






































































































































































































































































































































































































































































































































































































































































































































































































































MITSUBISHI LSIs

MSM82CSS5AP-5

CMOS PROGRAMMABLE PERIPHERAL INTERFACE

TIMING DIAGRAM \
Data bus read operation

tw(r)

tsu(a-R), th(r-a)

tezv(r-DQ) tevz(r-pa)
.
Do~Dy

Data bus write operation

1 twow) J
_ JZL
WR
tsu(a-w) th(w-a)
CS, Ao A
L_ tsu(pa-w) thiw-oa)

Do~Dy
Mode 0 Port input

twir) )

th(r-pe)

VY

PORT INPUT

q

Mode 0, 1 Port output

[} twow)

PORT OUTPUT

teHL(W-PE)

tPLH(W-PE)

MITSUBISHI | 5—g3
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M5M82CS55AP-5

CMO0S PROGRAMMABLE PERIPHERAL INTERFACE

Mode 1 Strobed input

tw(ste)

STB \

w,
—(

Zrﬁf 7

tpLH(sTB-18F)

<

IBF J
tPHL(R-1BF)
‘PHL(H-INTR)
teLH(STB-INTR),
INTR
th(ste-pE)
tsu(pe-ste)
/ 'a R
PORT INPUT { K\\
N /)
Mode 1 Strobed output
tww)
WR
tpLw-oBF) | teLH(ack-08F) |
OBF
tw(ack)
ACK
toHL(W-INTR) tPLH(ACK-INTR)
INTR
tenL(w-pE)
teLm(w-pE)
y
PORT OUTPUT
“MITSUBISHI
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CMOS PROGRAMMABLE PERIPHERAL INTERFACE
Mode 2 Bidirectional
—>
WR
teHL(w-0BF)
OBF
K
teLH(ACK-0BF)
e ——
INTR /
NI
tw(ack)
— k —
ACK : Z
tw(sTe)
STB \ T
teLH(sTB-1BF)
IBF VT
teLH(R-1BF)
. ©- —
tsu(pe-sTB) thiste-pe) tezv(ack-pe) tevz(ack-pE)

PORT A //7 : 8 h \\
& P Y

Note5: INTR=IBF - MASK - STB - RD + OBF - MASK - ACK + WR

MITSUBISHI
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M5M82C55AFP-5

DESCRIPTION

This is a family of general-purpose programmable input/
output devices designed for use with the 8/16-bit parallel
CPU as input/output ports.

This device is fabricated using silicon-gate CMOS tech-
nology for a single supply voltage. This LSI is a simple input
and output interface for TTL circuits, having 24 input/output
pins which correspond to three 8-bit input/output ports.

FEATURES

Single 5V supply voltage

TTL compatible

Improved DC driving capability
Improved timing characteristics

24 programmable 1/0 pins

Direct bit set/reset capability
Packaged in flat small outline package

APPLICATION
Input/output ports for MELPS85, MELPS86, MELPS88 mic-
roprocessor

FUNCTION

These PPIs have 24 input/output pins which may be indi-
vidually programmed in two 12-bit groups A and B with
mode control commands from a CPU. They are used in three
major modes of operation, mode 0 , mode 1 and mode 2 .
Operating in mode 0, each group of 12 pins may be prog-
rammed in sets of 4 to be inputs or outputs. In mode 1, the
24 1/0 terminals may be programmed in two 12-bit groups,
group A and group B. Each group contains one 8-bit data
port, which may be programmed to serve as input or output,
and one 4-bit control port used for handshaking and interrupt

PROGRAMMABLE PERIPHERAL INTERFACE
PIN CONFIGURATION (TOP VIEW)
{PA3 'I(_)] — PAs
INPUT/QUTPUT | PA2 = PAs | INPUT/OUTPUT
PORTA | PA; o [T [38] — PA | PORT A
) ({PA) «— E «— PA; J
READ INPUT RD — [&] 36] — WR WRITE INPUT
CHIP SELEST 5 — [F] 35] «— RESET RESET.INPUT
(ov) GND z 39 — D,
PORT ADDRESS( A — 8] g 33 =D
INPUTS | o, . = ] 0
N
PC7 o o) 31] — Ds | g1.DIRECTIONAL
PCe — 4 130) ~— D, | DATA BUS
PCs ~— :1"-. 29] > Ds
v
wput/oureur | PG & 28 — 05
PORT C | PCy + 27] 07
PC; E Vee (5V)
PC, E +«— PB;
PCs +— 24] — PBs
, PBo — 73 - PBs Lrg&wguwm
INPUTIQUIRUT. g, . [T 53 — Pe.
PB Z] — PB;
Outline 40P2R

control signals. Mode 2 is used with group A only, as one 8-
bit bidirectional bus port and one 5-bit control port. Bit set/
reset is controlled by CPU. A high-level reset input (RESET)
clears the control register, and all ports are set to the input
mode (high-impedance state).

Refere to MS5MB82C55AP-5 for detail information.
M5MB82C55AFP-5's specifications are fully compatible with
M5M82C55AP-5. Only package outline is different.

BLOCK DIAGRAM ] ) )
;
READ INPUT RD (5
GROUP . GROUP
_ 3 8 A INPUT/OUTPUT
WRITE INPUT WR cI@ — A 7 , PORT A PORT A
READ/WRITE CONTROL (8-817)
ADDRESS (A1 0 CONTROL || 8 —
INPUTS |, &) LoGIC ] [
[ GROUP A
RESET INPUT RESET @ 4 PORT C
o ] 4 (MOST SIGNIFI-]
CHIP SELECT TS ©® : CANT 4 BITS) | INPUT/OUTPUT
INPUT ! : 8-BIT PORT C
0, . wreanaL| ¢ ] GROWP S
0.8 g8 DATA BUS[<—7 LEAST SIGNIFI
3 ~ CANT 4 BITS)
| D59 |
50 DATA BUS 1
DATA BUS ng t——> BUFFER 8 i
D2 @< 8 GROUP s
‘|D| G)< GROUP 8 . B INPUT/OUTPUT
< L] B + PORT B PORT B
. CONTROL (8-BIT)
(5V) Ve L]
(0v) GND ] _
MITSUBISHI
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MSM82C59AP

CMOS PROGRAMMABLE INTERRUPT CONTROLLER

DESCRIPTION

The M5MB82C59AP is a programmable LSI for interrupt con-
trol. It is fabricated using silicon-gate CMOS technology and
is designed to be used easily in connection with an 8085A,
8086 or 8088.

FEATURES

® Single 5V supply voltage

® TTL compatible

® M5MB82C59AP is compatible with M5L8259AP in pin con-
nection.

CALL instruction to the CPU is generated automatically
Priority, interrupt mask and vectored address for each in-
terrupt request input are programmable

Up to 64 levels of interrupt requests can be controlled by
cascading with M5M82C59AP

® Polling functions

APPLICATION
The M5MB82C59AP can be used as an interrupt controller for

CPUs 8085A, 8086 and 8088

FUNCTION

The M5MB82C59AP is a device specifically designed for use
in real time, interrupt driven microcomputer systems. It man-
ages eight level requests and has built-in features for ex-
pandability to other M5M82C59AP’s. The priority and inter-
rupt mask can be changed or reconfigured at any time by
the main program.

PIN CONFIGURATION (TOP VIEW)
CHIP SELECT <] Y A Veo (5V)
WRITE —— —
CONTROL INPUT W_R—’IZ 77— Ao ADDRESS INPUT
controL inpot RD— 2] 2] —INTA ACKNOWLEDGE
0, —[@ 7 — IR, ). NPUT
Ds 5] S A-w
D5 «— E § E +—IRs
INTERRUPT
BIDIRECTIONAL.] D — [7] S 2R | prQUEST
DATABUS | p; +— [B] a 21— 1Rs | INPUTS
D; «— E % @ IRz
D, —[ig| 19— IR
>0 A% Jarennger
CASCADE | CASo «—[1Z} 71— INT  SUTRGT
O SIAVE PROGRAM
LINES| CAS: —[13 16| —SP/EN INWTENASLE -
(0V)Vss  [14] 75] «— CAS: CASCADE
LINES
Outline 28P4

When an interrupt is generated because of an interrupt
request at 1 of the pins, the M5M82C59AP based on the
mask and priority will output an INT to the CPU. After that,
when an INTA signal is received from the CPU or the sys-
tem controller, a CALL instruction and a programmed vector
address is released onto the data bus.

BLOCK DIAGRAM

r
'

INTERRUPT — b,
ACKNOWLEDGE INPUT INTA 29— 8 5)Ds
INTERRUPT s CONTROL LOGIC y 5)D:
REQUEST OUTPUT DATA BUS 7)Dy BIDIRECTIONAL DATA BUS
. BUFFER 8)Ds
9)D;
% 8 8 }E 10D
IRy (18 11)Dg
IR,
IRz (20—={INTERRUPT L
IRs REQUEST | 8 | prioriry | 8 [N SERVICE} |8 b~—2)WR WRITE CONTROL INPUT
INTERRUPT R reaisTer | JRESOLVER]*—] REGISTER READ/WRITE WH
REQUEST INPUTS |R4 @ (IRR) (ISR) —=1 CONTROL RD READ CONTROL INPUT
R @) Loaic @) Ao ADDRESS INPUT
s (29)
IR @) ()TS CHIP SELECT INPUT
‘ 1 ! 1 CASCADE @cAso
Veo(5V) INTERRUPT MASK REGISTER |8 BUFFER/ @ Chs, [CASCADE LINES
Vss(0V) (D (IMR) COMPARATOR B cAs,
O
| (8)SP/EN
SLAVE PROGRAM INPUT/
[ _ _ - - - ENABLE BUFFER OUTPUT
MITSUBISHI
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MSM82C59AP

CMOS PROGRAMMABLE INTERRUPT CONTROLLER

PIN DESCRIPTION

Input
Symbol Pin name nput or Functional significance
output
cs Chip select input Input This input is active at low-level, but may be at high-level during interrupt request input and interrupt processing.
WR Write control input Input Command write control input from the CPU
RD Read control input Input Data read control input for the CPU
ot t Input/ ) i
D7~Dgo Bidirectional data bus output Data and commands are transmitted through this bidirectional data bus to and from the CPU.
CAS Inout/ These pins are outputs for a master and inputs for a slave. And these pins of the master will be able to
ZCAS Cascade lines ou': ut address each individual slave. The master will enable the corresponding slave to release the device routine
) © P address during bytes 2 and 3 of INTA. .
SP/EN Slave program input/ Input/ SP: In normal mode, a master is designated when SP/EN=1 and a slave is designated when 'SP/EN=0.
Enable buffer output output | EN: In the buffered mode, whenever the M5M82C59AP’s data bus output is enabled, its SP/EN pin will go low.
INT Intérrupt request output |  Output This pin goes high whenever a valid In(er[upt is asserted.
The asynchronous interrupt inputs are active at high-level. The interrupt mask and priority of each interrupt
input be changed at any time. Wh i i , isi i f th
IRy~IRo Interrupt request input Input fnpu can be changed a ar?y ime. When using edge frtgger?d mode, the rising e.dge (low to high) o' e
interrupt request and the high-level must be held until the first INTA. For level triggered mode, the high-
level must be held until the first INTA. -
INTA Interrupt acknowledge Inout When an interrupt acknowledge (INTA) from the CPU is received, the M5M82C59AP releases a CALL in-
input P struction or vectored address onto the data bus.
. This pin is normally connected to one of the address lines and acts in conjunction with the the CS, WR and
Ao Ao address input Input —_— - . .
RD when writing commands or reading status registers.
OPERATION Table 1 M5M82C59AP basic operation
The M5MB2C59AP is interfaced with a standard system bus — _
as shown in Fig. 1 and operates as an interrupt controller. Ao | Ba | Ds | RD|WR| CS Input operation (read)
0 0 1 0 | IRR, ISR or interrupting level—~data bus
0 1 0 | IMR—Data bus
16
ADDRESS BUS Output operation (write)
0|0} O0 1 0 | O | Data bus—~OCW2
CONTROL BUS 0 0 1 1 0 0 | Data bus—~OCW3
0 1 X {1 0 0 | Data bus—ICW1
1 X X 1 0 0 | Data bus—~OCWT1, ICW2, ICW3, ICW4
§ DATA BUS
Disable function
8L — —
X X X 1 1 0 | Data bus—High-impedance
£ é i X | X | X | X | X | 1 | Databus—High-impedance
CS Ac D~Dp RD WR INT INTA
. CASg =
CAS CASCADE
M5M82C59AP e LINES
+ CASy fe—
SP/EN IR; IRs IRs IRy IR3 IRy IRy IRy
SLAVE PROGRAM INTERRUPT REQUEST INPUTS
INPUT/ ENABLE
BUFFER OUTPUT
Fig. 1 The M5M82C59AP interfaces to standard sys-
tem bus.
5—88 ¢ MITSUBISHI
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CMOS PROGRAMMABLE INTERRUPT CONTROLLER

Interrupt Sequence
1. When the CPU is an 8085A:

(1) When one or more of the interrupt request inputs are
raised high, the corresponding IRR bit(s) for the high-
level inputs will be set.

