w) Data setup time before write Tow 200 150 100 ns
th(r-
h(r-cs) Address hold time after read Tra 0 0 0 ns
th(r-a)
thw-cs) CS hold time after write Twe 20 20 20(0) ns
thw-a) Address hold after write Twa 20 20 20(0) ns
th(w-pQ) Data hold after write Two 30 30 30(0) ns
tw(r) Read pulse width Trw 300 250 200 ns
twow) Write pulse width Twws ' 200 200 160 ns
tw(reseT) Reset pulse width Trstw 300 300 300 ns
tsu(vec-reseT) | Vee setup time before to reset TrstD 500 500 500 ns
t = Reset setup time before read
SU(RESET-R) . P ) TrsTs 2tc(¢) 2tcce) 2tc(4) ns
tsu(reseT-w)| Reset setup time before Write
(i) DMA MODE
. Limits
Symbol Parameter symbol M5M82C37AFP M5M82C37AFP-4 M5M82C37AFP-5 Unit
Y Min Max Min Max Min Max
tw(#) Clock high-level puise width TcHu 120 100 80 ns
tw(®) Clock low-level pulse width TeL 150 110 68 " ns
teos) Clock period Tov 320 250 200 ns
tsu(eop-#) | External EOP setup time before clock Teps 60 45 40 ns
tw(eor) External EOP pulse width Tepw 300 225 220 ns
tsu(prea- ¢ ) | DREQ setup time before clock Tas 0 0 0 ns
tsu(reapvy- ¢ )| READY setup time before clock Trs 100 60 © 60 ns
th( ¢ -reapy) | READY hold time before clock Tru 20 20 20 ns
tsu(HLpAa-#) | HLDA setup time before clock Tus 100 . 75 75 ns
tsu(pa-memr) | Data setup time before MEMR Tios 250 190 170 . ns
th(memr-pq) | Data hold time after MEMR Tipu 0 0 0 ns
Note : A.C Testing waveform
Input pulse level 0.45~2, 4v
Input pulse rise time 10ns
Input pulse fall time 10ns )
Reference level input  V;y=2V, V, =0.8V 2.4 3 7
. Output Vou=2V, Vo_=0.8V 0.8
0.45
p
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SWITCHING CHARACTERISTIC (Ta=—20~75C , Voc=5V£10%, Vss=0V, unless otherwise noted)
(i) SLAVE MODE

Limits
Symbol Parameter A;;e::;e M5M82C37AFP M5M82C37AFP-4 M5M82C37AFP-5 Unit
Min Max Min Max Min Max
tezv(R-DQ) Data enable time after read Troe 200 200 140 ns
tpvz(R-DQ) Data disable time after read TrorF 0 100 0 100 0 70 ns
(i) DMA MODE
Alternate Limits
Symbol Parameter symbol M5M82C37AFP M5M82C37AFP-4 M5M82C37AFP-5 Unit
Min Max Min Max Min Max
teLH( # -aen) | Propagation time from clock to AEN : TaAeL 300 225 200 ns
trHL( #-aEn) | Propagation time from clock to AEN Taer 200 150 130 ns
tezv( $-a) Propagation time from clock to address active| Tgaas 250 190 170 ns
tPHL( ¢ -A) Propagation time from clock to address stable| Tasm 250 190 170 ns
tevz( 8 -A) Propagation time from clock to address floating Taras 150 120 90 ns
tezv( ¢ -Dq) | Propagation time from clock to data bus TraoB 300 225 200 ns
tevz($-pq) | Propagation time from clock to data bus TarpB 250 190 170 ns
tpLH( #-aDsTB) | Propagation time from clock to ADSTB TstL 200 150 130 ns
thHL(#-aDsTR) | Propagation time from clock to ADSTB Tsrr 140 110 90 ns
tsu(os-apste) | Data output setup time before ADSTB Tass 100 100 100 ns
th(apsTs-nq) | Data output hold time before ADSTB Tans 50 40 30 ns
tezv(s-m) Propagation time from clock to read or write active Teac 200 150 150 ns
tezv( ¢ -w)
ternc s -m) Propagation time from clock to read or write TocL 270 200 190 ns
teni( s -w)
thLH( ¢ -R) Propagation time from clock to read Tocrtr 270 210 190 ns
tPLH( # -w) Propagation time from clock to write Toctw 200 150 130 ns
tevz(+-m) Propagation time from clock to read or write floating Tarc 150 120 120 ns
tevz(s -w)
th(r-a) Address output hold time after read Tanr te(4)—100 to(4)—100 te(4)—100 ns
thiw-a) Address output hold time after write Tanw to($)—50 to($)—50 to(s)—50 ns
tsu(pa-memw) | Data output setup time before MEMW Toov 200 125 125 ns
th(memw-pa) | Data output hold time after MEMW TobH 20 20 ) 10 ns
teLH( #-DAcCK) | Propagation time from clock to DACK Tak - 250 220 170 ns
tenL( 4 -eop) | Propagation time from clock to EOP Tak ’ 250 190 170 ns
teLn( # -op) | Propagation time from clcok to EOP Tak 250 190 170 ns
teLH(# -HRQ) Propagation time from clock to HRQ Toa H2N 160 120 120 ns
tPHL( # -HRQ) “H'3.3v 250 190 120
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TIMING DIAGRAMS

Reset timing

tsu(vce-resen)

tw(reseT)

f T

RESET ]

- te(e)
ore l _\_./—\_/——\__/_\__/_—\_/—

tsu(reseT-R)

o X [

tsu(reseT-w)

\

Slave mode timing (READ)

cs & —
CS. As~ho CS. ADDRESS VALID
tsutes-r) th(r-cs)
tsuca-r) thima)
tw(r) |
— *
IOR r
N
tezv(r-00) tevz(r-0a)
DB~ CBa DATA VALID }_______
: MITSUBISHI 530

ELECTRIC



MITSUBISHI LSIs

M5M82C37AFP,-4,-5

CMOS PROGRAMMABLE DMA CONTROLLER

Slave mode timing (WRITE)

thiw-cs)
| tsu(cs-w)
cs
tsua-w) thiw-a)
r
As~Ao >§ ADDRESS VALID #X
( | twow)
oW | | \ ZL
7
th(w-oa)
tsutoa-w)

s
DB;~DBo >§ INPUT DATA VALID K
) ) §a
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DMA transmit timing

s, s, So So s, S Ss Sa s, Ss S, s, s, s,
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READY input timing
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Inter-memory transmission
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‘CMOS PROGRAMMABLE COMMUNICATION INTERFACE

MITSUBISHI LSIs

MSMS82C51AP

DESCRIPTION :

The M5MB82C51AP is a universal synchronous/asynchronous
receiver/transmitter (USART) IC chip designed for data
communications ‘use. It is produced using the silicon-gate
CMOS process and is mainly used in combination with 8-bit
microprocessors.

FEATURES
® Single 5V supply voltage
® TTL compatible
® Synchronous and asynchronous operation
Synchronous:
5~8-bit characters
Internal or external synchronization
Automatic SYNC character insertion
Asynchronous system:
5~8-bit characters
Clock rate— 1, 16 or 64 times the baud rate
1,11, or2 stop bits
False-start-bit detection
Automatic break-state detection
® Baud rate: DC~64K-baud
® Full duplex, double-buffered transmitter/receiver
® Error detection: parity, overrun, and framing

APPLICATIONS

® Modem control of data communications using micro-
computers .

® Control of CRT, TTY and other terminal equipment

FUNCTION :

The M5MB82C51AP is used in the peripheral circuits of a
CPU. |t'permits assignments, by means of software, of op-
erations in all the currently used serial-data transfer systems

PIN CONFIGURATION (TOP VIEW)

U
BIDIRECTIONAL | D? ‘“’E E'—’ D1 BIDIRECTIONAL
DATABUS | [} 7]—Do [ DATEBUS
RECEIVERE'%B# RyD — E E Ve C(SV)RECEIVER
e SMC
D4« [5] z 21— DTR  Reaby oureUT
BIDIRECTIONAL D5« [6] ozo 23— RTS gﬁgﬁ?ﬁ‘ﬁ
Ds—[7] 4 22-—DSR  PEigieur
D7+[g] o [2]]«— RESET RESET INPUT
G OO 3 @ soa
conrroLinpur . WR—[I0 19— TxD  DATA ouTRUT
s o5l [ S
CONTROL/DATA (/5 —» —&TS
sy o0 0 e SR,
o o B % o
Reaoy quteyr PxRDY — (14 18— TxRDY T Teor

Outline 28P4

including IBM’s ‘bisync’. The M5M82C51AP receives para-
llel-format data from the CPU, converts it into a serial format,
and then transmits via the TxD pin. It also receives data sent
in via the RxD pin from the external circuit, and converts it
into a parallel format for sending to the CPU. On receipt of
parallel-format data for transmission from the CPU or serial
data for the CPU from external devices, the M5M82C51AP
informs the CPU using the TxRDY or RxRDY pin. In addition,
the CPU can read the M5M82C51AP status at any time. The
M5MB82C51AP can detect the data received for errors and
inform the CPU of the presence of errors as status informa-
tion. Errors include parity, overrun and frame errors.

BLOCK DIAGRAM - - - - -——|
RESET INPUT RESET (3 h
CLOCK INPUT  CLK(0 /8
CONTROL/DATA-CONTROL ;5 (% | READ/WRITE 7 g |TRANSMIT
HEAD-DATA CONTRO INPUT  C/B 5 CONTROL B(UFFE>R (9 TxD TRANSMITTER-DATA OUTPUT
-| L INPUT RD LOGIC P—S
WRITE-DATA CONTROL INPUT  WR (10 T " '
wn ! ¥
CHIP-SELECT INPUT sQ1
TRANSMIT i5) TxRDY  TRANSMITTER-READY OUTPUT
DATA-SET READY INPUT SR | CoNTROL L TER Lo et
DATA-TERMINAL READY OUTPUT ~ DTR (@4) MODEM |CTS *
CLEAR-TO-SEND INPUT  TTS (17) CONTROL 3 20) Vo (5V)
REQUEST-TO-SEND OUTPUT ~ RTS (@3 .
4) Vgs(OV)
b ” 14 RxRDY  RECEIVER-READY OUTPUT
0 RECEIVE _—
D1 CONTROL 25) xC RECEIVER-CLOCK INPUT
D201 16) SYNDET/BD SYNC DETECT/BREAK DETECT
D3(2) DATA .
BIDIRECTIONAL DATA BUSK BUS 8
D4 BUFFER !
D5(8) . RECEIVE »
Ds(7) BUFFER RxD RECEIVER-DATA INPUT
D1(8) (s—P) ;
_ _ _ _ _ -
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OPERATION

The M5MB82C51AP interfaces with the system bus as shown
in Fig.1, positioned between the CPU and the modem or ter-
minal equipment, and offers all the functions required for
data communication.

16 ADDRESS BUS
Ao
4 CONTROL BUS
T7OR | 7OW | RESET $2(TTL)
8 DATA BUS
8
- Lod
C/D CS Do~D; RD WR RESET CLK
M5M82C51AP

Fig. 1
tem bus

M5M82C51AP interface to 8080A standard sys-

When using the M5M82C51AP, it is necessary to program, as
the initial setting, assignments for synchronous/asynchronous
mode selection, baud rate, character length, parity check,
and even/odd parity selection in accordance with the com-
munication system used. Once programming is completed,
functions appropriate to the communication system can be
carried out continuously.

When initial setting of the USART is completed, data
communication becomes possible. Though the receiver is
always in the enable state, the transmitter is placed in the
transmitter-enable state (TxEN) by a command instruction,
and the application of a low-level signal to the CTS pin
prompts data-transfer start-up. Until this condition is satis-
fied, transmission is not executed. On receiving data, the re-
‘ceiver informs the CPU that reading for the receiver data in
the USART by the CPU has become possible (the RyRDY
terminal has turned to 1’). Since data reception and the en-
try of the CPU into the data-readable state are output as sta-
tus information, the CPU can assess USART status without
accessing the RxRDY terminal.

During receiving operation, the USART checks errors and
gives out status information. There are three types of errors:
parity, overrun, and frame. Even though an error occurs, the
USART continues its operations, and the error state is re-
tained until error reset (ER) is effected by a command in-
struction. The M5M82C51AP access methods are listed in
Table 1.

Table 1 M5M82C51AP Access Methods

c/D Function

Data bus + Data in USART
USART < Data bus

Data bus + Staus

Control « Data bus

3-State + Data bus

Y
XIII‘II‘U|
E;
><II-II—I:U
(9]
Il_l"l_l"l_w|

X! X|T|T|r|m

3-State « Data bus

.

Read/Write Control Logic .

This logic consists of a control word register and command
word register. It receives signals from the CPU control bus
and generates internal-control signals for the elements.
Modem Control Circuit

This is a general-purpose control-signal circuit designed to
simplify the interface to the modem. Four types of control
signal are available: output signals DTR and RTS are con-
trolled by command instructions, input signal DSR is given to
the CPU as status information and input signal CTS controls
direct transmission.

Data-Bus Buffer

This is an 8-bit 3-state bidirectional bus through which con-
trol words, command words, status information, and transfer
data are transferred. Fig. 2 shows the structure of the data-
bus buffer.

Do TO INTERNAL
* DATA BUS
STATUS BUFFER

RECEIVE—DATA

BUFFER
CONTROL BUFFER
I TRANSMIT—DATA I

BUFFER

Fig. 2 Data-bus-buffer structure

Transmit Buffer

This buffer converts parallel-format data given to the data-
bus buffer in to serial data with addition of a start bit, stop
bits and a parity bit, and sends out the converted data
through the TxD pin based on the control signal.
Transmit-Control Circuit

This circuit carries out all the controls required for serial
data transmission. It controls transmitter data and outputs the
signals required by external devices in accordance with the
instructions of the read/write control logic.

MITSUBISHI
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Receive Control Circuit
This circuit offers all the controls required for normal recep-
tion of the input serial data. It controls receiver data and out-
puts signals for the external devices in accordace with the
instructions of the read/write control logic.
Receive Buffer
This buffer converts serial data given via the RxD pin into a
parallel format, checks the bits and characters in accord-
ance with the communication format designated by mode
setting, and transfers the assembled characters to the CPU
via the data-bus buffer.
Receiver-Data Input (RxD)
Serial characters sent from another device are input to this
pin and converted to a parallel-character format to serve as
data for the CPU. Unless the ‘1’ state is detected after a
chip-master reset procedure (this resetting is carried out to
prevent spurious operation such as that due to faulty con-
‘nection of the RyD to the line in a break state), the serial
characters are not received. This applies to only the asyn-
chronous mode. When the RyD line enters the low state in-
stantaneously because of noise, etc, the mis-start prevention
function starts working. That is, the start bit is detected by its
falling edge but in order to make sure that it is the correct
start bit, the RyD line is strobed at the middle of the start bit
to reconfirm the low state. If it is found to be high a faulty-
start judgment-is made.
Transmitter-Clock Input (TxC)
This clock controls the baud rate for character transmission
from the TyxD pin. Serial data is shifted by the falling edge of
the TX—C signal. In the synchronous mode, the T>TC frequency
is equal to the actual baud rate. In the asynchronous mode,
the frequency is specified as 1, 16, or 64 times the baud rate
by the mode setting.
Example: When the baud rate is 110 bauds:

TxC=110Hz(1X)

TxC=1. 76kHz(16X)

TxC=7. 04kHz(64X)
Write-Data Control Input (WR)
Data and control words output from the CPU by the lowlevel
input are written in the M5M82C51AP. This terminal is usually
used in a form connected with the control bus I/OW of the
CPU.
Chip-Select Input (CS)
This is a device-select signal that enables the USART by a
low-level input. Usually, it is connected to the address bus
directly or via the decoder. When this signal is in the high
state, the M5MB82C51AP is disabled.
Control/Data Control Input (C/D)
This signal shows whether the ‘information on the USART
data bus is in the form of data characters or control words,
or in the form of status information, in accordance with the
RD and WR inputs while the CPU is accessing the
M5MB82C51AP. The high level identifies control words or sta-
tus information, and the low level, data characters.

Read-Data Control Input (RD)
Receiver data and status information. are output from the
CPU by a low-level input for the CPU data bus.
Receiver-Ready Output (RxRDY)
This signal indicates that the received characters have en-
tered the receiver buffer, and further, the receiver-data buf-
fer in the data-bus buffer shown in Fig.2. It is possible to
confirm the RxRDY status by using this signal as an interrup-
tion signal for the CPU or by allowing the CPU to read the
D; bit of the status information by polling. The RxRDY is
automatically reset when a character is read by the CPU.
Even in the break state in which the RyD line is held at low,
the RxRDY remains active. It can be masked by making the
RxE(D,) of the command instruction 0.
Transmitter-Ready (TxRDY)
This signal shows that the data is ready for transmission. It is
possible to confirm the status of serial-data transmission by
using it as an interruption signal for the CPU or by allowing
the CPU to read the Dy bit of the status information by poll-
ing. Since the TxyRDY signal shows that the data buffer is
empty, it is automatically reset when a transmission charac-
ter is loaded by the CPU. The TxRDY bit of the status in-
formation means that the transmit-data buffer shown in Fig. 2
has become empty, while the TxRDY pin enters the high-
level state only when the transmit-data buffer is empty, TxEN
equals ‘1, and a lowlevel input has been applied to the CTS
pin. .

Status (Dp): When transmit-data buffer (TDB) is empty, it

becomes ‘1"
TxRDY terminal: When (TDB is empty) - (TxEN=1)-(CTS
=0)=1 or resetting, it becomes active.

Sync Detect/Break Detect Output-input
(SYNDET/BD)
In the synchronous mode this pin is used for input and output
operations. When it is specified for the internal synchronous
mode by mode setting, this pin works as an output terminal.
It enters the high state when a SYNC character is received
through the RyD pin. If the M5M82C51AP has been program-
med for double SYNC characters (bi-sync), a high is en-
tered in the middle of the last bit of the second SYNC char-
acter. This signal is automatically reset by reading the status
information.

On designation of the M5M82C51AP to the external syn-
chronous mode, this pin begins to serve for input operations.
Applying a high signal to this pin prompts the M5M82C51AP
to begin assembling data characters at the next rising edge
of the RyC. For the width of a high-level signal to be input, a
minimum RyC period is required.

Designation of the asynchronous mode causes this pin to
function as a BD (output) pin. When the start, data, and par-
ity bits and stop bits are all in the low state for two charac-
ters period, a high is entered. The BD (break detect) signal
can also be read as the D¢ bit of the status information. This
signal is reset by resetting the chip master or by the RyD ~
line’s recovering the high state.
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Clear-To-Send Input (CTS)
When the TxEN bit (Do) of the command instruction has
been set to ‘I’ and the CTS input is low serial data is sent
out from the TxD pin. Usually this is used as a clear-to-send
signal for the modem.
Note: CTS indicates the modem status as follows:

ON means data transmission is possible;

OFF means data transmission is impossible.
Transmitter-Empty Output (TxEMPTY)
When no transmisison characters are left in the transmit buf-
fer, this pin enters the high state. In the asynchronous mode,
the following transmission character is shifted to the transmit
buffer when it is loaded from the-CPU. Thus, it is automati-
cally reset. In the synchronous mode, a SYNC character is
loaded automatically on the transmit buffer when no transfer-
data characters are left. In this case, however, the TxEMPTY
does not enter the low state when a SYNC character has
been sent out, since TxEMPTY = H denotes the state in
which there is no transfer character and one or two SYNC
characters are being transferred or the state in which a
SYNC character is being transferred as a filler. TxEMPTY is
unrelated to the TxEN bit of the command instruction.
Transmission-Data Output (TxD) ,
Parallel-format transmission characters loaded on the
M5M82C51AP by the CPU are assembled into the format de-
signated by the mode instruction and sent in serial-data form
via the TxD pin. Data is output, however, only in cases
where the Dy bit (TxEN) of the command instruction is ‘1’
and the CTS terminal is in the low state. Once reset, this pin
is kept at the mark status (high level) until the first charac-
ter is sent.
Clock Input (CLK)

This system-clock input is required for internal-timing gen- v

eration and is usually connected to the clock-output (CLK)
pin of the 8085A. Although there is no direct relation with the
data-transfer baud rate, the clock-input (CLK) frequency is
more than 30 times the TxC or RxC input frequency in the
case of the synchronous system and more than 4.5 times in
the case of the asynchronous system.
Reset Input (RESET)
Once the USART is shifted to the idle mode by a high-level
input, this state continues until a new control word is set.
Since this is a master reset, it is always necessary to load a
control word following the reset process. The reset input re-
quires a minimum 6-clock pulse width.
Data-Set Ready Input (DSR)
This is a‘general-purpose input signal, but is usually used as
a data-set ready signal to test modem status. Its status can
be known from the status reading process. The D; bit of the
status information equals ‘1’ when the DSR pin is in the low
state, and ‘0’ when in the high state.

