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CMOS PROGRAMMABLE INTERRUPT CONTROLLER

Interrupt Sequence
1. When the CPU is a MELPS85

M

(2)

(6)

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.

Mask state and priority levels are considered and, if
appropriate, the M5M82C59AP-2 sends an INT sig-
nal to the CPU.

The acknowledgement of the CPU to the INT signal,
the CPU issues an INTA pulse to the M5MB2C59AP-
2.

Upon receiving the first INTA pulse from the CPU, a
CALL instruction is released onto the data bus.

A CALL is a 3-byte instruction, so additional two
INTA pulses are issued to the M5M82C59AP-2 from
the CPU.

These two INTA pulses allow the M5M82C59AP-2 to
release the program address onto the data bus. The
low-order 8 bits vectored address is released at the
second INTA pulse and the high-order 8 bits vec-
tored 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.
This completes the 3-byte CALL instruction and the
interrupt routine will be serviced. The ISR bit is re-
set at the trailing edge of the third INTA pulse in the
AEOI mode. In the other modes the ISR bit is not
reset until an EOl command is issued.

|R—wIRR SET

INTA

1
2 IRR RESET
ISR RESET

ISR SET (AEOI MODE)

2. When the CPU is a MELPS86 or MELPS88

(1)

(2)

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.

Mask state and priority levels are considered and if
appropriated, the M5M82C59AP-2 sends an INT sig-
nal to the CPU.

As an acknowledgement to the INT signal, the CPU
issues an INTA pulse to the M56M82C59AP-2.

Upon receiving the first INTA pulse from the CPU,
the M5MB82C59AP-2 does not drive the data bus,
and the data bus keeps high-impedance state.
When the second INTA pulse is issued from the
CPU, an 8-bit pointer is released onto the data bus.
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
until an EOI command is issued from the CPU.

IR—l_F\mn SET
L 1J /! ’ }\IRR RESET

INTA
1SR SET ISR RESET (AEOI MODE)

The interrupt request input must be held at high-level until
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
request inputs. In the interrupt routine of IRy, if ISR is
checked by software either the interrupt by noise or real in-
terrupt 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 a MELPS85
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)

D, Ds Ds Dy Ds D D Do
Lt [+ ol ol v T v JoTl 1]

Second INTA pulse (low-order 8 bits of vectored address)

IR Interval= 4
Dy Ds Ds Da D3 Dz Dy Do

IRo Az As As 0 0 0 0 0
IRy Ay Aes As 0 0 1 0 0
IRz Az As As 0 1 0 0 0
IRz A; Aes As 0 1 1 0 0
IRs A; As As 1 0 0 0 0
IRs Ay As As 1 0 1 0 0
IRs Ay As As 1 1 0 0 0
IRy A; As As 1 1 1 0 0

MITSUBISHI
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Write Control Input (WR)

When WR goes to low-level the M5M82C59AP-2 can be
written.

Read Control Input (RD)

When RD goes low-level status information in the internal
register of the M5M82C59AP-2 can be read through the
data bus.

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 M5M82C59AP-2 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-2

The M5MB82C59AP-2 is programmed through the Initializa-
tion 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 set-
ting of the M5M82C59AP-2. There are four commands in
this group and the following explains the details of these
four commands. The command flow of ICWs is shown Fig.
2.

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

triggered or level triggered, CALL address interval,

whether a single M5M82C59AP-2 or the cascade mode is

used, and whether ICW4 is required or not.

Whenever a command is issued with Ag=0 and D;=1, this

is interpreted as ICW1 and the following will automatically

oceur.

(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 IC4=0 all bits in ICW4 are set to 0.

ICw2

ICW2 contains vectored address bits Ajs~ Ag or interrupt

type T;~Tj3, and the format is shown in Fig. 3.

ICW3

When SNGL = 1 it indicates that only a single

M5MB2C59AP-2 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-2 devices. In

the master mode, a 1 is set for each slave.

When the CPU is a MELPS85 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 MELPSB6 the master and slave are in

high-impedance at the first INTA pulse and the pointer is

Ay Dy Ds Ds D4 D3 D, Dy Do
ewt | o | a | A | A | 1 [om] am ISNGLTIC4J
|cwzr 1 IAI5/T7[AM/TB[AH/TSlAIZ/T4b|1/T3[ Awl Ag | Ag l

SINGLE YES(SNGL=1)
NO(SNGL=10) -
ows| 1 | s | s | 8 | s | 8 [0, suinn [ suino
ucvw\ NO(IC4=10)
YES(IC4=1)
iows] 1 | o | o [ o [senm] BuF [ ws | agor | upwm |
\
I FULLY NESTED MODE ]
READY TO ACCEPT INTERRUPT

Fig. 2 Initialization sequence
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released onto the data bus from the slave at the second
INTA pulse.

The master mode is specified when SP/EN pin is high-
level or BUF=1 and M/S=1 in ICW4, and slave mode is
specified when SP/EN pin Is low-level or BUF=1 and M/S
=0 in ICW4. In the slave mode, 3-bit ID,~ IDy identify the
slave. And then when the slave code released on the cas-
cade 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 0. 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 (OCW5s)

The operation command words are used to change the
contents of IMR, the priority of interrupt request inputs and
the special mask. After the ICW are programmed into the
M5MB2C59AP-2, the device is ready to accept interrupt re-
quests. There are three types of OCWs; explanation of
each follows, and the format of OCWs is shown in Fig 4
ocwi1

The meaning of the bits of OCW1 are explained in Fig. 4
along with their functions. Each bit of IMR can be indepen-

1* INTERRUPT MASK SET

] J ] | ] I I l 0 INTERRUPT MASK RESET
Loofmw fove [oms | ome [ oms [ v [om [ oo |
Ao Dy Ds Ds Ds Ds D2 Dy Do
ocwWi

NON-SPECIFIC EOI

almlalololo|=|o

oclol=|lo|lo|—=|—=]|—

NO OPERATION

SPECIFIC EOI (RESETS ISR BITS Ly~Ly)

ROTATE ON NON-SPECIFIC EOI

SETS AUTOMATIC ROTATION FLIP-FLOP

RESET AUTOMATIC ROTATION FLIP-FLOP

ROTATE ON SPECIFIC EOI (RESETS ISR BIT L,~L,)
SETS PRIORITY COMMAND (SET LOWEST PRIORITY BIT Lo~Lo)

EOI

}AUTOMATIC ROTATION
}SPECIFIC ROTATION

L-O—‘—-o—-—oo

ID LEVEL TO BE ACTED UPON

1
0
0
1

2
0
1
0

I [N N Y

—|ol=ju

4
1
0
0

o|lo|o
of=]=

R lst Jeolo [ o || u]

L

| o
Ao D; De Ds Da D3 D, D
OCwW2

0 X |NO OPERATION

1 0 |RESET SPECIAL MASK MODE
1 1| 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 Jeswmfswa] o T 1 T p [ ar | mis |
Ao D; Ds Ds D4 Ds D, [} Do
ocw3
Fig. 4 Operation command word format
MITSUBISHI
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of those that are set. Other ISR bits are reset by a specific
EQOI and the bit to be reset is specified in the EOI by the
program. The SEOI is useful in modes other than fully
nested mode. When the M5M82C59AP-2 is in special mask
mode ISR bits masked in IMR are not reset by EOI. EOI
and SEOI are selected when OCW?2 is executed.
Automatic EOI (AEOI)

In the AEOI mode the M5M82C59AP-2 executes non-
specific EOl command automatically at the trailing edge of
the last INTA pulse. When AEOI = 1 in ICW4, the
M5MB82C59AP-2 is put in AEOI mode continuously until re-
programmed in ICW4,

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 ser-
viced must wait until the other interrupt requests are ser-
viced (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 (IR3 THE HIGHEST PRIORITY

REQUIRING SERVICE)

IS, 1S IS5 1Se 1S IS IS 1S
ISR STATUS Lo]o]1]o|1L0]o|o]

LOWEST PRJORITY HIGHEST PRIORITY
PRIORITY

i i
carvs L7 loelsfefsfz]rfo]

AFTER ROTATION
(IR3 WAS SERVICED AND ALL OTHER
PRIORITIES ROTATED CORRESPONDINGLY)

I1S; 1S 1Ss

isrstatus [0 | o [ 1|

HIGHEST PRIORITY

1S 1S IS, IS IS
0]0]0]0]0]

LOWEST PRIORITY

P4
L1z Jolr[e[s]4]

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 OCWZ2. The inter-
nal priority status is changed by EOI 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-2 is used in
the AEOI mode.

Specific rotation

Specific rotation gives the user versatile capabilities in in-
terrupt controlled operations. It serves in those applications
in which a specific device’s interrupt priority must be
altered. As opposed to automatic rotation which automati-
cally 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-2 is made by ICWI1, When using edge trig-
gered mode not only is a transition from low-level to high-
level required, but the high-level must be held until the first
INTA. If the high-level is not held until the first INTA, the in-
terrupt request will be treated as if it were input on IRy, ex-
cept 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-level to high-level 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 im-
mediately. To avoid this situation interrupts should be kept
disabled until the end of the service routine or until the IR
input returns low-level. In the edge triggered mode this
type of mistake is not possible because the interrupt re-
quest is edge triggered.

Reading the M5M82C59AP-2 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-
2 and an RD pulse issued the contents of IRR or ISR can
be released onto the data bus. A special command is not
required to read the contents of IMR. The contents of IMR
can be released onto the data bus by issuing an RD pulse
when Ay=1. There is no need to issue a read register com-
mand every time the IRR or ISR is to be read. Once a read
register command is received by the M5M82C59AP-2, it re-
mains valid until it is changed. Remember that the prog-
rammer must issue a poll command every time to check
whether there is an interrupt request and read the priority
level. Polling overrides status read when P=1, RR=1 in
OCW3.

CASCADING

The M5M82C59AP-2 can be interconnected in a system of
one master with up to 8 slaves to handle up to 64 priority
levels. A system of 3 units that can be used with the

- MELPSS5 is shown in Fig. 6.

The master can select a slave by outputting its identifica-
tion code through the 3 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 re-
lease the vectored address on the next INTA pulse.

MITSUBISHI
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ADDRESS BUS 16
CONTROL BUS
DATA BUS 8
3 8 3 3
8 18
1 3 ]
TS Ao INT] TS Ao INT TS Ao INT
M5M82C59AP-2 CAS CAS 82C59AP-2 A% M5M82C59AP-2
- s o M5M. - -
MASTER CAS: CAS; SLAVE CAS: SLAVE
CAS CAS;, CAS,
SP/EN_IRy IR IRs IR4 IR3IRzIR4IRg SP/EN_IR; IRsIRsIRsIRsIR, IR IRo SP/EN_IR7IRgIRsIR4IRs IRz IR IRl
Vee 7 l65 4 32710 GND 7 6 543210 GND 76543210
.- J

Y
INTERRUPT REQUEST INPUTS

Fig. 6 Cascading the M56M82C59AP-2

DEN
DATA BUS 8
~ Do~
Do~Dy ADDRESS BUS o~0r
(Note 3) ADy~AD; 1A
RD OR TORC Ao INT INTR
WR OR TOWC l _ <
NTA \ R | v OF
_ WR SP/E TO BUS BUFFER
M/10 -——b———Ao | TNTA
e | Lo
Aq S
\As 2
e — | R0 >
Ne — R 2
\A7—— —_— |R2 R
INTERRUPT| ___ | |,
REQUEST
INPUTS — | 'R
' — 1 |Rs
—= 1 IRs
— | IRy

Note 3 : Do~Djy of the M5M82C59AP-2 are direct connected with ADo~AD; of the MELPS86

Fig. 7 Example of interface with the MELPS86
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit

Vee 7 Supply voltage —0.3~7 \%

\A Input voltage With respect to Vss —0.3~Vcc+0.3 \Y/

Vo Output voltage ' —0.3~Vce+0.3 A

lormAx MAX “H” All output and 1/0 pins output —500 A
Output current “H" level and force same current

loLmax MAX “L" All output and /0O pins output 2.5 mA
Output current “L" level and force same current

Topr Operating free-air temperature range —20~75 c

Tstg Storage temperature range —65~150 c

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

Limits
Symbol Parameter Unit
Min Nom Max
Vce Supply voltage 4.5 5 5.5 \%
Vss Supply voltage (GND) 0 \Y

ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vcc=5V+10%, Vss=0V, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max

Vin High-leve! input voltage 2.0 " |Veet0.3 \%
Vie Low-level input voltage —0.3 0.8 v
Vou High-level output voltage lon = 4001 24 \%

lon=—20uA 4.4

lon=—400xA 2.4
VonnT) | High-level output voltage, interrupt request output loy=—100uA 3.5 \"

lon==—20uA 4,4
Vou Low-level output voltage loL=2.2mA 0. 45 v
lcc Standby supply current from Ve V;=0V, Vcc output open 10 A
hn High-level input current Vi=Vgc —10 10 uA
he Low-level input current V=0V ' —10 10 HA
loz Off-state output current Vo=0V~V¢c —10 10 uA
LRt IR pin input current . V=0V —300 KA
ILir2 IR pin input current Vi=V¢c 10 A
Ci Input capacitance Vce=Vss, f=1MHz, 25mVrms, Tq=25C 10 pF
Ciso Input/output capacitance Vec=Vss, I=1MHz, 25mVrms, Ta=25C 20 pF

4—100 MITSUBISHI
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TIMING DIAGRAM

ELECTRIC

Write Mode
TS A
tsuca-w) thiw-a)
b ]
tww) '
WA \ 7JZ
E - th(w-pa)
| tsu(pa-w) b
Dy~Do
Read Mode
XL
TS, Ao
N
tsu(a-m th(r-a)
—
twir)
| /
il \
INTA N
tezv(r-pQ) teva(r-0a)
tpzv(a-0Q)
- 3
o0 ) }\\
7~ Do \ /
ton(R-EN) teLH(R-EN)
—
EN /
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DESCRIPTION

The M5M82C255ASP is a LSI equivaleni to two
M5MB82C55AP-2. It is housed in a single 64-pin shrink DIP.
The M5M82C255ASP is fabricated using silicon-gate
CMOS technology for a single supply voltage. This LSl is a
simple input and output interface for TTL circuits, having 48

PIN CONFIGURATION (TOP VIEW)

170 PORTS Aq

PAo, + 1]

PAg “ PAge } 1/0 PORTS Aq
PAq + [3] 52| > PAg READ/WAITE
PAg; + [4] 6] — R/W ‘I;l?FyJT t

input/output pins which correspond to six 8-bit input/output Aco +* [E] [60] — RESET RESET INPUT
ports. CHIPSRPT CSo—[E] 5+ Do
oot ~=H S
FEATURES weuts | Ao L} - D
® Single 5V supply voltage PCor <[] D | rasus
® Input : TTL compatible (Io =2.5mA) AN - o
Output : CMOS/TTL compatible PO -,
® Each I/0 pin has =4mA driving capability VO PORTS Co b er «D,
® Read access time : 120ns PCor +[14] E 51] « PBoy
® Timing specification enable easy design of system bus PCoz + § 150 ++ PBog
timing ' PCos + [16] 8 [49] +» PBos
® Noise limiter is built-in to provide high noise margin PA17 + » (€]~ PBos | PORTS B
(RESET, ACK, STB) PAs > L8 4 > PBos
@ 48 programmable 1/0 pins P g 4 g iy
@ Direct bit set/reset capability Vo PORTS Ar{ A:" = - PB‘:;
® 64-pin shrink DIL package (lead pitch 0.07 inch) is. PAp < Veo (5V)
used for easy mounting PA;; 3] [@] « PB,,
| PAp+ [41] +> PByg
APPLLICATION CHP SN CSi €] - P8y
i (0V) Vss <+ PByy
Input/output ports for microprocessor POy, o 5 pe., 1/0 PORTS B,
FUNCTION PO PR
) ) ) PC1s+ [29] 136] «> PB,;
A Block diagram of the M5M82C255ASP is shown in the 1/0 PORTS Cq PC,, +[H] - PBy,
following page. The M5M82C255ASP consists of block 0 PCyo+> 5] > PCya |
and block 1 each of which is functionally equivalent to the PCyy + PGy, | /O PORTS G
M5M82CS55AP-2. Block 0 and block 1 have independent
chip select inputs CS, and CS;, and independent ports PA, Outline 64P4B
PB,, PCy, PA;, PBy and PC,. The 8-bit data bus, address in-
puts A and A4, and the RESET input are shared by block 0
and block 1. The CPU’s RD signal and WR signal must be
multiplexed to generate the R/W signal.
The 48 1/0 pins consist of two blocks each with two 12-bit
sub blocks A and B. All four blocks can be programmed in-
dependently by three mode control commands from the
CPU.
In mode O, four 8-bit 1/0 ports and four 4-bit 1/0 ports are
available for use as output ports. In mode 1, the 24 1/0 pins
of each block are divided into groups A and B. in each
group, 8 bits are used for input or output data ports. And 4
bits are used for control data ports. In mode 2, 8 bits of
group A are used as a bidirectional bus with a 5-bit control
signal.
Any of the 8 data bits at port C of each block can set or re-
set. When reset input (RESET) is high, all ports are set to
the input mode (high-impedance state).
MITSUBISHI
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FUNCTIONAL DESCRIPTION

Block 0 has the same function as block 1. Therefore, block
0 is explained in the following.

R/W (Read/Write) Input

Read function operates when the R/W is high-level, and
data input at the port is transferred to the CPU. Write func-
tion operates when the R/W is low-level, and data or con-
trol from the CPU are written.