(2) Mask state and priority levels are considered and, if
appropriate, the M5M82C59AP sends an INT signal to
the CPU.

(3) The acknowledgement of the CPU to the INT signal,
the CPU issues an INTA pulse to the M5M82C59AP.

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

(5) A CALL is a 3-byte instruction, so additional two
INTA pulses are issued to the M5SM82C59AP from the
CPU.

(6) These two INTA pulses allow the M5M82CS9AP to
release the program address onto the data bus. The
low-order 8-bit vectored address is released at the
second INTA pulse and the high-order 8-bit vectored
address is released at the third INTA pulse. The ISR
bit corresponding to the interrupt request input is set
upon receiving the third INTA pulse from the CPU,
and the corresponding IRR bit is reset.

(7) This completes the 3-byte CALL instruction and the

" interrupt routine will be serviced. The ISR bit is reset
at the trailing edge of the third INTA pulse in the
AEOI| mode. In the other modes the ISR bit is not re-
set until an EOl command is issued.

'R—L_[‘NRR SET
|

” L

ISR SET

3
IRR RESET
e peser

(AEOI MODE)

2. When the CPU is an 8086 or 8088:
(1) When one or more of the interrupt request inputs are

IR
l' I;:IRR SET
LT

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

This is a function for a noise countermeasure of interrupt
reguest inputs. In the interrupt routine of IR, if ISR is check-
ed by software either the interrupt by noise or real interrupt.
can be acknowledged. In the state of edge trigger mode
normally the interrupt request inputs hold high-level and its
input low-level pulse in the case of interrupt.

/l 2£|Rn RESET

E
\SR SET ISR RESET (AEOI MODE)

Interrupt sequence outputs

1. When the CPU is an 8085A:
A CALL instruction is released onto the data bus when
the first INTA pulse iis issued. The low-order 8 bits of the
vectored address are released when the second INTA
pulse is issued, and the high-order 8 bits are released
when the third INTA pulse is issued. The format of these
three outputs is shown in Table 2.

Table 2 Formats of interrupt CALL instruction and vec-
tored address
First INTA pulse (CALL instruction)

[T ToTe v [ [o 1]

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

raised high, the corresponding IRR bit(s) for the high- IR Interval=4
level inputs will be set. D7 | Ds | Ds | Ds | Ds | D2 | D | Do
(2) Mask state and priority levels are considered and if Ro | Ar As As 0 0 0 0 0
appropriated, the M5M82C59AP sends an INT signal IR, A; As As 0 0 1 0 0
to the CPU. IR A; As As 0 1 0 0 0
(3) As an acknowledgement to the INT signal, the CPU IRs A, As As 0 1 1 0 0
issues an INTA pulse to the MSM82C59AP. Rs | A As As 1 0 0 0 0
(4) Upon receiving the first INTA pulse from the CPU, IRs A Ae As 1 0 1 0 0
the M5MB82C59AP does not drive the data bus, and IRe A Ao As 1 ] 0 0 0
the data bus keeps high-impedance state.
(5) When the second INTA pulse is issued from the Ry Al fo Ao ! ! ! 0 0
CPU, an 8-bit pointer is released onto the data bus.
(6) This completes the interrupt cycle and the interrupt
routine will be serviced. The ISR bit is reset at the
trailing edge of the second INTA pulse in the AEOI
mode. In the other modes the ISR bit is not reset un-
til an EOI command is issued from the CPU.
MITSUBISHI 5—89
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CMOS PROGRAMMABLE INTERRUPT CONTROLLER

IR Interval=8
D; Ds Ds Da D3 D2 Dy Do

IRo Az As 0 0 0 0 0 0
IR; A; As 0 0 1 0 0 0
R, | Ay | As | O 1 o | o o | o
IR3 Ay As 0 1 1 0 0 0
IR4 A; As 1 0 0 0 0 0
IRs A; As 1 0 1 0 0 0
IRs A; Aes 1 1 0 0 0 0
IRy Az Aes 1 1 1 0 0 0

Third INTA pulse (high-order 8 bits of vectored address)

D7 De Ds 04 Dg Dz D| Do
lAIS | Aiq | AIB[AIZ I An ! Aio I Ag ‘ AsJ

2. When the CPU is a 8086 or 8088: \

The data bus keeps a high-impedance state when the
first INTA pulse is issued. Then the pointer T,~ Ty is re-
leased when the next INTA pulse is issued. The content
of the pointer T;~Ty is shown in Table 3. The T,~T, are
a binary code corresponding to the interrupt request
level, Ajp ~ As are unused and ADI mode control is
ignored.

Table 3 Contents of interrupt pointer
Second INTA pulse (8-bit pointer)

request signal is latched in the corresponding IRR bit if the
high-level is held until the first INTA pulse is issued. It is im-
portant to remember that the interrupt request signal must
be held at high-level until the first INTA pulse is issued.

The interrupt request latching in the IRR causes a signal
to be sent to the priority resolver unless it is masked out.
When the priority resolver receives the signals it selects the
highest priority interrupt request latched in IRR. The ISR is
set when the last INTA pulse is issued while the corres-
ponding bit of IRR is reset and the other bits of IRR are un-
affected.

The bit of ISR that was set is not reset during the inter-
rupt routine, but is reset at the end of the routine by the EOI
command (end of interrupt) or by the trailing edge of the last

_ INTA pulse in AEOI mode.

Priority Resolver

The priority resolver examines all of the interrupt requests
set in IRR to determine and selects the highest priority. The
ISR bit corresponding to the selected (highest priority) re-
quest is set by the last INTA pulse.

Interrupt Mask Register (IMR)

The contents of the interrupt mask register are used to mask
out (disable) interrupt requests of selected interrupt request
pins. Each terminal is independently masked so that mask-
ing a high priority  interrupt does not influence the lower or
higher priority interrupts. Therefore the contents of IMR
selectively enable reading.

Interrupt Request Output (INT)

The interrupt request output connects directly to the inter-
rupt input of the CPU. The output level is compatible with
the input level required for the CPUs.

Interrupt Acknowledge Input (INTA)

The CALL instruction and vectored address are released
onto the data bus by the INTA pulse.

The data bus buffer is a 3-state bidirectional data bus buf-
fer that is used to interface with the system bus. Write com-
mands to the M5M82C59AP, CALL instructions, vectored
, status information, etc. are transferred through

D, Ds Ds D4 D3 D2 Dy Do
IRo T7 Ts Ts T4 Ts 0 0 0
IR T, Te Ts T4 T3 0 0 1
IRz T7 Te Ts Ta T3 0 1 0
s | T7 [ To | Ts | Ta 1 Ts 0 ! ! Data Bus Buffer
IR4 T7 Te Ts Ta T3 1 0 0
IRs T, Ts Ts Ta Ts 1 0 1
IR T7 Te Ts Ta T3 1 1 0
IR; Ty Tes Ts Ta T3 1 1 1 addr

Interrupt Request Register (IRR),
(ISR)
As interrpt requests are received at inputs IR;~IRo, the cor-
responding bits of IRR are set and as an interrupt request is
serviced the corresponding bit of ISR is set. The IRR is used
to store all the interrupt levels which are requesting service,
" and the ISR is used to store all the interrupt levels which are
being serviced. The status of these two registers can be
read. These two registers are connected through the priority
resolver.

An interrupt requst received by IRp is acknowledged on
the leading edge when in the edge triggered mode or it is
acknowledged on the level when in the level triggered
mode. After that an INT signal is released and the interrupt

In-service Register

the data bus buffer.

Read/Write Control Logic

The read/write control logic is used to control functions such
as receiving commands from the CPU and supplying status
information to the data bus.

Chip Select (CS)

The M5M82C59AP is selected (enabled) when CS is at low-
level, but during interrupt request input or interrupt proces-
sing it may be high-level.

Write Control Input (WR)

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

Read Control Input (RD)

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

MITSUBISHI
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Address Input (Ag)
The address input is normally connected with one of the
address lines and is used along with WR and RD to control
write commands and reading status information.
Cascade Buffer/Comparator
The cascade buffer/comparator stores or compares identi-
fication codes. The three cascade lines are output when the
M5MB82C59AP is a master or input when it is a slave. The
identification code on the cascade lines select it as master
or slave.
PROGRAMMING THE M5M82C59AP
The M5MB82C59AP is programmed through the Initialization
Command Word (ICW) and the operation command word
(OCW). The following explains the functions of these two
commands.
Initialization Command Words (ICWs)
The initialization command word is used for the initial setting
of the M5M82C59AP. There are four commands in this group
and the following explains the details of these four com-
mands.
IcCw1 .
The meaning of the bits of ICW1 is explained in Fig. 3 along
with the functions. ICW1 contains vectored address bits Ay~
As, a flag indicating whether interrupt input is edge trig-
gered or level triggered, CALL address interval, whether a
single M5M82C59AP or the cascade mode is used, and
whether ICWA4 is required or not.

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

this is interpreted as ICW1 and the following will automati-

cally occur.

(a) The interrupt mask register (IMR) is cleared.

(b) The interrupt request input IR; is assigned the lowest
priority.

(c) The special mask mode is cleared and the status read
is set to the interrupt request register (IRR).

(d) When 1C4=0 all bits in ICW4 are set to zero.

ICw2

ICW2 contains vectored address bits A5 ~ Ag or interrupt

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

ICW3

When SNGL=1 it indicates that only a single M5M82C59AP

is used in the system, in which case ICW3 is not valid. When

SNGL=0, ICW3 is valid and indicates cascade connections

with other M5M82C59AP devices. In the master mode, a “1”

is set for each slave.

When the CPU is an 8085A the CALL instruction is re-
leased from the master at the first INTA pulse and the vec-
tored address is released onto the data bus from the slave
at the second and third INTA pulses.

When the CPU is a 8086 the master and slave are in
high-impedance at the first INTA pulse and the pointer is re-
leased onto the data bus from the slave at the second INTA
pulse. )

The master mode is specified when SP/EM pin is high-
level or BUF=1 and M/S=1 in ICW4, and slave mode is
specified when SP/EM pin is low-level or BUF=1 and M/S

Ao D Ds Ds Dy D3 D,

Dy Do

ewil o | oA | A I A |1 ILTIM[ ADIISNGL] |c4]

owz | 1 [ A [ aete ] A [ aeT A A | oA ]|

SINGLE

YES(SNGL= 1)

NO(SNGL=0)

iews| 1 [ s | s [ s [ s | s [siD,|svibi | sonno]

\ NO(IC4=0)

1cwa
YES(IC4=1)
ews| 1 [ o | o [ o [senm] BuF [ wss | akoi | wpm |

FULLY NESTED MODE
READY TO ACCEPT INTERRUPT

Fig. 2 Initialization sequence

MITSUBISHI
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VECTOR ADDRESS.LOW-ORDER BITS

(Ar~As)

1
0

LEVEL TRIGGERED MODE
EDGE TRIGGERED MODE

1
0:

CALL ADDRESS INTERVAL 1S4
CALL ADDRESS INTERVAL 1S8

1
0:

SINGLE
CASCADE MODE

ICW1

[

[ [ 1
Lo Lol elel  Jom]ofso] o]

1
0:

ICW4 NEEDED
NO ICW4 NEEDED

Note 1 : 8085A ONLY

(Note 1)

(Note 1)

0

w1

L 1 l A15/T7l Aia/Ts l Ala/Tsl A12/T4I AH/T3J A
Ao

VECTOR ADDRESS HIGH-ORDER BITS
(A15~As)OR INTERRUPT TYPE (T;~T;)

ICW3 (SLAVE DEVICE)

D; Ds Ds Da D3 D2 Dy Do
ICW2
1: IRn INPUT HAS A SLAVE
0: IRn INPUT DOES NOT HAVE A SLAVE
lllS7JSG—IssTSAISBISQl31 So]
Ao D; De Ds Ds D3 D, D Do SLAVE IDENTIFICATION CODE
ICW3 (MASTER DEVICE) ol1]2]3)4]5]6]|7
ofofojofr|rftr]1
ojof1f{1]ojo|1]1
Of|1|oJ1]o]1jof1
v ol ool oo [w[w]w]
Ao Dy De Ds ")) D3 D2 D1 Do

SPECIAL FULLY NESTED MODE
0: NOT SPECIAL FULLY NESTED MODE

NON BUFFERED MODE
BUFFERED MODE/SLAVE
BUFFERED MODE/MASTER

1: AEOI MODE
0: NORMAL EOI MODE

1: 8086, 8088 MODE
0: 8085A MODE

| v [ o ] o | o [sem]Bur [ ms | aeoi]| upm
Ay Dy Ds Ds D4 D3 D, Dy Do
ICW4
Fig. 3 Initialization command word format
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=0 in ICWA4. In the slave mode, three bits ID,~ 1D, identify
the slave. And then when the slave code released on the
cascade lines from the master, matches the assigned ID
code, the vectored address is released by it onto the data
bus at the next INTA pulse.