DSR=L—D; bit of status information=1

DSR=H—D; bit of status information=>0
Note: DSR indicates modem status as follows:

ON means the modem can transmit and receive;
OFF means it cannot.
Request-To-Send Output (RTS)
This is a general-purpose output signal but is used as a re-
quest-to-send signal for the modem. The RTS terminal is
controlled by the Ds bit of the command instruction. When Ds
is equal to ‘1", RTS=L, and when Ds is 0, RTS=H.
Command register Ds=1—RTS=L
Command register Ds=0—+RTS=H
Note: RTS controls the modem transmission carrier as fol-
lows:
ON means carrier dispatch;
OFF means carrier stop.
Data-Terminal Ready Output (DTR)
This is a general-purpose output signal, but is usually used
as a data-terminal ready or rate-select signal to the modem.
The DTR pin is controlled by the D; bit of the command in-
struction; if D;=1, DTR=L, and if D;=0, DTR=H.
D, of the command register=1—>ﬁ=L
D; of the command register=0—'5fﬁ=H
Receiver-Clock Input (RxC)
This clock signal controls the baud rate for the sending in of
characters via the ﬁ pin. The data is shifted in by the ris-
ing edge of the RyC signal. In the synchronous mode, the
RxC frequency is equal to the actual baud rate. In the asyn-
chronous mode, the frequency is specified as 1, 16, or 64
times the baud rate by mode setting. This relationship is pa-
rallel to that of TxC, and in usual communication-line sys-
tems the transmission and reception baud rates are equal.
The ?;C‘J and ﬁ;a terminals are, therefore, used connected
to the same baud-rate generator.

PROGRAMMING

It is necessary for the M5M82C51AP to have the control word
loaded by the CPU prior to data transfer. This must always
be done following any resetting operation (by external RE-
SET pin or command instruction IR). There are two types of
control words: mode instructions specifying general opera-
tions required for communications and command instructions
to control the M5M82C51AP actual operations.

Following -the resetting operation, a mode instruction
must be set first. This instruction sets the synchronous or
asynchronous system to be used. In the sysnchronous sys-
tem, a SYNC character is loaded from the CPU. In the case
of the bi-sync system, however, a second SYNC character
must be loaded in succession.

Loading a command instruction makes data transfer
possible. This operation after resetting must be carried out
for initializing the M5M82C51AP. The USART command in-
struction contains an internal-reset IR instruction (Dgbit) that
makes it possible to return the M5M82C51AP to its reset
state. The initialization flowchart is shown in Fig. 3 and the
mode-instruction and command-instruction formats are
shown in Figs. 4 and 5.
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SYNC__CHARACTER
SINGLE CHARACTER SYNC 1=SINGLE

0=DOUBLE

LOAD MODE|
INSTRUCTIO

SYNC DETECTION
EXTERNAL SYNC DETECT | 1=EXTERNAL
0=INTERNAL

N PARITY CHECK
EVEN PARITY 1=EVEN
‘ 0=0DD

c/B=1

PARITY
PARITY ENABLE 1=ENABLE
0=DISABLE

CHARACTER_LENGTH
ojoj1]1
0]110{1
516718

SYNCHRO“':ggﬂSCSIESDl eplrenf L] L o] o]
D; Ds Ds Ds -D3 D2 Di Do

STOP BITS

NEEE

o[

1152

PARITY CHECK

EVEN PARITY 1=EVEN
0=0DD
PARITY

PARITY ENABLE 1=ENABLE
0=DISABLE"

CHARACTER LENGTH
oj1

LOAD 2nd SYNC
CHARACTER

Ic/D=1

LOAD COMMAND
INSTRUCTION

C/D=1

1
6/7]8

0
0
5
BAU
0
0

= [S]

N — / X[ 16t [
Fig. 3 Initialization flow chart ASYNGHRONOUS p |t o 0 | ! _lo
e IREIE IEPIPENI.LZ | uie|s|
Dy Ds Ds Dq D3 D Dy Do
Fig. 4 Mode-instruction format (C/5=1 )
WR =0
ENTER HUNT MODE B ENTER HUNT MODE

1—~ENABLE SEARCH FOR
SYNC CHARA

INTERNAL RESET INTERNAL RESET
1-+TO INITIALIZATION

. TRANSMISSION—CARRIER
REQUEST TO SEND lrsntiorg
1=RTS=0

ERROR RESET f '§n_——non RESET 1

~CLEAR ALL ERROR FLAGS

LeeeoE Fe) |

SEND BREAK SEND BREAK CHARACTER
[ 1-+T«D=LOW

Rx ENABLE RECEIVER ENABLE
1=ENABLE
0=DISABLE

DATA

TERMINAL

READY DATA—TERMINAL READY
1-DTR=0

TRANSMISSION ENABLE

T(ENABLE| 1=ENABLE
O | 0=DISABLE

0 o fo lp [0

| en | R Jrrs] er JsBre] ree [oTR [ T(EN]
Dy Ds Ds Ds Dy D Di~ Do

Fig. 5 Command-instruction format (C/D=1, WR=0)
o A
5—48 MITSUBIS! i V)
ELECTRIC



MITSUBISHI LSls

M5MS82CS51AP

CMOS PROGRAMMABLE COMMUNICATION INTERFACE

Asynchronous Transmission Mode

When data characters are loaded on the M5M82C51AP after
initial setting, the USART automatically adds a start bit (low)
, an odd or even parity bit specified by the mode instruction
during initialization, and a specified number of stop bits
(high). After that, the assembled data characters are trans-
ferred as serial data via the TxD pin if, transfer is enabled
(TxEN=1-CTS=L). In this case, the transfer data (baud
rate) is shifted by the mode instruction at a rate of 1X, 1/16X,
or 1/64X the TxC period.

If the data characters are not loaded on the
M5MB82C51AP, the TxD pin enters a mark state (high). When
SBRK is programmed by the command instruction, break
characters (low) are output continuously through the TxD
pin.

Asynchronous Reception Mode

The RxD line usually starts operations in a mark state (high),
triggered by the falling edge of a low-level pulse when it
comes to this line. This signal is again strobed at the middle
of the bit to confirm that it is a perfect start bit. The detec-
tion of a second low indicates the validity of the start bit
(restrobing is carried out only in the case of 16X and 64X).
After that, the bit counter inside the M5M82C51AP starts
operating; each bit of the serial information on the RxD line
is shifted in by the rising edge of RxC, and the data bit, par-
ity bit (when necessary), and stop bit are sampled at the
middle position.

The occurrence of a parity error causes the setting of a
parity-error flag. If the stop bit is in the low state, a frame
error flag is set. Attention should be paid to the fact that the
receiver requires only one stop bit even though the program
has designated 17, or 2 stop bits.

Reception up to the stop bit means reception of a com-
plete character. This character is then transferred to the re-
ceiver-data buffer shown in Fig.2, and the RxRDY becomes
active. In cases where this character is not read by the CPU

/ =

and where the next character is transferred to the receiver-
data buffer, the preceding character is destroyed and an
overrun-error flag is set.

These error flags can be read as the M5M82C51AP status
information. The occurrence of an error does not stop
USART operations. The error flags are cleared by the ER(Dy
bit) of the command instruction.

The asynchronous-system transfer formats are shown in
Figs. 6 and 7.

Synchronous Transmission Mode

In this mode the TxD pin remains in the high state until initial
setting by the CPU is completed. After initialization, the state
of CTS=L and TxEN =1 enables serial transmission of char-
acters through the TyD pin. Then, data characters are sent
out and shifted by the falling edge of the TxC signal. The
transmission rate equals the ?XE rate.

Thus, once data-character transfer starts, it must continue
through the TyxD pin at the same rate as that of TxC. Unless
data characters are provided from the CPU before the trans-
mitter buffer becomes empty, one or two SYNC characters
are automatically output from the TxD pin. In this case, it
should be noted that the TEMPTY pin enters the high state
when there are no data characters left in the M5M82C51AP
to be transferred, and that the low state is not entered until
the USART is provided with the next data character from the
CPU. Care should also be taken over the fact that merely
setting a command instruction does not effect SYNC-
character insertion, because the SYNC character insertion is
enabled after sending out the first data character.

In this mode, too, break characters are sent out in suc-
cession from the TyD pin when SBRK is designated (Ds=1)
by a command instruction.

CPU—~USART (5~8 BITS/CHARACTER)

[ DATA CHARACTER—l

ASSEMBLED DATA FORMAT

TARTIDATA  CHARACTER (5~8 IP“R'TY stop 5‘?'27)51

TRANSMITTER DATA OUTPUT (TyD)

TARTL DATA BITS IPARITYl STO I
BIST

(1.5 5.2)

TxD MARK
STATE

Fig. 6 Asynchronous transmission format |
(transmission)

RECEIVER INPUT (RxD)
RyD MARK |STARTI DATA BITS Fﬁmv STOP

STATE 13:7532)
RECEIPTION FORMAT
STAR DATA BITS PARiTvI's'TOP BIT]
BIT (5~8) BT [(1.15.2)

USART—CPU (5~8 BITS/CHARACTER)
IDATA CHARACTER (5~8ﬂ

When the data character is 5, 6, or 7 bits/character
length, the unused bits (for USART — CPU) are set to
zero.

Note

Fig. 7 Asynchronous transmission format Il (reception)
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CMOS PROGRAMMABLE COMMUNICATION INTERFACE

Synchronous Reception Mode
Character synchronization in this mode is carried out inter-
nally or externally by initial-setting designation.

Programming in the internal synchronous mode requires
that an EH instruction (D;=1, enter hunt mode) is included
in the first command instruction. Data on the RxD pin is sam-
pled by the rising RxC signal, and the receiver-buffer con-
tents are compared with the SYNC character each time a bit
is input. Comparison continues until an agreement is
reached. When the M5M82C51AP has been programmed in
the bi-sync mode, data received in further succession is
compared. The detection of two SYNC characters in succes-
sion makes the USART end the hunt mode, setting the SYN-
DET pin to the high state. This reset operation is prompted
by the reading of the status information. When the parity has
been programmed, SYNDET is not set in the middle of the
last data bit but in the middle of the parity bit.

In the external synchronous mode, the M5M82C51AP gets
out of the hunt mode when a high synchronization signal is
given to the SYNDET pin. The high signal requires a mini-
mum duration of one RxC cycle. In the asynchronous mode,
however, the EH signal .does not affect the operation at all.

Parity and overrun errors are checked in the same way
as in the asynchronous system. During hunt-mode operations
the parity bit is not checked, but parity checking is carried
out even when the receiver is disabled. )

The CPU can command the receiver to enter the hunt
mode, if synchronization is lost. This prevents the SYNC
character-from erroneously becoming equal to the received
data when all the data in the receiver buffer is set to ‘1’
Attention should be paid to the fact that the SYNDET F/F is
reset each time status information is read irrespective of the
synchronous mode’s being internal or external. This, howev-

er, does not return the M5M82C51AP to the hunt mode. Syn-

chronism detection is carried out even though it is not the

hunt mode. The synchronous transfer formats are shown in

Figs. 8 and 9.

Command Instruction

This instruction defines actual operations in the communica-

tion mode designated by mode setting. Command instruc-

tions include transmitter/receiver enable error-reset, inter-
nal-reset, modem-control, enter-hunt and break transmission
instructions.

The mode is set following the reset operation. A SYNC
character is set as required, and the writing of high-level.
signals on the control/data pin (C/D) that follows it is re-
garded as a command instruction. When the mode is set all
over again from the beginning, the M5M82C51AP can be re-
set by using inputting via the reset terminal or by internal re-
setting based on the command instruction.

Note 1: The command error reset (ER), internal reset (IR)
and enter-hunt-mode (EH) operations are only
effective when the command instruction is loaded,
so that these bits need not be returned to ‘0".

2: When a break character is sent out by a command,
the TxD enters the low state immediately irrespec-
tive of whether or not the USART has sent out data.

3: Operations of the USART's receiver section which is
always in the enable state cannot be inhibited. The
command instruction RxE =0 does not mean that
data reception via the RyD pin is inhibited; it means
that the RxRDY is masked and error flags are inhi-
bited.

CPU—USART (5~8 BITS/CHARACTER)
|DATA CHARACTER

ASSEMBLED TxD OUTPUT

DATA

SYNC SYNC DATA DATA
ICHARACTEleHARACTERZlCHARACTERlc?:';gé'ICHARACTER]

Fig. 8 Synchronous transmission format |
(transmission)

SERIAL INPUT DATA (RyD)

SYNC SYNC I DATA IC'?:;:" DATA I
CHARACTERI| CHARACTER2J CHARACTER[CErEA] CHARACTER

USART—CPU (5~8 BITS/CHARACTER)
I DATA CHARACTERI ’

When the data character is 5 6, or 7 bits/character
length, the unused bits (for USART — CPU) are set to
zero.

Note

Fig. 9 Synchronous transmission format Il (reception)
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Status Information
The CPU can always read USART status by setting the C/D
to ‘1" and RD to ‘0.

The status information format is shown in Fig. 10. In this
format RxRDY, TxEMPTY and SYNDET have the same de-
finitions as those of the pins. This means that these three
pieces of status information become ‘I’ when each pin is in
the high state. The other status information is defined as fol-
lows:
DSR:  When the DSR pin is in the low state, status in-
formation DSR becomes ‘1".

FE: The occurrence of a frame error in the receiver
section makes the status information FE ‘1".

OE: The occurrence of an overrun error in the receiver
section makes the status information OE ‘1".

PE: The occurrence of a parity error in the receiver

section makes this status information PE ‘1"

This information becomes ‘1’ when the transmit
data buffer is empty. Be careful because this has a
different meaning from the TxRDY pin that enters
the high state only when the transmitter buffer is
empty, when the CTS pin is in the low state, and
when TxEN is ‘1"

TxRDY:

U FOR DSR=LOW—LEVEL 0 FOR DSR=HIGH—LEVEL

{ SAME DEFINITION AS SYNDET/BD PIN

]

I FE IS SET WHEN A VALID STOP BIT IS NOT DETECTED AT THE END OF EVERY CHAR- |
ACTER (ASYNC ONLY) IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION
I FE DOES NOT INHIBIT OPERATION OF THE MS5MB82C51AP |

OE IS SET WHEN THE CPU DOES NOT READ A CHARACTER BEFORE THE NEXT ONE
BECOMES AVAILABLE IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION
IOE DOES NOT INHIBIT OPERATION OF THE MS5MB82C51AP

IPE IS SET WHEN A PARITY ERROR IS DETECTED IT IS RESET BY THE ER BIT OF THE

'_I COMMAND INSTRUCTION PE DOES NOT INHIBIT OPERATION OF THE M5M82C51AP

,_{ SAME DEFINITION AS TxEMPTY PIN

]
————=1 SAME DEFINITION AS RRDY PIN ]
|

——-—l 1 FOR TRANSMIT DATA BUFFER IS EMPTY

[osr | S [ e LQE LF’E l e | i BDY | FOY I
Dy D Ds

D2

Fig. 10 Status information (C/D=1, RD=0)

APPLICATION EXAMPLES

Fig. 11 shows an application example for the M5M82C51AP
in the asynchronous mode. When the port addresses of the
M5MB2C51AP are assumed to be 00 # and 01 # in this fi-
gure, initial setting in the asynchronous mode is carried out
in the following manner:

Mvi A, B6# Mode setting

ouT (1] - )

MVI A 27H# Command instruction
ouT o1#

In this case, the following are set by mode setting:
Asynchronous mode
6 bits/character
Parity enable (even)
1%stop bits
Baud rate: 16X

Command instructions set the following
RTS=1—RTS pin=L

RxE=]
DTR=1—DTR pin=L
TxEN=]

When the initial setting is complete, transfer operations are
allowed. The RTS pin is initially set to the low-level by set-
ting RTS to ‘I’, and this serves as a CTS input with TxEN

being equal to ‘1". For this reason the same definition applies
to the status and pin of TxRDY, and ‘1’ is assigned when the
transmit-data buffer is empty. Actual transfer of data is car-
ried out in the following way:
IN 014 Status read

The IN instruction prompts the CPU to read the USART's
status. The result is; if the TxRDY equals ‘1’ transmitter data
is sent from the CPU and written on the M5M82C51AP.
Transmitter data is written in the M5M82C51AP in the follow-

ing manner:
MVI A 2D# 2Dy is an example of transmit-
ter data.
ouT 00 USART+(A)
Receiver data is read in the following manner:
IN 00 (A)—USART

In the above example, the status information is read and
as a result, the transmitter data is written and read. Interrup-
tion processing by using the TxRDY and RxRDY pins is also
possible.

Fig. 12 shows the status of the TxD pin when data written
in the USART is transferred from the CPU. When the data
shown in Fig.12 enters the RyD pin, data sent from the
M5MB82C51AP to the CPU“becomes 2D and bits Ds and D5
are treated as ‘0.

MITSUBISHI
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. i X Xz
BAUD RATE e CLK CLK FROM
GENERATOR G . RESET TN o=——EXTERNAL
(DIVIDER) RESET RESET OUT CIRCUIT
E: RTS RD p= q4RD
CTS WR b dWR
USART cPU
M5M82C51AP _8085A
TO EXTERNAL cmcun{ DTR CS p=—aDDRESS 1o/M
. | DSR _ DECODER ,
C/D Ais~Ag
~— 10
- TO TRANSMISSION LINE{ ‘
——={RD D7~Do - AD;~ADy
8 8 ALE
L R
TO MEMORY AND OTHER PERIPHERAL DEVICES

"Fig. 11 Example of circuit using the asynchronous mode

SAMPLING STOP BIT (1.5 BITS)

LSTART BIT

START BIT~l

PARITY BIT

Fig. 12 Example of data transmission
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vece Power-supply voltage . —0.3~7 \%
\A Input voltage With respect to Vss - —0. 3~Vee+0.3 A2
Vo Output voltage —0.3~Vgc+0.3 A"
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 ‘c

RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, unless otherwise noted.)

Limits
Symbol . Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \
Vss Power-supply voltage 0 v

ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vcc=5V+10%, Vss=0V, unless otherwise noted.)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max

Viu High-level input voltage 2 Veet0.3 \%
Vi Low-level input voltage —0.3 0.8 v N
Vou High-level output voltage low=—400uA 2.4 .oV
VoL Low-level output voltage lou=2.2mA 0. 45 \
lec Supply current from Vce 5 mA
Ly High-level input current Vi=Vec —10 10 ~A
Ly Low-level input current V=0V —10 10 ~A
loz Off-state input current Vss=0V, Vi=0V~V¢c —10 10 A
c Input capacitance Voc=Vss, f=1MHz, 5mVyms, Ta=25T - 10 pF
Cio Input/output capacitance Vee=Vss, f=1MHz, 5mVyms, Ta=25C 20 pF

MITSUBISHI , 553
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TIMING REQUIREMENTS(Ta=—20~75C, Voc=5V£10% , Vss=0V, unless otherwise noted.)

. Alternative Limits
Symbol Parameter Test conditions Unit
Symbol Min Typ Max
tec#) Clock cycle time (Notesl, 2) tey 320 1350 ns
tw($) Clock high pulse width ts 120 tecs)—90 ns
tw(?) Clock low pulse width ts 90 ns
tr Clock rise time ta 20 ns
tf Clock fall time te 20 ns
1X baud rate frx DC 64 kHz
Transmitter input clock
frx 16X baud rate frx DC 310 kHz
frequency
64X baud rate frx DC 615 kHz
Transmitter input clock low 1X baud rate trpw 12 tc(#)
tw(tpwiL) ) *
pulse width 16X, 64X baud rate trpw 1 to¢)
Transmitter input clock high 1X baud rate trep 15 tc(g)
tw(TPwH)
wH pulse width 16X, 64X baud rate treo 3 te(#)
1X baud rate fax DC 64 kHz
Receiver input clock
frx 16X baud rate fax DC 310 kHz
frequency
64X baud rate fax DC 615 kHz
R Receiver input clock low 1X baud rate trew 12 te(¢)
W(RPWL)
- pulse width 16X, 64X baud rate trpw 1 tc(#)
Receiver input clock high 1X baud rate trro 15 tc(s)
tw(rPwH)
pulse width 16X, 64X baud rate trro 3 tc(s)
tsu(a—r) | Address setup time before read (CS, C/D) (Note3) tar 0 ns
th(r—a) | Address hold time after read (CS, C/D) (Note3) tra 0 ns
tw(r) Read pulse width trr 250(200) ns
tsu(a—w) | Address setup time before write ‘ taw : 0 ns
th(w—a) | Address hold time after write twa 0 ns
tww) Write pulse width tww 250(200) ns
tsu(bo—w) | Data setup time before write tow 150(100} ns
th(w—po)| Data hold time after write two 2000 ns
tsu(eso—axc)| ESYNDET setup time before RxC tes 18 tc(#)
tsu(c—r) | Control setup time before read tcr 20 tc(#)
tav Write recovery time between writes (Noted) try 6 tc(#)
tsu(rxo—ts) | RxD setup time before internal sampling pulse tsrx 2 - us
thits—rxp) | RxD hold time after internal sampling pulse thRx 2 us

Note 1 @ The TxC and RxC frequencies have the following limitations with respect to CLK.
For 1X baud rate frx, fax=<1/(30tg(4). For 16X, 64X baud rate frx, fax<1/(4. Stc(¢))
2 . Reset pulse width=6tc(4 minimum. System clock must be running during reset.
3 ! CS, C/D are considered as address.
4 . This recovery time is for mode initialization only. Write data is allowed only when TxRDY=1. Recovery time between writes for asynchronous
mode is 8tg(g), and that for synchronous mode is 16tg(g).
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SWITCHING CHARACTERISTICS (Ta=—20~75C, Vec=5V+10%, Vss=0V, unless otherwise noted.)