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

Table 1 Basic Operations

>

>
1

o

R/W

Operation

Data bus « Port Ag

Data bus + Port A

Data bus + Port By

Data bus + Port B,

Data bus « Port Cg

Data bus « Port C;

Port Ag + Data bus

Port A; + Data bus

Port By + Data bus

Port By + Data bus

Port Cy + Data bus

Port C; + Data bus

are set to the input mode (high-impedance state).

CS,, CS, (Chip-Select) Input

At low-level, the communication between M5M82C255ASP
and the CPU is enabled. When CS; is low-level block 0 is

Control register 0 «— Data bus

Control register 1 « Data bus

Data bus is high-impedance state

selected, and when @1— is low-level, block 1 is selected.
When CS8; and CS, are both high-level, the data bus main-
tains high impedance state and control from the CPU is
ignored. In modes 0 or 1, the previous data is stored. .
Read/Write Control Logic

The function of this block is to control transfers of both data
and control words. It accepts the address signals (Aq, A,
CS,, CS,), I/0 control signals (R/W) and RESET signal,
and then issues commands to both of the control groups.
Data Bus Buffer

This three-state, bidirectional, 8-bit buffer is used to transfer
the data when an input or output instruction is executed 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 4 high-order bits of port C. Control
group B is associated with port B and the 4 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

M5M82C255ASP contains six 8-bit ports whose modes and
input/output settings are programmed by the system soft-
ware.

Port A has an output latch/buffer and an input latch/buf-
fer. Port B has an input-output latch/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.

|2l |=|=]|=|=|o]o|lolo|=|=|oclo|o|o

—|=IX|=|=|o|lo|=|=|o|o|o|o|=|=|o|o

IrIIr‘Il‘Ir‘IrIrIrIr—m|

FIIr‘Ir‘IFII‘II‘Ir‘II‘IgI

IIrIX|rjirjir|r|irirjirjirfTjxj|x|xT|x

illegal condition
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CPU INTERFACE
Fig. 1 shows an application with the M5L8085AP as the

CPU. In this figure, the M5M82C255ASP is mapped in the
1/0 space, but it could also be mapped in the memory
space. The following description applies to the circuit in the
Fig. 1. Characteristics are shown in Figs. 2, 3 and 4.

Chip select signal

The M5MB82C255ASP chip select signal (CS,, CS;) is the
logical product of the 10+ RD (IO + WR) signal derived
from the read (write) signal and 10/M signal from the CPU,
and the address decoder output generated by decoding
the address. Therefore, the timing of chip select signal
(CSy, CS;) is delayed from that of IO - RD (10 * WR) sig-
nal. The chip select signals CS, and CS, must not be ac-
tive simultaneously.

Read operation

The read operation of M5M82C255ASP starts when RD -
CS =1, just as with the M5M82C55AP-2. When the
M5L8085AP CPU enters into 1/0 read operation, the M5M-
82C255ASP R/W signal, obtained by inverting the 10 + WR
signal, is kept at high-level. The actual read operation
starts when the chip select signal is activated by the 10 -
RD signal and address decoder output. The access time of
the M5M82C255ASP is specified by the falling edge of the
chip select signal, and is defined as tpzy (cs.pq)- Fig. 3
shows the read timing. The delay time (marked by * ) ex-
tends from the time when the RD signal of CPU becomes
active until the chip select signal becomes active. It is
obtained by adding the delay time of LS02 and LS51 in Fig.
1. Table 2 shows the gate delay time of LS02, LS51, LS04
and LS00 used in the circuit of Fig. 1. The sum of the gate
delay times of LS02 and LS51 is 35ns, after which the
actual read operation starts. The access time of the
M5M82C255ASP is 120ns maximum, so the total access

chip select signal, care must be taken when connecting the
M5M82C255ASP to a high-speed microprocessor.

The aé%or%)ss setup time and hold time of the M5M82C-
55AP-2 read signal are defined as tsy(a.r) and th(r-a) but, in
the M5M82C255ASP, they are defined as tsy(a-cs) and th
(cs-ay due to above reason, where Aj means address inpus
of Ag or A;. The time is specified to be Ons minimum for
each.

Note The term “address” used in describing the address setup time
and address hold time of M5M82C55AP-2 means the address inputs A,
A,and CS

Write operation

Fig. 4 shows the write timing. The phase relationship of the
R/W and chip select signals is marked by an% . For the
M5MB82C55AP-2, the phase relationship is defined as the
aéﬁor%)ss setup time tsy(a.w) (or taw) before WR, and is spe-
cified to be Ons minimum. In the M56M82C255ASP, however,
the phase relationship is reversed by the circuit which
generates the control signal (See Fig. 1), when the chip
select signal becomes active after the R/W signal goes
low-level. Therefore, we have discarded the previous de-
finition. The phase difference of write signal and chip
select signal is defined as tgy(cs.w) and specified as Ons
maximum and — 30ns minimum. The phase difference of
the write signal and address inputs of Ag and A, is defined
as tsy(a-w) and the minimum value is —30ns.

This means that the address inputs of A; and A; and the
chip select signal must become stable within 30ns after the
R/W signal goes low-level. The signals A, and A, can be-
come stable before R/W goes low-level, but the chip
select signal must be activated after the R/W signal goes
low-level. This is required because, if the chip select signal
is active before R/W signal, the R/W signal will be high-
level, causing the M5M82C255ASP to enter the read op-
eration. The address inputs of Ay and A; will write properly
as long as the minimum value is —30ns.

time is 155ns maximum. As the access time of the
M5MB82C255ASP is specified by the falling edge of the
M5M82C255ASP H”
R/W
CPU RD —\
M5M8_?_C_255§E
CS, or CS; thics-an
*
Ao, Aq
tsu(ai-cs)

CPUWR —\__/___

M5M82C255ASP
R/W '

M5M82C255ASP
CSy or CS,

tsuccs-w) * thiw-cs)

MK
Ao, Ay
tsucarw) thiw-an)

Fig. 3 Read operation of the M5M82C255ASP

Table 2 Gate delay time

Fig. 4 Write operation of the M5M82C255ASP

LS02 Ls51 LS04 LS00
Type Unit
Typ Max Typ Max Typ Max Typ Max
teLH 6 15 6 20 6 15 6 15 nsec Ref he Binolar Digital ICS S
efer to the Bipolar Digital ICs Section of
tpHL 6 15 8 20 6 15 6 15 nsec ( Mitsubishi Semiconductor Handbook
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ABSOLUTE MAXIMUM RATINGS

CMOS PROGRAMMABLE PERIPHERAL INTERFACE

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage —0.3~7 v
V, Input voltage With respect to Vss —0.3~Vcc+0.3 v
Vo Output voltage —0.3~Vcc+0.3 v
lormax MAX “H” All output and 1/0 pins output Port —4 mA
Output current “H” level and force same current. Data bus —500 A
loLamax MAX “L” All output and 1/0 pins output Port 4 mA
Output current “L” level and force same current. Data bus 2.5 mA
Topr Operating temperature range’ —20~75 T
Tstg Storage temperature —65~150 c

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

Limits
Symbol Parameter Min Nom Max Unit
Vee Supply voltage 4.5 5 5.5 \Y
Vss Supply voltage (GND) 0 Y

\

ELECTRICAL CHARACTERISTICS (Ta= —20~75C, Voc =5V+10%, Vss = 0V, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
Vin High-level input voltage 2.0 Vee+0.3 \Y
Vio Low-level input voltage —0.3 0.8 \%
Vou High-level output voltage (Note 2) :Z:;::gil; A i 3 v
VoL Low-level output voltage (Note 2) | loL=2.5mA 0.4 v
loo Supply current ;Itlzls?ru::\zdgmer Pins=Vco 10 wA
I Input leak current V=0V, Vco +10 uA
loz Off-state output current Vo=0V~Vcc +10 u©A
Ci Input capacitance f=1MHz, 25mVrms, Ta=25C 10 pF
Ci/o 1/0 capacitance 0V except test pins 30 pF

Note 1: Current flowing into an IC is positive (no sign).

2. The maximum value of the output current should be held within =4mA at each port pin.

4—110
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CMOS PROGRAMMABLE PERIPHERAL INTERFACE

TIMING DIAGRAM
Data Bus Read Timing

R/W
twics)
— s
CS, or CS; \ /
tsutai-cs) thcs-an
¥ R
o ) (
2
tezv(cs-pa) tpvz(cs-pa)
oo, a X ™
AN 2/
Data Bus Write Timing
tw(r/w)
__ 4
RAW \ Z
N
tsucaw) thow-a)
'
Ao, A
) ,
tsu(cs-w) . thw-cs)
CS, or CS, ;
tsu(oa-w) thiw-pa)
4 \
Do~D;
Mode 0 Port Input
CS, or CS;="L" ‘\ F
and R/W="H"
tsu(pe-cs) thecs-pe)
(.
PORT INPUT
Mode 0, 1 Port Output
CS, or CS,="L"
and:R/W="L"
teHL(w-PE)
teLH(w-PE)
"4
PORT OUTPUT
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CMOS PROGRAMMABLE PERIPHERAL INTERFACE

Mode 2 Bidirectional

TS, or CS;="L" -
and R/W="L"
tenL(w-08F)
oBF /
)
teLH(ACK-0BF)
<
INTR \
twiack)

/ J
N I ©
ACK Z

tw(ste)
l ~
. /
teLH(sTR-1BF)
J
IBF ] \
| —
terL(cs-1BF)
©S, or & ="L" > mme——
and R/W="H"
tsu(pe-sTe) th(ste-pe) tezv(ack-pE) | tPvz(ack-pE)
t
L A\
PORT A \
AN\ t//

Note 5 : INTR=IBF-MASK-STB-CS, or CS;+OBF*MASK+ACK*R/W

te(csw)
R/W \ ] \ /
to(csw) teicsw) te(csw) .
—_ X
CSo or CS, ; ; 7 ; 7
MITSUBISHI
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MSL8155P

2048-BIT STATIC RAM WITH I/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 i1s also transfer-
red through the data bus buffer.

Read/Write Control Logic

The read/write control logic controls the transfer of data and
commands by interpreting the signals (CE, RD, WR, 10/M,
ALE and RESET) from CPU.

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 1/0 port, counter/timer, or command register
is selected. If it is at low-level, address of RAM is selected.
The 8-bit data is transferred by read input (RD) or write in-
put (WR).

Chip Enable Input (CE)

When CE is at low-level, the address information on
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 10/M input is at high-level,
the contents of selected 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 IO/M is at low-level, or they are writ-
ten into 1/0 port, counter/timer or command register if |0/M
is at high-level.

Address Latch Enable Input (ALE)

An address on the address/data bus is latched in the
M5L8155P on the falling edge of ALE along with the levels of
CE and I0/M.

10/Memory Input (I0/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.

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 (PBy~PB5)

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

1/0 Port C (PC,~PC5)

Port C is a 6-bit I1/0 port that can also be used to output

Table 1 Pin assignment of control signals of port C

Pin Function

PCs B STB (port B strobe)

PCy4 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 on 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 low-
order 4 bits (bits 0~3) are used for controlling and deter-
mination of mode of the ports. Bits 4 and 5 are used as inter-
rupt 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 coun-
ter/timer. The contents of the command register are rewrit-
ten by output instructions (1/0 address XXXXX000).

Details of the functions of the individual bits of the command
register are shown in Table 2.

Table 2 Bit functions of the command register

Bit | Symbol Function
PORT A I/ .
0 PA O SET 1 Output port A
0: Input port A
1 PR PORT B I/0 SET 1* Output port B
0' Input port B
2 PC, PORT C SET 00" ALT?
11. ALT2
01 ALT3
3 PC2 10 ALT4
4 IEA PORT A INTERRUPT 1. Enable interrupt
ENABLE FLAG 0. Disable interrupt
PORT B | . i
5 IEB NTERRUPT 1. Enable interrupt

ENABLE FLAG
COUNTER/TIMER CONTROL

0. Disable interrupt

6 ™I 00" No influence on counter/timer operation
01: Counter/timer operation discontinued (If not already
n stopped)

10° Counter/timer operation discontinued after the current

7 ™2 counter/timer operation is completed
control signals of port A (PA) or port B (PB). The functions 11: Counter/timer operation started
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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MSL8155P

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 pori, 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 ALTI and ALT2. .

M5L8155P

INTERNAL
DATA BUS

CLKj
sTB

WR PORT GLK

CLR

MD

EXTERNAL PIN
(PORT A OR
PORT B

—0

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

Note 1.

0 ! INPUT MODE

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

Table 5 Basic functions of I/O ports

The basic functions of the I/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.

Address RD WR . Function
L H AD bus «+ Status register COUNTER/TIMER
XXXXX000 - The counter/timer is composed of a 14-bit counting register
H L Command register < AD bus . N
C " 2D bus — Port A and 2 mode flags. The register has two sections: I/0
XXXXX001 address XXXXX100 is assigned to the low-order 8 bits and I/
H L | PotA=AD bus O address XXXXX101 is assigned to the high-order 6 bits
XXXXX010 L H__|ADbus—PortB and timer mode flag 2 bits. The low-order bits 0 ~13 are
H L |PortB+AD bus used for counting or timing. The counter is initialized by the
XXXKXOT 1 L H AD bus < Port C program and then counted down to 0. The initial value can
H L Port C « AD bus be ranged from 2 to 3FFFs. Bits 14 and 15 are used as
mode flags.
Table 6 Port control signal levels at ALT3 and ALT4 The mode flags select 1 of 4 modes with functions as fol-
lows:
Control Signal Output mode Input mode Mode 0: Outputs high-level signal during the former
STB Input Input half of the counter operation ‘
BF “Lr "L Outputs low-level signal during the latter half
INTR “H” “L” of the counter operation
-MITSUBISHI
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2048-BIT STATIC RAM WITH I/0 PORTS AND TIMER

TIMING REQUIREMENTS (Ta=—20~75C, Voc="5V=+5%, Vss=0V, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
’ Min Typ Max

tsu(a-L) | Address setup time before latch 50 ns
th(L-a) Address hold time after latch 80 ns
td(L-rw) | Delay time, latch to read/write 100 ns
twiL) Latch pulse width 100 ns
td(rw-L) | Delay time, read/write to latch 20 ns
twaw) Read/write pulse width 250 ns
tsu(pa-w)| Data setup time before write 150 ns
th(w-pa) | Data hold time after write 0 ns
te(rw) Read/write cycle time 300 ns
tsu(p-r) | Port setup time before read 70 ns
th(r-p) Port hold time after read 50 ns
tw(sts) | Strobe pulse width 200 ns
tsu(p-ste)| Port setup time before strobe 50 ns
th(ste-r) | Port hold time after strobe . 120 ns
twis ) Timer input high-level pulse width 120 ns
twisL) Timer input low-level pulse width 80 ns
te(s) Timer input cycle time 320 DC ns
tr(s) Timer input rise time ' 30 ns
t(s) Timer input fall time 30 ns

SWITCHING CHARACTERISTICS (Ta=—20~75C, Voo="5V+ 5%, Vss=0V, unless otherwise noted.)

Limits .
Symbol Parameter Test conditions i - Max Unit
tezv(r-Da) | Propagation time from read to data output 170 ns
tezv(a-pa) | Propagation time from address to data output 400 ns
tevz(r-npa) | Propagation time from read to data floating (Note 6) 0 100 ns
torow-p) Propagation time from write to data output 400 ns
teLH(w-P)
trLH(sTB-BF) | Propagation time from strobe to BF flag 400 ns
teHL(R-BF) Propagation time from read to BF flag CL = 150pF 400 ns )
teLH(sTB-INTR) | Propagation time from strobe to interrupt 400 ns
teHL(r-INTR) | Propagation time from read to interrupt 400 ns
tPHL(STB-BF) Propagation time from strobe to BF flag 400 ns
teLH(w-BF) | Propagation time from write to BF flag 400 ns
tPHL(W-INTR) Propagation time from write to interrupt 400 ns
tpr(4-0un Propagation time from timer input to timer output 400 ns
teLn( $-0uT)

Note 6 : Test conditions are not applied.
7 . A.C Testing waveform 2
Input pulse level 0. 45~2.4V -4
Input pulse rise time 20ns 0.45
Input pulse fall time 20ns .

Reference level input Vin=2V, V,.=0. 8V
output Von=2V, Vo_=0.8V

5—g ‘ MITSUBISHI
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

Strobed Output

PORT

INTR

BF

STB

Strobed Input

PORT

STB \

BF

INTR

Timer

TIMER IN

TIMER OUT
PULSE MODE

TIMER OUT

SQUARE WAVE MODE

1

X

! teLH(w—p)

tenLw—r)

N

teHL(w—INTR)
teLH(sTB—INTR)
teLH(w—BF)
tenL(sTe—BF) > /
Q/‘ -
L |
tsu(p—sts) | th(ste—p)

teLH(sTB—BF)

,/”\

tw(sTs)

teLH(sTB—INTR)

/

toni(

\t

R—BF)

N\

\

teHL(R—INTR)

twisn

\

3 2

) 7
e/ (Note 9)

7
(Note 9)

Note 8 : The wave form 1s shown for the case of counting down from 5 to 1
9 ! As long as the M1 mode flag of the timer register is at
high-level, pulses are continuously output.

teuL(# —oum)

_ '
. teHL( $ —ouT)

teLn( 4 —our)

\
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MS5L8156P

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 and
commands by interpreting the signals (CE, RD, WR, 10/M,
ALE and RESET) from CPU.