ICw4

Only when IC4=1 in ICW1 is ICW4 valid. Otherwise all bits
are set to zero. When ICWA4 is valid it specifies special fully
nested mode, buffer mode master/slave, automatic EOl and
microprocessor mode. The format of ICW4 is shown in Fig. 3.
Operation Command Words (OCW5)

The operation command words are used to change the con-
tents of IMR, the priority of interrupt request inputs and the
special mask. After the ICW .are programmed into the

M5MB82C59AP, the device is ready to accept interrupt re-
quests. There are three types of OCWjs; explanation of each
follows, and the format of OCWjs is shown in Fig. 4.

oCcwi1

The meaning of the bits of OCW1 are explained in Fig. 4
along with their functions. Each bit of IMR can be indepen-
dently changed (set or reset) by OCW1.

oCcw2

The OCW2 is used for issuing EOl commands to the
M5MB82C59AP and for changing the priority of the interrupt
request inputs.

ocws3

The OCWS3 is used for specifying special mask mode, poll
mode and status register read.

1: INTERRUPT MASK SET

N N N O

l 0: INTERRUPT MASK RESET

C o o T T oo [ ]

Mol

Ay Dy Ds Ds D, [))
OCwW1

Do

NON-SPECIFIC EOI

—|=|=|ololo|l=|o

NO OPERATION

1

1 | SPECIFIC EOI (RESETS ISR BITS Ly~Lo)

1 ] ROTATE ON NON-SPECIFIC EOI

0 | SETS AUTOMATIC ROTATION FLIP-FLOP

0 | RESET AUTOMATIC ROTATION FLIP-FLOP

1 | ROTATE ON SPECIFIC EOI (RESETS ISR BIT L;~Lo)
0 | SETS PRIORITY COMMAND (SET LOWEST PRIORITY BIT L,~L,)
0

}eo

} AUTOMATIC ROTATION

} SPECIFIC ROTATION

‘_qo—-—-o—-—-oo

ID LEVEL TO BE ACTED UPON

—|lolo|=
o|=|o|n
—|=|o|w
—lo|=ln

Uy N N Y

6
1
1
0

ololo|o
olo|=|n»

|

RN T N B P

-
L |

Dy Ds Ds D4 D3 Dy
oCcw2
0 X |NO OPERATION
1 0 |RESET SPECIAL MASK MODE

SETS SPECIAL MASK MODE

1: POLL COMMAND

0: NO POLL COMMAND

NO OPERATION

0 | SETS STATUS READ REGISTER IN IRR

1 SETS STATUS READ REGISTER IN ISR

D; De Ds ")) D3 D2 Dy
OoCcw3

Lo [ o [eswm[smm| o | 1 [ p [ &R | mis |
R

Do

Fig. 4 Operation command word format

MITSUBISHI
ELECTRIC




MITSUBISHI LSls
M5M82C59AP

CMOS PROGRAMMABLE INTERRUPT CONTROLLER

FUNCTION OF COMMAND

Interrupt masks .

The mask register contains a mask for each individual inter-

rupt request. These interrupt masks can be changed by

programming using OCW1. -

Special mask mode

When an interrupt request is acknowledged and the ISR bit

corresponding to the .interrupt request is not reset by EOI

command (which means an interrupt service routine is
executing) lower priority interrupt requests are ignored.

In special mask mode interrupt requests received at in-

terrupt request inputs which are masked by OCWI are dis-
abled, but interrupts at all levels that are not masked are
possible. This means that in the mask mode all level of in-
terrupts are possible or individual inputs can be selectively
programmed so all interrupts at the selected inputs are dis-
abled. The masks are stored in IMR and special mask is
set/reset by executing OCWS3.
Buffered mode
The buffered mode will structure the M5M82C59AP to send
an enable signal on SP/EN to enable the data bus buffer,
when the data bus requires the data bus buffer or when cas-
cading mode is used. In this mode, when data bus output of
the M5MB82C59AP is enabled, the SP/EN output becomes
low-level. This allows the M5M82C59AP to be programmed
whether it is a master or a slave by software. The buffered
mode is set/reset by executing ICWA4.
Fully nested mode
The fully nested mode is the mode when no mode is speci-
fied and is the usual operational mode. In this mode, the
priority of interrupt request terminals is fixed from the lowest
IR; to the highest IRo: When an interrupt request is acknow-
ledged the CALL instruction and vectored address are re-
leased onto the data bus. At the same time the ISR bit cor-
responding to the accepted interrupt request is set. This ISR
bit remains set until it is reset by the input of an EOI com-
mand or until the trailing edge of last INTA pulse in AEOI
mode. While an interrupt service routine is being executed,
interrupt requests of same or lower priority are disabled
while the bit of ISR remains set. The priorities can be
changed by OCW2.

Special fully nested mode

The special fully nested mode will be used when cascading

is used and this mode will be programmed to the master by

ICWA4. The special fully nested mode is the same as the fully

nested mode with the following two exceptions.

1.. When an interrupt from a certain slave is being serviced,
this slave is not locked out from the master priority logic.
Higher priority interrupts within the slave will be recog-
nized by the master and the master will initiate an inter-
rupt request to the CPU. In general in the normal fully
nested mode, a serviced slave is locked out from the
master’s priority, and so higher priority interrupts from the
same slave are not serviced.

2. When an interrupt from a certain slave is being serviced
the software must check ISR to determine if there are
additional interrupts requests to be serviced. If the ISR
bit is 0 the EOl command may be sent to the master too.
But if it is not 0 the EOl command should not be sent to
the master.

Poll mode
The poll mode is useful when the internal enable flip-flop of
the microprocessor is reset, and interrupt input is disabled.
Service to the device is achieved by a programmer initiative
using a poll command. In the poll mode the M5M82C59AP at
the next RD pulse puts 8 bits on the data bus which indi-
cates whether there is an interrupt request and reads the:
priority level. The format of the information on the data bus is
as shown below.

1. there is an interrupt request.
0: there is no interrupt request.

!
FE')I

Binary code of the highest priority
level requesting services.

-l -] - - [ww]w]

Ds Ds D4 D3 D: Dy Do

When I=0 (no interrupt request), Wo~Wj is 111. The poll
is valid from WR to RD and interrupt is frozen. This mode
can be used for processing common service routines for in-
terrupts from more than one line and does not require any
INTA sequence. Poll command is issued by setting P=1 in
OCWa3. '

End of ‘interrupt (EOI) and specific EOl (SEOI)

An EOI command is required by the M5M82C59AP to reset
the ISR bit. So an EOl command must be issued to the
M5MB82C59AP before returning from an interrupt service
routine.

When AEOI is selected in ICW4, the ISR bit can be reset
at the trailing edge of the last INTA pulse. When AEOI is not
selected the ISR bit is reset by the EOl command issued to
the M5M82C59AP before returning from an interrupt service
routine. When programmed in the cascade mode the EOI
command must be issued to the master once and to corres-
ponding slave once.

There are two forms of EOl command, specific EOI and
non-specific EOl. When the M5M82C59AP is used in the fully
nested mode, the ISR bit being serviced is reset by the EOI
command. When the non-specific .EOl is issued the
M5MB82C59AP will automatically reset the highest ISR bit of
those that are set. Other ISR bits are reset by a specific EOI
and the bit to be reset is specified in the EOI by the prog-
ram. The SEOI is useful in modes other than fully nested
mode. When the M5M82C59AP is in special mask mode ISR
bits masked in IMR are not reset by EOI. EOl and SEOI are
selected when OCW2 is executed.
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Automatic EOI (AEOI)

In the AEOI mode the M5M82C59AP executes non-specific
EOI command automatically at the trailing edge of the last
INTA pulse. When AEOI=1 in ICW4, the M5M82C59AP is put
in AEOI mode continuously .until reprogrammed in ICWA4.
Automatic rotation

The automatic rotation mode is used in applications where
many interrupt requests of the same level are expected
such as multichanne! communication systems. In this mode
when an interrupt request is serviced, that request is
assigned the lowest priority so that if there are other inter-
rupt requests they will have higher priorities. This means
that the next request on the interrupt request being serviced
must wait until the other interrupt requests are serviced
(worst case is waiting for all 7 of the other controliers to be
serviced) . The priority and serving status are rotated as
shown in Fig. 5.

BEFORE ROTATION (IR3 THE HIGHEST PRIORITY

REQUIRING SERVICE)

1S; 1Ss I1Ss 1S4 1S3 1S, 1S,
ISR STATUS [o|0[1jo]1]0]0|

1So
0 |
LOWEST PRIORITY

i
[olelsfefafefrfo]

AFTER ROTATION
(IR3 WAS SERVICED AND ALL OTHER
PRIORITIES ROTATED CORRESPONDINGLY)
1S, 1S 1S5 ISq

ISR STATUS [o]o[l[ol

HIGHEST PRIORITY

PRIORITY
STATUS

ST T 0]

HIGHEST PRIORITY  LOWEST PRIORITY

[2l2]1[o[7]e[sla]

Fig. 5 An example of priority rotation

PRIORITY
STATUS

In the non-specific EOl command automatic rotation mode is
selected when R=1, EOI=1, SL=0 in OCW2. The internal
priority status is changed by EOl or AEOI commands. The
rotation priority A flip-flop is set by R=1, EOI=0 and SL=0
which is useful when the M5M82C59AP is used in the AEOI
mode.

Specific rotation

Specific rotation gives the user versatile capabilities in inter-
rupt controlled operations. It serves in those applications in
which a specific device's interrupt priority must be altered.
As opposed to automatic rotation which automatically sets
priorities, specific rotation is completely user controlled.
That is, the user selects the interrupt level that is to receive

lowest or highest priority. Priority changes can be executed
during an EOl command.

Level triggered mode/Edge triggered mode

Selection of level or edge triggered mode of the
M5MB82C59AP is made by ICW1, When using edge triggered
mode not only is a transition from low to high required, but
the high-level must be held until the first INTA. If the high-
level is not held until the first INTA, the interrupt request will
be treated as if it were input on IR;, except that the ISR bit
is not set. When level triggered mode is used the functions
are the same as edge triggered mode except that the tran-
sition from low to high is not required to trigger the interrupt
request.

In the level triggered mode and using AEOI mode
together, if the high-level is held too long the interrupt will
occur immediately. To avoid this situation interrupts should
be kept disabled until the end of the service routine or until
the IR input returns low. In the edge triggered mode this
type of mistake is not possible because the interrupt request
is edge triggered.

Reading the M5M82C59AP internal status

The contents of IRR and ISR can be read by the CPU with
status read. When an OCWS3 is issued to the M5M82C59AP
and an RD pulse issued the contents of IRR or ISR can be
released onto the data bus. A special command is not re-
quired to read the contents of IMR. The contents of IMR can
be released onto the data bus by issuing an RD pulse when
Ao=1. There is no need to issue a read register command
every time the IRR or ISR is to be read. Once a read regis-
ter command is received by the M5MB82C59AP, it remains
valid until it is changed. Remember that the programmer
must issue a poll command every time to check whether
there is an interrupt request and read the priority level. Poll-
ing overrides status read when P=1, RR=1 in OCWS3.
Cascading

The M5MB82C59AP can be interconnected in a system of one
master with up to eight slaves to handle up to 64 priority
levels. A system of three units that can be used with the
8085A is shown in Fig. 6.