Alternative Limits
Symbol Parameter Test conditions (Note7) Unit
symbol Min Typ Max

tpzv(R—pa) | Output data enable time after read (Note5) trp C.=150pF 200(170) ns
tpvz(r—pq) | Output data disable time after read tor 10 100 ns
tezv(txc—1x0) | Txp €nable time after falling edge of TxC terx 1 “s
teLn(cLe—Txr) | Propagation time from center of last bit to TRDY clear (Note6) trxrDY 8 tc(s)
tenL(w—Txr) | Propagation time from write data to TxRDY (Note6) trxrRDOY CLEAR 400 ns
tpLH(cLe—nrxr) | Propagation time from center of last bit to RxRDY (Note6) trRxRDY 26 te( )
teHL(r—Rxr) | Propagation time from read data to RxRDY clear (Note6) tRxRDY CLEAR 400 ns
teLH(Rxp—sYD)| Propagation time from rising edge of RxC to internal SYNDET (Notef) tis 26 to(¢)
teLr(cLe—Tx) | Propagation time from center of last bit to TXEMPTY (Note6) trxempTY 20 tc(#)
teHL(W—C) Propagation time from rising edge of WR to control (Note6) twe 8 tcis)

Note 5 @ Assumes that address is vaild before falling edge of RD.
6  Status-up data can have a maximum delay of 28 clock periods from the event affecnng the status.

7 © Input pulse level 0.45~2.4v Reference level Input V=2V, V, =0.8V .4
Input pulse rise time 10ns Output Vou=2V, Vo, =0.8V
Input pulse fall time  10ns 0.45

8 . M5MB82C51AP is also invested with the extended specification showed in the brackets.

TIMING DIAGRAMS
System clock (CLK)

ters)

tf tr tw(#) O

CLK

Transmitter clock & data
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

=« NNV VY

twirpwL) , tw(tPwH)

TxC(1x) _\ X

tpzv(Txc-TxD)

tpzv(Txc-TxD)

T«D

Receiver clock & data

R,D Rx-BIT COUNTER STARTS HERE
X START BIT / DATA BIT XDATA BIT
8RxC PERIODS 16RC PERIODS N .
1 2 34 56 7 8191017121314 15161 2 3 4 56 7 819 1011121314 1516 1 2 3
RxC(16X)
twirpwe) tw(rPwH)
RxC(1X)
] s,
INTERNAL
SAMPLING n
PULSE
> twis)
tsu(rxp-1s) this-rxp)
T
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Write control cycle (CPU—USART)

D1~Do

(DATA INPUT)

Read control cycle (USART—CPU)

O
(%]
D
9
=
w

c/D

TS -————*-\ tsua-w) thiw-a
tsuca-w) tmw¢>‘\
tw(w)
N 7
tsua-w) | |thw-pq),
4
VALID
N
teHL(w-c)
tsu(c-r)
tsu(a-m) ‘:miﬁﬁi/—-_-_—-—-———-—
/] tsu(a-r) th(r-a) \
tw(r) F
tpvz(r-pa)
tpzv(r-0Q)
*ZQG VALID

D1~Do
(DATA OUTPUT)

AN
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Write data cycle (CPU—USART)

tsucaw) thiw-a) —
6§ i
tsuca-w) thow-a)
c/D q

tww) /

\ /

tsu(pa-w) thiw-pa)

D71~Dg A
(DATA INPUT) , VALID
N
TxRDY /
o

tPHL(W-TxR)

Read data cycle (USART—CPU)

tsu(a-r) th(r-a)

= \ [ - (_] / ——
tsu(a-r) th(r-a)
Cc/D \ [‘—’ / )

twir)
v y /
tevz(r-pQ)
tezv(r-DQ)
7} VALID
D7~Dy N\
(DATA OUTPUT)
RXRDYV ’
teHL(R-RxR)
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Transmitter control & flag timing (async mode)

e T\ [\ [ \ 1/ I\

WR-TxEN ~ WR-DATA1 WR-DATA2 WR-DATA 3 WR-DATA 4 WR-SBRX

Y ' \
. L

T \ ‘I“i \ ' \ /

(STATUS)
' \ \ ( \ teL(cLB-TXE) = "v\
TP '@0990%@ 'ﬁWN@@:EW@WW 150086000

DATA1 DATA DATA3 DATA4  BREAK STATE

TxRDY
(PIN)

:

Note 8. Example format = 7 bits/character with parity & 2 stop bits
9. TxRDY(pin)= 1 +(Transmit-data buffer is empty) * (TxEN=1) - (CTS=0)=1
10 TxRDY(status)= 1 +(Transmit-data buffer is empty)=1

Receiver control & flag timing (async mode)

C/B_l\ \I \L]X \I I\_’\.

. RD DATA1 RD DATA3 RD ALL 0 DATA
RD :
‘ . 1 \J \
WR-R4E WR-ER WR-RXE WR-R4E
WR "
BD
(PIN) \
DATA 2
LOST
OE
(STATUS)

* RxRDY o ’V:—& I i JT—I\

" S80680205EATA0080006LA%6060000 0 IERCRIPRRITTSSEIFPPRTTRNN

DATA1 P DATA2 P DATA3 P BREAK STATE

Notell: Example format = 7 bits/character with parity
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Transmitter control & flat timing (sync mode)

c/d \ [ ] \ [ | J 9 I
WR WR WR WR WR WR WR
DATA1 DATA2 DATA3 DATA4 SBRK  SBRK DATAS
WR ‘ \/ U %;J
o T\ ! / | S
|
TxRDY 1
(PIN)
TxRDY ——i \
(STATUS)
—_—1 ,__J
T(EMPTY \ \ /
TxD y OXKICRPROC X2 XSKXPLOT Y23
MARK MARK MARK
STATE DATA1 DATA2 SYNC SYNC DATA3 DATA4 graTE BREAK STATE DATA5 SYNC SYNC
CH1 CH2 STATE CH1 CH2
Notel2: Example format = 5 bits/character with parity, bi-sync characters.
Receiver control & flag timing (sync mode)
INTERNAL SYNC MODE EXTERNAL SYNC MODE
s ] \ [T A1V /g T Tt -
=) RD RD RD RD RD
DATA1 STATUS DATA3 SYNC CH1SYNC CH2 RD.STATUS RD DATA
WR
WR-EH-RyE WR-ER WR-EH-RxE
SYTE&E INTERNAL gﬂ%ﬂNAL tsu(esp-rxc)
SYNC —- e
(ouTPUT) tpLH(RxC-SYD) = (INPUT) },\ ,_\
SYNDET
(STATUS)
: DATA
OE DATA 2 LDST
(STATUS) LDST
RxRDY f!k

{RR0RARAT0R0R

RxD Soe a0 0a006000806 0048 0Ga0AN ARG ASNRANA0 MG N b i

SYNC SYNC!!DATA1 DATA2 DATA3 SYNC SYNC
== CH1  CH2i! CH1 CH2 DATA1 DATA2
e ik i
EXITS HUNT MODE_? LCHARACTER EX'TS HUsNETT MODE g;:;:gTYER SYNDET SET
YNDET LY = (STATUS)
SYNDET SET ASSEMBLY BEGINS et e
Notel3: Example format = 5 bits/character with parity, bi-sync characters.
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W ELECTRIC




A\
e
?ae\‘ ,’{\‘\3\ svew ot
1o 00V 2 gpie®
1 0% oo
o T e >
e
L

CMOS PROGRAMMABLE COMMUNICATION INTERFACE
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M5M82CS51AFP

DESCRIPTION

The M5MB82C51AFP is a universal synchronous/asynchronous

receiver/transmitter (USART) IC chip designed for data

communications use. It is produced using the silicon-gate
CMOS process and is mainly used in combination with 8-bit
microprocessors.

FEATURES
® Single 5V supply voltage
® TTL compatible
® Synchronous and asynchronous operation
Synchronous:
5~8-bit characters
Internal or external synchronization
Automatic SYNC character insertion
Asynchronous system:
5~8-bit characters
Clock rate— 1, 16 or 64 times the baud rate
1,124, or 2 stop bits
False-start-bit detection
Automatic break-state detection
® Baud rate: DC~64K-baud
® Full duplex, double-buffered transmitter/receiver
® Error detection: parity, overrun, and framing

APPLICATIONS

® Modem control of data communications using ‘micro-
computers

® Control of CRT, TTY and other terminal equipment

FUNCTION

The M5MB82C51AFP is used in the peripheral circuits of a
CPU. It permits assignments, by means of software, of op-
erations in all the currently used serial-data transfer systems
including IBM's ‘bi-sync’. The M5M82C51AFP receives para-

PIN CONFIGURATION (TOP VIEW)

somecriona. [ D2—[] o 2 "’D'} BIDIRECTIONAL
DATA BUS l D3—[Z] Do DATE BUS
RECENERDATA 1) —[7] P Voo(5V)
(0V)Vss  [4] 29— RxC EESE'X?S&UT
o § [@-om e
somecTionaL | D56 2 23— RTS  SERbourror
0s—[7] S 2—DSR R iNeur
D1+—[g] a 21— RESET RESET INPUT
T Tl 3 Bow e
o oM v Bone R
comouie oI 0 o B G
CONTROL INeUT uT
CONTROL DNPUT A5 — - SYNOET/ SYvC Dereor
READY Gurpuy FXRDY (14 i5— TXRDY READY OUTPUT

Outline 28P2W

llel-format data from the CPU, converts it into a serial format,
and then transmits via the TxD pin. It also receives data sent
in via the RxD pin from the external circuit, and converts it
into a parallel format for sending to the CPU. On receipt of
parallel-format data for transmission from the CPU or serial
data for the CPU from external devices, the M5M82C51AFP
informs the CPU using the TxRDY or RxRDY pin. In addition,
the CPU can read the M5M82C51AFP status at any time. The
M5MB82C51AFP can detect the data received for errors and
inform the CPU of the presence of errors as status informa-
tion. Errors include parity, overrun and frame errors.
M5MB2C51AFP is different from M5M82C51AP only in the
package outline. Refer to the M5M82C51 AP for more details.

BLOCK DIAGRAM - - - - - -——|
RESET INPUT RESET (3 .
CLOCK INPUT  CLK® .8
CONTROL/DATA-CONTROL = READ/WRITE TRANSMIT
e0.oa7A contoL oL Cé_ED’ :§ CONTROL 8 EE%FFSE)R (9 TD TRANSMITTER-DATA OUTPUT
- INPU LOGIC -~
WRITE-DATA CONTROL INPUT  WR (10 ™ :
X csQr H
CHIP-SELECT INPUT  CS i5) TXRDY  TRANSMITTER-READY OUTPUT
DATA.SET READY INPUT 5 LF(‘)AJ‘TSR%'I 18) TXEMPTY  TRANSMITTER-EMPTY OUTPUT
- ADY IN SR —
DSR 9) TxC TRANSMITTER-CLOCK INPUT
DATA-TERMINAL READY OUTPUT TR (&4 MODEM |CTS *
CLEAR-TO-SEND INPUT . TTS(7 CONTROL .3 26) Ve (5V)
REQUEST-TO-SEND OUTPUT  RTS (3
) 4) Vss(OV)
; 14) RxRDY - RECEIVER-READY OUTPUT
Doz RECEIVE =
D10 R NTROL %) RoC RECEIVER-CLOCK INPUT
02(7 ; 16) SYNDET/BD SYNC DETECT/BREAK DETECT
0307 DATA
BIDIRECTIONAL DATA BUS BUS 8
43 BUFFER I
Ds(e RECEIVE
Ds(7 42 BUFFER RxD RECEIVER-DATA INPUT
D1(s (s—P)
L _ - - - _ -
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Delayed-time setting, pulse counting and rate generation in
microcomputers.

|
“\( MITSUBISHI LSIs
P 5M82C54P,-6
WAL M5M82C54P,-
e\’ 3 5PEL e ’
HoB = x0 @ ’
“ g 000 2 T e
? 15395 e ®
“ol‘\"'e \o\\‘“\
o CMOS PROGRAMMABLE INTERVAL TIMER
DESCRIPTION
The M5MB82C54P is a programmable general-purpose timer PIN CONFIGURATION (TOP VIEW)
device developed by using the silicon-gate CMOS process.
It offers counter and timer functions in systems using an 8-bit U,
parallel-processing CPU. The use of the M5M82C54P frees Dy 1 24 vec(sv)
the CPU from the execution of looped programs, count- Ds | 2] ,Z3]~—W WRITE INPUT
operation programs and other simple processing involving 05H@ Zﬂ«—R_D READ INPUT
many repetitive operations, thus contributing to improved BIDIREC- | D¢ —[7] 21]— ©s CHIP-SELECT
tem throughputs. The M5M82C54P works on a single TIONAL 5 INPUT
system ghputs. 9 DATA BUS | D3 —[5 Z 20— Ao | ADDRESS
power supply, and both its input and output can be con- D, —[% ® E‘_ A, [INPUTS
. nected to a TTL circuit. ) ,_,[z 8 E'— CLK2 CLOCK INPUT
— 5 — COUNTER
Parameter M5M82C54P M5M82C54P-6 Do ~—[8] T [17]—outz SOUNTE
Clock high pulse width 60ns 55ns CE%CSN”;:‘:‘T cko—[g] @ 16]-— GATE2 GATE INPUT
Clock low pulse width 60ns 110ns outpuT OUTo— [0} [T5]+—cLKi cLock INpuT
Clock cycle time 125ns 165ns GATE INPUT GATEO-'E 4]+~ GATE! C(szil‘:’NEF;UT
Propagation time (0V) GND E 13— outi OUTPUT
120ns 170ns
from read to output .
Outline 24P4
FEATURES
® Single 5V supply voltage
® TTL compatible FUNCTION
® Pin connection compatible with M5L8253P-5 Three independent 16-bit counters allow free programming
® Clock period : MEMB2C54P-6 «+wwwxrweeerrvenseeee DC~6MHz based on mode-control instructions from the CPU. When
MBMB2CH4P -+ eevvvererereneneenenee DC~8MHz roughly classified, there are 6 modes (0~5). Mode 0 is main-
® 3 independent bult-in 16-bit down counters ly used as an interruption timer and event counter, mode 1
® 6 counter modes freely assignable for each counter as a digital one-shot, modes 2 and 3 as rate generators,
® Binary or decimal counts mode 4 for a software triggered strobe, and mode 5 for a
® Read-back command for monitoring the count and status  hardware triggered strobe.
The count can be monitored and set at any time. Besides
APPLICATION the count, the status of the counter can be monitored by

Read-back command. The counter operates with either the
binary or BCD system.

BLOCK DIAGRAM

!
(5V) Ve @ ccwgsgb 8
(ov)GND(2) REGISTER [~ ] -——9)CLK 0 CLOCK INPUT
8 COU(;“TER-— (DGATE 0 GATE INPUT
D;
0e (2) , —@OUT 0 COUNTER OUTPUT
Ds(3) 8 !
DATA-
BIDIRECTIONAL | D
DATA BUS D: BUS . —(9CLK | GLOCK INPUT
BUFFER 8 | _JCOUNTER
D2(8) v ‘ 1) GATE 1 GATE INPUT
01 (7)—= (90OUT 1 COUNTER OUTPUT
Do (8)
! ¥ 8 !
READ INPUT ﬁ:: — (dcLk 2 CLOCK INPUT
WE 8
WRITE INPUT  WR@) READ/ COUQ'TER-— (O GATE 2 GATE INPUT
CHIP-SELECT INPUT  CS(I WRITE
P LOGIC ()0UT 2 COUNTER OUTPUT
1
ADDRESS INPUTS INTERNAL !
Ao (19 DATA BUS ]
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DESCRIPTION OF FUNCTIONS

Data-Bus Buffer ‘

This 3-state, bidirectional, 8-bit buffer is used to interface
the- M5M82C54P to the system-side data bus. Transmission
and reception of all the data including control words for
mode designation and values written in, and read from, the
counters are carried out through this buffer.

Read/Write Logic

The read/write logic accepts control signals (RD, WR) from
the system and generates control signals for each counter. It
is enabled or disabled by the chip-select signal (CS); if CS
is at the high-level the data-bus buffer enters a floating
(high-impedance) state.

Read Input (RD)

The count of the counter designated by address inputs Ap
and A; on the low-level is output to the data bus.

Write Input (WR)

Data on the data bus is written in the counter or controlword
register designated by address inputs Ap and A; on the low-
level.

Address Inputs (Ao, A1)

These are used for selecting one of the 3 internal counters
and either of the control-word registers.

Chip-Select Input (CS)

A low-level on this input enables the M5M82C54P. Changes
in the level of the CS input have no effect on the operation
of the counters.

Control-Word Register

This register stores information required to give instructions
about operational modes and to select binary or BCD count-
ing. Unlike the counters, it allows no reading, only writing.
Counters 0,1 and 2

These counters are identical in operation and independent
of each other. Each is a 16-bit, presettable, down counter,
and has clock-input, gate-input and output pins. The counter
can operate in either binary or BCD using the falling edge of
each clock. The mode of counter operation and the initial
value from which to start counting can be designated by
software. The count can be read by input instruction at any
time, and there is a “read-on-the-fly” function which enables
stable reading by latching each instantaneous count to the
registers by a special counter-latch instruction.

CONTROL WORD AND INITIAL-VALUE LOADING
The function of the M5M82C54P depends on the system soft-
ware. The operational mode of the counters can be speci-
fied by writing control words (Ao, Aj=1, 1) into the control-
word registers.

The programmer must write out to the M5M82C54P the
programmed number of count register bytes (1 or 2) prior to
actually using the selected counter.

Table 2 shows control-word format, which consists of 4
fields. Only the counter selected by the D; and Ds bits of the
control word is set for operation. Bits Ds and D4 are used for
specifying operations to read values in the counter and to in-
itialize. Bits D3~ D; are used for mode designation, and Do
for specifying binary or BCD counting. When Dy=0, binary
counting is employed\, and any number from 00006 to FFFFg
can be loaded into the count register. The counter is
counted down for each clock. The counting of 0000;¢ causes
the transmission of a time-out signal from the count-output
pin.

The maximum number of counts is obtained when 0000;¢
is set as the initial value. When D=1, BCD counting is em-
ployed, and any number from 0000;o to 99997 can be loaded
on the counter. )

Neither system resetting nor connecting to the power
supply sets the control word to any specific value. Thus to
bring the counters into operation, the above-mentioned con-
trol words for mode designation must be given to each coun-
ter, and then 1~2 byte initial counter values must be set.
The following is an example of this programming step.

To designate mode 0 for counter 1 ,with initial value 8253;¢
set by binary count, the following program is used:

MVi A, 70,6 Control word 7046

ouT ny n; is control-word-register address
Mvi A, 53¢ Low-order 8 bits

ouT n, n, is counter 1 address

Mvi A, 82, High-order 8 bits

ouT n, ny is counter 1 address

Thus, the program generally has the following sequence:

(1) Control-word output to counter i (i=0, 1, 2).

(2) Initialization of low-order 8 counter bits

(3) Initialization of high-order 8 counter bits

The three counters can be executed in any sequence. It is
possible, for instance, to designate the mode of each coun-
ter and then load initial values in a different order. Initializa-
tion of the counters designated by RL 1 and RL 0 must be
executed in the order of the low-order 8 bits and then the
high-order 8 bits for the counter in question.

MITSUBISHI
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Table 1 Basic Functions
[+ RD WR A Ao Function
0 1 0 0 0 Data bus—Counter 0
0 1 0 0 1 Data bus—Counter 1
0 1 0 1 0 Data bus—Counter 2
0 1 0 1 1 Data bus—Control-word register
0 0 1 0 0 Data bus+—Counter 0
0 0 1 0 1 Data bus+Counter 1
0 0 1 1 0 Data bus+Counter 2
0 0 1 1 1 3-state
1 X X X X 3-state
0 1 1 X X 3-state
Table 2 Control-Word Format
®SC(Select Counter)
SC1 SCO
0 0 Select counter 0
0 1 Select counter 1
1. 0 Select counter 2
1 1 Prohibited combination
® RL(Read/Load)
RL1 RLO
0 0 | Counter Latch Command
0 1 Read/load low-order 8 bits only
1 0 Read/load hiQh-order 8 bits only
1 1 Read/load low-order 8 bits and then high-order 8 bits
® M(Mode)
M2 M1 MO
0 0 0 Mode0
0 0 1 Model
X 1 0 Mode2
X 1 1 Mode3
1 0 0 Mode4
1 o 1 Mode5
—— @®BCD
‘ 0 Binary counter (16 bits)
-
D, De Ds Ds Ds D, D, ° Do 1 Binary-coded decimal counter (4 decades)
[sci [sco| Rt [ mo [ m2 [ m1 | mo [ BcD|
f SC t RL f M -BCD
MITSUBISHI 563
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MODE DEFINITION

Mode 0 (Interrupt on Terminal Count)

Mode set and initialization cause the counter output to go
low-level (see Fig. 1). When the counter is loaded with an
initial value, it will start counting the clock input. When the
terminal count is reached, the output will go high and remain
high until the selected count register is reloaded with the
mode. This mode can be used when the CPU is to be inter-
i'upted after a certain period or at the time of counting up.

Fig. 1 shows a setting of 4 as the initial value. If gate input
goes low, counting is inhibited for the duration of the low-
level period.

Reloading of the initial value during count operation will
stop counting by the loading of the first byte and start the
new count by the loading of the second byte.