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 I0/M input signal is at high-level,
the address of I/0O port, counter/timer, or command register
is selected. If it is at low-level, address of RAM is selected.
The 8-bit data is transferred by read input (RD) or write in-
put (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 10/M input is at high-level,
the contents of selected I/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 they are writ-
ten into I/O port, counter/timer or command register if I0/M
is at high-level.

Address Latch Enable Input (ALE)

An address on the address/data bus is latched in the
M5L8156P on the falling edge of ALE along with the levels of
CE and I0/M. )

10/Memory Input (10/M)

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

I/0 Port A (PA,~PA;)

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

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

Port B is an 8-bit general-purpose 1/0 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)

PC4 B BF (port B buffer full)

PCs B INTR  (port B interrupt)

PC; ASTB  (port A strobe)

PC; A BF (port A buffer full)

PCo A INTR  (port A interrupt)

Timer Input (TIMER IN)

The signal on 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 low-
order 4 bits (bits 0~3) are used for controlling and deter-
mination 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 re-
written by output instructions (1/0 address XXXXX000).
Details of the functions of the individual bits of the command
register are shown in Table 2.

Table 2 Bit functions of the command register

Bit | Symbol Function
PORT A I/0 SET 1: Output port A
0 PA 0: Input port A
PORT B I/0 SET 1. Output port B
1 PB
0' Input port B
2 PG PORT C SET 00. ALT1
11, ALT2
3 01. ALT3
PCz 10- ALT4
4 IEA PORT A INTERRUPT 1. Enable lnte}rupt
ENABLE FLAG 0: Disable interrupt
5 IEB PORT B INTERRUPT 1* Enable interrupt

ENABLE FLAG 0: Disable interrupt

COUNTER/TIMER CONTROL

6 ™I 00. No influence on counter/timer operation
01. Counter/timer operation discontinued (If not already

stopped)

10: Counter/timer operation discontinued after the current

e

Port C is a 6-bit I/O port that can also be used to output | 7 | T™M2 | 22::2:/,::::: Z';::::Z: ::::,pleted
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 1/0 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.

M5L8156P
Q D
INTERNAL
DATA BUS
CLK]
P
! |
| | %2
|
L_ _O—'Jl *3
RD PORT
D Q
WR PORT LK
CLR ‘

EXTERNAL PIN
—"D (PORT A OR
PORT B

Note 1. WR PORT=10/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

MD

0! INPUT MODE

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

Table 5 Basic functions of 1/0 ports

Address RD WR Function

L H AD bus + Status register
XXXXX000

H L Command register < AD bus

L H AD bus « Port A
XXXXX001

H L Port A+ AD bus

L H AD bus « Port B
XXXXX010

H L Port B +— AD bus

L H AD bus < Port C -
XXXXX011

H L 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 composed of a 14-bit counting register
and 2 mode flags. The register has two sections: 1/0
address XXXXX100 is assigned to the low-order 8 bits and 1/
O address XXXXX101 is assigned to the high-order 6 bits
and timer mode flag 2 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 0. The initial value can
be ranged from 25 to 3FFis. Bits 14 and 15 are used as
mode flags.

The mode flags select 1 of 4 modes with functions as fol-

Control Signal Output mode Input mode lows:
STB Input Input Mode 0:  Outputs high-level signal during the former
BF apr I half of the counter operation
INTR e P Outputs low-level signal during the latter half
of the counter operation
5—14 MITSUBISHI
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

TIMING REQUIREMENTS (Ta=—20~75T, Vco=5V=+5%, Vss=0V, unless otherwise noted)

. Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tsuca-L) | Address setup time before latch 50 ns
th(L-a) Address hold time after latch 80 ns
td(L-rw) | Delay time, latch to read/write 100 ns
twiw) Latch pulse width . 100 ns
td(rw-L) | Delay time, read/write to latch ) 20 ns
tw(rRwW) Read/write pulse width ' 250 ns
tsu(pa-w)| Data setup time before write 150 ns
th(w-pq) | Data hold time after write ' 0 ns
tc(rw) Read/write cycle time 300 ns
tsu(p-r) | Port setup time before read 70 ns
th(r-p) Port hold time after read 50 ns
tw(sTe) | Strobe pulse width 200 ns
tsu(p-ste)| Port setup time before strobe 50 ns
th(ste-p) | Port hold time after strobe 120 ns
twisH) Timer input high-level puise width 120 ns
tw(gL) Timer input low-level pulse width 80 ns
tc(s) Timer input cycle tme 320 DC ns
tres) Timer input rise time 30 ns
tic#) Timer input fall tme 30 ns

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

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tezv(r-pq) | Propagation time from read to data output 170 ns
trzv(a-pq) | Propagation time from address to data output 400 ns
tevz(r-pq) | Propagation time from read to data floating (Note 6) 0 100 ns
teHL(W-P)

Propagation time from wnte to data output 400 ns
teLH(w-P) )
teLH(sTe-BF) | Propagation time from strobe to BF flag 400 ns
teHL(R-BF) Propagation time from read to BF flag c. =150 400 ns

L = 150pF
teLH(sTe-NTR) | Propagation time from strobe to interrupt 400 ns
teHL(r-inTR) | Propagation time from read to interrupt 400 ns
terL(sTe-8F) Propagation time from strobe to BF flag 400 ns
teLH(w-BF) | Propagation time from write to BF flag 400 ns
tPHL(W-INTR) Propagation time from write to interrupt 400 ns
teHL(#-0uT)

Propagation time from timer input to timer output 400 ns
teLr(s-ou

Note 6 : Test conditions are not applied.

7 . A.C Testing waveform 2.4 :
Input pulse level 0.45~2.4V * 2 2
Input pulse rise time 20ns 0.8 0.8
Input pulse fall time 20ns 0.45
Reference level input Vip=2V, V, =0, 8V

output Vou=2V, Vo_=0.8V
MITSUBISHI

516 ELECTRIC



MITSUBISHI LSIs

M5L8156P

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

Strobed Output

PORT

INTR

STB
Basic Input

PORT

STB

BF

INTR

Timer (Note1)

TIMER IN

TIMER OUT
PULSE MODE

TIMER OUT
SQUARE WAVE MODE

teLH(w—P)

tenL(w—r)

L

N

tPHL(W—INTR)

/

;

teLH(w—8F) /

teHL(sTB—BF)

teLH(STB—INTR)

=

<

A ) 4

tsu(p—sTB)

N

thiste—p)

tw(sTe)

teLH(sTB—BF)

teLH(sTB—INTR)

/

N\

toni(

N

N

teHL(R—BF)

R—INTR)

s 7
e/ (Note 9)

ten

)
teHL($ —ouT)

.

teni( s —oum

L(¢ —OUT)

e e o/ (NOt0 9)

Note 8 : The wave form is shown for the case of counting down from 5 to 1

9:

As long as the M1 mode flag of the timer register 1s at

high-level, pulses are continuously output

—
7

5—18
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M5L8251AP-5

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
[7OR |170W | RESET CLK
8 DATA BUS
8
3 -

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

M5L8251AP-5

Fig. 1 MS5L8251AP-5 interface to CPU system 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 1s completed,
functions appropriate to the communication system can be
carried out continuously.

When initial setting of the USART is completed, data com-
munication becomes possible. Though the receiver is always
in the enable state, the transmitter is placed in the transmit-
ter-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 satisfied, trans-
mission is not executed. On receiving data, the receiver in-
forms the CPU that reading for the receiver data in the
USART by the CPU has become possible (the RxRDY ter-
minal has turned to high-level) . Since data reception and
the entry of the CPU into the data-readable state are output
as status information, the CPU can access 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 MS5L8251AP-5 Access Methods

C/D R Function

Data bus « Data in USART
USART «+ Data bus

Data bus + Status

Control < Data bus

3-State + Data bus

><:r.:x:r-Ir-g|

Il‘l’l"l‘!‘gl

X|X|T|T|r|r
X|T|r|T|r| I

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.

TO INTERNAL
DATA BUS

STATUS BUFFER

RECEIVE—DATA

l BUFFER '
CONTROL BUFFER

I TRANSMIT—DATA |

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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PROGRAMMABLE COMMUNICATION INTERFACE

Clear-To-Send Input (CTS)
When the TxEN bit (Dy) of the command instruction has
been set to 1 and the CTS input is low-level serial data is
sent out from the TyD 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-level 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
automatically reset. In the synchronous mode, a SYNC char-
acter is loaded automatically on the transmit buffer when no
transfer-data characters are left. In this case, howeyer, the
TxEMPTY does not enter the low-level 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 in-
struction.
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-level state. Once reset, this
pin is kept at the mark status (high level) until the first char-
acter 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 ﬁé or ﬁ—xﬁ 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 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-
level state, and 0 when in the high-level 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 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=l—~ﬁ=“L“
D; of the command register=0—DTR="H"
Receiver-Clock Input (RxC)
This clock signal controls the baud rate for the sending in of
characters via the ﬁxT) 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 T—XE and in usual communication-line sys-
tems the transmission and reception baud rates are equal.
The TxC and RyC 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 asyn-
chronous system to be used. In the sysnchronous system, 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 possi-
ble. This operation after resetting must be carried out for in-
itializing the M5L8251AP-5. The USART command instruction
contains an internal-reset IR instruction (Dgbit) that makes it
possible to return the M5L8251AP-5 to its reset state. The in-
itialization flowchart is shown in Fig. 3 and the mode-
instruction and command-instruction formats are shown in
Figs. 4 and 5.

MITSUBISHI
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PROGRAMMABLE COMMUNICATION INTERFACE

Asynchronous Transmission Mode

When data characters are loaded on the M5L8251AP-5 after
initial setting, the USART automatically adds a start bit (0),
an odd or even -parity bit specified by the mode instruction
during initialization, and a specified number of stop bits (1).
After that, the assembled data characters are transferred 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 M5L8251AP-5,
the TxD pin enters a mark state (“H”). When SBRK is prog-
rammed by the command instruction, break characters (0)
are output continuously through the TxD pin.

Asynchronous Reception Mode

The RxD line usually starts operations in a mark state (“H”),
triggered by the falling edge of a low-level pulse when it
comes to this line. This signal is again strobe at the middle
of the bit to confirm that it is a perfect start bit. The detec-
tion of a second low-level indicates the validity of the start
bit (again strobe 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,
parity bit (when necessary), and stop bit are sampled at the
middle position.

The occurrence of a parity error causes the setting of a par-
ity-error flag. If the stop bit is 0, a frame error flag is set.
Attention should be paid to the fact that the receiver re-
quires only one stop bit even though the program has desig-
nated 1/1.5 or 2 stop bits.

Reception up to the stop bit means reception of a complete
character. This character is then transferred to the receiver-
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 M5L8251AP-5 status in-
formation. 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-level state until
initial setting by the CPU is completed. After initialization,
the state of CTS="L" and TxEN =1 enables serial transmis-
sion of characters through the TxD pin. Then, data charac-
ters are sent out and shifted by the falling edge of the TxC
signal. The transmission rate equals the Tx—C 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-level
state when there are no data characters left in the
M5L8251AP-5 to be transferred, and that the low-level 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 charac-
ter insertion is enabled after sending out the first data char-
acter.
In this mode, too, break characters are sent out in succes-
sion from the TxD pin when SBRK is designated (D3;=1) by
a command instruction.

CPU—USART (5~8-BIT/CHARACTER)

l DATA CHARACTER ]

ASSEMBLED DATA FORMAT
TART __a|PARITY[ sTOP BITS
ET lDATA CHARACTER (5~8)[PARITY| $TCP E 2,l

TRANSMITTER DATA OUTPUT (TyD)

TxD MARKlSTARTI DATA BITS |PA77R| IS_’TO‘_IP
STaTE BT (5~8) BT | gisT

(1, 1.5, 2)

RECEIVER INPUT (RyD)
STOP

RxD MARK |START[™" DATA'BITS IPARITY
STATE il R ] B  ars L
1, 1.5 2

RECEIPTION FORMAT
TAR DATA BITS STOP BIT]
FBIT (5~8) Pglr |<1, 1.5, 2)I
USART—CPU (5~8-BIT/CHARACTER)
[oatA cHaRAcTER (5~8)]

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

0.

Note

Fig. 6 Asynchronous transmission format |
(transmission)

Fig. 7 Asynchronous transmission format Il (reception)
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PROGRAMMABLE COMMUNICATION INTERFACE

STATUS INFORMATION

The CPU can always read USART status by setting the C/D
to high-level and RD to low-level.

The status information format is shown in Fig. 10. In this for-

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.

mat RxRDY, TxEMPTY and SYNDET have the same defini- TxRDY: This information becomes 1 when the transmit data
tions as those of the pins. This means that these three buffer is empty. Be careful because this has a
pieces of status information become high-level when each different meaning from the TxRDY pin that enters
pin is 1. The other status information is defined as follows: the high-level state only when the transmitter buf-
DSR: When the DSR pin is in the low-level state, status fer is empty, when the CTS pin is in the low-level
information DSR becomes 1. state, and when TxEN js 1.
FE: The occurrence of a frame error in the receiver
section makes the status information FE=1.
| 1 FOR DSR="L" 0 FOR DSR="H" |
| 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 MS5LB8251AP-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
—_IOE 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
ICOMMAND INSTRUCTION PE DOES NOT INHIBIT OPERATION OF THE M5L8251AP-5

IL SAME DEFINITION AS TxEMPTY PIN

1 FOR TRANSMIT DATA BUFFER IS EMPTY

|
——~—-—————I SAME DEFINITION AS RxRDY PIN I
]

IESRlLS)E![—lJ FElOE [ PE [TXEJSBYH’BY
Dy Ds

Y
Ds D4 D3 D2 Dy Do

Fig. 10 Status information (C/D="H", WR="L")

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:

(\Y] A, B6# Mode setting

ouT o1#

MVI A 27H% Command instruction
ouT o1H

In this case, the following are set by mode setting:
Asynchronous mode
6 bits/character
Parity enable (even)
1.5 stop bits
Baud rate: 16X

Command instructions set the following
RTS=1—+RTS pin="L"

RyE=1
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 1, 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 (1) 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 M5L8251AP-5. Trans-
mitter data is written in the M5L8251AP-5 in the following
manner:

MVI A 2D# 2D4¢ is an example of transmit-
ter data.
ouTt 001 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. Interruption
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 RxD pin, data sent from the
M5L8251AP-5 to the CPU becomes 2D and bits Dg and D;
are treated as 0.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Power-supply voltage —0.5~7 \
V, Input voltage With respect to Vs —0.5~7 v
Vo Output voltage —0.5~7 \"
Pd Power dissipation Ta=25°C 1000 mw
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 C

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

Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.75 5 5.25 \
Vss Power-supply voltage (GND) 0 \

ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Voc=5V+5%, Vss=0V, unless otherwise noted)

Limits
Symbol Parameter Test conditions in v N Unit
Vin High-level input voitage 2.0 Vece v
ViL Low-level input voltage —0.5 0.8 \"
Vou High-level output voltage lon=—400uA 2.4 v
VoL Low-level output voltage lo.=2.2mA 0.45 v
lec Supply current from Vgc All outputs are high-level 100 mA
'™ High-level input current Vi=Vgc —10 10 ~A
I Low-level input current V,=0. 45V —10 10 uA
loz Off-state input current Vo=0. 45V~Vcc —10 10 #A
C, Input terminal capacitance Vcc=Vss, f=1MHz, 25mVimg, Ta=25C 10 pF
Ci/o Input/output terminal capacitance Vec=Vss, f=1MHz, 25mVyms, Ta=25C 20 pF
5—28 MITSUBISHI
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SWlTCHlNG CHARACTERISTICS (Ta=—20~75C, Vcc=5V+5%, Vss=0V, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max

tezv(r—pq) | Output data enable time after read (Note8) C_=150pF ' 200 ns
tevz(r—pq) | Output data disable time after read : 10 100 ns
tezvtec—Tx0) | TxD enable time after falling edge of TxC 1 s
teLr(cLe—TxR) | Propagation time from center of last bit to TxRDY (Note9) 8 te(#)
tenL(w—TxR) | Propagation time from write data to TxRDY clear (Note9) 400 ns
teLH(cLe—RxR) | Propagation time from center of last bit to RxRDY (Note9) 26 tocs)
teuL(r—RrxR) | Propagation time from read data to RxRDY clear (Note9) ' 400 ns
teLH(rxc—svD) | Propagation time from rising edge of RxC to internal SYNDET (Note9) 26 te(#)
teLH(cLe—TxE) | Propagation time from cen(er of last bit to TXEMPTY (Note9) 20 to(#)
teHL(W—C) Propagation time from rising edge of WR to control (Note9) 8 tc(¢)

Note 8 : Assumes that address is vaild before falling edge of RD
. Status-up date can have a maximum delay of 28 clock periods from the event affecting the status.