The master can select a slave by outputting its identifica-
tion code through the three cascade lines. The INT output of
each slave is connected to the master interrupt request in-
puts. When an interrupt request of one of the slaves is to be
serviced the master outputs the identification code of the
slave through the cascade lines, so the slave will release
the vectored address on the next INTA pulse.

The cascade lines of the master are nomally low, and will
contain the slave identification code from the leading edge
of the first INTA pulse to the trailing edge of the last INTA
pulse. The master and slave can be programmed to work in
different modes. ICWs must be issued for each device, and
EOI commands must be issued twice: once for the master
and once for the corresponding slave. Each CS of the
M5MB82C59AP requires an address decoder.
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ELECTRIC




MITSUBISHI LSIs

MS5M82CS9AP

CMOS PROGRAMMABLE INTERRUPT CONTROLLER

ADDRESS BUS 16
CONTROL BUS
DATA BUS ' 8
3 8 (3 3
8 8
TS Ao INT] TS Ao INT TS Ao INT
CASy CASy CASo
M5M82C59AP s o M5M82C59AP M5MB82C59AP
MASTER CAS: CAS: SLAVE I o SLAVE
CAS) CAS, L—={CAs;
SP/EN M; Ms Ms Mg M3 M2 MiMo SP/EN 7 6 543210 SP/EN 7 6543210
Vee 7 |65 4 3210 GND 7 6 543210 GND 76543210
“ -~ v
INTERRUPT REQUEST INPUTS
Fig. 6 Cascading the M5M82C59AP
DEN
DATA BUS 8
Do~D; Do~Dy
ADDRE
(Note 1) ADo~AD; S5 BUS 14
RD OR TORC Ao INT INTR
WR OR TOWC | _ <
INTA ] %—we— > bﬁ
- BUFFER
WIS 15 sk TO BUS BUI
A [
a—P—  Lsw Z _
As Q
\—————AG — IR &
Ne
A — R 3
INTERRUPT IRe
REQUEST ~ 'R
INPUTS — | R
— | IRs
— ] IRg
— | IR;
Note 1 : Do~D; of the M5M82C59AP are direct connected with ADy~AD; of the 8086.

Fig. 7 Example of interface with the 8086
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INSTRUCTION SET

ltem Instruction code Function
Mnemonic
Number Ao D7 Ds Ds Dy D3 D2 D, Do [ICW4 required? Intervel Single Trigger
1 ICW1 A 0 Az As As 1 0 1 1 0 N 4 Y E
2 ICW1 B 0 A As As 1 1 1 1 0 N 4 Y L
3 ICW1 C 0 A; As As 1 0 1 0 0 N 4 N E
4 ICW1 D 0 A; As As 1 1 1 0 0 N 4 N L
5 ICW1 E 0 A; As 0 1 0 0 1 0 N 8 Y E
6 ICW1 F 0 A; A 0 1 1 0 1 0 N 8 Y L
7 ICW1 G 0 A; As 0 1 0 0 0 0 N 8 N E
8 ICW1 H 0 Ay As 0 1 1 0 0 0 N 8 N L
9 ICW1 | 0 Ay As As 1 0 1 1 1 Y 4 Y E
10 ICW1 J 0 Ay As As 1 1 1 1 1 Y 4 Y L
1 ICW1 K 0 Ay As As 1 0 1 0 1 Y 4 N E
12 ICW1 L 0 A; As As 1 1 1 0 1 Y 4 N L
13 ICW1 M 0 A; As 0 1 0 0 1 1 Y 8 Y E
14 ICW1 N 0 Ay As 0 1 1 0 1 1 Y 8 Y L
15 ICW1 O 0 A; As 0 1 0 0 0 1 Y 8 N E
16 ICW1 P 0 Ay As 0 1 1 0 0 1 Y 8 N L
17 ICW2 1 Ais Ay Az A An Ao Ag As 8-bit vectored address .
18 ICW3 M 1 S; Se Sg Sa S3 S, S So Slave connections (master mode)
19 ICW3 s 1 0 0 0 0 0 ID; 1Dy 1Dg Slave identification code (slave mode)
SFNM BUF AEOI 8086
20 ICW4 A 1 0 0 0 0 0 0 0 0 N N N N
21 ICW4 B 1 0 0 0 0 0 0 0 1 N N N Y
22 ICW4 C 1 0 0 0 0 0 0 1 0 N N Y N
23 ICW4 D 1 0 0 0 0 0 0 1 1 N N Y Y
24 ICW4 E 1 0 0 0 0 0 1 0 0 N N N N
25 ICW4 F 1 0 0 0 0 0 1 0 1 N N N Y
26 ICW4 G 1 0 0 0 0 0 1 1 0 N N Y N
27 ICW4 H 1 0 0 0 0 0 1 1 1 N N Y Y
28 ICW4 | 1 0 0 0 0 1 0 0 0 N Y S N N
29 ICW4 J 1 0 0 0 0 1 0 0 1 N Y S N Y
30 ICW4 K 1 0 0 0 0 1 0 1 0 N Y S Y N
31 ICW4 L 1 0 0 0 0 1 0 1 1 N Y s Y Y
32 ICW4 M 1 0 0 0 0 1 1 0 0 N Y M N N
33 ICW4 N 1 0 0 0 0 1 1 0 1 N Y M N Y
34 ICW4 O 1 0 0 0 0 1 1 1 0 N Y M Y N
35 ICW4 P 1 0 0 0 0 1 1 1 1 N Y M Y Y
36 ICW4 NA 1 0 0 0 1 0 0 0 0 Y N N N
37 ICW4 NB 1 0 0 0 1 0 0 0 1 Y N N Y
38 ICW4 NC 1 0 0 0 1 0 0 1 0 Y N Y N
39 ICW4 ND 1 0 0 0 1 0 0 1 1 Y N Y Y
40 ICW4 NE 1 0 0 0 1 0 1 0 0 Y N N N
4 ICW4 NF 1 0 0 0 1 0 1 0 1 Y N N Y
42 ICW4 NG 1 0 0 0 1 0 1 1 0 Y N Y N
43 ICW4 NH 1 0 0 0 1 0 1 1 1 Y N Y Y
44 ICW4 NI 1 0 0 0 1 1 0 0 0 Y Y S N N
45 ICW4 NJ 1 0 0 0 1 1 0 0 1 Y Y S N Y
46 ICW4 NK 1 0 0 0 1 1 0 1 0 Y Y S Y N
47 ICW4 NL 1 0 0 0 1 1 0 1 1 Y Y S Y Y
48 ICW4 NM 1 0 0 0 1 1 1 0 0 Y Y M N N
49 ICW4 NN 1 0 0 0 1 1 1 0 1 Y Y M N Y
50 ICW4 NO 1 0 0 0 1 1 1 1 0 Y Y M Y N
51 ICW4 NP 1 0 0 0 1 1 1 1 1 Y Y M Y Y
52 OoCwi1 1 M; Me Ms My Mz Mz M, Mo Interrupt mask
53 OCW2 E 0o -0 0 1 0 0 0 0 0 EOI
54 OCW2 SE 0 0 1 1 0 0 L L Lo SEOI
55 OCW?2 RE 0 1 0 1 0 0 0 0 0 Rotate on Non-Specific EOl command (Automatic rotation)
56 OCW?2 RSE 0 1 1 1 0 0 Lo Ly Lo Rotate on Specific EOl command (Specific rotation)
57 OCW?2 R 0 1 0 0 0 0 0 0 0 Rotate in AEOI Mode (SET)
58 OCW2 CR 0 0 0 0 0 0 0 0 0 Rotate in AEOI Mode (CLEAR)
59 OCW2 RS 0 1 1 0 0 0 L2 [ Lo Set priority without EOI
60 OCW3 P 0 0 0 0 0 1 1 0 0
61 OCW3 RIS 0 0 0 0 0 1 0 1 1
62 OCW3 RR 0 0 0 0 0 1 0 1 0
63 OCW3 SM 0 0 1 1 0 1 0 0 0
64 OCW3 RSM | 0 0 1 0 0 1 0 0 0
Note : Y:yes, N: no, E: edge, L: level, M: master, S: slave
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vece Power-supply voltage —0.3~7 \"
Vi Input voltage With respect to Vss —0.3~Vcct+0. 3 v
Vo Output voltage —0.3~Vge+0.3 \
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 c

RECOMMENDED OPERATING CONDITIONS (1a=—20~75TC, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 A"
Vss Supply voltage 0 v '
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vcc=5V+10%, Vss=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vin High-level input voltage 2 Veet0.3 v
ViL Low-level input voltage —0.3 0.8 \%
Vou High-level output voltage low=—400xA 2.4 \
VouanT) | High-level output voltage, interrupt request output low=100kA 3.5 \
lon=—400A 2.4
Voo Low-level output voltage loL=2.2mA 0. 45 \
lcc Standby supply current from Vg Vee=5.5V, Vi=V¢c or GND output open 10 KA
Iy High-level input current Vi=Vce —10 10 A
[ Low-level input current V=0V —10 10° A
loz Off-state output current Vss=0, Vi=0~Vc¢ —10 10 uA
litGr) High-level input current, interrupt request inputs Vi=V¢c 10 ~A
hieGr) Low-level input current, interrupt request inputs V=0V —300 rA
Ci Input capacitance Vee=Vss, I=1MHz, 25mVrms, Ta=25C 10 pF
Ciso Input/output capacitance Vee=Vss, I=1MHz, 25mVrms, Ta=25C 20 pF
TIMING REQUIREMENTS (Ta=—20~75C , Voc=5V£10%, Vss=0V, unless otherwise noted)
Symbol Parameter Altemative Limits Unit
Symbol Min Typ Max
tww) Write pulse width twiwh 290(200) ns
tsuca-w) Address setup time before write tAHWL 0 ns
th(w-a) Address hold time after write twHAx 0 ns
Ts,;( DQ-w) Data setup time before write tovwH 240(100) ns
th(w-pa) Data hold time after write twHDX 0 ns
tw(r) Read pulse width tRLRH 235(200) ns
tsuca-r) Address setup time before read tAHRL 0 ns
th(r-a) Address hold time after read tRHAX 0 ns
twar) Interrupt request input width, low-level time, edge triggered mode | t,_yn 100 ns
tsu(CAS-INTA) Cascade setup time after INTA (slave) toviaL 55 ns
trec(w) Write recovery time twHRL 190 ns
trec(r) Read recovery time tRHRL 160 ns
End of Command to next Command (Not same Command type)
td(rw) — — teHoL 500 ns
End of INTA sequence to next INTA sequence.
5—08 MITSUBISHI
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SWITCHING CHARACTERISTICS (Ta=—20~75C, Voc=5V£10%, Vss=0V, unless otherwise noted)

Alternative Limits
Symbol Parameter Unit
Symbol Min Typ Max

tpzv(R-DQ) Data output enable time after read trLov 200(170) ns
tpvz(R-DQ) Data output disable time after read trHDZ 10 100 ns
tpzv(a-DQ) Data output enable time after address taHDV 200(170) ns
tPHL(R-EN) Propagation time from read to enable signal output tRLEL 125 ns
teLH(R-EN) Propagation time from read to disable signal output tRHEH 150 ns
tPLHOR-INT) Propagation time from Interrupt request input to interrupt request output | tyn 350 ns
tPLV(INTA-CAS) Propagation time from INTA to cascade output (master) tiaLcv 565 ns
tezv(cas-pQ) Data output enable time after cascade output (slave) tcvov 300 ns

Note 1 : MS5MB82C59AP is also invested with the extended specification showed in the brackets.
2 ! INTA signal is considered read signal
CS signal is considered address signal

Input pulse level 0.45~2.4v 2.4

Input pulse rise time 10ns 2

Input pulse fall time 10ns 0.8 0.8
Reference level Input V=2V, V, =0.8V 0.45 -

Output Vou=2V, Vo,=0.8V_ _
Load capacitance C_=100pF, where SP/EN
pin is 15pF

TIMING DIAGRAM

Write Mode
TS, Ao
tsua-w) thiw-a)
f—— |
twiw) -
- th(w-0a)
| tsu(oa-w) >
Dy~Do .
Read Mode
'
TS, Ao
N
tsu(a-r) ti(—RJ-A)
tw(r) |y
RD \
INTA N
tezv(r-DQ) tevz(r-00)
tezv(a-DQ)

B/~0s A 1
N

tPHL(R-EN) teLH(R-EN)
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Interrupt Sequence

|

Z|
5
>

D;~Do

CAS,;~CASo

Other Timing

3l

5
>

L \_
twar) -

teLH(IR-INT)
\(Note 1) \(Note 2)
(Note 1)
\L/_ﬂf__/ e
(Note 3) . z :S; (Note 2) ég (Note 2)
teLV(INTA-CAS) tsu(cas-iINTA)
H’-r—-—i
fonvions.
] PzV(CAS-DQ) (Note 1) (Note 2)
trec(w)

/ trec(r)

td(rw)

8086, 8088 mode

8085A mode

8086, 8088 mode is in high-impedance state, pointer is released during the next INTA.
When in single 8085A mode, data is released by all INTAs. When master, CALL in-"~
struction is released during the first INTA, high impedance state during the second and
third INTA. When slave, high impedance state during the first INTA, vectored address
is released during the second and third INTA.
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M5M82CS59AFP

DESCRIPTION

The M5M82C59AFP is a programmable LSI for interrupt con-
trol. It is fabricated using silicon-gate CMOS technology and
is designed to be used easily in connection with an 8085A,
8086 or 8088.