Mode 1 (Programmable One-Shot)

The gate input functions as a trigger input. A gate-input ris-
ing edge causes the generation of low-level one-shot output
with a predetermined clock length starting from the next
clock. Fig. 2 shows an initial setting of 4. While the counter
output is at the low-level (during one-shot), loading of a new
value does not change the one-shot pulse width, which has
already been output. The current count can be read at any
time without affecting the width of the one-shot pulse being
output. This mode permits retriggering.

Mode 2 (Rate Generator)

Low-level pulses during one clock operation are generated
from the counter output at a rate of one per n clock inputs
(where n is the value initially set for the counter). When a
new value is loaded during the counter operation, it is re-
flected on the output after the pulses by the current count
have been output. In the example shown in Fig. 3, n is given
as 4 at the outset and is then changed to 3.

In this mode, the gate input provides a reset function.
While it is on the low-level, the output is maintained high;
the counter restarts from the initial value, triggered by a ris-
ing gate-input edge. This gate input, therefore, makes
possible external synchronization of the counter by hard-
ware.

After the mode is set, the counter does not start counting
until the rate n is loaded into the count register, with the
counter output remaining at the high-level.

Mode 3 (Square Rate Generator)

This is similar to Mode 2 except that it outputs a square
wave with the half count of the set rate. When the set value
n is odd, the square-wave output will be high for (n4+1)/2
clock-input counts and low for (n—1)/2 counts. When a new
rate is reloaded into the count register during its operation, it
is immediately reflected on the count directly following the
output transition (high-to-low or low-to-high) of the current
count. Gate-input operations are exactly the same as in
Mode 2. Fig. 4 shows an example of Mode 3 operation.
Mode 4 (Software Triggered Strobe)

After the mode is set, the output will be high. By loading a

number on the counter, however, clock-input counts can be
started and on the terminal count, the output will go low for
one input-clock period and then will go high again. Mode 4
differs from Mode 2 in that pulses are not output repeatedly
with the same set count. The pulse output is delayed one
clock period in Mode 2, as shown in Fig. 5. When a new
value is loaded into the count register during its count op-
eration, it is reflected on the next pulse output without
affecting the current count. The count will be inhibited while
the gate input is low-level.
Mode 5 (Hardware Triggered Strobe)
This is a variation of Mode 1. The gate input provides a trig-
ger function, and the count is started by its rising edge. On
the terminal count, the counter output goes low for on one
clock period and then goes high. As in Mode 1, retriggering
by the gate input is possible. An example of timing in Mode
5 is shown in Fig. 6.

As mentioned above, the gate input plays different roles
according to the mode. The functions are summarized in
Table 3.

Table 3 Gate Operations

Gate

Low or going low Rising High

Mode

Enables

0 Disables counting counting

(1) Initiates counting
1 (2) Resets output
after next clock

Enables

2 (1) Disables counting (1) Reloads counter
counting

1 1
(2) Sets output high (2) Initiates counting
immediately

Enables

3 (1) Disables counting (1) Reloads counter
counting

1
(2) Sets output high (2) Initiates counting
immediately

Enables

4 Disables counting counting

5 Initiates counting

MITSUBISHI
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o LML o WW
WR (n=4) 3 2 10 OUT(n-——_Qj! 2 ]‘1 I 1 I |
OUT(GATE="H") OUT(n=_ﬁ4ﬁ2 04 2 4_2 0 4 2 ? 2

wr T LT —
GATE L s 21 o z::n =¢>4r 2 szHz 4 2 4 2 4 2
out ! I —

Fig. 1 Mode 0 Fig. 4 Mode 3

ok L
WR (=l

WR (n=4)
GATE I L] 4 3 2 1.0
4 3 21 ¢ out L
our. L | GATE
GATE LT 4—}4 3 2 1 0
out 271 4 3 2 1 Q out LT
Fig. 2 Mode 1 Fig. 5 Mode 4

ck Luuunnunnnre

WR =4 1n=3)J GATE I
4 3 2 1 4.3 27T 3.2 1 3 4.3 2 1.0
OUT(GATE="H") 1 1 LTI OUT(n=4) 1
GATE 1 [ GATE .
4 3733 4 3 2 1 4.3 21 4.3 43|_f12 4 3 2 1 0
out LI LI OUT(n=4) LT
Fig. 3 Mode 2 Fig. 6 Mode 5

COUNTER MONITORING

Sometimes the counter must be monitored by reading its
count or using it as an event counter. The M5M82C54P offers
the following two methods for count reading:

Read Operation

The count can be read by designating the address of the
counter to be monitored and executing a- simple 1/0 read
operation. In order to ensure correct reading of the count, it
is necessary to cause the clock input to pause by external
logic or prevent a’change in the count by gate input. An ex-
ample of a program to read the counter 1 count is shown be-
low. If RL1, RLO=1, 1 has been specified in the control word,
the first IN instruction enables the tow-order 8 bits to be read
and the second [N instruction enables the highorder 8 bits.

IN n, ---* ny is the counter 1 address
MOV D, A

IN n,

MOV E, A

The IN instruction should be executed once or twice by the
RL1 and RLO designations in the control-word register.

Read-on-the-Fly Operation
This method makes it possible to read the current count

- without affecting the count operation at all. A special coun-

ter-latch command is first written in the control-word regis-
ter. This causes latching of all the instantaneous counts to
the register, allowing retention of stable counts. An example
of a program to execute this operation for counter 2 is given
below.

Mvi A, 1000XXXX ---- Ds=D;=0 designates counter
latching

ouT n, ---- m is the control-word-register address

IN ng ---- n3 is the counter 2 address

MOV D,A

IN n;

MOV EA

In this example, the IN instruction is executed twice. Due to
the internal logic of the M5M82C54P it is absolutely essential
to complete the entire reading procedure. If two bytes are
programmed to be read, then two bytes must be read before
any OUT instruction can be executed to the same counter.

. MITSUBISHI
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Read Back Command

M5M82C54P has a function of reading not only the count but

also status (Read Back Command). The read back com-

mand enables the next four functions.

(1) read the current count “on the fly”

" (2) monitor the current state of the OUT pin

(3) monitor the current state of the counter element
(whether the count is loaded into the counter element or
not) ‘

(4) read the control word ‘

Read back operation can be specified by writing read back

command into the control word registers (Ao, A; =1,1). Fig.

7 shows the format of read back command. )

'Bits D; and Dg are used for specifying read back com-
mand and fixed 1 (D; =1, Dg =1). Respectively bits Ds
(count) and D, (status) are used for reading the count and
the status of the counter selected by the Dz~ D bits. Bit Dy
must be fixed 0.

Only the count can be read “on the fly” by setting Ds =0

and D, =1 as well as counter latch command above men-
tioned. If D3~ D, are set 1 all, the counts of three counters
are simultaneously latched by one read back command. (By
counter latch command, it must be latched for each
counter.) Next, by read operation, the latched count is read
out.

Only the status can be latched by setting Ds =1 and D,
=0. By read operation, the status shown in Fig. 8 can be

read.

BIT D; gives the current state of OUT pin. When D; =1,
OUT = “H”, and when D; =0, OUT =" “L”. Bit Dy indicates
the current state of counter element. When Dg =1, the initial
counter value has not been loaded to counter element. This
state is following.

- (1) The control word is written, but the initial counter value

is not loaded
(2) The initial counter value is written to count register, and
the CLK inputs are not.
When D¢ =0, the initial counter value has already been
loaded. It is the state when the CLK falls following the rising
edge after the initial vi.ue is written. Bits Ds~ D, show the
current state of the control word regsiter. .

It is possible to read both the count and the status. By
setting Ds =0 and D, =0, the status can be read first, and
the count next. ‘

‘The count and/or the status are unlatched when read, so
by the next read operation the current counting value can be
read. And they are unlatched too when the control word is
set, so the read back command must be set on all such
occasions.

If muitiple read back commands are written before the
read operation, only the first one is valid.

Thus, the read of the status is effective when the state of
output and the timing of count reading can be monitored by
software.

-4 MITSUBISHI
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® Read Back Command
(D=1, De=1 fixed)

® COUNT=0 : Latch Count

® STATUS=0 : Latch Status

CNTI1=1: Select Counter1

. { CNT2=1 . Select Counter2
CNTO0=1 . Select Counter0

|— ®Fixed on 0
— A\
Dy Ds Ds Dy D3 D, D1 Do
[ v ] 1 [count [satus| oNt2 [ onti [ onto | 0 |

Fig. 7 Read Back Command Format

® State of OUT pin

ouT
1 OUT pin is “H” level
0 Out pin is “L” level

® State of counter element

CNT
1 Initial value unloaded
0 Initial value loaded

@ State of control word register
[ (cf. Table 2)

p
D7 De Ds 04 Dg Dz DI DO
[our Tont [ Rt [ Ro [ M2 [ wmi | mo | Bop |

Fig. 8 Status Byte
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ABSOLUTE MAXIMUM RATINGS

ELECTRIC

Symbol Parameter Conditions Limits Unit
Vece Power supply voltage —0.3~7 \
vV, |an« voltage With respect to GND —0.3~Vge+0.3 \%
Vo Oul.put voltage —0.3~Vee+0.3 \Y
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 c

RECOMMENDED OPERATING CONDITIONS (1a=-20~75C, unless otherwise noted)
Limits

Symbol Parameter i Nom Vo Unit
Vce Power supply voltage 4. 50 5 5.50 v
Vas Supply voltage (GND) 0 \

ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vcc=5V%10%, unless otherwise noted)
Limits
Symbol Parameter Test condition Unit
Min Typ Max
Vin High-level input voitage 2.0 Veet0.3 v
Vi Low-level input voltage —0.3 0.8 \"
Von High-level output voltage Vss=0V, loy=—400uA 2.4 v
Voo Low-level output voltage Vss=0V, lo,=2.0mA 0.45 \"
[ High-level input current Vss=0V, V=5. 50V +10 KA
I Low-level input current Vss=0V, V,=0V +10 A
loz Off-state output current Vss=0V, V|=0~V¢c +10 KA
lecc Power supply current MSM82C54P Vs OV, =8MHz 10 mA
M5M82C54P-6 Vgs=0V, f=6MHz
lcc Power supply current during STAND BY Vss=0V, other inputs are Vss or Vgg 10 y77.
Cj Input capacitance ViL=Vss, f=1MHz, 25mVrms, Ta=25C 10 pF
Ci/o Input/output capacitance VijoL=Vss, f=1MHz,25mVrms, Ta=25C 20 pF
5—68 ) - MITSUBISHI
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TIMING REQUIREMENTS (Ta=—20~75T, Voc=5V£10%, Vss=0V, unless otherwise noted)
Read cycle
Alternative Limits
Symbol Parameter Test condition Unit
symbol Min Typ Max
tw(r) Read pulse width trr 150 ns
tsu(s-r) | CS setup time before read tsr 0 ns
tsu(a-r) | Address setup time before read tar C_=150pF 45 ns
th(r-a) Address hold time after read tra 0 ns
trec(r) Read recovery time tav J 200 ns
Write cycle
. N Alternative Limits
Symbol Parameter . Test condition Unit
symbol Min Typ Max
twiw) Write pulse width tww 150 ns
tsu(s-.w) | CS setup time before write tsw 0 ns
tsu(a-w) | Address setup time before write taw 0 ns
thow-a) Address hold time after write twa C,=150pF 0 ns
tsu(p-w) | Data setup time before write tow 120(100) ((Note 1) ns
th(w-p) Data hold time after write two 0 ns
trec(w) | Write recovery time trv 200 ns
Note 1 : M5MB82C54P/P-6 is also invested with the extended specification showed in the bracket.
Clock and gate timing
Alternative Limits .
Symbol Parameter Test condition Unit
symbol . Min Typ Max
. M5M82C54P 60
t, Clock high pulse width t, ns.
Wi M5M82C54P-6 P 55
M5M82C54P 60
1, Clock low pulse width t ns
WD P M5MB2C54P-6 e 110
M5M82C54P 125 '
t Clock cycle time -t — ns
ol M5M82C54P-6 oL 165
C_=150pF
tr ) Clock rise time tr 25 ns
te) Clock fall time te 25 ns
tw(aH) | Gate high pulse width ) taw 50 ns
twiaL) Gate low pulse width . taL ’ 50 ns
tsu(a-#) | Gate setup time before clock tas 50 ns
th(¢.ac) | Gate hold time after clock taH 50 ns
Note 2 . A.C Testing waveform
Input pulse level 0. 45~2. 4v
Input pulse rise time 10ns
Input pulse fall time 10ns 2.4 >
Reference level input Vin=2V, V,.=0. 8V - 0.8 0.8
Output Von=2V, Vo, =0.8V 0.45 - -
MITSUBISHI
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SWITCHING CHARACTERISTICS (Ta=—20~75T, Vgc=5V+10%, Vss=0V, unless otherwise noted)

Alternative Limits
Symbol Parameter Test condition Unit
symbol Min Typ Max
tezv(a-q) | Propagation time from address to output tap - 220 ns
Propagation time from M5M82C54P 120
tezv(r-Q) tro - ns
read to output M5M82C54P-6 170
C.=150pF
tevz(r-q) | Propagation time from read to output fioating tor 5 90 ns
texv(a-q) | Propagation time from gate to output tobe 120 ns
texv( 4 -q) | Propagation time from clock to output too 150 ns’

TIMING DIAGRAMS (Reference voltage : High=2.0V, Low=0.8V)

Read cycle
tsu(s—r)
-\ s
RD \ /
tsu(a—r) twir) th(r—a)
—A
Ao, A X
.
tezv(a—q) tezv(r—a) —=1 tevz(r-Q)
7 R
Do~D7 < }
~ 21
Write cycle
[eS \r ’/
tsu(s—w)
~ ~
WR \
L tsu(a-w) tww) | thiw—a)

p!
Ao, Ai K
7

tsu(o-w) [ thew—0)
Do~D7 : ><
(Recovery time)
trec(r), treciw) |
RD, WR
5—70 MITSUBISHI
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Clock and gate cycle
L twiaL) twiaH) )
GATE \ J
th(¢-a) e tree) tsuig—4) ths-a)
f— - f— — t
CLK \ . L ) _/
tec#) twisL) twis texv(¢—a)
T |
ouT ><
texv( 4-Q)
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DESCRIPTION

The M5M82C54FP is a programmable general-purpose timer
device developed by using the silicon-gate CMOS process.
It offers counter and timer functions in systems using an 8-bit
parallel-processing CPU. The use of the M5M82C54FP frees
the CPU from the execution of looped programs, count-
operation programs and other simple processing involving
many repetitive operations, thus contributing to improved
system throughputs. The M5M82C54FP works on a single
power supply, and both its input and output can be con-
nected to a TTL circuit. ’

Parameter M5M82C54FP M5M82C54FP-6

Clock high pulse width (Min.) 60ns 55ns

Clock low pulse width (Min.) 60ns 110ns

Clock cycle time (Min.) 125ns 165ns

Access time (Max.) 120ns 170ns

FEATURES

® Single 5V supply voltage

® TTL compatible

® Pin connection compatible with M5L8253P-5

® Clock period : M5SMB2C54FP-6:++xwxwvsenevens DC~6MHz
M5M82054FP ....................... DC~8MHZ

® 3 independent bult-in 16-bit down counters

® 6 counter modes freely assignable for each counter

® Binary or decimal counts

® Read-back command for monitoring the count and status

® Package in flat small outline package

APPLICATION

Delayed-time setting, pulse counting and rate generation in
microcomputers.

PIN CONFIGURATION (TOP VIEW)
D7 «—[7] 24 Vec(sv)
Ds —[2] 23— WR WRITE INPUT
Ds —[3] 23-—RD READ INPUT
BIDIREC- | Ds «—[7] Z 2]—Ts GHP-SELECT
TIONAL o
DATA BUS | D3 —[5] Z 20— Ao | ADDRESS
D, "’E § 9] A jINPUTS
D —[7] @ 18]—CLK2 CLOCK INPUT
— ] —~ COUNTER
Do —[8] 3 17]—outz gr20s
CLOCK INPUT CLKO—[9] & [16]-— GATE2 GATE INPUT
COUNTER _ -
ourpuT OUTO—[0] [15]— CLK1 CLOCK INPUT
GATE INPUT GATEO— [TT] 14)— GATE! GATE INPUT
- COUNTER
(ov)GND  [i7] 73] —oum GOUNTE
Outline 24P2W

based on mode-control instructions from the CPU. When
roughly classified, there are 6 modes (0~5). Mode 0 is main-
ly used as an interruption timer and event counter, mode 1
as a digital one-shot, modes 2 and 3 as rate generators,
mode 4 for a software triggered strobe, and mode 5 for a
hardware triggered strobe. ‘

The count can be monitored and set at any time. Besides
the count, the status of the counter can be monitored by
Read-back command. The counter operates with either the
binary or BCD system.

Refer to M5M82C54P/P-6 detail

for information.

FUNCTION . M5MB2C54FP/FP-6's specification are fully compatible with
Three independent 16-bit counters allow free programming M5M82C54P/P-6. Only package outline is different.
BLOCK DIAGRAM _ _ _ _ )
] '
(5V) Vec(@d) cov\rgggl.- 8 )
(ov)eND (D) REGISTER [~ . -—-9)CLK 0 CLOCK INPUT
i ‘ 8 COU(’)“TER—Hf (DGATE 0 GATE INPUT
D;(
(Ds o\ ’——®OUT 0 COUNTER OUTPUT
Ds (3)——1 8 '
DATA- ~
BIDIRS(AJ_"_I'LOSGIS_ g: BUBéJFSER +— ~—(5CLK 1 CLOCK INPUT
D2(6) 8 COU;“TER (9 GATE | GATE INPUT
D (7)— @)OUT 1 COUNTER OUTPUT
Do
T B 8 !
READ INPUT  RD @2 (9CLK 2 CLOCK INPUT
WRITE INPUT ~ WR@3 READ/ 8 COU'Z“TER (0 GATE 2 GATE INPUT
CHIP-SELECT INPUT TS QD) &R(‘;Tg () OuUT 2 COUNTER OUTPUT
I
A
ADDRESS INPUTS '@ INTERNAL !
Ao (19) DATA BUS |
MITSUBISHI
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M5M82C55AP-5

DESCRIPTION

This is a family of general-purpose programmable input/
output devices designed for use with the 8/16-bit parallel
CPU as input/output ports.

This device is fabricated using silicon-gate CMOS tech-
nology for a single supply voltage. This LSI is a simple input
and output interface for TTL circuits, having 24 input/output
pins which correspond to three 8-bit input/output ports.

FEATURES

Single 5V supply voltage

TTL compatible

Improved DC driving capability
Improved timing characteristics
24 programmable 1/0 pins
Direct bit set/reset capability

APPLICATION
Input/output ports for MELPS85, MELPS86, MELPS88 mic-
roprocessor

FUNCTION

These PPls have 24 input/output pins which may be indi-
vidually programmed in two 12-bit groups A and B with
mode control commands from a CPU. They are used in three
major modes of operation, mode 0 , mode 1 and mode 2 .
Operating in mode 0, each group of 12 pins may be prog-
rammed in sets of 4 to be inputs or outputs. In mode 1, the
24 1/0 terminals may be programmed in two 12-bit groups,
group A and group B. Each group contains one 8-bit data
port, which may be programmed to serve as input or output,
and one 4-bit control port used for handshaking and interrupt

PIN CONFIGURATION (TOP VIEW)
(PA3 [40) «— PAs
iNpuT/QUTPUT | PAZ — 33 «— PAs | npuT/OUTPUT
PORT A | pa, 3] « Pa [PORT A
(PAo s [4] 37] — PA;
READ INPUT RD— 36] — WR WRITE INPUT
CHIP SELEST es— [35] +— RESET RESET INPUT
(0V) GND 39 — Do
PORT ADDRESS [ A1 — L8] S 33] — Dy
INPUTS | o, — § 5] — D,
PC7 1 S 31] +— D3 | BI.DIRECTIONAL
PCs — [I1] & 30] — D | DATA BUS
PCs +— :TD’ ‘ 73] «— Ds
puT/ouTPUT | PO o 28] = Ds
PORT C | PCy +—s 27] +— Dy
PCy E Vee (5V)
PCo+— 25] — PB,
PC3+— Z] «— PBs
[ o | Moo
INPUTIQUTRUT ! s, . 7] - PE,
PBy s Zl] «— PB;
Outline 40P4

control signals. Mode 2 is used with group A only, as one 8-
bit bidirectional bus port and one 5-bit control port. Bit set/
reset is controlled by CPU. A high-level reset input (RESET)
clears control register, and all ports are set to the input
mode (high-impedance state).