10 . Input pulse level 0.45~2.4V Reference level Input Viy=2V, V,.=0. 8V
Input pulse rise time 20ns Output Vou=2V, Vo_=0. 8V
Input pulse fall time 20ns
2.4

Xe :
0.45 0.8 0.8

MITSUBISHI
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Write Control Cycle (CPU—USART)

cs

c/D

D7~Dg
(DATA INPUT)

Read Control Cycle (USART—CPU)

O
(2]
D
o)
i
(2]

D7~Dg
(DATA OUTPUT)

——\ tsuca-w) thiw-a) /
A
S tsuca-w) thiw-a)
twiw)
7
__tsubaw) | {thiw-00),
VALID
tenL(w-c)
tsu(c-r)
\ tsu(a-r) th(g-a) /
K 7
4 A
/ tsu(a-r) th(R-A) \
tw(r)
\\ 4
tpvz(r-pa)
tpzv(r-pa)
VALID

AN
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Transmitter Control & Flag Timing (Async Mode)

v ] W\ [Y [ \ | 1/ /] \

WR-TxEN  WR-DATA 1 WR-DATA 2 WR-DATA 3 WR-DATA 4 WR-SBRK

w \ n
T\ J\ \

\ \ tPLH(CLB-TIxR) \
TxRDY
i | \ 4_\
_“‘\ \ K\ . \\
(STATUS) \ [ \ |
\ \ tPLH(CLB-TXE) - r—\
TxEMPTY - \
0 000000600508 00260005350000600005 200800t
DATA 1 DATA 2 DATA 3 DATA 4 BREAK STATE
Note 11 : Example format = 7 bits/character with parity & 2 stop bits

121 TxRDY(pin) = “H" «(Transmit-data buffer is empty) + (TXxEN= 1) - (CTS = “L")
13! TxRDY(status) = 1 «—(Transmit-data buffer is empty)

Receiver Control & Flag Timing (Async Mode)

s T L \ | U\

_ RD DATA 1 RD DATA 3 RD ALL 0 DATA
RD W] 1 W/

WR-RyE WR-ER WR-RXE WR-RxE

BD
(PIN) L
DATA 2

LOST|

OE
(STATUS)

teLH(CLB-RXR)
mor g A\

| 1
RxD 00G00S0GERVe08808068 ?L_\80123456P.580123456PE J

DATA 1 P DATA 2 DATA 3 P BREAK STATE

Note 14 . Example format = 7 bits/character with parity &2 stop bits
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PROGRAMMABLE INTERVAL TIMER

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~2. 6MHz

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 1s main-
ly used as an interruption timer and event counter, mode 1
as a digital one-shot, modes 2 and 3 as a rate generator,
mode 4 for a software triggered strobe, and mode 5 for a

PIN CONFIGURATION (TOP VIEW)
D; — [} ~ 24  Vce (5V)
Ds 2] 23 «— WR WRITE INPUT
Ds 3] 27l — RD READ INPUT
BIDIREC- | p,«[7 7] . &5 CHIP-SELECT
TIONAL | _° [4] Z 21l —Ts |
DATA BUS | Ds—[E] a 20 — A1 | ADDRESS
D, —[E] & T3 — A, | INPUTS
D, «[7] a 18] “— CLK2 CLOCK INPUT
Do+ [E] o 7] —ouT2 Cﬁ#’yJTER
CLOCK INPUT CLKO—[Z] o T6] ~— GATE2 GATE INPUT
Co L ae outo— [} [T5] <— CLK1 CLOCK INPUT
GATE INPUT GATEO—[T1] 2] «— GATE! GATE INPUT
(ov) Vs [2 73] —outi SOUNTER
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
e —
1
(5V) Vec @ CONTROL-]__ 8
(0v) ves (12 REGISTER [~ 1 (9 CLKO  CLOCK INPUT
'D ] 8 COU(S‘TERL-— (D GATEO GATE INPUT
7
Ds(? ‘ () OUT0O  COUNTER OUTPUT
Ds(3 DATA g '
BIDIRECTIONAL | Ds(4 :
DATA BUS) (% ngén (9 CLKI  cLOCK INPUT
8
D.(6 COU?TER @) GATEl GATE INPUT
D7) @)0uUTl  COUNTER OUTPUT
Do(8)
T 1 8 '
READ INPUT RD@ — d9CLK2  CLOCK INPUT
WRITE INPUT WH:: READ/ 8 COUNTER (9)GATEZ  GATE INPUT
CHIP-SELECT INPUT TS Q) WRITE ~{)OUT2  COUNTER OUTPUT
~G) LOGIC
ADDRESS INPUTS INTERNAL :
Ao (19 DATA BUS |
MITSUBISHI
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Table 1 Basic Functions
cs RD WR A Ay Function
L H L 0 0 Data bus—+Counter 0
L H L 0 1 Data bus—Counter 1
L H L 1 0 Data bus—Counter 2
L H L 1 1 Data bus—Control-word register
L L H 0 0 Data bus+Counter 0
L L H 0 1 Data bus+Counter 1
L L H 1 0 Data bus+—Counter 2
L L H 1 1 3-state
H X X X x 3-state
L H H X X 3-state
@ SC(Select Counter)
SC1 SCO0
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 Mode!
X 1 0 Mode2
X 1 1 Mode3
1 0 0 Mode4
1 0 1 Mode5
®BCD
- . . R . r 0 Binary counter (16-bit)
D, Ds Ds D4 Ds D2 D, Do 1 Binary-coded decimal counter (4 decades)
[ sc1 | sco | mu [ Rio [ M2 [ m1 | mo [ BeD |
f sc + RL t —M —BCD
Fig. 1 Control-Word Format
MITSUBISHI
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o MMM
CLK
WA (=0l 3 2 110 ouT(n=4)] 1
OUT(GATE="H") | ( 5)5 4 2 5 4 2 2 7
OUT(n= 1 |
WR 1 |
GATE 1 I
GATE 1 ,__132]0 ou7(44 4 22 4 2 4 2 42
44 4 nz4)f I
out | |
Fig. 2 Mode 0 Fig. 5 Mode 3
C LI i oo
ok LIrrrmnmnrrurnnrnnr.
WR (n=4) wR (n=4)
GATE [ 4 3 2 1 0
) 4 3 2 1 9@ out gy .|
our GATE
GATE LT ‘ Y s 2 1 o
ouT 21 4 3 2 10 out
— | -

Fig. 3 Mode 1

Fig. 6 Mode 4

cw Jnnnnnnauurrte

WR TYn=4)f (n=3)

4 3 2 IT" 2 1 3
OUT(GATE="H")
GATE

33 3 4 3 21 4.3 21 4.3
LI | I

out

o S innre
GATE I

3.2 1.0
ouT(n=4) L
GATE I
4 h"‘l’ 4 3 2 1 0
ouT(n=4) Ld

Fig. 4 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 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 low-order 8 bits to be read
and the second IN instruction enables the high-order 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.

Fig. 7 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= Ds=0 designates counter
latching

ouT ny -+ ny is the control-word-register address

IN nz -+ n3 is the counter 2 address

MOV D,A

IN n;

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 2 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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TIMING REQUIREMENTS (Ta=—20~75TC, Vooc=5V=+10%, Vss= 0V, unless otherwise noted)

Read cycle
Symbol Parameter Test conditions Limits Unit
Min Typ Max
tw(r) Read pulse width 300 ns
tsuca-r) | Address setup time before read 30 ns
th(r-a) Address hold time after read 5 ns
trec(r) Read recovery time 1000 ns
Write cycle
Symbol Parameter Test conditions Limits Unit
Min Typ Max
tww) Write pulse width 300 ns
tsu(a-w) | Address setup time before write 30 ns
thw-a) Address hold time after write 30 ns
tsu(pa-w)| Data setup time before write 250 ns
th(w-pq) | Data hold time after write 30 ns
trecw) Write recovery time 1000 ns
Clock and gate timing
Limits
Symbol Parameter Test conditions in Typ Max Unit
tw(#H) Clock high pulse width 230 ns
twis L) Clock low pulse width 150 ns
te(#) Clock cycle time 380 DC ns
tw(aH) Gate high pulse width 150 sn
tw(aL) Gate low pulse width 100 ns
tsu(a-#) | Gate setup time before clock 100 ns
th(¢-a) | Gate hold time after clock 50 ns

SWITCHING CHARACTERISTICS (Ta=—20~75C, Vcc=5V+10%, Vss=0V, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tezv(r-na) | Propagation time from read to output 200 ns
tevz(r-nq) | Propagation time from read to output floating (Note 2 ) . =1500F 25 100 ns
=150p
texv(a-ouT) | Propagation time from gate to output - 300 ns
texv( ¢ -out) | Propagation time from clock to output 400 ns
Note 1 : A C Testing waveform
Input pulse level 0.45~2.4v
Input pulse rise time 20ns
Input pulse fall ime 20ns
Reference level input Viy=2.2V, V,.=0.8V
output Vou=2.0V, Vo =0.8V > 2.4
2 : Test condition is not applied 08 2.0 2.0
X 0.8 0.8
0.45
Input Output

MITSUBISHI
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DESCRIPTION

The M5L8255AP-5 is a family of general-purpose programm-
able 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 sing-
le supply voltage. They are simple input and output inter-
faces for TTL circuits, having 24 input/output pins which cor-
respond to three 8-bit input/output ports.

FEATURES

® Single 5V supply voltage
TTL compatible

Darlington drive capability

24 programmable 1/0 pins
Direct bit set/reset capability

APPLICATION

Input/output ports for 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
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
control signals. Mode 2 is used with group A only, as one 8-

PIN CONFIGURATION (TOP VIEW)
PA3 — |I| ~ E —PA,
ipuT/ouTeUT | PAz— [2] —PAs | ivpursouTeuT
PORTS A | pa, — 3] 5] «PAe | PORTSA
PA— [Z] 37] —PA,
READ INPUT RD— [5] [36] ~— WR WRITE INPUT
CHIP SELECT 55— [E] [35] — RESET RESET INPUT
(0V) Vss Iz < E +—Do
(4]
PORT ADDRESS{ A— [8] [ 33] D
N fo— [ ?"; [ —0,
PCr—~ 1L > 31] D | 1.piRECTIONAL
PCs— [0 T [30] —D, | DATA BUS
(4,
PCs+— Zgl «—Ds
Iwpursoureur ) PO« 28] —De
PORTSC | PCqe— «—D;
PCi«— 26 Vee (5v)
PCye— 25] <PB;
| PCae 24 —PBs
PBye— 73 —PBs b+ INPUT/OUTPUT
PORTS B
b 7 .
PBy+— E +—PBs
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 d
Y J GROUP 8 GROUP
WRITE INPUT WR () a A 18 A INPUT/QUTPUT
i READ/WRITE CONTROL PORT A PORTS A
ADDRESS (A ® CONTROL .8 sl (&-BIm)
INPUTS I Logic | ]
A ® L )i
: 1
RESET INPUT RESET () b GROUP A
CHIP SELECT 3 (MOST SIGNIF
cs ANT 4 BITS
INPUT ©5 . INPUT/OUTPUT
N PORTS C
D; @) INTERNAL 4 | cRouwrs
Dy , PORT C
Ds @& > 8 DATA BUS|<— LEAST SIGNIFI
Ds @ g CANT 4 BITS)
Di DATA BUS %
DATA BUS 1 5. @) BUFFER 8
D: 8 GROUP .
083 GROUP .8 y B INPUT/OUTPUT
0o ® e B 7 PORT B PORTS B
. . CONTROL (5.8iT)
(5V) Vee L.
(0V) Vss
MITSUBISHI
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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
Mode 2: Bidirectional bus
The mode of both group A and group B can be selected in-
dependently. The control word format for mode set is shown

in Fig. 2.

(group A, group B)
(group A, group B)
(group A only)

8 %DB7~DB¢

8 %DB7~DBO

M5L8255AP-5
PA_PCw) PCw) PB

M5L8255AP-5
PA_PCw) PCw) PB

D7 Dg Ds D4 D3 D2 Dy Do

e §4  ja 18 e 14 g 18
PC7~PC4 PB;~PBg PC;~PCy PB;~PB,
PA;~PAq PC3~PCo PA;~PAy PC3~PCo

D7 Dg Ds D4 D3 Dz D1 Do

[10]0[0f0f0f1]1]

Mode set flag

Group A mode set

Mode 0 Dg, Ds
Mode 1 Ds, Ds
Mode 2 Ds, Ds

i
— o o
xX = O

8 %DB7~DBo

8 %DB7“'DBO

M5L8255AP-5
PA PCw) PCw, PB

M5L8255AP-5
PA_PCw) PCw) PB

Port A input/output set

output =0
input =1
Port C (high-order 4 bits) input/output set
output =0
input =1

Group B mode set

Mode 0 =0
Mode 1 =1

Port B input/output set
output =0
Input =1

Te T4 RE IR is
PC7;~PCy4 PB;~PBy PC7;~PCy PB;~PBg
PA;~PAy PC3~PGCo PA;~PAg PC3~PCo
D; Ds Ds D4 D3 D2 D1 Do D; Ds Ds D4 D3 D, D1 Do
|10001000| |10001001|
8 %DB7~DBo 8 4DB,~DBo

M5L8255AP-5
PA PCw) PCw) PB

MS5L8255AP-5
PA_PCw) PCw) PB

D7 Dg Ds D4 D3 D2 Dy Do

[1]0J0f0f1]0[1]0]

Jo 14 {a 18 g 14 fa te
PC;~PCq PB;~PBo PC;~PC,4 PB;~PBy
PA;~PAg PC3~PCo PA;~PAg PC3~PCo

D7 D Ds D4 D3 D2 D1 Do

[1]0J0J0[1[0[1]1]

ort C (high-order 4 bits) input/output set

output =0
|07/ D6|Ds[Da[ D3] D2] D1 ] 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 3 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 %DB7~DBO

8%DB7~DBO

M5L8255AP-5
PA PCw) PCw PB

M5L8255AP-5
PA PCw) PCw) PB

Dy Dg Ds D4 D3 D, Dy Do

ie TRTRE ts }4 4 18
PC;~PCy PB;~PBo PC;~PC,4 PB;~PBy
PA/~PA;  PC3~PCo PA/~PA;  PCs~PCo

[1]oJofoJ0f0[0]1]

D; Dg Ds D4 D3 D2 Dy Do

8 %DB7~DBO

8 %DB7~DBO

M5L8255AP-5
PA_PCw) PCw) PB

M5L8255AP-5
PA PCw) PCw) PB

?8 14 t 4 §8
PC;~PCy PB;~PBg
PA;~PAg PC3~PCy

D7 Dg Ds D4 D3 D2 Dy Do

% 8 §4 a8
PC;~PC4 PB;~PBg
PA;~PAq PC3~PCo

D7 Dg Ds D4 D3 Dy Dy Do

[1]ofof1fofofofo] 1 fofof1[ofofol1]
8 %DB7~DBo 8 %oawoeo

M5L8255AP-5
PA_PCw) PCw) PB

M5L8255AP-5
PA PCw) PCw) PB

D; Dg Ds D4 D3 D2 D1 Do

el | e T
PC7;~PC4 PB;~PBo PC;~PCy4 PB;~PBy
PA7~ PAg PC3~PCy PA;~PAq PC3~PCo

D7 Dg Ds D4 D3 D2 Dy Do

1TofJol1]olof1]0 [ ToTo]]0]0l111])
8 %DBvNDBo 8 %DB7~DBO

M5L8255AP-5
PA_PCwy. PCy PB

M5L8255AP-5
PA PCw) PCw PB

o 44 e ie e 14t ie
PG,~PCs  'PB/~PBo PC;~PC4 1PB~PBg
PA~PA;  PG3~PCo PA/~PA;  PC3~PCo
D; Dg Ds D4 D3 D2 Dy Do D7 Dg Ds D4 D3 D2 Dy Do
[ ToTol T ToJo]o] Llofojtfifojof1]
8 $DB,~DBy 8 }DB,~DBo

M5L8255AP-5
PA PCwy) PCw) PB

M5L8255AP-5
PA PC(y) PCw) PB

D; Dg Ds D4 D3 D Dy Do
Il 0{0[1]1]{0]1 OI

*8 \TETRE *s T4 1 18
PC,~PC, 1PB~PB PC/~PC, 1PB~PBo
PA/~PA;  PCy~PCo PA~PA,  PCs~PCo

Dy Dg Ds D4 D3 D Dy Do
Il 0[0{1[1]0]1 ]l
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MODE 1 (PORT A) MODE 1 (PORT B)
8
Phr~Pho 7= PB;~PBo| >
- GBF, | Ger, WR —
[<=— ACKa [<— ACKpg OBF = -
—=> INTR, —=INTRg, ACK
2
PC4~PCs === 1/0 “W—R—’J INTR
N ‘ (Note 2)
CONTROL WORD CONTROL WORD PORT &
D7 Dg Ds Dy D3 D Dy Do D7 Ds Ds Dy D3 D, Dy Dg OUTPUT
1{o] 1o/ x]x]x [1]x{x]x]x]1]o]x]
PC4, PCs
1 =INPUT ) )
0 =0UTPUT Note 2 . When INTE is low-level. then the output of INTR is
aways low-level

Fig. 5 An example of mode 1 output state Fig. 6 Timing diagram

PA7~PAg —/§—> PA;~PAg 5
WR —=>d PC7 |—> OBF, RD —=>d PC4}<——T5TB,
PCs f=——ACK, PCs—=1BF,
PC3}—=INTRa PC3}—=INTR,
PC4~PCs L2110 PCe~PC; 210
PB7~PBo 5 PB;~PBg R
RD—=>9 PCzf=——5TBg WR—>9 PCi}——=0BFs

PCi|—=IBF, S
PORT A (STROBED OUTPUT)

PORT B (STROBED INPUT)

PORT A (STROBED INPUT)

PCof—=INTRg PORT B (STROBED OUTPUT)

PCol—= INTRg

CONTROL WORD
D; Dg Ds Dy D3 Dy Dy Dy

CONTROL WORD
D; Ds Ds D4y D3 D2 Dy Do

Lilofrfofraix] Lilofiftii]ofx]
PG4, PCs PCs, 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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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
. . ; . Dat
CPU execution of an IN instruction, each control signal and ata D, De Ds Ds Ds Ds D, Do
bus status from port C can be read. Mode .