FEATURES

® Single 5V supply voltage

TTL compatible

CALL instruction to the CPU is generated automatically
Priority, interrupt mask and vectored address for each in-
terrupt request input are programmable

Up to 64 levels of interrupt requests can be controlled by
cascading with M5M82C59AFP

Polling functions

Packaged in flat small outline package

APPLICATION
The M5MB2C59AFP can be used as an interrupt controller
for CPUs 8085A, 8086 and 8088

FUNCTION
The M5MB82C59AFP is a device specifically designed for use
in real time, interrupt driven microcomputer systems. It man-
ages eight level requests and has built-in features for ex-
pandability to other M5M82C59AFP’s. The priority and inter-
rupt mask can be changed or reconfigured at any time by
the main program.

When an interrupt is generated because of an interrupt

PIN CONFIGURATION (TOP VIEW)
o SELEGE o5 1 8 vt
WRITE = —
controL inpur WA — 2] 27— Ao ADDRESS INPUT
contRoL ihper Ao — 3] 26 < TNTA ACKNOWLEDGE
0, [ < 1Ry | INPUT
De =[] g 29 — IR
Ds «— [6] e 73] — IRs
BIDRECTIONAL | D+ =[] o} 20— 1R, | GOESE T
DATABUS | p; « 3] 8 21 —1R; | INPUTS
D —[3] = —IR,
Dy E ) v E —IR,
o™ 8o ) prsemyer
CASCADE CASo "'E 17] —INT ouTPUT
— OSIAVE PROGRAM
LINES | CAS: «—[T3] 6] —SP./EN INUT/ENABLE -
(0V)ves 4 5] ++ CAS2  CASCADE
LINES
Outline 28P2W

request at 1 of the pins, the M5M82C59AFP based on the
mask and priority will output an INT to the CPU. After that,
when an INTA signal is received from the CPU or the sys-
tem controller, a CALL instruction and a programmed vector
address is released onto the data bus.

Refer to MbMB82C59AP for  detail
M5MB82C59AFP’s  specifications are compatible
M5MB82C59AP. Only package outline is different.

information.
with

BLOCK DIAGRAM

r
'

INTERRUPT — (4)p,
ACKNOWLEDGE INpUT TNTA @9—=9 8 (5)Ds
INTERRUPT N CONTROL LOGIC &D0:

REQUEST OUTPUT DATA BUS D4 BIDIRECTIONAL DATA BUS
! BUFFER (8)D3

(9)D2 h
%8 8 %8 D1
(1DDo
INTERRUPT |
requesT | 8 I prioriTy | 8 ﬁ'” SERICEL 18 | lrean/wrimeP~—@WR WRITE CONTROL INPUT
INTERRUPT REGISTER RESOLVER REGISTER st
REQUEST INPUTS (IRR) (ISR) r_"' CONTROL RD READ CONTROL INPUT
Loaic 2)A; ADDRESS INPUT
1 T i (1)CS CHIP SELECT INPUT
N CASy
8| L] cascabe ®
Vee(5V) @) INTERRUPT MASK REGISTER L BUFFER/ ()CAs, [ CASCADE LINES
Vss(0V) (9 (IMR) COMPARATOR @cas,
| SP/EN
SLAVE PROGRAM INPUT/
L - - - - - ENABLE BUFFER OUTPUT
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CMOS CRT CONTROLLER

DESCRIPTION

The M58992P is a raster scan type CRT interface device,
fabricated using silicon gate CMOS technology. This LSI is
a one-chip type high-performance video display generator
having the timing signal generator and attribute circuits re-
quired for CRT display so as to allow system configuration
with a small number of components.

FEATURES

® Single 5V supply voltage.

® Can generate video display using simple external
circuit

® 10 programmable display modes

® Some mode conditionally allows mixed use with other
mode.

® Color display is programmable to use either 8 or 16
colors.

® The R, G and B signals are provided as video output
signals.

® Can superimpose on TV screen

® A 16K or 64K DRAM is used as the video RAM under
control of the built-in DRAM controller.

® The video RAM area can be used concurrently for stor-
age of display data and microprocessor program.

® Paging and scrolling are possible.

® Cursor control; blinking, blanking, underline and reverse
characters are possible.

® Light pen input control function is provided.

PIN CONFIGURATION (TOP VIEW)

(OV)Vss Veo(5V)
DAD; ++ A
DADg + [62] — Ayq
muLTPLEXED | DADs A
DRAM DAD, + 5] A2
ADDRESSIDATA | DAD, + [&] — Ay
BUS DAD, +> 58]+ Aso
DAD, « [E] —A
DAD, + [3] — A
ROW ADDRESS ' DADo ADDRESS BUS
Sy e il
STROBE OUTPUT CAS +— [ 24+ A
WRITEENABLE  WE —As
OUTPUT R -
G+ Az
VIDEO OUTPUTS
& The
| + 6] % 49 — A,
BURST OUTPUT BRST + < — A
CLOCKB  BCLK o —> READY READY OUTPUT

CLOCK M MCLK + [19] <+ RESET RESET INPUT

SYSTEMCLOCK CLK — — INTR ;'aNEToESEsUTPgJUTPUT
BLANKING  BLANK «

QUTPUT 44] + 10/M I0/MEMORY INPUT

LIGHTPEN  LTPEN — s G SELECT
STROBE INPUT

RAq +—[23 “—RD  READ INPUT
CHARACTER - s
GENERATOR | RA 4] WR  WRITE INPUT
RASTER ADDRESS | RA, +— [ %]« DB,

CODEDATA [ GDRD; =

READ OUTPUTS| CDRD, + 28] DATA BUS

I . o . CHARMCTERCODE G 7 o ~ DB,

® Various interrupts generating function is provided. geﬁ&%%& HSYNG «» [ )« DB,
OUTPUT VSYNC «[31] 51« DB,
APPLICATION VERTCAL - (OV)Vs -~ DB,
Display unit using home TV set or monitor TV set OUTPUT NZE
' Outline 64P4B
FUNCTION
The information or data to be displayed on the screen is
written in the video RAM by the microprocessor. The
M58992P can read the video RAM in the order of the CRT.
scan, and can generate synchronization signal for a CRT.
MITSUBISHI
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M58992P

CMOS CRT CONTROLLER

PIN DESCRIPTION

\

5—104

Pin Name Input/output Functions
Multiplexed . L "
DAD,~ Causes data input from DRAM or data output for writing in DRAM by output of mitiplexed row and col-
DRAM address Input/output
DADo umn address to DRAM.
/data bus
— Row address . . . —
RAS Output DRAM address input is latched at falling edge of RAS.
strobe output
—_— Column address . . . GAS
CAS Output DRAM address input is latched at falling edge of CAS.
strobe output
WE Write enable output Output Data from microprocessor is written in DRAM when this signal is “L".
R Video output R
G Video output G TTL level output of video signals R, G and B.
B Video output B Output
Auxiliary output for R, G and B. By external Combination with R, G and B, up to 16 colors can be dis-
| Video output luminance played.
| = “H” indicates high luminance.
Signal to indicatt | t si | iti b- ier fi hase-modulated by RGB in cas
BRST Burst output Output ignal to indicate color burst signal position or sub-carrier frequency phase-modulated by n case
of NTSC system.
( BCLK Clock B Output Frequency at 1/4 of clock input. Subcarrier frequency in NTSC color system.
Internal timing clock. Indicates DRAM access by the M58992P for display when this signal is “L” in the
MCLK | Clock M Output ing clock. Indlicates access by the play 9
text 1, text 2, graphic 1, graphic 2, graphic 3 or graphic 5 mode.
CLK System clock Input 14.31818MHz for display using NTSC system.
I ——— |
BLANK Blanking output Output Indicates around the synchronizing pulse in horizontal or vertical blanking period of the M58992P.
LTPEN Light pen strobe input Input Signal to latch internal address value.
RA Character generator
3 RA raster address Output Least significant 4 bits of address for use of character generater to be used in text mode.
° outputs
CDRD1 Signal to control external circuit for input of display code pattern to the M58992P.
CDRD2 Code data read outputs Output CDRD1 is the timing for direct data input from DRAM to the M58992P, and CDRD?2 is the timing for input
from character generator.
Character code . . .
CALT Output Signal to cause external latching of character generator pointer output from DRAM.
latch output
e Horizontal
HSYNC . )
synchronize output . . = . . . ; - .
Open drain | Setting synchronizing signal input mode by command causes no generation of internal synchronizing sig-
Vertical output nal but internal counter reset by external signal.
VSYNC .
synchronize output
MITSUBISHI
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‘ M58992P

CMOS CRT CONTROLLER

PIN DESERIPTION (CONTINUED)

Pin Name Input/output Functions
DB;~DB, | Data bus Input/output | Data bus DB; : MSB
WR Write input Input Function cs 10/M RD WR
No LSI selection 1 - - -
RD Read input Input DRAM Read 0 0 0 1
DRAM Write 0 0 1 0
cs Chip select input Input
The M58992P register read 0 1 0 1
The M58992P register write 0 1 1 0
10/M 10/memory input Input —
The M58992P starts DRAM access or internal register read/write upon CS.
INTR Interruﬁt request output Output Intérrupt request output gertnerated for any of fonjur rea‘sons in the M58992P can be masked. The status
register detects the type of interrupt. The INTR signal is reset upon status read.
RESET Reset input Input The M58992P system reset signal to initialize various registers.
Normally “H” signal. Goes to “L” upon selection of DRAM and returns to “H” upon completion of DRAM
READY Ready output Output Y "9 ! st upon selection of \Wi and return up pleti
read/write. This signal provides synchronism with the microprocessor.
Address input on the microprocessor side.
Ais~Ag Address bus Input X P © roproce st f . "
Aqsis the MSB. Aq to A are used for register reading or writing.

MITSUBISHI
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M58992P

‘CMOS CRT CONTROLLER

Table 1 The M58992P display mode list

40 characters| 8X8 dot 2000 Al 40 characters| 2400
X25 lines ot Cursor ways X30 lines
16 bits/ possible
allowed.
FG: character X without
40 characters)| 810 dot 16 col (8bits 1, 1600 Multipte flickeri 40 characters| 1920
r or ickering.
X20 lines ot ) ors | Border color| blinking 9 X24 lines
BG: character . .
) designation, Unused Unused positions
8colors | and 8 bits
80 characters| 8X8 dot eD: p . etc. 4000 may be dis-| Always 80 characters| 4800
s : or color
X 25 lines ignated in | Possible. X30 lines
16 colors | designa- N Flickering is|
80 charact tion) ‘ it Sasee 2t | soon
characters| nits. characters|
) 810 dots 3200 | other than ¢ 3840
X20 lines blinking. X24 lines
1 160H Tblock: | FG: . 8000 160H 4600
X100V 2X2 dots 16 colors ’ X120V
MSB 4 bits,
BD: 4 bits/dot Unused
BG color
160H 1 block : 16 colors Always 160H
16000 19200
X200V 2X1 dots Possible X240V
without
FG : Semi flickering.
320H 1 block * 16 colors 320H
2 bits/dot Color pallet for FG 16000 19200
X200V 1X1dot | BD: X240V
16 colors
FG: Border col-
: . ) No Same as
320H 1 block : 16 colors or, etc. MSB 4 bits, 320H
4 bits/dot 32000 text 3and 4 38400
X200V 1X1dot | BD: BG color X240V
modes
16 colors
Unused
FG ' One
seleted BG and FG Same as
Ga0H 1 block - lor 1 bits/dot lor di 16000 text1and 2 Ga0H 19200
i color de-
x200v | ixtdot | °° olor ¢e X240V
BD: signation modes
16 colors
3 g Same as
640H 1 block : Same as 640H
. 2 bits/dot Color pallet for FG 32000 text 3 and 4 38400
X200V 1X1dot | graphic3 modes X240v
N €

FG=Foreground BG=Background BD=Border CLRG1~3=Color register
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MITSUBISHI LSis

NOTICE FOR CMOS PERIPHERALS

1. INTRODUCTION '
Mitsubishi  Electric’'s  microprocessor-support CMOS
peripheral LS| devices are compatible with current NMOS
peripheral devices, and feature the additional advantages
listed below.