BLOCK DIAGRAM
!’"" - - - - - - T
! G) PA;
— PAg
READ INPUT RD (§) q ROUP GROUP 59 P
WRITE INPUT WA & | — A 8 8 A @) PA4 |INPUT/OUTPUT
i IREAD/WRITE CONTROL * ng}? ; gﬁz PORT A
ADDRESs (A1 ® CONTROL 8 —> - o1
INPUTS | Loagic [ I r 7) PA
L L GROUP A 19 PG,
RESET INPUT RESET (9 4 PORT G 1) PCs
. 7 (MOST SIGNIFI- 12 PCs
CHIP SEnh&SI ts ® ; CANT 4 BITS) D PCa|\npuT/OUTRUT
' 8-BIT 1) PCs|PORT C
1 3
D Q)= INTERNAL 4 GROUP B 79 PC,
| Ds ® 8 DATA BUS LEAST SIGNIFI 19 PCy
b &3 T CANT 4 BITS) 3 PCo
| Da G DATA BUS 1 PB,
DATA BUS ID3 @) BUFFER 8 %% PBs
: D
Dlz g GROUP 8 eROUP - ey
l 8 # B PB4 | INPUT/OUTPUT
Do (9 — B an PORT B 21) PB3[PORT B
CONTROL (8-BIT) D Pe:
1 J 1
(5V) Vee L 19 PBo
(0V) GND __J'
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CMOS PROGRAMMABLE PERIPHERAL INTERFACE .

FUNCTIONAL DESCRIPTION

RD (Read) Input

At low-level, the status or the data at the port is transferred

to the CPU from the PPI. In essence, it allows the CPU to

read data from the PPI.

WR (Write) Input

At low-level, the data or control words are transferred from

the CPU and written in the PPI.

Ao, A, (Port address) Input

These input signals are used to select one of the three

ports: port A, port B, and port C, or the control register. They

are normally connected to the least si‘gnificant two bits of the

address bus.

RESET (Reset) Input

At high-level, the control register is cleared. Then all ports

are set to the input mode (high-impedance state).

CS (Chip-Select) Input

At low-level, the communication between the PPl and the

CPU is enabled. While at high-level, the data bus is kept in

the high-impedance state, so that commands from the CPU

are ignored. Then the previous data is kept at the output

port. )

Read/Write Control Logic

The function of this block is to control transfers of both data

and control words. It accepts the address signals (Ag, A,

CS), 1/0 control signals (RD, WR) and RESET signal, and

then issues commands to both of the control groups in the

PPI. -

Data Bus Buffer )

This three-state, bidirectional, eight-bit buffer is used to

transfer the data when an input or output instruction is ex-

ecuted by the CPU. Control words and status information are

also transferred through the data bus buffer.

Group A and Group B Control

Accepting commands from the read/write control logic, the

control blocks (Group A, Group B) receive 8-bit control

words from the internal data bus and issue the proper com-

mands for the associated ports. Control group A is associ-

ated with port A and the four high-order bits of port C. Con-

trol group B is associated with port B and the four low-order

bits of port C. The control register, which stores control

words, can only be written into.

Port A, Port B and Port C

The PPI contains three 8-bit ports whose modes and input/

output settings are programmed by the system software.
Port A has an output latch/buffer and an input latch. Port

B has an 1/0 latch/buffer and an input buffer. Port C has an

output latch/buffer and an input buffer. Port C can be di-

vided into two 4-bit ports which can be used as ports for

control signals for port A and port B.

The basic operations are shown in Table 1.

Table 1 Basic Operations

E]

Operation

>

Data bus « Port A

Data bus + Port B

Data bus + Port C

Port A « Data bus

Port B + Data bus

Port C « Data bus

Cont[ol register «+ Data bus

Data bus is in high-impedance state

_.x_o_.oo—log’
- (o]
- _._._.E\
X|lololo|o - S

—|X|=|=|lo|lo|=|o|lo
olX|=|=|=|=|olo|o

illegal condition

Where, “0” indicates low level

“1” indicates high-level
Bit Set/Reset
When port C is used as an output port, any one bit of the
eight bits can be set (high) or reset (low) by a control word
from the CPU. This bit set/reset can be operated in the
same way as the mode set, but the control word format is
different. This operation is also used for INTE set/reset in
mode 1 and mode 2. :

Bit set/reset flag

Don't care
Bit selection code

Port C
Bit selected

PC;
PCs
PCs
PCa
PCs
PC;
PCy
PCo

I————Set/reset code
A —— h Set (high) =1
ID7 D¢ {D5|D4]D3|D2| Dy Dol

Fig. 1 Control word format for port C set/reset

7]
&
o
S5
o

olololol=|=|=|=
olo|=|=|o|o|=|=
o|—|lo|=lo|=|o|=

Reset (low) =0

- MITSUBISHI
\ELECTRIC



MITSUBISHI LSIs

MSM82CS55AP-5

CMOS PROGRAMMABLE PERIPHERAL INTERFACE

BASIC OPERATING MODES
The PPI can operate in any one of three selected basic
modes.
Mode 0: Basic input/output
Mode 1: Strobed input/output (group A, group B)
Mode 2: Bidirectional bus (group A only)

The mode of both group A and group B can be selected
independently. The control word format for mode set is
shown in Fig. 2.

(group A, group B)

Mode set flag

Group A mode set
Mode 0: Dg, Ds
Mode 1: Ds, Ds
Mode 2: Dg, Ds
Port A input/output set

output =0
input =1

0
0
1

X = O

Port C (high-order four bits) input/output set
output =0
input =1

Group B mode set
Mode 0 =0

Mode 1 =

Port B input/output set
r Port C (low-order four bits) input/output set
[t output =0
|D7| Ds[Ds[Ds[ D3| D2| Di [ Do) | input =1

Fig. 2 Control word format for mode set.

1. Mode 0 (Basic Input/Output)

This functional configuration provides simple input and out-
put operations for each of the three ports. No “handshaking”
is required; data is simply written in, or read from, the speci-
fied port. Output data from the CPU to the port can be held,
but input data from the port to the CPU cannot be held. Any
one of the 8-bit ports and 4-bit ports can be used as an input
port or an output port. The diagrams. following show the
basic input/output operating modes.

8 iDBy*-DBo

8 %DB7~DBO

M5M82C55AP-5
PA PCw) PCu; PB

M5M82C55AP-5
PA PCw) PCu; PB

f 8 {4 fa 18
PC7;~PC4 PB;~PBy
PA;~PAy  PCs;~PCo

D7 D Ds D4 D3 D2 D1 Do

[1]0]0fof0[0[1[0]

F { 4 1 4 *8
PC7;~PC4 PB;~PBo
PA;~PAy PC3~PCo

D; Dg Ds Dy D3 D2 D1 Do

8 %DBy*-DBo

8 %osr-oso

M5M82C55AP-5
PA PCw) PCw) PB

M5M82C55AP-5
PA PC(y) PC; PB

Jvra 7 4 78
PC;~PC4 PB;~PBo
PA;~PAq PC3~PCo

D7 Dg Ds D4 D3 D2 D1 Do

[1]0fojoi[ofofo]

TNRIRL
PCy;~PC4 PB;~PBg
PA;~PAg PC3~PCo

D; Dg Ds Dy D3 D2 Dy Do

8 %DB7~DBO 8 %DB7~’DBO
M5M82C55AP-5 M5M82C55AP-5
PA PCy PCw; PB PA PCw)  PCw PB
*s 4 {4 18 F VIRV
PC;~PC4 PB;~PBy PC7;~PCa4 PB;~PBy
PA;~PAy PC3~PCyq PA;~PAq PC3~PCo

D7 Dg Ds D4 D3 D2 D1 Do

[1]ojofof1]o[1]0]

D; Dg Ds D4 D3 D2 D1 Do

8 %DB7~DBO

8 %DB7~DB°

M5M82C55AP-5
PA PCw) PC() PB

M5M82C55AP-5
PA PC(y) PCy, PB

48 TRTRL
PC7;~PCq4 PB;~PBy
PA;~PAy PC3~PCo

D7 D Ds D4 D3 D2 Dy Do

[1Jofo]1]ofofo]o]

fo 4 1a ie
PC7;~PC4 PB;~PBg
PA;~PAg PC3~PCo

D7 D¢ Ds D4 D3 D2 D1 Do

[1]0J0[1]00[0]1]

8 fDBwDBo

S%DB7~DB<>

M5M82C55AP-5
PA PCw) PCw) PB

M5M82C55AP-5

PA PCw) PCw) PB

%s 4 t‘; 8
PC;~PCs  'PB;~PByg

}8 TR TNE

PC;~PC4 PB;~PBy
PA;~PAgy PC3~PCo PA;~PAq PC3~PCo
D; Dg Ds D4 D3 D2 D1 Do D; Dg Ds Dg D3 D2 Ds Do
ITOO]UO]OI I]OU]OO]II
8 %DBy~DBo 8 %DBv~DBo

M5M82C55AP-5
PA PCw) PC(, PB

M5M82C55AP-5

PA PCw) PCw) PB

$ 8 14 4 78 )?s 7 } 4 i8
PC;~PCs4 PB;~PBo PC7;~PC4 PB;~PBo
PA,~PA;  PC3;~PCy PA/~PA;  PCy~PCo

D7 Dg Ds D4 D3 D2 D1 Do

D; Dg Ds D4 D3 D, Dy Do

Lifofofi1]ojo]o]

Lifofolfrjofo] 1]

8 %DB;~DBo

8 %DB7~DBD

M5M82C55AP-5
PA PCwy) PCw PB

M5M82C55AP-5
PA PCwy) PCw) PB

8 4 fa {8
PC,~PC,  'PB,~PBs
PA~PA,  PCi~PCo

D7 Dg Ds D4 D3 D2 D1 Do

8 14 }4 i8
PC7~PC4 PB;~PBo
PA;~PAg PC3~PCo

D7 Dg Ds Dg D3 D2 D1 Do

8 %DB7~DBO

8 %DB7~DBO

M5M82C55AP-5
PA PCy) PCw) PB

M5M82C55AP-5
PA PCw) PCu) PB

8 14 {4 18
PC7;~PC4 PB;~PBo
PA;~PAq PC3~PCo
D; Dg Ds D4 D3 D2 Dy Do
| 1 j 0]1/1]0[1]0 l

PA;~PAy

Jo 1t te
PC;~PC4  'PB;~PBo

PC3~PCo
D7 Dg Ds D4 D3 D2 Dy Do

[ ToTol ]3] 0]1]1]
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2. Mode 1 (Strobed Input/Output)
This function can be set in both group A and B. Both groups
are composed of one 8-bit data port and one 4-bit control
data port. The 8-bit port can be used as an input port or an
output port. The 4-bit port is used for control and status sig-
nals affecting the 8-bit data port. The following shows opera-
tions in mode 1 for using input ports.
STB (Strobe Input)
A low-level on this input latches the output data from the ter-
minal units into the input register of the port. In short, this is
a clock for data latching. The data from the terminal units
can be latched by the PPl independent of the control signal
from the CPU. This data is not sent to the data bus until the
instruction IN is executed.
IBF (Input Buffer Full Flag Output)
A high-level on this output indicates that the data from the
terminal units has been latched into the input register. IBF is
set to high-level by the falling edge of the STB input, and is
reset to low-level by the rising edge of the RD input.
INTR (Interrupt Request Output)
This can be used to interrupt the CPU when an input device
is requesting service. When INTE (interrupt enable flag) of
the PPI is high-level, INTR is set to high-level by the rising
edge of the STB input and is reset to low-level by the falling
edge of RD input.

INTE, of group A is controlled by bit setting of PCy4. IN-
TEg of group B is controlled by bit setting of PC..

Mode 1 input state is shown in Fig. 3, and the timing chart

is shown in Fig. 4.

MODE 1 (PORT A) MODE 1 (PORT B)

PA~PAo |- PB,~PBo |-
~——STBa e
A 'INél'E| <578,
L~ IBFA LEJ

——= IBFg

= INTRA

PCes~PC! <—»2—> 170 RD—q

——INTRg

CONTROL WORD
D; D Ds Dy D3 Dz Dy Do
Lol t[rprox]xix]

CONTROL WORD
D; Ds Ds Dy D3 D; Dy Do

U IxIx[xyx[1]1]x]

PCs, PC;
1 =INPUT
0=0UTPUT

Fig. 3 An example of mode 1 input state

(Note 1)

Note 1 : When INTE is low-level. INTR is always low-level.

Fig. 4 Timing c‘hart

The following shows operations using mode 1 for output
ports.
OBF (Output Buffer Full Flag Output)
This is reset to low-level by the rising edge of the WR signal
and is set to high-level by the falling edge of the ACK
(acknowledge input). In essence, the PPI indicates to the
terminal units by the OBF signal that the CPU has sent data
to the port.
ACK (Acknowledge Input)
Receiving this signal from a terminal unit can indicate to the
PPI that the terminal unit has accepted data from a port.
INTR (Interrupt Request)
When a peripheral unit is accepting data from the CPU, set-
ing INTR to high-level can be used to interrupt the CPU.
When INTE (interrupt enable flag) is high and OBF is set to
high-level by the rising edge of an ACK signal, then INTR
will also be set to high-level by the rising edge of the ACK
signal. Also, INTR is reset to low-level by the falling edge of
the WR signal when the PPl has been receiving data from
the CPU. i
INTE, of group A is controlled by bit setting of PCs.
INTEg of group B is controlled by bit setting of PCa.
Mode 1 output state is shown in Fig. 5, and the timing
chart is shown in Fig. 6.
Combinations for using port A and port B as input or out-
put in mode 1 are shown in Fig. 7 and Fig. 8.

MITSUBISHI
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MODE 1 (PORT B)

MODE 1 (PORT A)
8

PA;~PAy [7= PB;~PBy “”8
—=> OBF, —>0BF5

<=— ACKa l<—ACKg

> INTRa L~ INTRg

PC4~PCs (_3_> 170

3
X

CONTROL WORD
D; D Ds Ds D3 D2 Dy Do

L fo1]ofi/ox|x]x]

CONTROL WORD
D; Dg Ds Dy D3 D, Dy Do

ENESEIEIEINREIEY

PCa, PCs
1 =INPUT
0=0UTPUT

WR —/
BF — —
ACK
INTR ‘_
R (Note 2)
PORT %
OUTPUT

Note 2 : When INTE is low-level. then the output of INTR is
aways low-level.

Fig. 5 Mode 1 output example

Fig. 6 Timing diagram

8
PA~PA |-+

PC; }——= OBFA

g
i

PCs f=——ACKa

PC3}——=INTR,

2
PC4~PCs f=#=1/0

8
PB7~PB, f=——
RD—>9 PCof=—35T8s
PCi|—==1BFg
PORT A (STROBED OUTPUT)

PORT B (STROBED INPUT) PCo}—=INTRg

CONTROL WORD
D; Ds Ds Ds D3 D2 D} Do

Clo [ [ofal[1]x]

PC4, PCs
1=INPUT
0=O0UTPUT

PA7~PAg f<-——

8
L

PC4}=—TSTB,

PCsb——=1BF,

PC3}——=INTR,
PCa~PC k2110
PBy~PBof—>

R—>9 PC,

PCol=—ou ACKg
PORT A (STROBED INPUT)
PORT B (STROBED OUTPUT)

PCol—=NTR,

CONTROL WORD
D; Dg Ds D4 D3 D2 Dy Do

CLL Ll [o]x]

1=INPUT
0=0UTPUT

Fig. 7 Mode 1 port A and port B I/0 example

Fig. 8 Mode 1 port A and port B I/0 example
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3. Mode 2 (Strobed Bidirectional Bus Input/
Output)

Mode 2 can provide bidirectional operations, using one 8-bit

bus for communicating with terminal units. Mode 2 is only

valid with group A and uses one 8-bit bidirectional bus port

(port A) and a 5-bit control port (high-order five bits of port

C). The bus port (port A) has two internal registers, one for

input and the other for output. On the other hand, the control

port (port C) is used for communicating control signals and
bus-status signals. These control signals are similar to mode

1 and can also be used.to control interruption of the CPU.

When group A is programmed as mode 2, group B can be

programmed independently as mode 0 or mode 1. When

group A is in mode 2, the following five control signals can
be used.

OBF (Output Buffer Full Flag Output)

The OBF output will go low-level to indicate that the CPU

has sent data to the internal register of pori A. This signal

lets the terminal units know that the data is ready for transfer
from the CPU. When this occurs, port A remains in the float-
ing (high-impedance) state.

ACK (Acknowledge Input)

A low-level ACK input will cause the data of the internal reg-

ister to be transferred to port A. For a high-level ACK input,

the output buffer will be in the floating (high-impedance)
state.

STB (Strobe Input)

When the STB input is low-level, the data from terminal units

will be held in the internal register, and the data will be sent

to the system data bus with an RD signal to the PPI.

IBF (Input Buffer Full Flag Output)

When data from terminal units is held on the internal regis-

ter, IBF will be high level.

INTR (Interrupt Request Output)

This output is used to interrupt the CPU and its operations

the same as in mode 1. There are two interrupt enable flags

that correspond to INTE, for mode 1 output and mode 1

input.

INTE; is used in generating INTR signals in combination
with OBF and ACK. INTE; is controlled by bit set-
ting of PCs.

INTE, is used in generating INTR signals in combination
with IBF and STB. INTE; is controlled by bit set-
ting of PC,.

Fig. 9 shows the timing diagram of mode 2, and Fig. 10 is
an example of mode 2 operation.

B

Q
@
B

INTR (Note 3)

—

ACK
STB \_IJ
IBF / N
— e—
RD
DATA FROM DATA FROM
TERMINAL UNIT CPU
PORT A

Fig. 9 Mode 2 timing diagram

Note 3 : INTR=IBF + MASK * STB - RD + OBF - MASK - ACK *+ WR

WR

11

3

CONTROL WORD

/0 IBF. STB, ACK, OBF, I/0 INTR,

D; D¢ Ds D4y D3 D, Dy Do

|

/0f1/0f1 0}

Ll X[ x]xp
a

PC;~PCo
——— 1 =INPUT

0=0UTPUT

PORT B
1 =INPUT
0=0UTPUT

GROUP B MODE
l——— > (0=MODEO

1 =MODE1

Fig. 10 An exampl

e of mode 2 operation
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4. Control Signal Read Table 2 Read-out control signals
In mode 1 or mode 2 when using port C as a control port, by
i i i i Dat .
CPU execution of an IN instruction, each control signal and ata D, De Ds D. Ds D2 o, Do
bus status from port C can be read. Mode
5. Control Word Tables Mode 1,input| 1/O | 1/O | IBFa [INTEA|INTRA|INTEg| IBFg [INTRg

“Control word formats and operation details for mode 0, mode | Mose 1, autput | OBF 4 |INTEs| 1/0 | I/O |[INTRA|INTEg|OBFag |INTRg
1, mode 2 and set/reset control of port C are given in Tables | yoge2  [OBF,|INTE;| IBF4 |INTE2|INTR,A| By group B mode
3, 4, 5 and 6, respectively.