5. Control Word Tables Mode 1,input | 1/O | 1/O | IBF4 |INTEA|INTRA|INTEg| IBFg INTRg
Control word formats and operation details for mode 0, mode | mode 1, output |OBF A |INTEA| 170 | I/0 |INTRa|INTEs|OBFg|INTRg
1, mode 2 and set/reset control of port G are given in Tables [ yode2 | OBE,|INTE; | IBFa |INTE2|INTRA| 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 D Do Hexadecimal Port A Port C (high-order 4 bits) Port C (low-order 4 bits) Port B
1 0 0 0 0 0 0 O 80 ouT ouT : ouT ouT
10 0 0 0 0 0 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
1 0 0 0 1 0 0 O 88 ouT IN ouT ouT
100 0 1 0 0 1 89 ouT IN ‘ IN ouTt
1 00 0 1 0 1 0 8A ouT IN ouT IN
1 0 0 0 1 0 1 1 8B ouT IN IN IN
1 0 0 1 0 0 O0 O 90 IN ouT ouT ouT
1t 00 1 0 0 0 1 91 IN ouT IN ouT
1 0 0 1. 0 0 1 O 92 IN ouT ouT IN
1.0 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
1 0 0 1 1 0 1 0 9A IN IN ouT IN
10 0 1 1 0 1 1 9B IN IN IN TN
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; Dg Ds Ds D3 D2 Dy Do Port A Port B
decimal PC; PCe¢ PCs PC4 PCs3 PC: PCy PCo
A4 N — | ——

101 00 1 0 X A5 ouT OBFA | ACKa ouT INTRs | ACKg | OBFg | INTRg | OUT
A6 | —— R

101 0 0 1 1 X A7 ouT OBFA | ACKj ouT INTR, | STBg IBFg INTRg IN
AC PR | —

101 01 1 0 X AD ouT OBFa | ACKa IN INTRs | ACKg | OBFg | INTRg | OUT
AE — | — —

101 01 1 1 X AF ouT OBFA | ACKa IN INTRA | STBg IBFg INTRg IN
B4 R | —

1 01 1 01 0 X B5 IN ouT IBF 5 STBa | INTRy | ACKg | OBFg | INTRg | OUT
B6 N N

101 1 0 1 1 X 87 IN ouT IBF A STBa | INTRs | STBg IBFg INTRg IN
BC I | —

101 1 1 1 0 X 8D IN IN IBFa STBa | INTRs | ACKg | OBFg | INTRg | OUT
BE : PR N

101 1 1 1 1 X BE IN IN IBF A STBA | INTRs | STBg IBFg INTRs 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.

550 MITSUBISHI
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage —0.5~7 \%
V, Input voltage With respect to Vsg —0.5~7 \
Vo Output voltage —0.5~7 \%
Pq Power dissipation Ta=25C 1000 mw
Topr Operating free-air temperature range —20~75 C
Tstg Storage temperature range —65~150- T

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

l Limits
Symbol Parameter Unit
J Min Nom Max
Veo Supply voltage | a.75 5 | 5.25 v
Vss Supply voltage (GND) l 0 \

ELECTRICAL CHARACTERISTICS (Ta=—20~75"C, Vec=5V*E 5%, Vss= 0V, unless otherwise noted)

Limits ’
Symbol Parameter Test conditions Unit
Min Typ Max
Vin High-level input voltage I 2.0 Vee \
Vie Low-level input voltage 4L —0.5 0.8 \
Vou High-level output voltage ::tta bus :::;::gg:: 2.4 \%
VoL Low-level output voltage Data bus lo =2 5mA 0.45 v
Port loo=1.7mA
lon High-level output current (Note10) Von=1.5V, Rexr=750Q -1 —4 mA
lcc Supply current from Vgo 120 mA
hin High-level input current Vi=Vce +10 A
he Low-level input current V=0V +10 uA
loz Off-state output current Vo=0V~Vcc +10 rA
Cj Input terminal capacitance ViL=Vss, f=1MHz, 25mVrms T5=25'C 10 pF
Cio Input/output terminal capacitance ViroL=Vss, {=1MHz, 25mVrms Ta=25C 20 pF
Note 9 - Current flowing into an IC is positive. out is negative
10 1tis valid only for any 8 input/output pins of PB and PC.
TIMING REQUIREMENTS (Ta=—20~75C, Voo=5V+5%, Vss=0V, unless otherwise noted)
Limits
Symbol Prameter Test conditions - Unit
Min Typ Max
tw(r) Read pulse width 300 ns
tsu(pe-r) | Pernipheral setup time before read 0 ns
th(r-pe) | Peripheral hold time after read 0 ns
tsuca-r) | Address setup time before read 0 ns
th(r-a) Address hold time after read 0 ns
tw(w) Write pulse width 300 ns
tsu(pa-w) | Data setup time before write 100 ns
th(w-pq) | Data hold time after write 30 ns
tsuca-w) | Address setup time before write 0 ns
th(w-a) Address hold time after write 20 ns
tw(ack) | Acknowledge pulse width 300 ns
tw(sTe) Strobe pulse width : 500 ns
Ltsu(PE.sTs) Peripheral setup time before strobe 0 ns
th(ste-pe) | Penpheral hold time after strobe 180 ns
tc(rw) Read/write cycle time 850 ns

5—52 MITSUBISHI ’
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TIMING DIAGRAM

Data Bus Read Operation

tw(r)

RD - —
tsu(a-r) thir-a)
CS, Ao, Al
trzv(r-Da) tevz(r-Da)
N
Do~D7 .
Data Bus Write Operation
, le tww) N
v
WR
tsuca-w) thw-a)
CS, A A
L tsu(pa-w) thiw-pa)
Do~D7
ModeO Port Input tw(r) |
RD
tsu(pe-R) th(r-pe)
PORT INPUT

Mode0, 1 Port Output

twiw)

teHL(w-PE)

tPLH(W-PE)

PORT OUTPUT

MITSUBISHI
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Mode2 Bidirectional

e
WR
teL(w-0BF)
OBF
teLH(ACK-0BF)
-
INTR
S
twiack)
' © ’ ©
ACK y \ : Z
tw(sTe)
©-
578 \
teLm(sTE-1BF)
IBF
NP C——
tsucre-ste) th(ste-re) tezv(ack-pE) tevz(ack-PE)
X

PORT A ﬂ]
ok

J}jE EgL
W,

A

/)

Note 13 INTR=IBF - MASK - STB * RD + OBF * MASK - ACK * WR
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2. Mode 1
An example of a circuit for an application using mode 1 is

The actual program for the circuit of Fig. 12 is as follows:

shown in Fig. 12. mvi A,B0# Control word is 10110000, port A is
the mode 1 input and the others are
output
OUT 03# Outputting to the control address
MvI A, 09%#  PCybit-set 00001001
OUT 03# Outputting to the control address
El Interrupt enable
—>1PA, A f=———FROM ADDRESS A HLT Halt
—PA Ao |=——FROM ADDRESS Ay
——={PA; TS p<=—FROM DECODER
INPUT |  ——=1pA; RESET|=——FROM CPU If the data has been set in a terminal unit, and the strobe
DATA ‘gﬁ: WA b—WR signal has been input, then the data will be latched in port A
——={PAg RD p=RD and the CPU RST7.5 goes high-level. In the case of Fig. 11,
—=>PA; PPl . 003 . .
DATA STROBE M5L8255AP-500 b—— a jump to 003Css is executed to continue the program as fol-
SIGNAL ——=PC,4 Dif——> lows:
=5 D f——
pun STB‘IBF ~{pc; o§ —— TO DATA
A D4 f—> BUS 003Cys IN 00# CPU register A + Port A
INTR, [ }PCs g: PC; interrupt signal becomes low-level
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 sending
a strobe signal to PCy4 will hold the data in the internal latch
of the PPI, and PCs (IBF input buffer full flag) is set to high-
level. If a bit-set of PC4 has been executed in advance, the
CPU can be interrupted by the INTR signal of PC; when the
input data is latched in the PPI. In this way, port A becomes
an interrupting port; and at the same time, port B can select
its mode independently.
5—58 MITSUBISHI
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1. Master CPU subroutine for transmitting data to the slave = 2. Subroutine for receiving data from the slave CPU.
CPU.

Program example Program example
MOUT PUSH PSW MIN IN 02
READ ST AT%_J % OBF IN 024 READ STATUS ANI 204
FROM POR ANI 8o FROM PORT C JzZ MIN
Jz OBF IN 00#
CALL OBF="H, NO POP PSW CALL RET
ES ouT 00#
RET READ DATA FROM
WRITE DATA INTO
THE INPUT LATCH
THEo OF PORT A OF INPUT LATCH
RET RET

3. Slave CPU subroutine for transmitting data to the master 4, Subroutine for receiving data from the master CPU.
CPU.

Program examplé Program example
SOUT PUSH PSW ] SIN IN o1#
IBF IN 01# ANI 014
READ STATUS READ STATUS
FROM PORT C ANI 02# FROM PORT C JNZ SIN
JNZ IBF IN 00#
POP PSW RET
CALL NO CALL
ouT 00
RET
WRITE DATA : READ DATA OUT
INTO ADDRESS FROM ADDRESS
00i6 0016
RET RET
5—60 MITSUBISHI
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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

TTL compatible interface

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

PIN CONFIGURATION (TOP VIEW)

1/Q READ 1757 « i .
e e oo
INPUT/OUTPUT /OW “'C 39— Ao OUTROT

MEMORY READ fenip — 38— As | 407
MEMORY WRITE = o
ORGUTRUT MEMW E 71— A e na
MARK OUTPUT MARK «—[5] 36— TC COUNT
READY INPUT READY —[6] 35— As ADDAESS
HOLG AGKNQPUF HLoA —[T] 34— A INPUTS/
ADDRESS —
STOROBE OUTPFl‘JTSASDSTB —[8] = 33— A |55
EnaBLE OUTPUT AEN —[9] o 32— Ao
oLD R(E)QUEST HRQ‘—E %' E Veo(5V)
CHIP SELECT &5 —[T]] a 30— Do
CLOCK INPUT CLK—-'|: ? 29— | e
RESET INPUT RESET —[13 28— 0 { INPUTS/
ACKNOWLE DMA( DACK; —[14] [27]— D;
TPUTS S5\ BAek: — [T 26]— D.
. . OMA AC-
ORQ; —[Té} 25] — DACK: | W e
DMA | prQ, —[17] 241 — Brck; | TS
REQUEST 0
- INPUTS0~3 | DRQ; —[18] 23— Ds DATA
e Zabg i
Vss E.—. D,
(ov)
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 - - - - - —
((05\/))\/00 o DRQo D%Tngaugm
V) Vss 4 16-BIT ADDRESS L
o, 8 —1 recister DACK; DM ACKNOWLEDGE
De I
o DATA BUS 3 o DRQ, DMA REQUEST
DATA INPUTS/OUTPUTS 4 p, BUFFER - 16-BIT ADDRESS | DMA ACKNOWLEDGE
8 I~ " REGISTER DACK, o
D: | QUTPUT Ch
D1
Do ; DMA REQUEST
1/0 READ INPUT/OUTPUT 78R Q ’ BT Ao BRESS DRQ; INPUT CH2
1/0 WRITE INPUT/OUTPUT  T/OWQ® s 1 " Recister BACK: DUAACHKO)
CLOCK INPUT  CLK (2 R wAITEf— T !
RESET INPUT RESET () odle 8 K] DRQs &%GTR(E;’Q_‘%EST
S 8-BIT 16-87 ADDRESS DAA ACKNOWLEDGE
ADDRESS INPUTS/OUTPUTS ) WA 8 [ 1 REGISTER DACK: Qurev o
A (D DATA BUS ‘
CHIP SELECT INPUT TS
T TERMINAL COUNT
~3 | * wask SER oureur
ADDRESS OUTPUTS { 2* R L | erioRITY MARK
A @ RESOLVER
CONTROL !
READY INPUT READY (® LOGIC ,
HOLD REQUEST OUTPUT HRQ() 8
HOLD ACKNOWLEDGE INPUT HLDA(7) AND
MEMORY READ OUTPUT WMEMR (3) 94 MODE SET /
MEMORY WRITE OUTPUT MEMW () | REGISTER |
ADDRESS ENABLE OUTPUT AEN (9
ADDRESS STROBE OUTPUT ADSTB(8)
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Register Initialization

Two 16-bit registers are provided for each of the 4 channels.
DMA Address register

15 0
IiwA14A13A12A11 Ao A As A7 As As Ay A3 A2 AT A

DMA TRANSFER STARTING ADDRESS
Terminal count register ,
15 1413 0
IRd WI’|C|3 C12C11 C1g Cg Cg C7 Cg Cs Cs4 C3 Cz2 Cy Co

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 first-last flip-
flop 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 peripher-
al devices being written into memory. The verify mode
sends neither the read nor the write signals and performs 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 ' 0

[ac T7os [ ew [ mp [ En3 [ En2 | EN1 | EN0 |

ADDED FUNCTION SETTING BITS CHANNEL ENABLE BITS

Status Register (read only)
7 0
[ o | o ] o [w |7ec3] te2]| te1 | To0 |

The upper-order 4 bits of the mode set register are used to
select the added function, as described in 5-66. The lower-
order 4 bits are mask bits 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%: Channel0lower-order address
MVI A, ADDH
OUT 00#: Channel 0 upper-order address
MVI A, TCL
OUT 01#: Channel 0 terminal count lower-order
MVI A, TCH
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 ex-
ecuted the present instruction to place this system in the
hold state.

When the M5L8257P-5 receives the HLDA signal, an internal
priority determining circuit selects the channel with the high-
est priority for the beginning of data transfer (S,).

Upon the next S; state, the address signal is sent. The low-
er-order 8 bits and upper-order 8 bits are sent by means of
the Ag~ A; and Do~ D; pins respectively, latched into the
M5L8212P and output at pins Ag~A;s. 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 signals
are output and data transferred from memory or a peripheral
device appea}s on the data bus.

In the S3 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 channel
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-level, the wait state
(Sw) is entered. This is used to perform DMA with slow ac-
cess memory devices. In the verify mode, READY input is
ignored.

MITSUBISHI
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INTERNAL REGISTERS OF THE M5L8257P-5

Upper Lower
D; D¢ Ds Dy D;s D, Dy Dy D; Dg Ds D; D3 D, Dy Do

[As]Au]as]az]an[ao] A [ as [ Ar [ As [ As[ A As[ A [ A [ A0]  DMA address

channel-0
|Rd l Wf'Cm[Cm.Cn ij‘ Co ’ Cs {071 C‘J Cs 1 Cy ‘ Cs I C2 LC1 LCOJ terminal count
Ars|Ava| A [ Az An T Ao Ao [ Ae [ A [ As [ As [ A [ s [ A2 [ A [ A DMA adaress
channel-1 )
IRd lerCquIz!CnICmI Co l Cs I C; } Cs {C5LC4J C;J C: | C, \ Col terminal count
IA15|A14|A|!iA|2]An lAwJ Ag ; As [ Az ] As l As 1 Ay . Az l Az t A1'| Agl DMA address
channel-2
IRle'[CH'Cvz‘CnLCwl Co ' 03[07 [ Cs ‘ Cs ' Ca l Cs I C2 b C k Col terminal count
IA151 Au]An AIZ'AH {AvoI AgJ Ag } A; [ AG—LA5£A4 l Aa—; Az ] A . Ao | DMA address
channel-3

[ra]wr[c,[ciz[cn]ci] o] cs[cr]cs| o5 ca| cs|ca|ci| o] terminal count

[ AL [rcs| ew| re [ens|enz]ent [eno]  Mode setting (for write only)

[ o] o urlresfreefreilrco]  status (tor reaa oniy)

! Address of the memories for which DMA will be carried out from now on In initialization, DMA start addresses must be written

Ag~Ais
Co~Ci3 ! Terminal counts-in this IC (the number of remaining transfer bytes minus 1) The address 1s decremented for each DMA transfer of one
byte, and when the transfer s finished, becomes ( 3 FFF)  If additional DRQ signals are input, the address continues to be decremented.
Rd. wr . Used for DMA-mode setting by the following convention® -
Rd Wr _ Mode to be set
0 0 DMA venify
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.
The setting priority is fixed with the channel 0 as highest, followed by channel 1,2 and 3 in descending order
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
Prionity st for the next cycle
3 CH-3 CH-0 CH-1 CH-2
4 CH-0 CH-1 CH-2 CH-3
ENO~ENS3 : Channel-enable bit. This mask prohibits or allows the DMA request When the reset signal is applied, all channels are disabled.
V]34 . 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
The flag is, set by reading the status register, annd 1s unaffected by the TCS bits
Bt6 MITSUBISHI
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ELECTRICAL CHARACTERISTICS (Ta=—20~75TC, Voc=5V+£5%, unless otherwise noted)