® Compatibility with 8251A, 8254, 8255A, 8237A, 8259A.

® Low power dissipation

® Wide supply voltage range, Voc=5V£10%

® Wide operating temperature range, Ta=—20~75C

® Improved timing conditions

Due to these advantageous features, CMOS peripheral de-
vices can be used to replace conventional NMOS devices
in their typical applications, and can additionally be used in
applications requiring low power dissipation.

The following sections describe the basic characteristics of
Mitsubishi Electric’s CMOS peripheral LS| devices for mic-
roprocessor support, and explain precautions and methods
of use.

2. BASIC CIRCUITS AND

CONSTRUCTION
The internal circuitry of CMOS devices consist of both p-
channel and n-channel transistors.
There are two types of NMOS transistors. In the depletion-
type, drain-to-source remains on even when gate-to-source
voltage is OV, and with the enhancement-type device, drop-
ping gate-to-source voltage below the threshold voltage
level turns the transistor off. CMOS devices employ the en-
hancement type, regardless of whether they are p-channel
or n-channel devices.
Fig. 1 shows the typical inverter, which is the basis of
CMOS peripherals and Fig. 2 illustrates its equivalent cir-
cuit diagram.

PROCESS TECHNOLOGY

Silicon Gate N-Well CMOSP

3. OPERATIONAL DESCRIPTION

Fig. 3 illustrates what happens when supply voltage (V¢c) is

applied to the circuit shown in Fig. 2, varying input voltage

from Vgg to Vgc. The Vo curve indicates the change in out-
put voltage and supply current (Igc).

As illustrated, these characteristics depend on input vol-

tage, so can be better understood by dividing V, into three

regions, I ~1I.

I : In this region, only the p-channel transistor T, is on, so
that the Vo output voltage becomes V¢g. In this condi-
tion, practically no current Igc flows.

II : In this region, Vo varies in accordance with V,. When V, -
is increased from region I, the n-channel transistor T,
begins to turn on, so that Vo gradually decreases and
at some point begins to decrease rapidly. The value of
V, at this point of rapid Vo decrease is known as the
circuit threshold voltage.

When this voltage is exceeded, as V, is increased, Vo
approaches Vggs.

In the region II, Vo, is determined by the ratio of the on
resistances of Ty and To.

lcc is always flowing in this region, and becomes max-
imum when V, is at the circuit threshold voltage.

1T : In this region, since only Ty is on, Vo becomes the vol-
tage Vgs. In this region, as was the case for region I,
virtually no Igc current flows.

Fig.2 Single-stage inverter circuit

I I m
Protection layer
Al ]
Poly-Si PSG v
j cc
sio /A gzm 1 °
: Y DN >
o
b
)
>
5
g
Substrate P~(GND) 3
Fig.1 Single-stage inverter construction
Input voltage V,
Fig.3 Single-stage inverter voltage transfer and supply
current vs. input voltage characteristics
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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 170 circuits have been establiched at TTL level.

Fig. 4 illustrates input voltage V|y versus supply current lgc

for M5M82C55AP-5. Here, when V| reaches 1.3 to 1.5V,

the resulting switch in internal circuits causes a sharp in-

crease in g flow.

(PORT-A, MODE 0 INPUT)

250 T T
Vee=5V 26C

200
Vec=bV|

150 \ll
Vec=4.5V
100
50
S —
e

0 1 2 3 4 5 6
Vin (V)

lec (2A)

Fig.4 Input voltage vs. dissipation current

M5M82C55AP-5

In a CMOS curcuit, since p-channel and n-channel transis-
tors are connected in series between the Vgc and Vgs, as
long as gate voltage is at the Vg or Vgg level, one of the
two transistors will be in an off state. Consequently, fixing
the input pin at the Vg or Vgs level causes the static dis-
sipation current (lec) flow from the Ve to Vgg 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=25T, and will not go over more than a few nanoam-
peres even at Ta=85T. 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
Vec to Vgs. The amount of current flow increases relative to
higher Ve 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. PR

The M5M82C55AP-5 illustrated in Fig. 4 has parallel-
connected 1/0 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-
éting frequency.

5 Voo=5V
DUTY=50%
4 Ta=25C
3
o /
Q
O
8 /!

! 7
L1
0
100k ™M 2 5 810M
fo (Hz)
Fig.5 Operating frequency vs. power dissipation
M5M82C54P

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

5k
Vee=
4 5.5v
. §5. ov
<
E 3l 4.5v|
3 —

0 1 2
fc (MHz)

Fig.6 Operating frequency vs. power dissipation
M5M82C37AP '
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5. NOISE MARGIN

As was noted in section 4, 1/0 levels for CMOS peripheral
LS| devices have been established for TTL interface com-
patibility. Fig. 7 shows a comparison of DC noise margins
when CMOS peripheral devices are interfaced with other
logic devices. As seen here, with CMOS-to-CMOS inter-
faces, Viy(min) remains very tolerable. However, since the
CMOS peripheral device standard provides for TTL inter-
face, Vou(min) is defined for states where loy flow is sub-
stantial (loq = — 400uA) . When actually connected to a
CMOS logic gate, the required value for loy is only the
small current required to drive the gate-to-gate capaci-

tance. So V\y(min) for a CMOS gate satisfies this require-
ment with room to spare. Fig. 8 shows the Vo characteris-
tics for the M5M82C55AP-5 data bus. As seem here, the
margin between the standard and actual performance is
substantial.

Low-speed CMOS gates have high internal propagation
delay times, which further increases their noise margin.
However, the CMOS gates used in peripheral devices still
hold delay time to less than 1ns per stage. They are there-
fore capable of responding to pulses which transient at ex-
termely high speeds, and noise margins are as good as
similar type NMOS devices.

Y ) Von min
on min 2.7

2.4

Voltage level (V)

Vii min Vi min

Vi max ViL max

0.8 0.8

VoL max VoL max

405~

Vor min

&>
Nyt }

Vo min -

3.5
Vii min

Vi min

ViL max

Vie max

0.9

Voumax Vou max

CMOS peripherals LSTTL (Note 1)

TTL level,
Vou min=2.4V

Standard CMOS logic
4000B series

High-speed CMOS
74HC series (Note 2)

Note 1 : Ti
2 . JEDEC Vgc=4.5V

Fig.7 DC noise margin comparison (Vgc=>5.0V)

low=—1 |JO,uA

}
5 "~ Viu=—4mA
]

Ta=—140, 25,90C /
| %/

Ta=—40C

4
Ta=25C=2~
Ta=90"C /

Von (DATA BUS)(V)

4 5 6
Vee (V)

Fig.8 Von characteristics M6M82C55AP-5

6. FANOUT

The drive capability of CMOS peripheral devices generally
exceeds that of NMOS logic devices. This can be seen in
Fig. 8, where drive capability at “H” level is noticeably bet-
ter than NMOS. This defference between logic types pro-
vides a slight difference when actually applied to driving a
load such as a transistor, and the value of the load resist-
ance can affect fanout capability. This point will be covered
in more detail later. :

For reference purposes, the “L” level drive capability of
M5MB82C55AP-5 is illustrated in Fig. 9. )

When driving a MOS-IC with a peripheral LS|, since it is
only necessary to drive the input leakage current of the
DC-connected IC, fanout capability is quite good. However,
where devices having many components (e.g., data bus,
etc.) are connected, the stray capacitance of the wiring and
device input capacitance (generally about 5pF) must also

MITSUBISHI
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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.

0.3
s
= Voe=4.5V | 1=
a :Vcc=5V| gélf'c
m 0.2 cc=5.5V
< | vie=a5v | 1 _
= /r Vee=5V| 25?0
e Veo=5.5V | 2T
5  LVoe=4.5v |1 —
= 0.1 — Vee=5V] %o
Voe=5.5V
t
UNIT VvV
0 1 2 3 4
loL (DATA BUS)(mA)
Fig.9 IOL-VO._ characteristics M6M82C55AP-5

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,

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 tranS|stor is set at
approximately 1.5V, as noted in section 4, input voltage be-
comes unstable around this level, and a through current
starts to flow from Vg to Vgss. In systems where low dis-
sipation current is required, this characteristic can cause
problems in the design 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
P
Poly-Si
Vmu=1.5V
_ Input @ AN
R=1kO I (atVoo=5V)
B
VSS

Fig.10 CMOS peripheral device input circuit
(equivalent diagram)

DATA BUS TIMING

WRITE

READ

ts, th=0ns

Address, S X )‘ Address, CS X X
th
2 | DATA (INPUT) X stase X RD -\ j
2 '
—_ _
R /_ DATA (OUTPUT) VALID
max200/250ns
ts th
Address, CS )( Address, CS )(
* min200ns
§ DATA (INPUT) X sTasLE 75 -\
[&]
min200ns = max170ns
WR j}__4 DATA (OUTPUT) £ VALID

ts, th=0ns

* M5M82C37AP, C51AP, C55AP-5, C59AP

Fig.11 Bus timing characteristics
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8. TIMING - CHARACTERISTICS

The timing:»conditions between the system and CMOS
peripheral LS| devices have been improved over their
NMOS type counterparts. Improvements include better
setup and hold times, and microprocessor interfacing is
easier. Fig. 11 summarizes there differences in comparison
form. Whereas NMOS devices required tg and tp time,
these have been eliminated with CMOS peripherals by set-
ting ts and th tg Ons.

9. USAGE PRECAUTIONS
(1) Dealing with NC input pins
Leaving unused input pins open results in instability input
voltage, which in turn can produce errors in output logic
levels and increase current dissipation. Unused input pins
should therefore be tied to V¢c or Vss.
(2) Voltage supply lines
Power dissipation of CMOS peripherals whose internal
changes are small such as M5M82C55AP-5 and
M5MB82C59AP is extremely low. However, the through cur-
rent spikes that occur during switching are dealt with using
the traditional method applied to older ICs; by reducing
power line impedance to filter the spikes. To accomplich
this, each device should be fitted with a ceramic capacitor
(having good high frequency characteristics and a capaci-
tance of approx. 0.1u«F) wired close between Vgc and Vgs.
Also, when devices such as M5L82C55AP-5 are used with
a high current drive circuit connected to output, power lines
“should be run independently from the logic system and
driver circuit to reduce adverse affect on the logic system.
(3) Latchup
The internal circuitry of CMOS devices often have parasitic
bipolar transistors formed in the substrate, and these opea-
rate like thyristors, being triggered by external voltage
surges, etc. When this happens, a large current flows from
Vec to Vgg, and if current flow continues, the device will be
destroyed. Provision must be made to clear latchup to pre-
vent overcurrents from destroying the device, and that can
be done by dropping supply voltage below a certain level,
or turning the supply off.
Latchup occurs under the five conditions listed below.

(a) V\>Vec+Ve

(b) Vo>Vec+Ve

(¢) Vi<Vgs—Ve

(d) V0<Vss"‘VF

(e) Excessive Voc

Ve:Forward voltage of the clamp-
ing diode used at input.