Table 3 Mode 0 control words

Control words Group A Group B
D; Ds Ds Dy D3 D, Dy Do Hexadecimal Port A Port C (high order 4 bits) Port C (low order 4 bits) Port B
10 0 0 0 0 O O 80 ouT ouT ouT ouT
10 0 0 0 0 0 1 81 ouT ouT IN ouT
1.0 0 0 0 O 1 O 82 ouT ouTt ouT IN
10 0 0 O O 1 1 83 ouT ouT IN IN
10 0 0 1 0 O O 88 ouT IN ouT ouT
1 0o 0 0 1 0 O 1 89 ouT IN IN ouT
1 0 0 0 1 0 1 O 8A ouT IN ouT IN
10 0 O 1 0 1 1 8B ouT IN IN IN
1.0 0 1 0 O O O 90 IN ouT ouT ouT
1 0 0 1 0 0O 0 1 9 IN ouT IN ouT
10 0 1 0 O 1 O 92 IN ouT ouT IN
10 0 1 0 0 1 1 93 IN ouT IN IN
1 0 0 1 1 0 0 O 98 IN IN ouT ouT
10 0 1 1 0 0 1 99 IN IN IN ouT
10 0 1 1 0 1 O 9A IN IN ouT IN
1 0 0 1 1 0 1 1 9B IN IN IN IN

Note 4 : OUT indicates output port, and IN indicates input port.
Table 4 Mode 1 control words

Control words Group A Group B
Hexa- & Port C Port C
D; Ds Ds Dy D3 D2 Dy Do Port A | Port B
decimal | P, [ pce | Pcs | Pci | Pes | PC. | PG, | PCo
A4 ] I
101 0 0 1 0 X A5 ouT ] OBFa ACKA' ouT INTRA | ACKg OBFg | INTRg ouT
T a6 I _
101 0 0 1 1 X | A7 ouT OBFa ACKAi ouT INTRA STBg IBFg* | INTRg IN
AC [ [
T o 1 0 1 1 0 X AD ouT OBFa ACKa IN INTRA | ACKg OBFg | INTRg ouT
AE _ | —— _
101 0 1 1 1 X AF ouT OBFA ACKa IN INTRA | STBg IBFg INTRg IN
B4 _ |
101 1 0 1 0 X B5 IN ouT IBF A STBa INTRA | ACKp OBFg | INTRg ouT
B6 . .
1T 01 1 0 1 1 X 87 IN ouT IBF A STBa INTRA STBe IBFg INTRg IN
BC _ R
101 1 1 1 0 X BD IN IN IBF A iSTBA INTRA | ACKp OBFg | INTRg ouT
BE — —
t o1 1 1 1 1 X BF IN IN IBFa STBa INTRA | STBg IBFg INTRg IN

Note 5 : Mode of group A and group B can be programmed independently.
6 : Itis not necessary for both group A and group B to be in mode 1.
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Table 5 Mode 2 control words

Control words ) Group A Group B
D; Dg Ds Dy D3 Dy Dy Do doormal|  PortA Pon Por@ Port B
(Ex) PC; | PCs | PCs | PCs | PCs | PC; | PCi | PGCo
11 X X X 00 0 co | Bidirectional | GBE. | ACKa | IBFA | STBa | INTRa out out
1T 1 X X X 0 01 c1 | Bidirectional | GBE, | ACKa | IBFA | STB, | INTRa IN out
T 1 XX X010 c2 | Bidirectional | GBE, | ACKa | IBFA | STBa | INTRa ouT IN
1T 1 XX X 0 1 1 c3 | Bidrectional | BBE, | ACKa | IBFs | STBa | INTRa IN IN
1T 1 X X X 1 0 X c4 | Bidirectional | SBE. | ACK, | IBFs | STBa | INTRa | ACKg | OBFg | INTRg | OUT
1T 1 X X X 1 1 X ce | Bidrectional | GBF, | ACKa | IBFs | STBa | INTRA | STBg | IBFe | INTRs | IN

Table 6 Port C set/reset control words

Control words Port C Remarks
Dy D Ds Dy Dy D; Dy Do | 4% | PG, | PCe | PCs | PCa | PC3 | PC2 | PCy | PGo
0 X X X 0 0 0O 00 0
0 X X X 0 0 0 1 01 1
0 X X X 00 1 0 02 0
0 X X X 0 0 1 1 03 1
0 X XX 01 0 0 04 ) 0 INTEg set/reset for mode 1 input
0 X X X 0 1 0 1 05 1 INTEg set/reset for mode 1 output
0 X X x 01 1 0 06 0
0 X X x 0 1 11 07 1
0 X XX 1 0 0 0 08 0 INTE, set/reset for mode 1 input
0 X X X 1 0 01 09 1 INTE; set/reset for mode 2
0 X XX 1 0 10 0A . 0
0 X X x 1 0 1 1 oB 1
00X XX 1 1 0 0 oC 0 INTE, set/reset for mode 1 output
0 X XX 1 1 0 1 0D 1 INTE; set/reset for mode 2
0 X X x 1 1 10 0E 0
00X X X 1 1 11 OF 1
Note.7 : The terminais of port C should be programmed for the output mode, before the bit set/reset operation is executed.
8 : Also used for controlling the intérrupt enabie flag(INTE)

50 : MITSUBISHI
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ABSOLUTE MAXIMUM RATINGS

ELECTRIC

Symbol Parameter \ Conditions Limits Unit
Vce Supply voltage —0.3~7 \"
| Vi Input voltage With respect to GND —0.3~Vgc+0.3 \]
Vo Output voltage —0.3~V¢ee+0.3 v
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (1,=—20~75C, unless otherwise noted)
Symbol Parameter Limits Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \
GND Supply voltage 0 \
ELECTRICAL CHARACTERISTICS (1,=—20~75C, Voc=5V%10%, GND=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vin High-level input voltage 2.0 Vect0.3 \%
Vi Low-level input voltage —0.3 0.8 \%
Vou Output high'voltage (Notel0) lop=—400u A 2.4 \%
VoL Output low voltage lo,=2.5mA 0.45 \
lec Supply current from Vec 32‘552/0\;\‘8{}]":: l;?f?f:\/cc~ 10 uA
IS Input leak current GND=0V, V=0V, Vec +10 uA
loz Off-state output current GND=0V, V;=0~V¢c +10 A
Cj Input capacitance ViL=GND, f=1MHz, 25mVrms Ta=25C 10 pF
Ci/o Input/output terminal capacitance VioL=GND, f=1MHz, 25mVrms, Ta=25C 20 pF
Note 9 : Current flowing into an IC is positive, out is negative. '
10 lon current must be less than —4mA for each Port pin.
TIMING REQUIREMENTS (Ta=—20~75C, Voo=5V+10%, GND=0V, unless otherwise noted)
Symbol Parameter Altemative Test conditions Limits Unit
symbol Min Typ Max
twir) Read pulse width trr 300(200) ns
tsu(pe-R) Peripheral setup time before read tir 0 ns
th(r-pe) Peripheral hold time after read thr 0 ns
tsuca-r) Address setup time before read tar 0 ns
th(r-a) Address hold time after read tra 0 ns
twow) Write pulse width tww 300(200) ns
| tsu(pa-w) Data setup time before write tow 100 ns
thw-pa) | Data hold time after write two 30(0) ns
tsua-w) Address setup time before write taw 0 ns
thiw-a) Address hold time after write twa 20(0) ns
tw(ack) Acknowledge pulse width tak 300 ns
twiste) | Strobe pulse width tst 500(350) ns
tsu(pe-ste)| Peripheral setup time before strobe tps 0 ns
th(ste.pe) | Peripheral hold time after strobe ten 180(150) ns
to(rw) Read/write cycle time try 850 ns o
Note 11 . M5M82C55AP-5 is also invested with the extended specification showed in the brackets.
MITSUBISHI s—g1
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SWITCHING CHARACTERISTICS (1,=—20~75%C, Vcc=5V+£10%, unless otherwise noted)

. Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tevz(r.pq) | Propagation time from read to data output tro 200(170) ns
tezv(r.0q) | Propagation time from read to data floating (Note13) tor 10 100 ns
teuL(w-pe) N ) ‘
Propagation time from write to output twe 350 ns
teL(w-pE) ’
teLn(sTe-F) | Propagation time from strobe to IBF flag tsie R 300 ns
teLH(sTBNTR) | Propagation time from strobe to interrupt tsir 300 ns
teuL(rNTR) | Propagation time from read to interrupt triT C_=150pF 400 ns
teuL(rsr) | Propagation time from read to IBF flag tris 300 ns
tenL(w-inTR) | Propagation time from write to interrupt twiT . 450 ns
tenL(w-osF) | Propagation time from write to OBF flag twos 650 ns
teLack-osr) | Propagation time from acknowledge to OBF flag ‘ taos 350 ns
teLH(ack-INTR) | Propagation time from acknowledge to interrupt tar 350 ns
tevz(ack-pe) | Propagation time from acknowledge to data output tan 300 ns
tpzv(ack-pe) | Propagation time from acknowledge to data floating (Note13) tkp 20 250 ns

Note 12 . M5MB82C55AP-5 is also invested with the extended specification showed in the brackets.
13 . Test conditions are not applied.
14 . A.C Testing waveform

Input pulse level 0.45~2.4v
Input pulse rise time . 10ns
Input pulse fall time 10ns
Reference level input Vig=2V, v, =0.8V
Output | Von=2V, Vo_=0.8V
582 \ ¢ MITSUBISHI \
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TIMING DIAGRAM \
Data bus read operation

tw(r)

tsu(a-R), th(r-a)

tezv(r-DQ) tevz(r-pa)
.
Do~Dy

Data bus write operation

1 twow) J
_ JZL
WR
tsu(a-w) th(w-a)
CS, Ao A
L_ tsu(pa-w) thiw-oa)

Do~Dy
Mode 0 Port input

twir) )

th(r-pe)

VY

PORT INPUT

q

Mode 0, 1 Port output

[} twow)

PORT OUTPUT

teHL(W-PE)

tPLH(W-PE)

MITSUBISHI | 5—g3
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Mode 1 Strobed input

tw(ste)

STB \

w,
—(

Zrﬁf 7

tpLH(sTB-18F)

<

IBF J
tPHL(R-1BF)
‘PHL(H-INTR)
teLH(STB-INTR),
INTR
th(ste-pE)
tsu(pe-ste)
/ 'a R
PORT INPUT { K\\
N /)
Mode 1 Strobed output
tww)
WR
tpLw-oBF) | teLH(ack-08F) |
OBF
tw(ack)
ACK
toHL(W-INTR) tPLH(ACK-INTR)
INTR
tenL(w-pE)
teLm(w-pE)
y
PORT OUTPUT
“MITSUBISHI
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Mode 2 Bidirectional
—>
WR
teHL(w-0BF)
OBF
K
teLH(ACK-0BF)
e ——
INTR /
NI
tw(ack)
— k —
ACK : Z
tw(sTe)
STB \ T
teLH(sTB-1BF)
IBF VT
teLH(R-1BF)
. ©- —
tsu(pe-sTB) thiste-pe) tezv(ack-pe) tevz(ack-pE)

PORT A //7 : 8 h \\
& P Y

Note5: INTR=IBF - MASK - STB - RD + OBF - MASK - ACK + WR

MITSUBISHI
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DESCRIPTION

This is a family of general-purpose programmable input/
output devices designed for use with the 8/16-bit parallel
CPU as input/output ports.

This device is fabricated using silicon-gate CMOS tech-
nology for a single supply voltage. This LSI is a simple input
and output interface for TTL circuits, having 24 input/output
pins which correspond to three 8-bit input/output ports.

FEATURES

Single 5V supply voltage

TTL compatible

Improved DC driving capability
Improved timing characteristics

24 programmable 1/0 pins

Direct bit set/reset capability
Packaged in flat small outline package

APPLICATION
Input/output ports for MELPS85, MELPS86, MELPS88 mic-
roprocessor

FUNCTION

These PPIs have 24 input/output pins which may be indi-
vidually programmed in two 12-bit groups A and B with
mode control commands from a CPU. They are used in three
major modes of operation, mode 0 , mode 1 and mode 2 .
Operating in mode 0, each group of 12 pins may be prog-
rammed in sets of 4 to be inputs or outputs. In mode 1, the
24 1/0 terminals may be programmed in two 12-bit groups,
group A and group B. Each group contains one 8-bit data
port, which may be programmed to serve as input or output,
and one 4-bit control port used for handshaking and interrupt

PROGRAMMABLE PERIPHERAL INTERFACE
PIN CONFIGURATION (TOP VIEW)
{PA3 'I(_)] — PAs
INPUT/QUTPUT | PA2 = PAs | INPUT/OUTPUT
PORTA | PA; o [T [38] — PA | PORT A
) ({PA) «— E «— PA; J
READ INPUT RD — [&] 36] — WR WRITE INPUT
CHIP SELEST 5 — [F] 35] «— RESET RESET.INPUT
(ov) GND z 39 — D,
PORT ADDRESS( A — 8] g 33 =D
INPUTS | o, . = ] 0
N
PC7 o o) 31] — Ds | g1.DIRECTIONAL
PCe — 4 130) ~— D, | DATA BUS
PCs ~— :1"-. 29] > Ds
v
wput/oureur | PG & 28 — 05
PORT C | PCy + 27] 07
PC; E Vee (5V)
PC, E +«— PB;
PCs +— 24] — PBs
, PBo — 73 - PBs Lrg&wguwm
INPUTIQUIRUT. g, . [T 53 — Pe.
PB Z] — PB;
Outline 40P2R

control signals. Mode 2 is used with group A only, as one 8-
bit bidirectional bus port and one 5-bit control port. Bit set/
reset is controlled by CPU. A high-level reset input (RESET)
clears the control register, and all ports are set to the input
mode (high-impedance state).

Refere to MS5MB82C55AP-5 for detail information.
M5MB82C55AFP-5's specifications are fully compatible with
M5M82C55AP-5. Only package outline is different.

BLOCK DIAGRAM ] ) )
;
READ INPUT RD (5
GROUP . GROUP
_ 3 8 A INPUT/OUTPUT
WRITE INPUT WR cI@ — A 7 , PORT A PORT A
READ/WRITE CONTROL (8-817)
ADDRESS (A1 0 CONTROL || 8 —
INPUTS |, &) LoGIC ] [
[ GROUP A
RESET INPUT RESET @ 4 PORT C
o ] 4 (MOST SIGNIFI-]
CHIP SELECT TS ©® : CANT 4 BITS) | INPUT/OUTPUT
INPUT ! : 8-BIT PORT C
0, . wreanaL| ¢ ] GROWP S
0.8 g8 DATA BUS[<—7 LEAST SIGNIFI
3 ~ CANT 4 BITS)
| D59 |
50 DATA BUS 1
DATA BUS ng t——> BUFFER 8 i
D2 @< 8 GROUP s
‘|D| G)< GROUP 8 . B INPUT/OUTPUT
< L] B + PORT B PORT B
. CONTROL (8-BIT)
(5V) Ve L]
(0v) GND ] _
MITSUBISHI
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CMOS PROGRAMMABLE INTERRUPT CONTROLLER

DESCRIPTION

The M5MB82C59AP is a programmable LSI for interrupt con-
trol. It is fabricated using silicon-gate CMOS technology and
is designed to be used easily in connection with an 8085A,
8086 or 8088.

FEATURES

® Single 5V supply voltage

® TTL compatible

® M5MB82C59AP is compatible with M5L8259AP in pin con-
nection.

CALL instruction to the CPU is generated automatically
Priority, interrupt mask and vectored address for each in-
terrupt request input are programmable

Up to 64 levels of interrupt requests can be controlled by
cascading with M5M82C59AP

® Polling functions

APPLICATION
The M5MB82C59AP can be used as an interrupt controller for

CPUs 8085A, 8086 and 8088

FUNCTION

The M5MB82C59AP is a device specifically designed for use
in real time, interrupt driven microcomputer systems. It man-
ages eight level requests and has built-in features for ex-
pandability to other M5M82C59AP’s. The priority and inter-
rupt mask can be changed or reconfigured at any time by
the main program.

PIN CONFIGURATION (TOP VIEW)
CHIP SELECT <] Y A Veo (5V)
WRITE —— —
CONTROL INPUT W_R—’IZ 77— Ao ADDRESS INPUT
controL inpot RD— 2] 2] —INTA ACKNOWLEDGE
0, —[@ 7 — IR, ). NPUT
Ds 5] S A-w
D5 «— E § E +—IRs
INTERRUPT
BIDIRECTIONAL.] D — [7] S 2R | prQUEST
DATABUS | p; +— [B] a 21— 1Rs | INPUTS
D; «— E % @ IRz
D, —[ig| 19— IR
>0 A% Jarennger
CASCADE | CASo «—[1Z} 71— INT  SUTRGT
O SIAVE PROGRAM
LINES| CAS: —[13 16| —SP/EN INWTENASLE -
(0V)Vss  [14] 75] «— CAS: CASCADE
LINES
Outline 28P4

When an interrupt is generated because of an interrupt
request at 1 of the pins, the M5M82C59AP based on the
mask and priority will output an INT to the CPU. After that,
when an INTA signal is received from the CPU or the sys-
tem controller, a CALL instruction and a programmed vector
address is released onto the data bus.

BLOCK DIAGRAM

r
'

INTERRUPT — b,
ACKNOWLEDGE INPUT INTA 29— 8 5)Ds
INTERRUPT s CONTROL LOGIC y 5)D:
REQUEST OUTPUT DATA BUS 7)Dy BIDIRECTIONAL DATA BUS
. BUFFER 8)Ds
9)D;
% 8 8 }E 10D
IRy (18 11)Dg
IR,
IRz (20—={INTERRUPT L
IRs REQUEST | 8 | prioriry | 8 [N SERVICE} |8 b~—2)WR WRITE CONTROL INPUT
INTERRUPT R reaisTer | JRESOLVER]*—] REGISTER READ/WRITE WH
REQUEST INPUTS |R4 @ (IRR) (ISR) —=1 CONTROL RD READ CONTROL INPUT
R @) Loaic @) Ao ADDRESS INPUT
s (29)
IR @) ()TS CHIP SELECT INPUT
‘ 1 ! 1 CASCADE @cAso
Veo(5V) INTERRUPT MASK REGISTER |8 BUFFER/ @ Chs, [CASCADE LINES
Vss(0V) (D (IMR) COMPARATOR B cAs,
O
| (8)SP/EN
SLAVE PROGRAM INPUT/
[ _ _ - - - ENABLE BUFFER OUTPUT
MITSUBISHI
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PIN DESCRIPTION

Input
Symbol Pin name nput or Functional significance
output
cs Chip select input Input This input is active at low-level, but may be at high-level during interrupt request input and interrupt processing.
WR Write control input Input Command write control input from the CPU
RD Read control input Input Data read control input for the CPU
ot t Input/ ) i
D7~Dgo Bidirectional data bus output Data and commands are transmitted through this bidirectional data bus to and from the CPU.
CAS Inout/ These pins are outputs for a master and inputs for a slave. And these pins of the master will be able to
ZCAS Cascade lines ou': ut address each individual slave. The master will enable the corresponding slave to release the device routine
) © P address during bytes 2 and 3 of INTA. .
SP/EN Slave program input/ Input/ SP: In normal mode, a master is designated when SP/EN=1 and a slave is designated when 'SP/EN=0.
Enable buffer output output | EN: In the buffered mode, whenever the M5M82C59AP’s data bus output is enabled, its SP/EN pin will go low.
INT Intérrupt request output |  Output This pin goes high whenever a valid In(er[upt is asserted.
The asynchronous interrupt inputs are active at high-level. The interrupt mask and priority of each interrupt
input be changed at any time. Wh i i , isi i f th
IRy~IRo Interrupt request input Input fnpu can be changed a ar?y ime. When using edge frtgger?d mode, the rising e.dge (low to high) o' e
interrupt request and the high-level must be held until the first INTA. For level triggered mode, the high-
level must be held until the first INTA. -
INTA Interrupt acknowledge Inout When an interrupt acknowledge (INTA) from the CPU is received, the M5M82C59AP releases a CALL in-
input P struction or vectored address onto the data bus.
. This pin is normally connected to one of the address lines and acts in conjunction with the the CS, WR and
Ao Ao address input Input —_— - . .
RD when writing commands or reading status registers.
OPERATION Table 1 M5M82C59AP basic operation
The M5MB2C59AP is interfaced with a standard system bus — _
as shown in Fig. 1 and operates as an interrupt controller. Ao | Ba | Ds | RD|WR| CS Input operation (read)
0 0 1 0 | IRR, ISR or interrupting level—~data bus
0 1 0 | IMR—Data bus
16
ADDRESS BUS Output operation (write)
0|0} O0 1 0 | O | Data bus—~OCW2
CONTROL BUS 0 0 1 1 0 0 | Data bus—~OCW3
0 1 X {1 0 0 | Data bus—ICW1
1 X X 1 0 0 | Data bus—~OCWT1, ICW2, ICW3, ICW4
§ DATA BUS
Disable function
8L — —
X X X 1 1 0 | Data bus—High-impedance
£ é i X | X | X | X | X | 1 | Databus—High-impedance
CS Ac D~Dp RD WR INT INTA
. CASg =
CAS CASCADE
M5M82C59AP e LINES
+ CASy fe—
SP/EN IR; IRs IRs IRy IR3 IRy IRy IRy
SLAVE PROGRAM INTERRUPT REQUEST INPUTS
INPUT/ ENABLE
BUFFER OUTPUT
Fig. 1 The M5M82C59AP interfaces to standard sys-
tem bus.
5—88 ¢ MITSUBISHI
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Interrupt Sequence
1. When the CPU is an 8085A:

(1) When one or more of the interrupt request inputs are
raised high, the corresponding IRR bit(s) for the high-
level inputs will be set.

(2) Mask state and priority levels are considered and, if
appropriate, the M5M82C59AP sends an INT signal to
the CPU.

(3) The acknowledgement of the CPU to the INT signal,
the CPU issues an INTA pulse to the M5M82C59AP.

(4) Upon receiving the first INTA pulse from the CPU, a
CALL instruction is released onto the data bus.

(5) A CALL is a 3-byte instruction, so additional two
INTA pulses are issued to the M5SM82C59AP from the
CPU.

(6) These two INTA pulses allow the M5M82CS9AP to
release the program address onto the data bus. The
low-order 8-bit vectored address is released at the
second INTA pulse and the high-order 8-bit vectored
address is released at the third INTA pulse. The ISR
bit corresponding to the interrupt request input is set
upon receiving the third INTA pulse from the CPU,
and the corresponding IRR bit is reset.

(7) This completes the 3-byte CALL instruction and the

" interrupt routine will be serviced. The ISR bit is reset
at the trailing edge of the third INTA pulse in the
AEOI| mode. In the other modes the ISR bit is not re-
set until an EOl command is issued.

'R—L_[‘NRR SET
|

” L

ISR SET

3
IRR RESET
e peser

(AEOI MODE)

2. When the CPU is an 8086 or 8088:
(1) When one or more of the interrupt request inputs are

IR
l' I;:IRR SET
LT

The interrupt request input must be held at high-level un-
til the first INTA pulse is issued. If it is allowed to return to
low-level before the first INTA pulse is issued, an interrupt
request in IR; is executed. However, in this case the ISR bit
is not set.

This is a function for a noise countermeasure of interrupt
reguest inputs. In the interrupt routine of IR, if ISR is check-
ed by software either the interrupt by noise or real interrupt.
can be acknowledged. In the state of edge trigger mode
normally the interrupt request inputs hold high-level and its
input low-level pulse in the case of interrupt.

/l 2£|Rn RESET

E
\SR SET ISR RESET (AEOI MODE)

Interrupt sequence outputs

1. When the CPU is an 8085A:
A CALL instruction is released onto the data bus when
the first INTA pulse iis issued. The low-order 8 bits of the
vectored address are released when the second INTA
pulse is issued, and the high-order 8 bits are released
when the third INTA pulse is issued. The format of these
three outputs is shown in Table 2.