Limits .
Symbol Parameter Test conditions - Unit
Min Typ Max
Vin High-level input voltage 2.0 Vce Vv
Vie Low-level input voltage —0.5 0.8 \'
VoL Low-level output voltage lo,=1.6mA 0. 45 \
Vo High-level output voltage for AB, DB and AEN lop==—150uA 2.4 \%
Vohnz High-le\vel output voltage for HRQ lon=—80A 3.3 \%
Vons High-level output voltage for others 2.4 \%
lcc Supply current from Vg 120 mA
Iy Input current V,=0V, Vco —10 10 #A
loz Off-state output current Vo=0V~Vcc —10 10 uA
C, Input terminal capacitance Ta=25C, Voo=Vss 10 pF
Pins other than that under are set
Cio Input/output terminal capacitance to 0V, fo=1MHz 20 pF
TIMING REQUIREMENTS (Ta=—20~75C, Voc=5V+5%, Vss=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
tw(r) Read pulse width 250 ns
{;:}égf:‘) Address or CS setup time before read 0 ns
hiazey) Address or CS hold time after read 0 ns
tw(w) White pulse width 200 ns
tsu(a—w) | Address setup time before write 20 ns
’t_h(w— A) Address hold time after write 0 ns
tsu(pa—w)| Data setup time before write 200 ns
th(w—pq) | Data hold time after write 0 ns
tw(rsT) Reset pulse width 300 ns
tsu(vec—rsT) | Supply voltage setup time before reset 500 ns
tr Input signal rise time 20 ns
tf Input signal fall time 20 ns
tsu(rsT—w) Reset setup time before write 2 tc(s)
tc(¢) Clock cycle time 0. 32 4 MS
tw(¢) Clock pulse width high-level 80 0.8tc(4) ns
tsuipra—¢) | DRQ setup time before clock ) 70 ns
th(HLoa—bra) | DRQ hold time after HLDA 0 ns
tsu(Hioa—¢) | HLDA setup time before clock 100 ns
tsuroy—#) | Ready setup time before clock 30 ns
th( ¢ —RoY) Ready hold time after clock 20 ns
SLAVE MODE SWITCHING CHARACTERISTICS (Ta=—20~75C, Voo="5V£5%, Vss= 0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tezv(r-Da) | Output data enable time after read 0 200 ns
tevz(r.nq) | Output data disable time after read CL=150pF 20 100 ns

5—ca MITSUBISHI
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TIMING DIAGRAMS

ELECTRIC

DMA Mode
slslslslseslslslslslslslslsls
SalaVW avavat
tsu(ora-¢) tee
= twis) i tsu(ora—#)
DRQo~DRQs f 3 >( \ /
LA
toLH(g—nra) e toHL(¢—HRQ)
H.RQ ; ket th(HLDA-DRQ) /
tsu(HLDA—9)
HLDA ] \ /
teLH(p—AEN) "= tPHL(4—AEN)
AEN ]'
tezv(4-a) ->—+- - teLnes—a) tevz(g-a)
Ao~A;
(LOWER ADDRESS)
tpzv(¢—nQ) et tPvz(3—DQ) tbe| th(g—a) resy th(asTE=A) .
Do~D;
(UPPER ADDRESS) N
tPLH(»—Asm)’-—: | >t teuL(s—asTe) tPHL(A—ASTB)
ADSTB / \
le tpLH(-DACK)
1| teHL(s—DACK) > —>—- tpHL(ASTB—R)
- A e e ——
DACKo~ X
DACKs tp; twir)
2V($—R) _;, >t trLh(p-R)
MEMR/T/OR \ } St
1,
'Pﬂ,(é—n)n—rl -;L-:EL(@-;v—v])e—ipmu_w) tevz(s—r)
. ! I ) A
MEMW/ITOW \ :,‘_ ! ‘(
tSU(RDY—¢) feates th(s—rDY) twiwe)
READY f / \
PLH($—TC/MARK) tPHL($—TC/MARK)
TC/MARK / ‘
Slave Mode
Read Write Isu(cs—w) thiw—cs)
TS X X S 1
LM le—a{ th(r—Cs)
- N X Aty X
- 1 1, — th(w—r)
tsu(a—n) w(R) -lth(a_A) | tsuta-w) le W-R
— - ~
T7OR Do~D7 X 3(
tpzv(R—DQ) tevzr—Da) tsu(oq-w) L thiw—na)
J—
Do~D7 I70W
tw(rsT)
tww)
t —W)
RESET SU(RST—W
tsu(voo—nst) |
"—————i
Vee f
MITSUBISHI
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MSL8259AP

DESCRIPTION

The M5L8259AP is a programmable LSI 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 MELPS85, MELPS86 or MELPSS8S.

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 controlied by
cascading with M5L8259AP

Polling functions

APPLICATION
The M5L8259AP can be used as an interrupt controller for
MELPS85, MELPS86 and MELPS8S8.

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 re-
quest at 1 of the pins, the M5L8259AP based on the mask

PIN CONFIGURATION (TOP VIEW)
CHIP SELECT ss— a Y, A Veolsv)
conTroL favs WR— 2] 27— Ao Ao ADDRESS INPUT
conTroL EER RD—[3] 26] ~—TNTAACKNOWLEDGE
[ D, —[{] 25 — IR,
Dg E 5 E'—'RG
] Ds "’% % %«—l&
BIDIRECTIONAL ] D+ L A 22— R4 'RNETERRUPT
QUEST
DATABUS| b, « [g] © 1R, | MEOUE
D« [7] o 70 IR
D — @ 19| — IR,
Do ‘_.E 18] <—1Ro L‘NTERR;JPT
CASCADE [CASo— 12 7] —INT &
LINES CASI""E jHSP/ENW#@g&
(V)ves [ 15 «— CAS, CASCADE
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 — (Do,
ACKNOWLEDGE INPUT INTA (29— 8 (&)Ds
INTERRUPT Ny CONTROL LOGIC orS
REQUEST OUTPUT DATA BUS (7)Dq -BIDIRECTIONAL DATA BUS
BUFFER (8)Ds
(9)D2
1Ro (8 J(a i %8 4oor
o D
IR Q ’
IR2 (20 INTERRUPT ‘IN SERVICE
IRy (i REQUEST | & |PRIORITY| & 8 WR WRITE CONTROL INPUT
INTERRUPT s reaister [ 1ResoL verl—] REGISTER reap/wRiITEfp—@
REQUEST INPUTS :24 & (RR) (1SR) t—] CONTROL (3)RD READ CONTROL INPUT
s & Loaic @) Ao ADDRESS INPUT
IRs (24
IR7 & T J ] (1)TS CHIP SELECT INPUT
' CASo
ASCADE ®
Veo(5V) @ INTERRUPT MASK REGISTER |8 iy @cAs, [CASCADE LINES
Vss(0V) (9 (IMR) COMPARATOR| 5o s,
i (9SP/EN
- SLAVE PROGRAM INPUT/
- _ - - - ENABLE BUFFER OUTPUT
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Interrupt Sequence
1. When the CPU is a MELPS85

(1) When one or more of the interrupt request inputs are
raised high-level, 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 bits vectored address is released at the
second INTA pulse and the high-order 8 bits vec-
tored address is released at the third INTA pulse.
The ISR bit corresponding to the interrupt request in-
put 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.

IR_“l____[“‘mﬁ SET

ey 1 2
INTA | J I j IRR RESET
ISR RESET
ISR SET (AEOI MODE)

2. When the CPU is a MELPS86 or MELPS88
(1) When one or more of the interrupt request inputs are

’R_L__[;RR SET
1 2
INTA 1 [ /I__F

IRR RESET
ISR SET

ISR RESET (AEOI MODE)

The interrupt request input must be held at high-level until
the first INTA pulse is issued. If it is allowed to return to low-
level before the first INTA pulse is issued, an interrupt re-
quest in IRy is executed. However, in this case the ISR bit is
not set.

This is a function for a noise countermeasure of interrupt re-
quest inputs. In the interrupt routine of IR, if ISR is checked
by software either the interrupt by noise or real interrupt can
be acknowledged. In the state of edge trigger mode normal-
ly 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 a MELPS85
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)

Dy Ds Ds D4 Ds D2 Dy Do
Lo [ v ol ol v [ v [ o] v |

Second INTA pulse (low-order 8 bits of vectored address)

raised high-level, the corresponding IRR bit(s) for the IR Interval= 4
_high-level inputs will be set. D7 De Ds Da4 Ds D2 Dy Do
(2) Mask state and priority levels are considered and if IRo A; As As 0 0 0 0 0
appropriated, the M5L8259AP sends an INT signal to IR A As As 0 0 ] 0 0
the CPU. Re | A [ A [ A | 0 [ 1 [ o] oo
(3) As an acknowledgement to the INT signal, the CPU Rs | Ay . A 0 ] p Py o
issues an INTA pulse to the_MSL8259AP. 1Ra A A A ] 5 o 0 o
(4) Upon receiving the first INTA pulse from the CPU, ~ ~ he o ) o 1o 0
the M5L8259AP does not drive the data bus, and the R A ~ A ] . 5 5 5
data bus keeps high-impedance state. i s
(5) When the second INTA pulse is issued from the R | A As As ! 1 ! 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 EOl command is issued from the CPU.
5—74 MITSUBISHI
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Read Control Input (RD)

When RD goes low-level status information in the internal
register of the M5L8259AP can be read through the data bus.
Address Input (Ao)

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 (ICWs)

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. The command flow of ICWs is shown Fig. 2.

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 ICW4 is required or not.

Whenever a command is issued with Ag=0 and D=1, this is

interpreted as ICW1 and the following will automatically

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 0.

ICW2

ICW2 contains vectored address bits Ais ~ Ag or interrupt

type T;~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, ICWS3 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 a MELPS85 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 MELPS86 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.

Ao D, De Ds D4 D3 D2 Dy Do
ICW1 L 0 J A; [ As I’ As I 1 [ LTIM L ADI l SNGLI IC4 l
ICW2 [ 1 J Ais/T7 l A4/ Te [ A3/ Ts | A2/Ty | Au”'a] Ao ] Ag i Ag J

SINGLE

YES(SNGL=1)

NO(SNGL=0)

|cw3L 1 l s J S6 rs5 | S4 [ S5 lSz/lDzle”D][So/lDol

\ NO(IC4=0)

Icwa
YES(IC4=1)
owsf 1 [ o [ o [ o [senm| BUF | wis | agor | wpm |

I_FULLY NESTED MODE
READY TO ACCEPT INTERRUPT

Fig. 2 |Initialization sequence
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The master mode is specified when SP/EN pin is high-level
or BUF=1 and M/S=1 in ICW4, and slave mode is specified
when SP/EN pin is low-level or BUF=1 and M/S=0 in
ICW4. In the slave mode, three bits ID, ~ ID, identify the
slave. And then when the siave code released on the cas-
cade 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 0. When ICW4 is valid it specifies special fully
nested mode, buffer mode, master/slave, automatic EOI and
microprocessor mode The format of ICW4 is shown in Fig. 3.

Operation Command Words (OCWyg)

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
M5L8259AP, the device is ready to accept interrupt requests.
There are three types of OCWs; explanation of each follows,
and the format of OCWjs is shown in Fig. 4.

OoCcwi1

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-

1 INTERRUPT MASK SET

[ 0 INTERRUPT MASK RESET

]

ocwi1

Do

NON-SPECIFIC EOI

o|l= =lola|l=]|lo]o
—|a|—=|o|loloj=|o
olo[—|olo|=|=|=

NO OPERATION

SPECIFIC EOI (RESETS ISR BITS L;~Lo)

ROTATE ON NON-SPECIFIC EOI

SETS AUTOMATIC ROTATION FLIP-FLOP

RESET AUTOMATIC ROTATION FLIP-FLOP

ROTATE ON SPECIFIC EOI (RFSFTS ISR RIT 1~ )
SETS PRIORITY COMMAND (SET LOWEST PRIORITY BIT Lo~L,

EO!

}AUTOMATIC ROTATION
\
) }SPECIFIC ROTATION

ID LEVEL TO BE ACTED UPON

0fl1]2]3]4]5]6]7
ofofojof1{1]r]|1
ofjof1|t|ofo]1]1
l oft1jof1fof1]of1
[ ol r]scJealo o] uluwl]
Ao D De Ds Ds4 D3 D2 Dy Do
ocwz2
0 X |NO OPERATION
1 0 |RESET SPECIAL MASK MODE
1 1 | 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
Lo | o feswmfsum] o [ 7 T p [ rr] wis |
Ao D7 Ds Ds D4 D3 D, Dy Do
ocw3
Fig. 4 Operation command word format
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mode. When the M5L8259AP is in special mask mode ISR
bits masked in IMR are not reset by EOIl. EOl and SEOI are
selected when OCW2 is executed.

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 (IR3 THE HIGHEST PRIORITY

REQUIRING SERVICE)

IS 1S5 ISs 1ISqs 1S3 1S

isestatus [ o [ o [ 1 [ o] 1] o]

1S, 1So
o] o]

HIGHEST PRIORITY

LOWEST PRIORITY
PRIORITY

i i
aros L7 lefsfefefzli]o]

AFTER ROTATION
(IR3 WAS SERVICED AND ALL OTHER
PRIORITIES ROTATED CORRESPONDINGLY)
187 1Ss IS5 ISy 1S3

ISR STATUS [o]o]1|0[ol

I1S; 1S 1Sy
o lofo]

HIGHEST PRIORITY  LOWEST PRIORITY

[slzf1]ofr[el[s4]

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 EOI 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 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 M5L8259AP
is made by ICW1, When using edge triggered mode not only
is a transition from low-level to high-level 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-level to high-level is not required to trigger the in-
terrrupt request. <

In the level triggered mode and using AEOI mode together,
if the high-level is held too long the interrupt will occur im-
mediately. To avoid this situation interrupts should be kept
disabled until the end of the service routine or until the IR
input returns low-level. 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 OCW3 is 1ssued 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
Ap=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 OCWa3.

CASCADING

The M5L8259AP can be interconnected in a system of one
master with up to 8 slaves to handle up to 64 priority levels.
A system of 3 units that can be used with the MELPS85 is
shown in Fig. 6.

The master can select a slave by outputting its identification
code through the 3 cascade lines. The INT output of each
slave is connected to the master interrupt request inputs.
When an interrupt request of one of the slaves is to be ser-
viced the master outputs the identification code of the slave
through the cascade lines, so the slave will release the vec-
tored address on the next INTA pulse.

The cascade lines of the master are nomally low-level, and
will contain the slave identification code from the leading
edge of the first INTA pulse to the trailing edge of the last

5—80
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INSTRUCTION SET

ltem Instruction code X Function
Mnemonic
Number Ao D, Ds Ds D4 D3 D2 D, Do |ICW4 required? Intervel Single Trigger
1 ICW1 A 0 As As As 1 0 1 1 0 N 4 N ¢ E
2 ICW1 B 0 A; As As 1 1 1 1 0 N 4 Y L
3 ICW1 C 0 Az 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 Az As 0 1 0 0 1 0 N 8 Y E
6 ICW1 F 0 Ay As 0 1 1 0 1 0 N 8 Y L
7 ICW1 G 0 Az 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 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 ICWI1 L 0 Ay As As 1 1 1 0 1 Y 4 N L
13 ICW1 M 0 Ay 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 Ay 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 A A Ao Ag Ag 8-bit vectored address
18 ICW3 M 1 S; Se Sg S, S3 Sz, S So Slave connections (master mode)
19 ICW3 s 1 0 0 0 0 0 ID; ID;  1Do Slave identification code (slave mode)
. SFNM BUF AEOI MELPS86
20 | 1Icw4 A 1 0o o0 0 0 0 0 0 o0 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 IcCw4 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 10 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 ocwi 1 M; Me Ms My M3 M2 My Mo Interrupt mask
53 OCW?2 E 0 0 0 1 0 0 0 0 0 EQI
54 OCW?2 SE 0 0 1 1 0 0 L2 L Lo SEOI
55 OCW2 RE 0 1 0 1 0 0 0 0 0 Rotate on Non-Specific EOI command (Automatic rotation)
56 OCW2 RSE 0 1 1 1 0 0 Lo L Lo Rotate on Specific EOl 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 L2 [ Lo Set priority without EOI
60 OCw3 P 0 0 0 0 0 1 1 0 0 Poll mode
61 OCW3 RIS 0 0 0 0 0 1 0 1 1 Sets Status Read Resister in ISR
62 OCW3 RR 0 0 0 0 0 1 0 1 0 Sets Status Read Resister in IRR
63 OCW3 SM 0 0 1 1 0 1 0 0 0 Sets Special Mask mode
64 OCW3 RSM 0 0 1 0 0 1 0 0 0 Reset Special Mask mode

Note 4 - Y.yes, N no, E edge, L. level, M: master, S’ slave
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SWITCHING CHARACTERISTICS (Ta=—20~75T, Vec=5V+10%, Vss=0V, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max

tpzv(R-DQ) Data output enable time after read 200 ns

tevz(r-DQ) Data output disable time after read 10 100 ns

trzv(a-pQ) Data output enable time after address ’ 200 ns
C_=100pF

teHL(R-EN) Propagation time from read to enable signal output - 125 ns
A - Where SP/EN

teLH(R-EN) Propagation time from read to disable signal output . . 150 ns
pin is 15pF

teLHUR-INT) Propagation time from interrupt request input to interrupt request output 350 ns

tPLV(INTA-CAS) Propagation time from INTA to cascade output (master) 565 ns

tpzv(cas-DQ) Data output enable time after cascade output (slave) 300 ns

Note 5 : INTA signal is considered read signal

CS signal is considered address signal

Input pulse level 0.45~2.4V
Input pulse rise time 20ns 2.4
Input pulse fall time 20ns * 2
Reference level input  Viy=2V, V, =0.8V
output Vou=2V, Vo,_=0. 8V 0.45
TIMING DIAGRAM
Write Mode
TS, Ao
tsu(a-w) thiw-a)
frme— —a)
twiw) /s
WA \v /
7
th(w-pa)
tsu(oa-w) =
D;~Dyg
Read Mode
ﬁ, Ao
\
tsu(a-r) th(r-a)
—
twir) |
_ 4
RD \
INTA N
tezv(R-Da) tevz(r-00)
tezv(a-DQ)
D7~Dyg /{ %\
b,
teHL(R-EN) teLn(r-en)
—
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MS5L8279P-5

DESCRIPTION

The M5L8279P-5 is a programmable keyboard and display
interface device that is designed to be used in combination
with an 8-bit/16-bit microprocessor. This device is fabricated
with N-channel silicon-gate ED-MOS process technology
and is packed in a 40-pin DIL package. It needs only single
5V power supply.