Conditions (a) or (c)

® \When using a dual power supply

When dual power supplies serve CMOS logic devices, dif-
ferences in the rising edge of the power line signal tend to
cause latchup. This can be eliminated by using a series
connected resistor (R) to limit current flow to a maximum of
10mA. (Refer to Fig. 12)

Veer Veee
Vee Vee
R
O—{Input Output —0—"\WN\~O—]Input Output}—o
V
Vss ! Vss
Vee
VCC1
— Voo
Voce
Vi>Ve

Fig.12 Preventing latchup when dual power supplies
are used

® When using differential circuits

When differential circuits are used, it is possible for input
voltage to exceed Vg or Vss, Which could result in latchup.
In this case, use a diode for voltage clamping, combined
with a resistor (R) to limit current flow. (Refer to Fig. 13)

® When driving large, current circuits

When connecting transistors to CMOS output and operating
large current circuits (e.g., relays, motors, etc.) of the same
power supply as the CMOS device, coil reactance will pro-
duce voltage spikes at switching time. This causes fluctua-
tions in the power supply voltage, which can cause the con-
dition V, > Vgc. Where possible, separate power supplies
should be used. If a common power supply must be used,
power supply impedance must be lowered by connecting a
capacitor (0.01~0.22uF) having good frequency character-
istics between Vgc and Vgs.

Current should also be limited by connecting a resistor (R)
to input. (Refer to Fig. 14)
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R=1KQ Vi ‘
Viso——| Input Output}—o Viy o—l

Vss

R=1kQ Viz

cc
No diode

Vee '
‘No diode
Vss

- Ve

Veo -

__________ v cc

Vi ® Diode used Viz |/ v Diode used
V. —— m == ss

Ss

Fig.13 Preventing latchup when using differential circuits

Voo Condition (e) .
Condition (e) can be created by exceeding the absolute
Relay maximum voltage ratings at the Vg pin. Also, even though
Vee Vce is within the recommended operating conditions, de-
Vio ,RM |ﬁput0utput 0. (lﬂF vice latchup can be caused by the surge voltage superim-
0. 22uF posing at power ON, or crosstalk between lines. The vol-
Vss . 22u .

tage at V¢ should never exceed absolute maximum rating
values under any circumstances.

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 I I | .
Voe '—-'\-V—KV-- ~== Ve -No capacitor

Vg =ty == == V¢ Capacitor used

Fig.14 Preventing Iét'chup 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

capacitor connected between output and Ve (or Vss)

would be a cause for latchup. This is 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.
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(4) The differences in CMOS and NMOS peripheral LSIs
The basic characteristics of CMOS devices allow them to
be used as replacements for NMOS logic devices without
significant modifications. But the fact that improvements
have been mode in the characteristics of CMOS devices
can cause problems when these devices are used in cir-
cuits designed for NMOS. The example below shows such
a case.

Transistor drive using a parallel port

Fig. 15 (a) shows an example of an NPN transistor con-
nected in series and being driven by parallel port 8255A.
The load R_ and base resistor Rg establishes the operating
point as illustrated in Fig. 15 (b).

M5M82C
55AP-5

or

M5L82
55AP-5

_ Vou—Vee
A

(a) Driving an NPN transistor using a parallel port

ls: (CMOS)

let 777 7722
£ Po1>>Pg,

Pci1=lc1 * Vegr

Load resistance R_

AN NN

N

4
leg ji ls2 (NMOS)
A Pc2=lc2 * Vcez
7 .
\
Ve Vece2 CE

(b) Transistor output characteristics

Fig.15 Driving a transistor using M5L8255AP-5 or M56M82C55AP-5

Fig. 16 illustrates the difference in output characteristics for
CMOS ans NMOS 8255A devices. As noted, the CMOS
8255A has better drive capability, and provides a higher
base current to the transistor. Consequently, dependig on
Rg and R, power dissipation ratings P of the transistor can
be exceeded, or drive current may simply be higher than

its limit.

The same problem may occur when driving PNP transistors.
Fig. 17 shows a comparison in Vo characteristics. But here,
the difference between NMOS and CMOS is smaller than
for Vo, SO the problem should not be as great.

Ta=25C Ta=25C
PORT-Bo PORT-Bo
0.6
M82C55AP-5
5 MEM8 05 vcc=4.5|v
T . /'V°°=5V
Vee= \\1 \*Vcc=5- 5V 0.4 /;Vg&=5.5
1.5V, \\ — NI 7
(approx) \l\ o~ ve=sv = M5L8255AP %
S i L 0.3
2z ———] Ve =45V %
-~ cc=4 =
5 P T Vec=5.5 o é =VCC=4' v
> 0.2 EVoo=5V|
\\ Vec=5V Vee=5.5V
P- .
MSL8255AP-5 e 0.1 1
)y M5/M82C55AP-5
1 l
0 -1 -2 -3 —4 0 1 2 3 4
lon (mMA) loL (MA)
Is=For a base current |g of —1mA, the difference in Vo is
approx. 1.5V.
Fig.16 M5L8255AP-5/M5M82C55AP-5 Vo output Fig.17 M5L8255AP-5/M5M82C55AP-5 Vo output

characteristics comparison

characteristics comparison

MITSUBISHI
&9 ELECTRIC




MITSUBISHI LSIs

M5W1791-02P

FLOPP DISK FORMATTER/CONTROLLER

1. DESCRIPTION

The M5W1791-02P is a floppy disk formatter/controller de-
vice which accommodates single and double density for-
mats.

The device is designed for use with microprocessors or mic-
rocomputers.

The device is fabricated with the Nchannel silicon gate
EDMOS technology is packaged in a 40-pin DIL package.

2. FEATURES
® Single 5V supply voltage
® Accommodate singe and double density formats
IBM 3740 single density format
IBM system 34 double density format
® Selectable sector length (128, 256, 512 or 1024 bytes/
sector)
® Side select compare
Single/multiple sector read or write with automatic sec-
tor search
Selectable track to track stepping time
Write precompensation
DMA or programmed data transfers
Window extension

L

APPLICATION

® Single or double density floppy disk drive formatter/con-
troller

® 8-inch or mini floppy disk interface

4. FUNCTION
The M5W1791-02P is a floppy disk formatter/controller that
can be used with most microprocessor or microcomputer

5. PIN CONFIGURATION (TOP VIEW)

NG

WAITE CONTROL pye .
INPUT WR — 2]

CHIP SELECT &5 — [3]

READ CONTROL Rp —
iwput A0 —L4]

oL
—INTRQ 5Pyt

E SELECT INPUT

HESGE?EEFT‘ Ao —[5] 36]— WPRT WRITE PROTECT
INPUT | A1 —[6] 35]— 1P INDEX PULSE INPUT

Do+ 34— TROO TRACKm00 mgr
D —[8] 33— WF/VFOE IR

JTPU!
<— READY READY INPUT
. WRITE DATA
o QUTRUT e
— WG gUTPUT
— TG 43 TG43 OUTPUT

3. HEAD LOAD
128 — HDLD B33, 5

dc0-16LEMSN

D714 [27]— RAW READ [l FEAD
STEP - -
OUTPUT STEP [26]+— RCLK F;JEF;\lPT CLOCK

— RG READ GATE OUTPUT

=
)
CS
3
(o]
Sz
g
sl
(o)

o
OE‘T\S EARLY —[7] [24]— CLK CLOCK INPUT
- — HEAD LOAD
QUFALT LATE 23] — HDLT 7iiiNG INpUT
RESET REsET —[19 «— TEST TEST INPUT

Vee (5V)
Qutline 40P4 NC: NO CONNECTION

systems. The hardware of the M5W1791-02P consists of a
floppy disk interface, a CPU interface and a PLA control
logic. The total chip can be programmed by eleven 8-bit
commands. The floppy disk interface portion performs the
communication with floppy disk drive under control of the
PLA control logic. The CPU interface portion has five regis-
ters — command, data, status, track and sector register —
and communicates with the CPU through the data bus.
These functions are also controlled by the PLA.

6. BLOCK DIAGRAM

BIDIRECTIONAL
DATA BUS

57 DsDs Ds D3 D; D Do

1BEROOOEOD

VCC(SV) Vss(0V)

ITE CONTROL INPUT WR
WRITE CONTROL INPU @ o

[ INPUT/QUTPUT BUFFER |

CHIP SELECT INPUT TS (3

RAW READ INPUT

RCLK
READ CLOCK INPUT
CLK

DATA
) SEPARATOR

== 1
READ CONTROL INPUT RD (4) C(%OL =
REGISTER SELECT [Ao (9 /e g
INPUT A (® REGISTER
@WPRT WRITE PROTECT INPUT
BDIP INDEX PULSE INPUT
STOTUSI-—GOTROD  TRACK 00 INPUT
EARLY OUTPUT EARLY (0 ®READY READY INPUT
LATE OUTPUT LATE (8) @QHDLT I'-lI\IEF?‘UQr LOAD TIMING
WRITE GATE OUTPUT WG (D L] @TG 43 TGA3 OUTPUT
WRITE DATA OUTPUT WD o |-~@®HDLD HEAD LOAD OuTPUT
106G |—(®DIRC  DIRECTION OUTPUT
9STEP STEP OUTPUT
RAWY READ — RS L TEST  TEST INPUT

INTERVAL TIMi

] INDEX PULSE '
COUNTER

INTERRUPT REQUEST

iC
AM
o] [PETECTOR|™inTeRNAL
DATA
CLOCK INPUT @
DEN

5 .___ SEPARATE
\PUT @5
DOUBLE DENSITY MODE @7

&

U
DATA REQUEST OUTPUT

DATA
- LOGIC

CLOCK
SELECT INPUT - - -

&)

RG RES
READ GATE WRITE FA LT RESET INPUT
OUTPUT INPUT/VI

WF/VFOE

CONTROL OUTPUT
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) Input or "
Pin ! Name Functions
output
No internal
NC ) NC(pin 1) is not internally connected
connection
—_— Write control L .
WR input Input Write signal from a master CPU (Active low).
cs Chip select input Input Chip select (Active low).
—_— Read control . .
RD input Input Read signal from a master CPU (Active low).
Register select inputs. These inputs select the register under the control of the RD and WR.
’
A Ao RD WR
Ao A Register select Inout 0 0 STATUS REGISTER COMMAND REGISTER
o input : i 0 1 TRACK REGISTER TRACK REGISTER
1 0 SECTOR REGISTER SECTOR REGISTER
1 1 DATA REGISTER DATA REGISTER
- = Bidirectional . L .
Do~Dy In/Out Three-state, inverted bidirectional data bus.
data bus
STEP Step output Output | Step pulse output (Active high).
DIRC Direction output Output Direction output. High level means the head is stepping in and low level means the head is stepping out.
EARLY Early output Output - | This signal is used for write precompensation. It indicates that the write data pulse should be shifted earty.
This signal is also used for write precompensation. It indicates that th: ite data pulse should be shifted
LATE Late output Output 9 p P S that The write data pu Y
late.
Reset input (Active low). The device is reset by this signal and automaticaily loads “03" (hexadecimal) into
RESET Reset input Input tr?e command :register. The not-ready-status bit is also reset by this si-gnaL YVhen reset inputAis made to bej
high, the device executes restore command even unless READY is active and the device loads “01
(hexadecimal) to the sector register.
TEST Test input Input This input is only used for test purposes, so user must tie it to Vgc or leave it open unless using voice coll
actuated motors.
HDLT Head load timing Inout When the device finds high level on this input, the device assumes that the head is engaged on the media.
input P Active high. '
CLK Clock input Input Clock input to generate internal timing. 2MHz for 8-inch drives, 1MHz for mini drives.
RG Read gate output Output This signal shows the external data separator that the syncfield is detected.
RCLK Read clock input Input This signél is interna'lly use.d for the data window. Phasing relation to raw read data is specified but polarity
(RCLK high or low) is not important. .
RAW . o . A -
READ Raw read input Input This input signal from the drive shall be low for each recorded flux transition.
This output signal controls the loading of the head of the drive. The head must be loaded on the media b
HDLD Head load output Output o put sig 9 © drive. The head must be fo 1a by
this high-level output.