Table 2 Formats of interrupt CALL instruction and vec-
tored address
First INTA pulse (CALL instruction)

[T ToTe v [ [o 1]

Second INTA pulse (low-order 8-bit of vectored address)

raised high, the corresponding IRR bit(s) for the high- IR Interval=4
level inputs will be set. D7 | Ds | Ds | Ds | Ds | D2 | D | Do
(2) Mask state and priority levels are considered and if Ro | Ar As As 0 0 0 0 0
appropriated, the M5M82C59AP sends an INT signal IR, A; As As 0 0 1 0 0
to the CPU. IR A; As As 0 1 0 0 0
(3) As an acknowledgement to the INT signal, the CPU IRs A, As As 0 1 1 0 0
issues an INTA pulse to the MSM82C59AP. Rs | A As As 1 0 0 0 0
(4) Upon receiving the first INTA pulse from the CPU, IRs A Ae As 1 0 1 0 0
the M5MB82C59AP does not drive the data bus, and IRe A Ao As 1 ] 0 0 0
the data bus keeps high-impedance state.
(5) When the second INTA pulse is issued from the Ry Al fo Ao ! ! ! 0 0
CPU, an 8-bit pointer is released onto the data bus.
(6) This completes the interrupt cycle and the interrupt
routine will be serviced. The ISR bit is reset at the
trailing edge of the second INTA pulse in the AEOI
mode. In the other modes the ISR bit is not reset un-
til an EOI command is issued from the CPU.
MITSUBISHI 5—89

ELECTRIC




MITSUBISHI LSIs
M5M82CS9AP

CMOS PROGRAMMABLE INTERRUPT CONTROLLER

IR Interval=8
D; Ds Ds Da D3 D2 Dy Do

IRo Az As 0 0 0 0 0 0
IR; A; As 0 0 1 0 0 0
R, | Ay | As | O 1 o | o o | o
IR3 Ay As 0 1 1 0 0 0
IR4 A; As 1 0 0 0 0 0
IRs A; As 1 0 1 0 0 0
IRs A; Aes 1 1 0 0 0 0
IRy Az Aes 1 1 1 0 0 0

Third INTA pulse (high-order 8 bits of vectored address)

D7 De Ds 04 Dg Dz D| Do
lAIS | Aiq | AIB[AIZ I An ! Aio I Ag ‘ AsJ

2. When the CPU is a 8086 or 8088: \

The data bus keeps a high-impedance state when the
first INTA pulse is issued. Then the pointer T,~ Ty is re-
leased when the next INTA pulse is issued. The content
of the pointer T;~Ty is shown in Table 3. The T,~T, are
a binary code corresponding to the interrupt request
level, Ajp ~ As are unused and ADI mode control is
ignored.

Table 3 Contents of interrupt pointer
Second INTA pulse (8-bit pointer)

request signal is latched in the corresponding IRR bit if the
high-level is held until the first INTA pulse is issued. It is im-
portant to remember that the interrupt request signal must
be held at high-level until the first INTA pulse is issued.

The interrupt request latching in the IRR causes a signal
to be sent to the priority resolver unless it is masked out.
When the priority resolver receives the signals it selects the
highest priority interrupt request latched in IRR. The ISR is
set when the last INTA pulse is issued while the corres-
ponding bit of IRR is reset and the other bits of IRR are un-
affected.

The bit of ISR that was set is not reset during the inter-
rupt routine, but is reset at the end of the routine by the EOI
command (end of interrupt) or by the trailing edge of the last

_ INTA pulse in AEOI mode.

Priority Resolver

The priority resolver examines all of the interrupt requests
set in IRR to determine and selects the highest priority. The
ISR bit corresponding to the selected (highest priority) re-
quest is set by the last INTA pulse.

Interrupt Mask Register (IMR)

The contents of the interrupt mask register are used to mask
out (disable) interrupt requests of selected interrupt request
pins. Each terminal is independently masked so that mask-
ing a high priority  interrupt does not influence the lower or
higher priority interrupts. Therefore the contents of IMR
selectively enable reading.

Interrupt Request Output (INT)

The interrupt request output connects directly to the inter-
rupt input of the CPU. The output level is compatible with
the input level required for the CPUs.

Interrupt Acknowledge Input (INTA)

The CALL instruction and vectored address are released
onto the data bus by the INTA pulse.

The data bus buffer is a 3-state bidirectional data bus buf-
fer that is used to interface with the system bus. Write com-
mands to the M5M82C59AP, CALL instructions, vectored
, status information, etc. are transferred through

D, Ds Ds D4 D3 D2 Dy Do
IRo T7 Ts Ts T4 Ts 0 0 0
IR T, Te Ts T4 T3 0 0 1
IRz T7 Te Ts Ta T3 0 1 0
s | T7 [ To | Ts | Ta 1 Ts 0 ! ! Data Bus Buffer
IR4 T7 Te Ts Ta T3 1 0 0
IRs T, Ts Ts Ta Ts 1 0 1
IR T7 Te Ts Ta T3 1 1 0
IR; Ty Tes Ts Ta T3 1 1 1 addr

Interrupt Request Register (IRR),
(ISR)
As interrpt requests are received at inputs IR;~IRo, the cor-
responding bits of IRR are set and as an interrupt request is
serviced the corresponding bit of ISR is set. The IRR is used
to store all the interrupt levels which are requesting service,
" and the ISR is used to store all the interrupt levels which are
being serviced. The status of these two registers can be
read. These two registers are connected through the priority
resolver.

An interrupt requst received by IRp is acknowledged on
the leading edge when in the edge triggered mode or it is
acknowledged on the level when in the level triggered
mode. After that an INT signal is released and the interrupt

In-service Register

the data bus buffer.

Read/Write Control Logic

The read/write control logic is used to control functions such
as receiving commands from the CPU and supplying status
information to the data bus.

Chip Select (CS)

The M5M82C59AP is selected (enabled) when CS is at low-
level, but during interrupt request input or interrupt proces-
sing it may be high-level.

Write Control Input (WR)

When WR goes to low-level the M5M82C59AP can be
written.

Read Control Input (RD)

When RD goes low status information in the internal register
of the M5M82C59AP can be read through the data bus.
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Address Input (Ag)
The address input is normally connected with one of the
address lines and is used along with WR and RD to control
write commands and reading status information.
Cascade Buffer/Comparator
The cascade buffer/comparator stores or compares identi-
fication codes. The three cascade lines are output when the
M5MB82C59AP is a master or input when it is a slave. The
identification code on the cascade lines select it as master
or slave.
PROGRAMMING THE M5M82C59AP
The M5MB82C59AP is programmed through the Initialization
Command Word (ICW) and the operation command word
(OCW). The following explains the functions of these two
commands.
Initialization Command Words (ICWs)
The initialization command word is used for the initial setting
of the M5M82C59AP. There are four commands in this group
and the following explains the details of these four com-
mands.
IcCw1 .
The meaning of the bits of ICW1 is explained in Fig. 3 along
with the functions. ICW1 contains vectored address bits Ay~
As, a flag indicating whether interrupt input is edge trig-
gered or level triggered, CALL address interval, whether a
single M5M82C59AP or the cascade mode is used, and
whether ICWA4 is required or not.

Whenever a command is issued with Ag=0 and Ds=1,

this is interpreted as ICW1 and the following will automati-

cally occur.

(a) The interrupt mask register (IMR) is cleared.

(b) The interrupt request input IR; is assigned the lowest
priority.

(c) The special mask mode is cleared and the status read
is set to the interrupt request register (IRR).

(d) When 1C4=0 all bits in ICW4 are set to zero.

ICw2

ICW2 contains vectored address bits A5 ~ Ag or interrupt

type T;~T;, and the format is shown-in Fig. 3.

ICW3

When SNGL=1 it indicates that only a single M5M82C59AP

is used in the system, in which case ICW3 is not valid. When

SNGL=0, ICW3 is valid and indicates cascade connections

with other M5M82C59AP devices. In the master mode, a “1”

is set for each slave.

When the CPU is an 8085A the CALL instruction is re-
leased from the master at the first INTA pulse and the vec-
tored address is released onto the data bus from the slave
at the second and third INTA pulses.

When the CPU is a 8086 the master and slave are in
high-impedance at the first INTA pulse and the pointer is re-
leased onto the data bus from the slave at the second INTA
pulse. )

The master mode is specified when SP/EM pin is high-
level or BUF=1 and M/S=1 in ICW4, and slave mode is
specified when SP/EM pin is low-level or BUF=1 and M/S

Ao D Ds Ds Dy D3 D,

Dy Do

ewil o | oA | A I A |1 ILTIM[ ADIISNGL] |c4]

owz | 1 [ A [ aete ] A [ aeT A A | oA ]|

SINGLE

YES(SNGL= 1)

NO(SNGL=0)

iews| 1 [ s | s [ s [ s | s [siD,|svibi | sonno]

\ NO(IC4=0)

1cwa
YES(IC4=1)
ews| 1 [ o | o [ o [senm] BuF [ wss | akoi | wpm |

FULLY NESTED MODE
READY TO ACCEPT INTERRUPT

Fig. 2 Initialization sequence
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VECTOR ADDRESS.LOW-ORDER BITS

(Ar~As)

1
0

LEVEL TRIGGERED MODE
EDGE TRIGGERED MODE

1
0:

CALL ADDRESS INTERVAL 1S4
CALL ADDRESS INTERVAL 1S8

1
0:

SINGLE
CASCADE MODE

ICW1

[

[ [ 1
Lo Lol elel  Jom]ofso] o]

1
0:

ICW4 NEEDED
NO ICW4 NEEDED

Note 1 : 8085A ONLY

(Note 1)

(Note 1)

0

w1

L 1 l A15/T7l Aia/Ts l Ala/Tsl A12/T4I AH/T3J A
Ao

VECTOR ADDRESS HIGH-ORDER BITS
(A15~As)OR INTERRUPT TYPE (T;~T;)

ICW3 (SLAVE DEVICE)

D; Ds Ds Da D3 D2 Dy Do
ICW2
1: IRn INPUT HAS A SLAVE
0: IRn INPUT DOES NOT HAVE A SLAVE
lllS7JSG—IssTSAISBISQl31 So]
Ao D; De Ds Ds D3 D, D Do SLAVE IDENTIFICATION CODE
ICW3 (MASTER DEVICE) ol1]2]3)4]5]6]|7
ofofojofr|rftr]1
ojof1f{1]ojo|1]1
Of|1|oJ1]o]1jof1
v ol ool oo [w[w]w]
Ao Dy De Ds ")) D3 D2 D1 Do

SPECIAL FULLY NESTED MODE
0: NOT SPECIAL FULLY NESTED MODE

NON BUFFERED MODE
BUFFERED MODE/SLAVE
BUFFERED MODE/MASTER

1: AEOI MODE
0: NORMAL EOI MODE

1: 8086, 8088 MODE
0: 8085A MODE

| v [ o ] o | o [sem]Bur [ ms | aeoi]| upm
Ay Dy Ds Ds D4 D3 D, Dy Do
ICW4
Fig. 3 Initialization command word format
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=0 in ICWA4. In the slave mode, three bits ID,~ 1D, identify
the slave. And then when the slave code released on the
cascade lines from the master, matches the assigned ID
code, the vectored address is released by it onto the data
bus at the next INTA pulse.

ICw4

Only when IC4=1 in ICW1 is ICW4 valid. Otherwise all bits
are set to zero. When ICWA4 is valid it specifies special fully
nested mode, buffer mode master/slave, automatic EOl and
microprocessor mode. The format of ICW4 is shown in Fig. 3.
Operation Command Words (OCW5)

The operation command words are used to change the con-
tents of IMR, the priority of interrupt request inputs and the
special mask. After the ICW .are programmed into the

M5MB82C59AP, the device is ready to accept interrupt re-
quests. There are three types of OCWjs; explanation of each
follows, and the format of OCWjs is shown in Fig. 4.

oCcwi1

The meaning of the bits of OCW1 are explained in Fig. 4
along with their functions. Each bit of IMR can be indepen-
dently changed (set or reset) by OCW1.

oCcw2

The OCW2 is used for issuing EOl commands to the
M5MB82C59AP and for changing the priority of the interrupt
request inputs.

ocws3

The OCWS3 is used for specifying special mask mode, poll
mode and status register read.

1: INTERRUPT MASK SET

N N N O

l 0: INTERRUPT MASK RESET

C o o T T oo [ ]

Mol

Ay Dy Ds Ds D, [))
OCwW1

Do

NON-SPECIFIC EOI

—|=|=|ololo|l=|o

NO OPERATION

1

1 | SPECIFIC EOI (RESETS ISR BITS Ly~Lo)

1 ] ROTATE ON NON-SPECIFIC EOI

0 | SETS AUTOMATIC ROTATION FLIP-FLOP

0 | RESET AUTOMATIC ROTATION FLIP-FLOP

1 | ROTATE ON SPECIFIC EOI (RESETS ISR BIT L;~Lo)
0 | SETS PRIORITY COMMAND (SET LOWEST PRIORITY BIT L,~L,)
0

}eo

} AUTOMATIC ROTATION

} SPECIFIC ROTATION

‘_qo—-—-o—-—-oo

ID LEVEL TO BE ACTED UPON

—|lolo|=
o|=|o|n
—|=|o|w
—lo|=ln

Uy N N Y

6
1
1
0

ololo|o
olo|=|n»

|

RN T N B P

-
L |

Dy Ds Ds D4 D3 Dy
oCcw2
0 X |NO OPERATION
1 0 |RESET SPECIAL MASK MODE

SETS SPECIAL MASK MODE

1: POLL COMMAND

0: NO POLL COMMAND

NO OPERATION

0 | SETS STATUS READ REGISTER IN IRR

1 SETS STATUS READ REGISTER IN ISR

D; De Ds ")) D3 D2 Dy
OoCcw3

Lo [ o [eswm[smm| o | 1 [ p [ &R | mis |
R

Do

Fig. 4 Operation command word format
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FUNCTION OF COMMAND

Interrupt masks .

The mask register contains a mask for each individual inter-

rupt request. These interrupt masks can be changed by

programming using OCW1. -

Special mask mode

When an interrupt request is acknowledged and the ISR bit

corresponding to the .interrupt request is not reset by EOI

command (which means an interrupt service routine is
executing) lower priority interrupt requests are ignored.

In special mask mode interrupt requests received at in-

terrupt request inputs which are masked by OCWI are dis-
abled, but interrupts at all levels that are not masked are
possible. This means that in the mask mode all level of in-
terrupts are possible or individual inputs can be selectively
programmed so all interrupts at the selected inputs are dis-
abled. The masks are stored in IMR and special mask is
set/reset by executing OCWS3.
Buffered mode
The buffered mode will structure the M5M82C59AP to send
an enable signal on SP/EN to enable the data bus buffer,
when the data bus requires the data bus buffer or when cas-
cading mode is used. In this mode, when data bus output of
the M5MB82C59AP is enabled, the SP/EN output becomes
low-level. This allows the M5M82C59AP to be programmed
whether it is a master or a slave by software. The buffered
mode is set/reset by executing ICWA4.
Fully nested mode
The fully nested mode is the mode when no mode is speci-
fied and is the usual operational mode. In this mode, the
priority of interrupt request terminals is fixed from the lowest
IR; to the highest IRo: When an interrupt request is acknow-
ledged the CALL instruction and vectored address are re-
leased onto the data bus. At the same time the ISR bit cor-
responding to the accepted interrupt request is set. This ISR
bit remains set until it is reset by the input of an EOI com-
mand or until the trailing edge of last INTA pulse in AEOI
mode. While an interrupt service routine is being executed,
interrupt requests of same or lower priority are disabled
while the bit of ISR remains set. The priorities can be
changed by OCW2.

Special fully nested mode

The special fully nested mode will be used when cascading

is used and this mode will be programmed to the master by

ICWA4. The special fully nested mode is the same as the fully

nested mode with the following two exceptions.

1.. When an interrupt from a certain slave is being serviced,
this slave is not locked out from the master priority logic.
Higher priority interrupts within the slave will be recog-
nized by the master and the master will initiate an inter-
rupt request to the CPU. In general in the normal fully
nested mode, a serviced slave is locked out from the
master’s priority, and so higher priority interrupts from the
same slave are not serviced.

2. When an interrupt from a certain slave is being serviced
the software must check ISR to determine if there are
additional interrupts requests to be serviced. If the ISR
bit is 0 the EOl command may be sent to the master too.
But if it is not 0 the EOl command should not be sent to
the master.

Poll mode
The poll mode is useful when the internal enable flip-flop of
the microprocessor is reset, and interrupt input is disabled.
Service to the device is achieved by a programmer initiative
using a poll command. In the poll mode the M5M82C59AP at
the next RD pulse puts 8 bits on the data bus which indi-
cates whether there is an interrupt request and reads the:
priority level. The format of the information on the data bus is
as shown below.

1. there is an interrupt request.
0: there is no interrupt request.

!
FE')I

Binary code of the highest priority
level requesting services.

-l -] - - [ww]w]

Ds Ds D4 D3 D: Dy Do

When I=0 (no interrupt request), Wo~Wj is 111. The poll
is valid from WR to RD and interrupt is frozen. This mode
can be used for processing common service routines for in-
terrupts from more than one line and does not require any
INTA sequence. Poll command is issued by setting P=1 in
OCWa3. '

End of ‘interrupt (EOI) and specific EOl (SEOI)

An EOI command is required by the M5M82C59AP to reset
the ISR bit. So an EOl command must be issued to the
M5MB82C59AP before returning from an interrupt service
routine.

When AEOI is selected in ICW4, the ISR bit can be reset
at the trailing edge of the last INTA pulse. When AEOI is not
selected the ISR bit is reset by the EOl command issued to
the M5M82C59AP before returning from an interrupt service
routine. When programmed in the cascade mode the EOI
command must be issued to the master once and to corres-
ponding slave once.

There are two forms of EOl command, specific EOI and
non-specific EOl. When the M5M82C59AP is used in the fully
nested mode, the ISR bit being serviced is reset by the EOI
command. When the non-specific .EOl is issued the
M5MB82C59AP will automatically reset the highest ISR bit of
those that are set. Other ISR bits are reset by a specific EOI
and the bit to be reset is specified in the EOI by the prog-
ram. The SEOI is useful in modes other than fully nested
mode. When the M5M82C59AP is in special mask mode ISR
bits masked in IMR are not reset by EOI. EOl and SEOI are
selected when OCW2 is executed.
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Automatic EOI (AEOI)

In the AEOI mode the M5M82C59AP executes non-specific
EOI command automatically at the trailing edge of the last
INTA pulse. When AEOI=1 in ICW4, the M5M82C59AP is put
in AEOI mode continuously .until reprogrammed in ICWA4.
Automatic rotation

The automatic rotation mode is used in applications where
many interrupt requests of the same level are expected
such as multichanne! communication systems. In this mode
when an interrupt request is serviced, that request is
assigned the lowest priority so that if there are other inter-
rupt requests they will have higher priorities. This means
that the next request on the interrupt request being serviced
must wait until the other interrupt requests are serviced
(worst case is waiting for all 7 of the other controliers to be
serviced) . The priority and serving status are rotated as
shown in Fig. 5.

BEFORE ROTATION (IR3 THE HIGHEST PRIORITY

REQUIRING SERVICE)

1S; 1Ss I1Ss 1S4 1S3 1S, 1S,
ISR STATUS [o|0[1jo]1]0]0|

1So
0 |
LOWEST PRIORITY

i
[olelsfefafefrfo]

AFTER ROTATION
(IR3 WAS SERVICED AND ALL OTHER
PRIORITIES ROTATED CORRESPONDINGLY)
1S, 1S 1S5 ISq

ISR STATUS [o]o[l[ol

HIGHEST PRIORITY

PRIORITY
STATUS

ST T 0]

HIGHEST PRIORITY  LOWEST PRIORITY

[2l2]1[o[7]e[sla]

Fig. 5 An example of priority rotation

PRIORITY
STATUS

In the non-specific EOl command automatic rotation mode is
selected when R=1, EOI=1, SL=0 in OCW2. The internal
priority status is changed by EOl or AEOI commands. The
rotation priority A flip-flop is set by R=1, EOI=0 and SL=0
which is useful when the M5M82C59AP is used in the AEOI
mode.

Specific rotation

Specific rotation gives the user versatile capabilities in inter-
rupt controlled operations. It serves in those applications in
which a specific device's interrupt priority must be altered.
As opposed to automatic rotation which automatically sets
priorities, specific rotation is completely user controlled.
That is, the user selects the interrupt level that is to receive

lowest or highest priority. Priority changes can be executed
during an EOl command.

Level triggered mode/Edge triggered mode

Selection of level or edge triggered mode of the
M5MB82C59AP is made by ICW1, When using edge triggered
mode not only is a transition from low to high required, but
the high-level must be held until the first INTA. If the high-
level is not held until the first INTA, the interrupt request will
be treated as if it were input on IR;, except that the ISR bit
is not set. When level triggered mode is used the functions
are the same as edge triggered mode except that the tran-
sition from low to high is not required to trigger the interrupt
request.

In the level triggered mode and using AEOI mode
together, if the high-level is held too long the interrupt will
occur immediately. To avoid this situation interrupts should
be kept disabled until the end of the service routine or until
the IR input returns low. In the edge triggered mode this
type of mistake is not possible because the interrupt request
is edge triggered.