FEATURES

Single 5V supply voltage

TTL compatible

Keyboard mode

Sensor matrix mode

Strobed mode

Internally provided key bounce protection circuit
Programmable debounce time

2-key lockout/N-key rollover

8-character keyboard FIFO

Internally contained 16 X 8-bit display RAM
Programmable right and left entry

APPLICATION

Microcomputer 1/0 device

64 contact key input device for such items as electronic
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

PIN CONFIGURATION (TOP VIEW)
RETURN LINE { Re —[1] 20 Veo (5v)
INPUTS | Ry —[2] 39— Ry } RETURN LINE
CLOGK INPUT CLK — 38]—Ro | INPUTS
INTERRUPT |\T —
RequedVTERRUPT INT [37]— CNTL GONTROL INPUT
Rs —[5] [36)— SHIFT SHIFT INPUT
RETURN LINE | Rs —[6] 35— s;
INPUTS | R, —[7] 3952 | scan TIMING
R, —[8] Z 33 —s: | OUTPUTS
RESET INPUT RESET —[9] 5 32— so
READ STROBE =75 [T} S 57— o8,
Y= ©
WRITE STRREE WR — (] ° 30— 081 | pispLAY @)
Do —| o @-—. 0B, | OUTPUTS
D; —[13] 28]— oB;
D2 «—[14] E—‘ OAo
BiDiReCTIONAL) D3~ [15] 26— 0A: | DispLAY ()
DATA BUS| D, [T 75— 0a, | OUTPUTS
Ds +— E"OAS
— &5 BLANKING
Ds 23— BD BV Qurpur
D, —[i9} E‘— Cs ﬁ\"'gﬁTSELECT
0¥es 21~ SLBeKR
Outline 40P4

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

INPUT INPUT

RESET CLOCK

BIDIRECTIONAL

DATA BUS INTERRUPT

REQUEST OUTPUT

RESET CLK

9 --OEQEEWER--—BO— - ——-

D7 Dg Ds Dy D3 D; Dy Do INT

OUTPUTS

CONTROL/DATA SELECT INPUT Ao ) ‘
— 1/0 BUFFER . Vee(5V)
GHIP SELECT INPUT TS e bls)éguﬂg;l Dvee
WRITE STROBE INPUT WR 8 |4®  DATABUS 8 RN @ Vss(OV)
READ STROBE INPUT RD T Is 5 s 11
TIMING
CONTROL INPUT CNTL() L] msggxc— REGISTER 8x8 | 5| «er. ]
SHIFT INPUT SHIFT(3) 16X8 DECODER sidpbe+ eoaro
R DISPLAY N RAM IDEBOUNCE|
7 RAM PRESCALER LOGIC
Re CONTROL
R (D~ & oo | TG
5 o COUNTER |
Ra = e I3
RETURN LINE INPUTS {p, 2
z g
Rz E 8,
w
oc
—

OA; 0A, OA OAy OB; 0B, OBy 0Bg

BD S3 S S1 So
58 92 S S0

DISPLAY (A) DISPLAY (B)BLANKING  goan TIMING

DISPLAY

OUTPUTS OUTPUT

OUTPUTS
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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 1 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
code: [o]ololp|p|k]|k]K]

D D (Display mode set command)

0 0 8—8-bit character display—left entry
0 1 16—8-bit character display—Ileft entry Note!)
10 8-—8-bit character display—right entry

1 1 16—8-bit character display—right entry
K K K (Keyboard mode set command)

00 0 Encoded display keyboard mode — 2-key lockout Mote!)
0 01 Decoded display keyboard mode — 2-key lockout
01 0 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 LsB
Code: [o]o[1][r[r]rP]P]P]

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 pre-
scale 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
o] 1]o]a]x]alAa]A] x=Dontcare

LSB

Code :

4. Read Display RAM Command
MSB LSB
Lolr[r][mfafalalal

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

Nnoooonol

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
[11o]1]x][w/w[sL]eL] x=Dont care
A B A B

Code :

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 acti-
vated by turning the BL 1. Setting both BL flags makes the
signal BD low-level 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
L1 [1 Lo Jeolco]colorcd]

Code :

Cp: Clears the display RAM.
CD CD CD
0 X X No specific performance

This command is used to specify that the following data 1 0 X Entire contents of the display RAM are
readout (CS*AgRD) is from the FIFO. As long as data is to turned 0. )
be read from the FIFO, no additional commands are neces- 1 1 0 The contents of the display RAM are
sary. turned 20H (00100000 = 0A30A;0A;0A,
Al and AAA are used only in the sensor mode. AAA desig- 0B30B,0B;0By).
nates the address of the FIFO to be read, and Al is the auto- 1 1 1 Entire contents of the display RAM are
increment flag. Turning Al to 1 makes the address automati- turned 1.
cally incremented after the second read operation. This
auto-increment bit does not affect the auto-increment of the
display RAM.
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CPU INTERFACE

1. Command Write

A command is written on the rising edge of the signal WR
with CS low-level and Ag 1.

2. Data Write

Data is written to the display RAM on the rising edge of the
signal WR with CS low-level and A, 0.

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-level and
Ao is 1. The status word appears on the data bus as long as
the signal RD is low-level.

4. Data Read

Data is read from either the FIFO or the display RAM with
CS and RD are low-level and A, is 0. The source of the data
(FIFO or display RAM) is decided by the latest command
(read display or read FIFO). The data read appears on the
data bus as long as the signal RD is low-level.

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.

Ao Cs RD WR Operation

1 L H L Command write
0 L H L Data write

1 L L H Status read
0 L L H Data read

X H X X No operation

KEYBOARD INTERFACE

Keyboard interface is done by the scan timing signals (So~
S;), the return line inputs (Ro ~ R;), the SHIFT and the
CNTRL inputs. .

In the decoded mode, the low-order of 2 bits of the internal
scan counter are decoded and come out on the timing pins
(So~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 (Ry~Ry), the SHIFT and the CNTL in-
puts are pulled up high-level by internal pullup transistors
until a switch closure pulls one low.

The internal key debounce logic works for a 64-key matrix
that is obtained by combining the return line inputs with the
scan timing.

For the keyboard interface, M5L8279P-5 has four distinctive
modes that allow various kinds of applications. In the follow-
ing 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

Howéver, ‘both the key scan cycle and the key debounce
cycle are the same as in the encoded mode.)

1. 2-Key Lockout (Scanned Keyboard 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

KEY1 "] LI
tKEY DEBOUNGCE{CYCLE
KEY 2 Ll ul Ll

-—
KEY DEBOUNCE CYCLE
Note 2 : } : Debounce counter reset

t : Key input

Example 2 : Overlapped depression of three keys

kevi LU
7 Y
KEY 2 —lFI | ]
J KEY$DEBOUNCE CYCLE
KEY 3 —l# —lTl

Note 3 : Only key 2 is acceptable

MITSUBISHI
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MSL.8279P-5

PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

DISPLAY INTERFACE

The display interface is done by 8 display outputs (OA~
OA3, OBy~ OB3), a blanking signal (BD), and scan timing
outputs (So~S3).

The relation between the data bus and the display outputs is
as shown below:

D; De Ds Dy Ds D; D; Do
{ i { | } i i i
OA; OA; OA; OA;, OB; 0B, OB, OB,

Clearing the display RAM is not achieved by the reset signal
(9-pin) but requires the execution of the clear command.
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

LML
Pw

sl 1 LI rv
I L
s | J 1

s |

(2) Decoded mode

L
Ll
L LI
LJ LI

L

I B
s L o

Sz

Uy
Ss Ly

Note 4 . Here Py is 640us If the internal clock frequency is set to

100kHz.

Timing relations of S, BD, and display outputs’ (OA;~ OAs, .
OBy~OBj3) are shown below.

. —
(Encoded

LI

mode)
= U U U u
OA;~OA; (N-1)th Nth (N+1)th
0OBy~0B;3; DATA DATA DATA
Note 5 . 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-level. In the same man-
ner, the values OA;~ OA;, OBo~ OB; are dependent on the
clear command executed last. When the both A and B are
blanked, the signal BD will be in low-level.

MITSUBISHI
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M5L8279P-5

PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage —0.5~7 v
V, Input voltage With respect to Vgs —0.5~7 \"
Vo Output voltage —0.5~7 v
Pq 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 o Nom iax Unit
Vee Supply voltage 4.5 5 5.5 \%

Vss Supply voltage (GND) 0 Y

ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vcc=5V+10%, Vss=0V, unless otherwise noted.)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
ViH(RL) High-level input voltage, for return line inputs 2.2 \%
Vin High-level input voltage, all others 2.0 \
ViL(RL) Low-level input voltage, for return line inputs Vss-0.5 1.4 v
Vio Low-level input voltage, all others Vss-0.5 0.8 \
Vou High-level output voltage lon==—400A 2.4 \"
VowanT) | High-level output voltage, interrupt request output lon=—400uA 3.5 v
Voo Low-level output voltage loL=2.2mA 0.45 v
lcec Supply current from Vee 120 mA
Input current, return line inputs, shift input and control Vi=Vee 10
licRLy A
Input V=0V —100
Iy Input current, all others V=0V, Vec —10 10 A
loz Off-state output current Vo=0V~V¢c —10 10 A
C Input terminal capacitance Vi=Vee 5 10 pF
Co Output terminal capacitance Vo=Vcc 10 20 pF
5—04 MITSUBISHI

ELECTRIC




MITSUBISHI LSlIs

MS5L8279P-5

PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

TIMING DIAGRAM

Read operation

tem)
tw(r) |
N v
™ K
tsuta—r) th(a-s)
V4
TS, A
N
tpzv(r—pa) tpvz(a—oa)
tezv(a—pa)
r AN
Do~Dy
(DATA OUTPUTS) N Z
Write operation
tow) A|
| twiw)
WR N /L
7
tsua—w) ‘ thiw-a)
TS, A
| tsu(ba—w) 'h(W‘D:Q)
Do~D7
(DATA INPUTS)
Clock input tois)
tw(s)
V4
CLK /
5—06 MITSUBISHI
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M5L8279P-5

PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

APPLICATION EXAMPLE

CNTL CONTROL
SHIFT 8X 8 KEY
o SHIFT  EYBOARD
RETU MATRIX
8-ROW
8, LiNes | RS
CODE
Vee(5V)
37y 36 8 LINES
CNTL SHIFT Ro~Ry]
INTERRUPT REQUEST INT ANt v L 8
BIDIRECTIONAL 2
8 BUS Ves|
DATA BUSfe—+————>{Do~D; 111 GND(0V)
3-8DECODER | (Note 8)
- M5L8279P-5
MICROPROCESSOR —
SYSTEM RD 10 3=5 3
controt! bo WE__ ' dwm ~a) 4, SCAN LINE
4
RESET 9 L. oo
CS 24—
S s
ADDRESS BUS 416 DECODER | (Not
A 2l DRIVE (Note 8)
| BD
CLOCK CLK 3 .Jeik BO 15 "
0OBy~0B;3; OAUNOAEL
M5L8085AP
BLANKING ADDRESS
4 DISPLAY
DATA DISPLAY
. 16-DIGITS

Note 8 : 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, S1 and S; may be used as inputs to the key scan3 — 8 decoder.
(Don't drive the keyboard decoder with the MSB of the scan line )

5—-98 MITSUBISHI
ELECTRIC






MITSUBISHI LSIs

NOTICE FOR CMOS PERIPHERALS

4. TRANSFER CHARACTERISTICS AND
POWER DISSIPATION

For COMS devices, the circuit threshold voltage is approx-

imately one-half of Vgc. Contrasted with NMOS logic,

where threshold voltage is a fixed level not related to supp-

ly voltage, ideal transfer characteristics can be achieved.

In order to maintain compatibility with the conventional

NMOS devices, transfer characteristics of CMOS peripher-

als 1/0 circuits have been established at TTL level.

Fig. 4 illustrates input voltage V| versus supply current Icc

for M5M82C55AP-2. Here, when V|y reaches 1.3 to 1.5V,

the resuiting switch in internal circuits causes a sharp in-

crease in lgc flow.

(PORT-A, MODE 0 INPUT)
250 o !’C
Veo=5.5V|| Ta=25
200
Veo=5V
< 150
S yge=4.5v
8
= 100
50
A
0 1 2 3 4 5 6
Vin (V)
Fig. 4 Input voltage vs. dissipation current

M5M82C55AP-2

In a CMOS curcuit, since p-channel and n-channel transis-
tors are connected in series between the Vg and Vgg, as
long as gate voltage is at the Vg or Vgs level, one of the
two transistors will be in an off state. Consequently, fixing
the input pin at the V¢ or Vgs level causes the static dis-
sipation current (Icc) flow from the Ve to Vsg pin to consist
only of p-n junction leakage current. As a consequence, the
per-gate static dissipation current remains at about 50pA at
Ta=25C,.and will not go over more than a few nanoam-
peres even at Ta=85C. This is the primary reason behind
CMOS devices low power dissipation.

Note however that power dissipation does increase when
CMOS circuits are used in the switching mode. As was
mentioned in the transfer characteristic description, tran-
sients in the input voltage cause current to flow from the
Vce to Vss. The amount of current flow increases relative to
higher Vgc values and operating frequency. Additionally,
when capacitive loads (load capacitance also varies de-
pending on the number of fanouts) are connected to the
device, charging currents will be requied, which also in-

creases power dissipation.

The M5M82C55AP-2 illustrated in Fig. 4 has parallel-
connected I/O ports, and is relatively limited in switching
operations. However, devices such as the programmable
timer M5M82C54P are subjected to constant clock opera-
tions, and the current flow for each CMOS circuit must be
added to get the total for the device. As shown in Fing. 5,
currnet dissipation increases along with increases in oper-
ating frequency.

7
/
6 Veo=5V /
5 DUTY=50%
- nesc| |/
< 4
= /
8 3 /
2 /,
1
0
100k MM 2 5 810M
fc (Hz)

Fig. 5 Operating frequency vs. power dissipation
M5M82C54P

The power dissipation characteristics of DMA controller
M5MB82C37AP-5 are illustrated in Fig.6.

5 |
Vee=|
‘ 5.5V
_ ;MV
E 3+ / 4.5V
’ /
T /7
] —
1 1 1
0 1 2 3 4 5
fc (MHz)

Fig. 6 Operating frequency vs. power dissipation

M5M82C37AP-5
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NOTICE FOR CMOS PERIPHERALS

be driven, so signal switching response is slower. In this
case, the load (s) to be driven must be divided (or allo-
cated to several devices) as with previous devices.

e
w

Veo=4.5V

fVoo=
/:vCc gvl go‘c

tVeo=5v | | Ta=
fVoe=s, 5V 25¢
| Voo=4.5V
EVoo=5V]
Vag=>5.5V

e
N

\
\\\\

Vou (DATA BUS)(V)

e

Ta=

0 1 2
lo (DATA BUS)(mA)

w
~

Fig. 9 loL-VoL characteristics M6M82C55AP-2

7. INPUT CIRCUIT

Fig. 10 shows an equivalent circuit diagram of the input cir-
cuit for CMOS peripheral devices. The gate oxide layer of
the transistors is extremely thin, and high voltages applied
directly to the gates are likely to rupture their insulation,

—40C

causing permanent demage to the device. To prevent gate
damage, the diodes and input resistor shown in the dia-
gram form a protection circuit.

Since threshold voltage for the input transistor is set at
approximately 1.5V, as noted in section 4, if the input vol-
tage is held at this level, a through current starts to flow
from V¢ to Vgs. In systems where low dissipation current is
required, this characteristic can cause problems in the de-
sign of the power supply.

Where a data bus is left floating, through current is likely to
become a particular problem, so bus lines should be fixed
at a certain level with a pull-up (or pull-down) circuit hav-
ing high resistance values.