Reading the M5M82C59AP internal status

The contents of IRR and ISR can be read by the CPU with
status read. When an OCWS3 is issued to the M5M82C59AP
and an RD pulse issued the contents of IRR or ISR can be
released onto the data bus. A special command is not re-
quired to read the contents of IMR. The contents of IMR can
be released onto the data bus by issuing an RD pulse when
Ao=1. There is no need to issue a read register command
every time the IRR or ISR is to be read. Once a read regis-
ter command is received by the M5MB82C59AP, it remains
valid until it is changed. Remember that the programmer
must issue a poll command every time to check whether
there is an interrupt request and read the priority level. Poll-
ing overrides status read when P=1, RR=1 in OCWS3.
Cascading

The M5MB82C59AP can be interconnected in a system of one
master with up to eight slaves to handle up to 64 priority
levels. A system of three units that can be used with the
8085A is shown in Fig. 6.

The master can select a slave by outputting its identifica-
tion code through the three cascade lines. The INT output of
each slave is connected to the master interrupt request in-
puts. When an interrupt request of one of the slaves is to be
serviced the master outputs the identification code of the
slave through the cascade lines, so the slave will release
the vectored address on the next INTA pulse.

The cascade lines of the master are nomally low, and will
contain the slave identification code from the leading edge
of the first INTA pulse to the trailing edge of the last INTA
pulse. The master and slave can be programmed to work in
different modes. ICWs must be issued for each device, and
EOI commands must be issued twice: once for the master
and once for the corresponding slave. Each CS of the
M5MB82C59AP requires an address decoder.
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ADDRESS BUS 16
CONTROL BUS
DATA BUS ' 8
3 8 (3 3
8 8
TS Ao INT] TS Ao INT TS Ao INT
CASy CASy CASo
M5M82C59AP s o M5M82C59AP M5MB82C59AP
MASTER CAS: CAS: SLAVE I o SLAVE
CAS) CAS, L—={CAs;
SP/EN M; Ms Ms Mg M3 M2 MiMo SP/EN 7 6 543210 SP/EN 7 6543210
Vee 7 |65 4 3210 GND 7 6 543210 GND 76543210
“ -~ v
INTERRUPT REQUEST INPUTS
Fig. 6 Cascading the M5M82C59AP
DEN
DATA BUS 8
Do~D; Do~Dy
ADDRE
(Note 1) ADo~AD; S5 BUS 14
RD OR TORC Ao INT INTR
WR OR TOWC | _ <
INTA ] %—we— > bﬁ
- BUFFER
WIS 15 sk TO BUS BUI
A [
a—P—  Lsw Z _
As Q
\—————AG — IR &
Ne
A — R 3
INTERRUPT IRe
REQUEST ~ 'R
INPUTS — | R
— | IRs
— ] IRg
— | IR;
Note 1 : Do~D; of the M5M82C59AP are direct connected with ADy~AD; of the 8086.

Fig. 7 Example of interface with the 8086
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INSTRUCTION SET

ltem Instruction code Function
Mnemonic
Number Ao D7 Ds Ds Dy D3 D2 D, Do [ICW4 required? Intervel Single Trigger
1 ICW1 A 0 Az As As 1 0 1 1 0 N 4 Y E
2 ICW1 B 0 A As As 1 1 1 1 0 N 4 Y L
3 ICW1 C 0 A; As As 1 0 1 0 0 N 4 N E
4 ICW1 D 0 A; As As 1 1 1 0 0 N 4 N L
5 ICW1 E 0 A; As 0 1 0 0 1 0 N 8 Y E
6 ICW1 F 0 A; A 0 1 1 0 1 0 N 8 Y L
7 ICW1 G 0 A; As 0 1 0 0 0 0 N 8 N E
8 ICW1 H 0 Ay As 0 1 1 0 0 0 N 8 N L
9 ICW1 | 0 Ay As As 1 0 1 1 1 Y 4 Y E
10 ICW1 J 0 Ay As As 1 1 1 1 1 Y 4 Y L
1 ICW1 K 0 Ay As As 1 0 1 0 1 Y 4 N E
12 ICW1 L 0 A; As As 1 1 1 0 1 Y 4 N L
13 ICW1 M 0 A; As 0 1 0 0 1 1 Y 8 Y E
14 ICW1 N 0 Ay As 0 1 1 0 1 1 Y 8 Y L
15 ICW1 O 0 A; As 0 1 0 0 0 1 Y 8 N E
16 ICW1 P 0 Ay As 0 1 1 0 0 1 Y 8 N L
17 ICW2 1 Ais Ay Az A An Ao Ag As 8-bit vectored address .
18 ICW3 M 1 S; Se Sg Sa S3 S, S So Slave connections (master mode)
19 ICW3 s 1 0 0 0 0 0 ID; 1Dy 1Dg Slave identification code (slave mode)
SFNM BUF AEOI 8086
20 ICW4 A 1 0 0 0 0 0 0 0 0 N N N N
21 ICW4 B 1 0 0 0 0 0 0 0 1 N N N Y
22 ICW4 C 1 0 0 0 0 0 0 1 0 N N Y N
23 ICW4 D 1 0 0 0 0 0 0 1 1 N N Y Y
24 ICW4 E 1 0 0 0 0 0 1 0 0 N N N N
25 ICW4 F 1 0 0 0 0 0 1 0 1 N N N Y
26 ICW4 G 1 0 0 0 0 0 1 1 0 N N Y N
27 ICW4 H 1 0 0 0 0 0 1 1 1 N N Y Y
28 ICW4 | 1 0 0 0 0 1 0 0 0 N Y S N N
29 ICW4 J 1 0 0 0 0 1 0 0 1 N Y S N Y
30 ICW4 K 1 0 0 0 0 1 0 1 0 N Y S Y N
31 ICW4 L 1 0 0 0 0 1 0 1 1 N Y s Y Y
32 ICW4 M 1 0 0 0 0 1 1 0 0 N Y M N N
33 ICW4 N 1 0 0 0 0 1 1 0 1 N Y M N Y
34 ICW4 O 1 0 0 0 0 1 1 1 0 N Y M Y N
35 ICW4 P 1 0 0 0 0 1 1 1 1 N Y M Y Y
36 ICW4 NA 1 0 0 0 1 0 0 0 0 Y N N N
37 ICW4 NB 1 0 0 0 1 0 0 0 1 Y N N Y
38 ICW4 NC 1 0 0 0 1 0 0 1 0 Y N Y N
39 ICW4 ND 1 0 0 0 1 0 0 1 1 Y N Y Y
40 ICW4 NE 1 0 0 0 1 0 1 0 0 Y N N N
4 ICW4 NF 1 0 0 0 1 0 1 0 1 Y N N Y
42 ICW4 NG 1 0 0 0 1 0 1 1 0 Y N Y N
43 ICW4 NH 1 0 0 0 1 0 1 1 1 Y N Y Y
44 ICW4 NI 1 0 0 0 1 1 0 0 0 Y Y S N N
45 ICW4 NJ 1 0 0 0 1 1 0 0 1 Y Y S N Y
46 ICW4 NK 1 0 0 0 1 1 0 1 0 Y Y S Y N
47 ICW4 NL 1 0 0 0 1 1 0 1 1 Y Y S Y Y
48 ICW4 NM 1 0 0 0 1 1 1 0 0 Y Y M N N
49 ICW4 NN 1 0 0 0 1 1 1 0 1 Y Y M N Y
50 ICW4 NO 1 0 0 0 1 1 1 1 0 Y Y M Y N
51 ICW4 NP 1 0 0 0 1 1 1 1 1 Y Y M Y Y
52 OoCwi1 1 M; Me Ms My Mz Mz M, Mo Interrupt mask
53 OCW2 E 0o -0 0 1 0 0 0 0 0 EOI
54 OCW2 SE 0 0 1 1 0 0 L L Lo SEOI
55 OCW?2 RE 0 1 0 1 0 0 0 0 0 Rotate on Non-Specific EOl command (Automatic rotation)
56 OCW?2 RSE 0 1 1 1 0 0 Lo Ly Lo Rotate on Specific EOl command (Specific rotation)
57 OCW?2 R 0 1 0 0 0 0 0 0 0 Rotate in AEOI Mode (SET)
58 OCW2 CR 0 0 0 0 0 0 0 0 0 Rotate in AEOI Mode (CLEAR)
59 OCW2 RS 0 1 1 0 0 0 L2 [ Lo Set priority without EOI
60 OCW3 P 0 0 0 0 0 1 1 0 0
61 OCW3 RIS 0 0 0 0 0 1 0 1 1
62 OCW3 RR 0 0 0 0 0 1 0 1 0
63 OCW3 SM 0 0 1 1 0 1 0 0 0
64 OCW3 RSM | 0 0 1 0 0 1 0 0 0
Note : Y:yes, N: no, E: edge, L: level, M: master, S: slave
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vece Power-supply voltage —0.3~7 \"
Vi Input voltage With respect to Vss —0.3~Vcct+0. 3 v
Vo Output voltage —0.3~Vge+0.3 \
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 c

RECOMMENDED OPERATING CONDITIONS (1a=—20~75TC, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 A"
Vss Supply voltage 0 v '
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vcc=5V+10%, Vss=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vin High-level input voltage 2 Veet0.3 v
ViL Low-level input voltage —0.3 0.8 \%
Vou High-level output voltage low=—400xA 2.4 \
VouanT) | High-level output voltage, interrupt request output low=100kA 3.5 \
lon=—400A 2.4
Voo Low-level output voltage loL=2.2mA 0. 45 \
lcc Standby supply current from Vg Vee=5.5V, Vi=V¢c or GND output open 10 KA
Iy High-level input current Vi=Vce —10 10 A
[ Low-level input current V=0V —10 10° A
loz Off-state output current Vss=0, Vi=0~Vc¢ —10 10 uA
litGr) High-level input current, interrupt request inputs Vi=V¢c 10 ~A
hieGr) Low-level input current, interrupt request inputs V=0V —300 rA
Ci Input capacitance Vee=Vss, I=1MHz, 25mVrms, Ta=25C 10 pF
Ciso Input/output capacitance Vee=Vss, I=1MHz, 25mVrms, Ta=25C 20 pF
TIMING REQUIREMENTS (Ta=—20~75C , Voc=5V£10%, Vss=0V, unless otherwise noted)
Symbol Parameter Altemative Limits Unit
Symbol Min Typ Max
tww) Write pulse width twiwh 290(200) ns
tsuca-w) Address setup time before write tAHWL 0 ns
th(w-a) Address hold time after write twHAx 0 ns
Ts,;( DQ-w) Data setup time before write tovwH 240(100) ns
th(w-pa) Data hold time after write twHDX 0 ns
tw(r) Read pulse width tRLRH 235(200) ns
tsuca-r) Address setup time before read tAHRL 0 ns
th(r-a) Address hold time after read tRHAX 0 ns
twar) Interrupt request input width, low-level time, edge triggered mode | t,_yn 100 ns
tsu(CAS-INTA) Cascade setup time after INTA (slave) toviaL 55 ns
trec(w) Write recovery time twHRL 190 ns
trec(r) Read recovery time tRHRL 160 ns
End of Command to next Command (Not same Command type)
td(rw) — — teHoL 500 ns
End of INTA sequence to next INTA sequence.
5—08 MITSUBISHI
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MITSUBISHI LSls
MSMS82CS59AP

CMOS PROGRAMMABLE INTERRUPT CONTROLLER

SWITCHING CHARACTERISTICS (Ta=—20~75C, Voc=5V£10%, Vss=0V, unless otherwise noted)

Alternative Limits
Symbol Parameter Unit
Symbol Min Typ Max

tpzv(R-DQ) Data output enable time after read trLov 200(170) ns
tpvz(R-DQ) Data output disable time after read trHDZ 10 100 ns
tpzv(a-DQ) Data output enable time after address taHDV 200(170) ns
tPHL(R-EN) Propagation time from read to enable signal output tRLEL 125 ns
teLH(R-EN) Propagation time from read to disable signal output tRHEH 150 ns
tPLHOR-INT) Propagation time from Interrupt request input to interrupt request output | tyn 350 ns
tPLV(INTA-CAS) Propagation time from INTA to cascade output (master) tiaLcv 565 ns
tezv(cas-pQ) Data output enable time after cascade output (slave) tcvov 300 ns

Note 1 : MS5MB82C59AP is also invested with the extended specification showed in the brackets.
2 ! INTA signal is considered read signal
CS signal is considered address signal

Input pulse level 0.45~2.4v 2.4

Input pulse rise time 10ns 2

Input pulse fall time 10ns 0.8 0.8
Reference level Input V=2V, V, =0.8V 0.45 -

Output Vou=2V, Vo,=0.8V_ _
Load capacitance C_=100pF, where SP/EN
pin is 15pF

TIMING DIAGRAM

Write Mode
TS, Ao
tsua-w) thiw-a)
f—— |
twiw) -
- th(w-0a)
| tsu(oa-w) >
Dy~Do .
Read Mode
'
TS, Ao
N
tsu(a-r) ti(—RJ-A)
tw(r) |y
RD \
INTA N
tezv(r-DQ) tevz(r-00)
tezv(a-DQ)

B/~0s A 1
N

tPHL(R-EN) teLH(R-EN)

MITSUBISHI 5—ao
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MITSUBISHI LSls
M5M82C59AP

CMOS PROGRAMMABLE INTERRUPT CONTROLLER

Interrupt Sequence

|

Z|
5
>

D;~Do

CAS,;~CASo

Other Timing

3l

5
>

L \_
twar) -

teLH(IR-INT)
\(Note 1) \(Note 2)
(Note 1)
\L/_ﬂf__/ e
(Note 3) . z :S; (Note 2) ég (Note 2)
teLV(INTA-CAS) tsu(cas-iINTA)
H’-r—-—i
fonvions.
] PzV(CAS-DQ) (Note 1) (Note 2)
trec(w)

/ trec(r)

td(rw)

8086, 8088 mode

8085A mode

8086, 8088 mode is in high-impedance state, pointer is released during the next INTA.
When in single 8085A mode, data is released by all INTAs. When master, CALL in-"~
struction is released during the first INTA, high impedance state during the second and
third INTA. When slave, high impedance state during the first INTA, vectored address
is released during the second and third INTA.

5—100
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CMOS PROGRAMMABLE INTERRUPT CONTROLLER

MITSUBISHI LSIs

M5M82CS59AFP

DESCRIPTION

The M5M82C59AFP is a programmable LSI for interrupt con-
trol. It is fabricated using silicon-gate CMOS technology and
is designed to be used easily in connection with an 8085A,
8086 or 8088.

FEATURES

® Single 5V supply voltage

TTL compatible

CALL instruction to the CPU is generated automatically
Priority, interrupt mask and vectored address for each in-
terrupt request input are programmable

Up to 64 levels of interrupt requests can be controlled by
cascading with M5M82C59AFP

Polling functions

Packaged in flat small outline package

APPLICATION
The M5MB2C59AFP can be used as an interrupt controller
for CPUs 8085A, 8086 and 8088

FUNCTION
The M5MB82C59AFP is a device specifically designed for use
in real time, interrupt driven microcomputer systems. It man-
ages eight level requests and has built-in features for ex-
pandability to other M5M82C59AFP’s. The priority and inter-
rupt mask can be changed or reconfigured at any time by
the main program.

When an interrupt is generated because of an interrupt

PIN CONFIGURATION (TOP VIEW)
o SELEGE o5 1 8 vt
WRITE = —
controL inpur WA — 2] 27— Ao ADDRESS INPUT
contRoL ihper Ao — 3] 26 < TNTA ACKNOWLEDGE
0, [ < 1Ry | INPUT
De =[] g 29 — IR
Ds «— [6] e 73] — IRs
BIDRECTIONAL | D+ =[] o} 20— 1R, | GOESE T
DATABUS | p; « 3] 8 21 —1R; | INPUTS
D —[3] = —IR,
Dy E ) v E —IR,
o™ 8o ) prsemyer
CASCADE CASo "'E 17] —INT ouTPUT
— OSIAVE PROGRAM
LINES | CAS: «—[T3] 6] —SP./EN INUT/ENABLE -
(0V)ves 4 5] ++ CAS2  CASCADE
LINES
Outline 28P2W

request at 1 of the pins, the M5M82C59AFP based on the
mask and priority will output an INT to the CPU. After that,
when an INTA signal is received from the CPU or the sys-
tem controller, a CALL instruction and a programmed vector
address is released onto the data bus.

Refer to MbMB82C59AP for  detail
M5MB82C59AFP’s  specifications are compatible
M5MB82C59AP. Only package outline is different.

information.
with

BLOCK DIAGRAM

r
'

INTERRUPT — (4)p,
ACKNOWLEDGE INpUT TNTA @9—=9 8 (5)Ds
INTERRUPT N CONTROL LOGIC &D0:

REQUEST OUTPUT DATA BUS D4 BIDIRECTIONAL DATA BUS
! BUFFER (8)D3

(9)D2 h
%8 8 %8 D1
(1DDo
INTERRUPT |
requesT | 8 I prioriTy | 8 ﬁ'” SERICEL 18 | lrean/wrimeP~—@WR WRITE CONTROL INPUT
INTERRUPT REGISTER RESOLVER REGISTER st
REQUEST INPUTS (IRR) (ISR) r_"' CONTROL RD READ CONTROL INPUT
Loaic 2)A; ADDRESS INPUT
1 T i (1)CS CHIP SELECT INPUT
N CASy
8| L] cascabe ®
Vee(5V) @) INTERRUPT MASK REGISTER L BUFFER/ ()CAs, [ CASCADE LINES
Vss(0V) (9 (IMR) COMPARATOR @cas,
| SP/EN
SLAVE PROGRAM INPUT/
L - - - - - ENABLE BUFFER OUTPUT
MITSUBISHI
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MITSUBISHI LSIs

M58992P

CMOS CRT CONTROLLER

DESCRIPTION

The M58992P is a raster scan type CRT interface device,
fabricated using silicon gate CMOS technology. This LSI is
a one-chip type high-performance video display generator
having the timing signal generator and attribute circuits re-
quired for CRT display so as to allow system configuration
with a small number of components.

FEATURES

® Single 5V supply voltage.

® Can generate video display using simple external
circuit

® 10 programmable display modes

® Some mode conditionally allows mixed use with other
mode.

® Color display is programmable to use either 8 or 16
colors.

® The R, G and B signals are provided as video output
signals.

® Can superimpose on TV screen

® A 16K or 64K DRAM is used as the video RAM under
control of the built-in DRAM controller.

® The video RAM area can be used concurrently for stor-
age of display data and microprocessor program.

® Paging and scrolling are possible.

® Cursor control; blinking, blanking, underline and reverse
characters are possible.

® Light pen input control function is provided.

PIN CONFIGURATION (TOP VIEW)

(OV)Vss Veo(5V)
DAD; ++ A
DADg + [62] — Ayq
muLTPLEXED | DADs A
DRAM DAD, + 5] A2
ADDRESSIDATA | DAD, + [&] — Ay
BUS DAD, +> 58]+ Aso
DAD, « [E] —A
DAD, + [3] — A
ROW ADDRESS ' DADo ADDRESS BUS
Sy e il
STROBE OUTPUT CAS +— [ 24+ A
WRITEENABLE  WE —As
OUTPUT R -
G+ Az
VIDEO OUTPUTS
& The
| + 6] % 49 — A,
BURST OUTPUT BRST + < — A
CLOCKB  BCLK o —> READY READY OUTPUT

CLOCK M MCLK + [19] <+ RESET RESET INPUT

SYSTEMCLOCK CLK — — INTR ;'aNEToESEsUTPgJUTPUT
BLANKING  BLANK «

QUTPUT 44] + 10/M I0/MEMORY INPUT

LIGHTPEN  LTPEN — s G SELECT
STROBE INPUT

RAq +—[23 “—RD  READ INPUT
CHARACTER - s
GENERATOR | RA 4] WR  WRITE INPUT
RASTER ADDRESS | RA, +— [ %]« DB,

CODEDATA [ GDRD; =

READ OUTPUTS| CDRD, + 28] DATA BUS

I . o . CHARMCTERCODE G 7 o ~ DB,

® Various interrupts generating function is provided. geﬁ&%%& HSYNG «» [ )« DB,
OUTPUT VSYNC «[31] 51« DB,
APPLICATION VERTCAL - (OV)Vs -~ DB,
Display unit using home TV set or monitor TV set OUTPUT NZE
' Outline 64P4B
FUNCTION
The information or data to be displayed on the screen is
written in the video RAM by the microprocessor. The
M58992P can read the video RAM in the order of the CRT.
scan, and can generate synchronization signal for a CRT.
MITSUBISHI
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3

>

>
s

>
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DATA BUS BUFFER
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BUS INTERFACE

CLOCK AND
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GENERATOR

>
2

>
&

€01—§

L4 b b bk pee-

CLK BCLK MCLK
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MITSUBISHI LSls

M58992P

CMOS CRT CONTROLLER

PIN DESCRIPTION

\

5—104

Pin Name Input/output Functions
Multiplexed . L "
DAD,~ Causes data input from DRAM or data output for writing in DRAM by output of mitiplexed row and col-
DRAM address Input/output
DADo umn address to DRAM.
/data bus
— Row address . . . —
RAS Output DRAM address input is latched at falling edge of RAS.
strobe output
—_— Column address . . . GAS
CAS Output DRAM address input is latched at falling edge of CAS.
strobe output
WE Write enable output Output Data from microprocessor is written in DRAM when this signal is “L".
R Video output R
G Video output G TTL level output of video signals R, G and 