Vee
i3
Poly-Si .
Vy=le
Input @———AAn il 5V
R=1KO (at Vee=5V)
w1
Vss

Fig. 10 CMOS peripheral device input circuit

(equivalent diagram)

DATA BUS TIMING

WRITE

READ

Address, CS ’( )‘ Address, CS }( )F
th
@ _ — twir) e
2 | obaTA (INPUT) X staee X RD TN
z ts
e twiw) fp—
_ 4 DATA (OUTPUT) VALID
WR N/
max200/250ns
ts th
Address, CS )( Address, G5 )(
%0 tw(r) —
Q | paTA(NPUT) X sTaBLe 7B -\ y
© twiw) —=—r—- tpzv(r—DaQ)
o T\
WR DATA (OUTPUT) £ VALID
ts, th=0ns ts, th=0ns

* M5M82C51AP, M56M82C55AP-2, M5M82C59AP-2

Fig. 11 Bus timing characteristics
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NOTICE FOR CMOS PERIPHERALS

Vee Vee
V, V,
RE1KQ Vi e cc
Viyo—| Input Outputl—o Input Output}—o
Vss : Vss

cc
No diode

C
No diode

ss

__________ o Vee
Viz Diode used Vi Diode used
Vs Emm = mmmmmmm- v

Fig. 13 Preventing latchup when using differential circuits

Veo Condition (e)

Condition (e) can be created by exceeding the absolute
T Relay| maximum voltage ratings at the Vgc pin. Also, even though
Vee ' V' is within the recommended operating conditions, de-
v, R Input Output _\_0. O;yF vice latchup can be caused by the surge voltage superim-
v "'0_ 22uF posing at power ON, or crosstalk between lines. The vol-
22 tage at V¢ should never exceed absolute maximum rating

values under any circumstances.
rL7 Provisions should be made to reduce power ON surge vol-

tage to a minimum, and as described in section 6, a capaci-
tor should be connected beteen V¢ and Vgg to reduce im-

pedance in the power line.
Input I | l l
Vee —-Mrkr- =-==Vcc No capacitor

Voo =Ny == == V/c Capacitor used
Fig. 14 Preventing latchup when driving large current

circuits

Conditions (b) or (d)

Applying a constant voltage to an output pin is not one of

the normal usage configurations of a CMOS device, but a i
. capacitor connected between output and Vgc (or Vgs)

would be a cause for latchup. This s due to the high impe-

dance created in the power supply line, combined with the

fact that switching the power supply on and off produces

fluctuations in the power supply line which causes the

capacitor to discharge a trigger current.

6—8 ' MITSUBISHI
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M33210GS-20/FP-20

CMOS 32-BIT PARALLEL MICROPROCESSOR (M32/100)

BLOCK DIAGRAM

INSTRUCTION
FETCH UNIT DATA INPUT/
K v — " DATA BUS
BRANCH BUFFER OUTPUT CIRCUIT
INSTRUCTION
DECODE UNIT OPERAND ADDRESS ADDRESS
BRANCH z AND PC ADDRESS — :2 OUTPUT CIRCUIT > ADDRESS BUS
|PREDICTION TABLE GENERATION UNIT '
MICRO-ROM AND INTERN.
EXECUTION UNIT AL ALU
CONTROL UNIT REGISTERS
7—4 MITSUBISHI
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M33220GS-20

CMOS 32-BIT PARALLEL MICROPROCESSOR (M32/200)

BLOCK DIAGRAM

INSTRUCTION CONTROL UNIT
CACHE
INSTRUCTION INSTRUCTION
PREFETCH UNIT L MICROPROGRAMS J
BRANCH DECODE UNIT
WINDOW
EXECUTION UNIT [ ALU ] l REGISTERS I
MEMORY MANAGEMENT UNIT LB
\ l
| STACK CACHE I
INPUT/OUTPUT CONTROL UNIT
[ STORE BUFFER ]

P !

ADDRESS BUS DATA BUS

'
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M33230GS-20

. '~ CMOS 32-BIT PARALLEL MICROPROCESSOR (M32/300)

PIN ASSIGNMENT

PIN CODE NAME PIN CODE NAME PIN CODE NAME PIN CODE NAME PIN CODE NAME
A2 *2 c3 Vss G2 FLOAT N2 Ass T18 Vee
A3 OCCPRG c4 GBR G3 *2 N3 Ass u1 Azz
A4 *1 c5 WAY G16 Vee N16 Vss u2 Vss
A5 Vss c6 Voo G17 CPST, N17 Aze u3 Vee
A6 *2 c7 *2 G18 CPST, N18 Aso U4 Dso
AT HACK c8 RNG;, H1 Ay P1 Avs us Das
A8 Vss co BAT, H2 Ao P2 Ase ue ‘ Vss
A9 BAT, c10 Vss H3 Ve P3 Ass u7 D2s
A10 HALT c11 CLKf H16 | CPST, ' P16 ' us Dz
A1 HREQ c12 CLKf H17 NCA P17 Azz ug9 Veo
A12 RESET c13 Vss H18 BLACKF P18 Azs u10 Voo
A13 Voo " cu4 Vee J1 Ay R1 Az U1 Dis
A14 BCLK; ci5 Vss J2 As R2 Vss u12 Dis
A15 BCLK, c16 L/C J3 A R3 Az uis Dis
A16 Ass Vss ci7 BLOCK J16 BLACKS R4 Vee u14 Dso
A17 Azz AS c18 Vss J17 Vss R15 Vss uts Ds
B1 *2 D1 IRL, J18 Veo R16 D, u16 D,
B2 *2 D2 IRL, K1 As R17 Azs ui7 Ds
B3 ICCPRG D3 *2 K2 Vss R18 Aze u18 D,
B4 TCS D15 Vss K3 As T Ars V2 Vee
B5 *1 D16 DS K16 BC, T2 Azo v3 Vss
B6 Voo D17 RETRY K17 BC, T3 Azs V4 Dao
B7 DAT D18 BERR K18 BCs T4 Vss V5 Dae
B8 RNG, E1 *1 L1 A T5 [ V6 Dqs
B9 BAT, E2 *1 L2 As T6 D7 v7 D2,
B10 Voo E3 IRL, L3 Ag T7 [ v8 Voo
B11 Vee E16 Veo . L16 NCAO T8 CPST, Dy, V9 Vss
B12 Vss E17 ASDC L17 Vss T9 Vss V10 Vss
B13 Vss E18 SbC L18 BCo T10 Vee V11 Dig
B14 *2 F1 *1 M1 Aso T11 Dy, V12 Dis
B15 Ve F2 *1 M2 A T12 Dis K Vss
B16 Voo F3 *1 M3 Ve T13 [ Vi4 Di»
B17 Vss BS F16 CPDC M16 /'™ T14 Vss V15 Ds
B18 Vee R/W F17 Voo M17 MVIN T15 D V16 Voe
[ Veo F18 Vss M18 LOC T16 D, V17 Ds
c2 Ves G1 | Vs N1 Arz Ti7 Do

* 1 ! Connect to Vgc.
* 2 . No connect
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'M33241GS

CMOS DMA CONTROLLER (M32/DMAC)

BLOCK DIAGRAM

INTERRUPT BUS CONTROL  BUS ARBITRATION DATA CONTROL EXCEPTION

REQUEST SIGNAL SIGNAL CONTROL SECTION SECTION CONTROL SIGNAL
N
BUS
INTERRUPT PIN ARBITRATION EXCEPTION
CONTROL CONT%OL CONTROL DATA CONTROL CONTROL
SECTION SECTION SECTION SECTION
ADDRESS SECTION

COMMUNICATION )
CONTROL SECTION SQTTA CONTROL

CLOCK ~ ——

TRANSFER TRANSFER
REQUEST REQUEST
SIGNAL CONTROL MICRO GATE COUNTER ERROR
SIGNAL
SEQUENCE CONTROL CONTROL, TESTING
PERIPHERAL CONTROL PLA SECTION SECTION
EQUIPMENT SIGNAL
CONTROL
TRANSFER
e (1]
SECTION I ’l\ $ J T
TRANSFER REQUEST
CONTROL UNIT
MICROSEQUENCE CONTROL UNIT

8—4 MITSUBISHI
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M33242SP/}

CMOS INTERRUPT CONTROLLER (M32/IRC)

BLOCK DIAGRAM

LIRg~LiRs —>

LOCAL
INTERRUPT
INPUT

LEVEL
CONVERSION

INTERRUPT
OUTPUT

—= BIR,~BIRg

—= IRLo~IRL;

= LIKo~LIK;
BUS VECTOR
BIR,~BIRg —={ INTERRUPT GENERATION
INPUT ACKNOWLED-
GMENT
CONTROL
FSEL —>
A26~Az0 —> TICeTR
R/W —] |— LIKSTB
1 sus -
TAGK —] ACKOUT
AckiN—>] INTERFACE o
BSEL —>]
RESET —> b
CLK—> BE
MITSUBISHI
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M33243GS-25,-30

CMOS TAG MEMORY (M32/TAGM)

BLOCK DIAGRAM

—CO PURGE

Ao O—
.
. i
e | ApoRess E
+ | surFer MEMORY CELL MEMORY CELL
o |oecober 512 ENTRY 512 ENTRY
. X 23 BIT X6 BIT
e | X 4 WAY
.
As O—
PARITY
DATA
PARITY
GENE-—
RATOR
PARITY
COMPARATOR AR
00 O—
L]
. TAG
. DATA
: BUFFER
° MPX
01 O— OUTPUT CONTROL OUTPUT CONTROL
HIT/REPLAGE PERR
INFO
OUTPUT CONTROL/MULTIPLEX  TPo~Aw MHENSL EXTH
BLOCK Vee
20
MHIT
CELL COM 4
ARRAY e
88 VALY 7 NOR O HIT
(TAG, V) lcHECK |
1 o HITo/REP,
~—————————————0 HIT,/REP,
—¢ | — O HIT./REP;
MPX T O HITs/REP;
vl B ——oHco/RCo
4 —]ENcobE
MPX —
———-O0 HC,/RC;
v ___
oecooe naex —#— Nor o PERR
7
O [¢)
RLATCH SB, SBy SBLK H/R
8—8 MITSUBISHI
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- M33245GS

CMOS CACHE CONTROLLER/MEMORY (M32/CCM)

DESCRIPTION

M33245GS (M32/CCM) is a cache controller/memory for
M32 family microprocessors (M33210GS-20, M33220GS-20,
M33230GS-20).

It improves the MPU’s average memory access time.

FEATURES

16kB real address external cache

No wait reads possible when the cache is hit

Fast 4 words burst read when the cache is missed
Fully synchronous operation with M32 family processors
Internal address comparator allows muitiple usage
Division into data cache and instruction cache
Coherency maintained by address monitor

Purge and freeze functions in way units

Write-through main memory replace

4-way set associative cache

LRU (Least Recently Used) replace control

Each line consists of 4 words (16 bytes) and a validity
bit

Package . 135 pin PGA

APPLICATION

High performance cache memory system

PIN CONFIGURATION (BOTTOM VIEW)

H G F E D

®

g
FOROBO&O|r
F0B0R0|x
O&O|«

M33245GS

© ® N O s W N

o

n

O O 0 O
n5 14 03 nz 1m 1o
OO0 0000
74 73 72 71 70 69
o o] ZO] O

SFOROBOBO20OBOGOEOZOFOROZOZORZO|w

JORBOBOBOLOROBOROKOLOLKOBOBOSO|®

FOFOIOIOIOIOBOROBOBOROROKO=0)z
=

2OZOR0=Z03000®0O~N0a0n0»0OwONO~0|>

O8080
[oF]
JI0808080

]

N
S
©
®

Outline 135S8

PIN FUNCTION

fe——>= Dy~Dj3; DATABUS
CLK//CLKI < Ao~hes B3
Lok //BCLK,
BCLK,—— B
< BCo~BCs
RESET—= l<—— BAT(~BAT,
| svstem FLOAT—> t——ﬂw
CanaL RETRY—>] <85
BERR— ] f<——DS//AS,
NCA—| wmszcom [<——DCI//SDCI
——=DC0//SDCO|
CA25~—CA29<_— =——HACK ggamot.
o | CAS/CAS, < > SUSR/ALT | S
MEMORY | ===, ~ o
cosrgmt CDS//CASy ~=— BLOGK
ASDC—= ——BLACKF
CNCA—=1 > BURST//BLACKS
EGUEST SIaNAL |g_; < < %\l
——> CBM
WATo~WAT,— =]
Y Crvees —> BONT
Sanat{ ~CTYPEI =] [ SNACT
" iose W
MODE? T /1« SIGNAL
Vec  Vss

// . Multi function
Change by mode (MODE,~MODE;)

Note. Gmicro ™™ is a trademark of the G-MICRO group for the TRON specification microprocessors

8—10
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N M33281GS-20

CMOS FLOATING-POINT PROCESSING UNIT (M32/Fi’U)

DESCRIPTION
' M33281GS-20 is a high-speed floating-point arithmetic LSI PIN CONFIGURATION (BOTTOM VIEW)
unit, and support the extended precision data format of ° P NMLKUJHGTEFTETDTCGB A
IEEE standard. Siccacsoaassss |
The M33281GS-20 is designed to give maximum perform- OO0 QO OO0 0000000 |2
. . 30 86 67 68 89 90 91 92 93 M 9% % 53 2
ance as a coprocessor for M32 family microprocessors OO0 0O @) O O O 00O |3
- . . 3885 14 15 1% 7 1B 1B N B 1R 97 543
(M33220GS-20, M33230GS-20) . In addition to arithmetic OO0 0O O OO |4
. . L 37 84 1B 1% 98 55 4
operations and square roots, it has elementary function in- O O O OO0 |s5
structions, inner product instructions for fast matrix and vec- 35 ?% 8 % 506 % 6
tor calculations, area discrimination instructions for clipping 38 ?% ‘3 1(030 % 5 7
discrimination, graphics oriented instructions and many vaun M33281GS bR
more 33 80 19 ? 59 8
' ‘ % % m Bes |°
FEATURE ?1 % 8 8 8 % 0
oPrfU s(2 i i %%nsg« m%s(sjzﬁ "
eA:;r.\;ance (;I;/IHzfoperatlonov;lth M33220GS-20) 209 % ﬁ)s "04 % % 8 1% 1% % % % Goa % 12
ition T .
tion or subtraction s 000000000000 OO0 |13
Multipulication 0.45us 28 75 74 73 72 71 70 69 68 67 66 65 64 13
Division 1545 SasanoaonmrRBng |
Su
® Elementary function calculation
® Graphics support Outline 135S8X-A
® Conforms to IEEE754
® Fast coproce'ssor interface ® Peripheral device mode specifiable (for use when MPU
® Comprehensive system functions lacks coprocessor interface)
® Softwave and system support ® Package 135 pin PGA
® Variety of instruction types
31 arithmetic related APPLICATION
21 control related Scientific and technical calculations, engineering diagram
® 16 floating point operation registers (80-bit) processing
PIN ASSIGN
PIN CODE| PIN | NAME |PIN CODE| PIN | NAME [PIN CODE| PIN | NAME |PIN CODE| PIN { NAME [PIN CODE| PIN | NAME |PIN CODE| PIN | NAME
A1 1| Vss B10 61| CPDC | D12 |107| D H3 128 | Dyo L14 24| Vcc N9 79 | Vss
A2 2| Ay B11 62 | BERR D13 66 | Dig H12 {111 | Vec M1 42| Vs N10 78 | Vec
A3 3| HACK | Bf12 63 | CPST, | D14 17| Vee H13 70 | Vss M2 87 | FCPST;| N11 77| Vee
A4 4| BC, B13 | 64| Vss E1 49 | Vec H14 | 21| Ve M3 |124| LD N12 | 76| Vec
A5 5| R/W B14 15| Vee E2 94 Ds J1 45 D M4 [123| CPID; | N13 75| Vss
A6 6| BAT, Ct 51| Vee E3 {131 Do J2 9 | Dy M5 | 122 | IRL N14 | 26| Vss
A7 7| Vss c2 9% | Vce E12 | 108 | Dy J3 127 | Dis M6 [ 121 | Vss P1 40| Vec
A8 8| NC c3 97 | A E13 67 | Dy J12 | 112| Dy M7 | 120 | Vss P2 39 | RESET
A9 9| Vss C4 98 | BCo E14 18| Das J13 71| Do M8 | 119 | Veoe P3 38 | CPIDo
A10 10 | Vss C5 99 | BCs F1 48 Ds J14 22| Dy M9 | 118 | Vec P4 37| Vss
Al1 11| Vee C6 | 100 | Vss F2 93 D4 K1 44| Ve M10 | 117 | Vec P5 36 | SIZ16
A12 12| Vss C7 | 101 | BAT, F3 | 130 D, K2 89| Dy M11 | 116 | Vec P6 35| NC
A13 13 | CPST, C8 |102| Vec F12 {109 | Dao K3 (126 | Dss M12 | 115 | Vcc P7 34| Vee
Al4 14| Vee C9 103 | Vee F13 68 | Vcc K12 | 113 [ Dgo M13 | 74| Vcc P8 33 | CLKf
B1 52 | Vss C10 | 104 | RETRY | F14 19| Vss K13 72| Das Mi4 | 25| Dg P9 32| Vss
B2 53 | Vee C11 {105| DC G1 47 | Vss K14 23 | Vss N1 41 |FCPST,| P10 31 | FCPDC
B3 54 | Az C12 | 106 | CPST, G2 92 D; L1 43 | Vec N2 86 | Vss P11 30 | Vec
B4 55 | BC; C13 65 Ds7 G3 129 Ds L2 88 Dis N3 85 ub P12 29 Vee
B5 56 | BS C14 16| Vss G12 | 110 | Dy L3 125 | Vss N4 84 | CPID, | P13 28| NC
B6 57 | Vec D1 50 | Vss G13 69 | Doy L4 135 | Vee N5 83 | Vec P14 27| Vee
B7 58 | BAT, D2 95 D, G14 20| Das L11 | 134 |FCPSTo| N6 82| Vee
B8 59 | Vss D3 | 132 | Vs H1 46 Ds L12 | 114 | Vs N7 81 | Vss
B9 60 | CDE D11 [ 133 | Vs H2 91 Dio L13 73| Vss N8 80 | CLKf

Note. Gmicro ™ is a trademark of the G-MICRO group for the TRON specification microprocessors
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