MITSUBISHI =11
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Input or
Pin Name P Functions
output
This output is valid only during disk read/write operation and it shows the position of the head. High level
TG43 TG 43 output Output X P . Y N " P P 9
on this output indicates that head is positioned between track 44 to 76.
WG Write gate output Output This signal becomes active before disk write operations are to occur.
WD Write data output Output This signal consists of data bits and clock bits. It becomes active for every flux transition. Active high.
This signal shows the device the drive is ready. In the disk read/write operation except for TYPE 1 com-
mand operation, low level input terminates current operation and the device generates the INTRQ. In the
READY Ready input Input P X p( i R P o 9 ; . .
TYPE 1 command operation, this signal is neglected. Not ready bit in the status register is the inverted form
of this input.
This is a bidirectional signal. It becomes write fault input when WG is active: In the disk write operation,
Write fault input/ In/Out low level signal on this input terminates the write operation and makes INTRQ active. This signal also
WF/VFOE | VFO enable appears in the status register as the write fault bit. When WG is inactive, this signal works as VFO enable
output output. VFOE output is also an open drain type, so pull it up to Vcc and never input active write fault signal
write WG is inactive.
TROO Track 00 input Input This signal indicates that the head is located on the track 00 to the device. Active low.
P Index pulse input Input This input indicates to the device that an index hole of the diskette has been encountered.
Write protect Low level signal on this input informs the device that the drive is in the write protected state. Before disk
WPRT input P Input write operations, this signal is sampled and an active low signal will terminate the current command and
P set INTRQ. The write protect status bit in the status register is also set.
DDEN Double density Inout This input determines the device operation mode. When DDEN=0, double density mode is selected. When
mode select input P DDEN=1, single density mode is selected.
Data request DTRQ is an open drain output, so pull up to Vcc by the 10k resistor. In the disk read mode, DTRQ indicates
DTRQ outout q Output that data is assembled in the data register. In the disk write mode, it indicates that the data register is
P empty. DTRQ is reset by the read data or write data operation.
INTRQ Interrupt request Outout INTRQ is also a open drain output, so pull up to Ve by the 10k resistor. INTRQ becomes active at the
output P completion of any command and is reset when the CPU reads the status or writes the command. ’
No internal
NC lna NC (pin 40) is not internally connected.
connection
6=12 MITSUBISHI
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8. HARDWARE CONFIGURATION
The following explanation is based on the block diagram is
Section 6.

The registers which are accessible by the CPU system
through the input/output buffer of the M5W1791-02P are the
command, status, track, sector and data registers. These are
all 8-bit registers. :

The register select inpus Ag and A, select one register
under RD, WR and CS control as described in Section 7.

8.1 Retister Descriptions

(1) Command Register

This register is write-only, so the contents of the command
register cannot be read onto the bi-directional data bus. The
CPU system writes the command code into this register to
be executed by the M5W1791-02P. Except the force inter-
rupt command, the command register should not be loaded
while the busy status bit is set.

(2) Status Register

This is the read-only register and holds the status informa-
tion about the device and a connected floppy disk drive. The
meaning of each status bit is varied by the executing com-
mand.

(3) Track Register

This register is bi-directional, so the CPU system can read
or write the data through the data bus. The track register
has the track number of the floppy disk’s current head posi-
tion. The type 1 commands have the update flag option
according to this register. When this flag is set, the contents
of the track register are updated by one for each step. They
are incremented when the head is stepped in and de-
cremented when the head is stepped out.

When the type 2 command which performs the read/write
operation for the floppy disk is executed, the track address
of the floppy disk’s ID field and the contents of the track
register are compared. If they match, M5W1791-02P con-
tinues to check whether the sector address is the one
appointed by the sector register.

When the restore command is performed automatically
by the RESET input transition from “0” to “1” or when the
CPU system executes the restore command, FF (HEX) is at
first loaded into the track register and every time the step
pulse is issued, the value of this register is decremented by
one. The contents of the track register are set to 00 (HEX)
when the TROO input is activated before the 255th step pulse
issued or after the step pulse was generated 255 times.

(4) Sector Register
This is also a bi-directional register.

For disk read or write operation, the CPU system must
set the desired sector address into this register.

By forcing the RESET input from “0” to “1”, M5W1791-

02P also sets 01 (HEX) into the sector register, then begins
the restore operation.

In the type 2 command execution, the sector address of
the disk’s ID field and the contents of the sector register are
also compared as mentioned above.

When the m flag bit of the type 2 command code is set to
perform the muiti-sector read/write operation, the sector
register value is automatically incremented by one upon
completion of the read/write operation of the one sector.

When the read address command of the type 3 command
has been executed, the track address which is read out from
the first encountered ID field is loaded into the sector reg-
ister.

(5) Data Register
This register is bi-directional.

During disk data read operation, the data read from the
floppy disk is held in this register. During the write opera-
tion, byte of data from the CPU system is held.

Prior to seek command execution, the desired track posi-
tion must be written into the data register.

By executing the restore command or the RESET input
transition from “0” to “1”, M5W1791-02P automatically loads
00 (HEX) into the data register.

The hardware blocks of access to the user are only the
reigsters mentioned above. Descriptions of inaccesible in-
ternal hardware blocks follow.

8.2 Control Circuit

(1) ALU (Arithmetic Logic Unit)

This one-bit serial ALU executes the comparisons of the se-
rial data and is used for the modification and comparison of
registers.

(2) Status Control Logic

The status control logic generates the status information for
the status register. It is divided into two sections: one re-
flects the state of the M5W1791-02P and the other reflects
the state fo the disk system. Disk states inclued write pro-
tect, index pulse, track 00, ready, head loak timing and write
fault.

(3) Head Control Logic

This circuit generates the signal which controls head move-
ment of the floppy disk. It provides the head load signal,
direction signal, step signal and TG43 signal. The TG43 out-
put controls the disk’s write current.

When the type 1 command with the head load flag h at
“1” is executed, the head load output is set to “1” at the be-
ginning of the command execution. The command execution
where the head load flag h is initially at “0” makes the head
load output “0” whether it has been “0” or “1”.

After issuing the step pulses, the M5W1791-02P checks

MITSUBISHI
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the verify flag V in the command code. If V is “0”, the com-
mand is terminated and the interrupt request output signal is
sent. If V is “1”, the head load output is set to “1” (if h =“1”"
, HDLD is already set to “1” at the beginning of this
command), and after an internal 15 ms delay (CLK = 2MHz,
TEST =1), the head load timing input HDLT is sampled until
HDLD and HLDT ="“1" (logic true). Then M5W1791-02P up-
dates the TG43 output signal and commences the disk read
operation. This means that during the type 1 command, the
TG43 signal is not updated unless the V flag is set to “1”.
The TG43 output is set to “1”when the floppy disk head is
positioned beyond the 43rd track.

The type 2 and 3 commands confirm the ready input logic
high, and after a 15 ms delay (if flag E is set; if E= 0, no in-
ternal delay is initiated), HDLT is sampled until HDLD and
HDLT = “1” as mentioned above. M5W1791-02P then up-
dates the TG43 output signal and begins the disk read/write
operation. If the ready input is low, then the command is ter-
minated and INTRQ is generated.

The head load output which was set to “1” is reset to “0”
under the following two conditions:
® |f the M5W1791-02P is idle for 15 disk revolutions after

the prevous command terminates, the head load signal

resets to “0”.
® |f the type 1 command is executed when h =

head is also automatically disengaged.

“0”  the

(4) Head Engage Timer/Step Speed Timer
The M5W1791-02P can generate an internal 15 ms wait time
(CLK = 2MHz) before the head load timing input is sam-
pled. The HDLT signal shows M5W1791-02P that the floppy
disk head is completely engaged after loading into the
media. The step speed can be selected at 3ms, 6 ms, 10 ms
or 15 ms (CLK = 2MHz) by the stepping motor rate bits ry
and ry in the type 1 command.

These operations are controlled by the 1 ms timer and
presettable 4-bit binary counter inside the M5W1791-02P.

This 1 ms timer is disabled by setting the test input TEST
to “0”, which initiates step pulse intervals of about 400us in
the single-density mode and about 200us in the double-
density mode (CLK = 2MHz). The 15 ms wait time is also
reduced in the two modes to about 60xs and 30us, respec-
tively. )

The test input signal is used only for interfacing with the
floppy disk drives and a voice coil motor. -

Table 8.1 shows the relationship between the stepping
motor rate flags and the step pulse intervals.
Table 8.1 Step Pulse Intervals

(5) Index Pulse Counter/SectorGounter/
Step Pulse Counter

As mentioned in Section 8.2 (3), the M5W178¥:02P has an

index pulse counter that returns the head load-output to “0”

in the idle state after command execution. This index pulse

counter is used to terminate the command when the

M5W1791-02P does not complete it within 5 index pulses.

There are 12 reasons why the command may be terminated

prematurely:

® The synchronize pattern of the ID field is. not found.

® The synchronize pattern of the ID field is too short.

® AM1 of the ID field is not found.

® AM1 of the ID field is not complete.

® The ID track address is not equal to the contents of the

track register.

The ID sector address is not equal to the contents of the

sector register.

® The side number of the ID field is not equal to the side

select flag s in the command code when the side com-

parison flag C is set to “1”.

The ID field CRC error occurs.

The synchronize pattern of the data field is not found.

The synchronize pattern of the data field is too short.

AM2 of the data field cannot be found.

AM2 of the data field not complets.

When a CRC error of the data field occurs, an interrupt is
generated without a retry. ’

The index counter is also used as the sector counter/
step pulse counter. When this counter is used as a step
pulse counter, it counts a maximum of 255 step pulses dur-
ing the restore command as described in Section 8.1(3)

This counter is used as a sector counter in the type 2
command to count the data length of the data field for the
destination sector. In this sense, it is more appropriate to
call this counter the data length counter.

The M5W1791-02P allows one of four different data
length configurations in one sector: 128 bytes, 256 bytes, 512
bytes and 1024 bytes. The data length of the sector to be
read or written by the M5W1791-02P is decided by the
“sector length” parameter at the 4th byte of the ID field.
When the read/write operation is commenced for the de-
sired data field, the M5W1791-02P uses this sector counter
to generate the data request signal at specified times in
accordance with the ID sector length byte.

(6) Interrupt Request Control Logic, Data
Request Control Logic

(unit ms)  The interrupt request output INTRQ is an open drain output
CLK (MHz) 2MHz 1MHz that notifies the CPU of command termination.
fy o DDEN 0 ! 0 L Once set, the interrupt request output INTRQ is not re-
0, 0 3 3 6 set to “0” until the status is read out from the status register
0, 1 6 6 12 12 N )
1o 10 10 20 20 or the command is written into the command register by the
1, 1 15 15 30 30 CPU.
MITSUBISHI. -
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Refer to :Section 11.5 concerning the response of the
INTRQ during the type 4 command.

The INTRQiwutput is not reset by the reset input signal.
This state is undefined after power is applied.

The data request control output DTRQ is also an open
drain output that requests the CPU to read out the data from
the data register or write the data into the data register dur-
ing the disk read or write operation.

The DTRQ output is reset to “0” by writing the data into
or reading the data out from the data register.

The DTRQ output is changed to “0” by the reset input.

(7) Write Control Logic

The M5W1791-02P provides frequency-modulated (FM) data
in the single-density mode or modified FM (MFM) data in
the double-density mode.

The data written into the data register from the CPU is
sent to the data shift register and then it is modulated by the
write control logic in accordance with the modulation type
selected by the DDEN input. This modulated data is sent to
the write data output WD.

The special patterns including the missing clock required
for disk formatting are also produced in the write control
logic under the control of the write command control circuit.

During the disk write operation, M5W1791-02P can pre-
dict the occurrence of the peak shift, depending on the pre-
vious bit pattern, so the write control logic provides the early
and late output signals for write precompensation.

(8) Write Track Command Control
Logic

The internal PLA program controls almost all the operations
of the M5W1791-02P. However, when the write track com-
mand is executed, the PLA program control speed is too
slow to perform the command. Therefore, the write track
command control logic implements the write track operation
directly.

When the CPU writes the data into the data register for
disk initialization, the contents are sent to the internal data
shift register and the write track command control logic.
When a special data byte is sent to the data register from
the CPU, the write control logic operates under the control
of the write track command control logic the provide the de-
signated write data pattrern. When the other data bytes are
written into the data register, they are first sent to the data
shift register, then to the write control logic serially to be
modulated according to the DDEN input. '

8.3 Internal Control Logic

(1) Data Shift Register

During the disk write operation, the data bytes written into
the data register from the CPU are loaded into this register
in parallel. The data shift register transfers the serial data to
the write control logic for modulation.

During the disk read operation, the internal data separ-
ator circuit demodulates the raw read data stream and pro-
duces the true data bit pattern. This demodulated data bit is
shifted into the data shift register in series and transferred to
the data register in parallel byte by byte.

(2) CRC Logic

The CRC (Cyclic Redundancy Check) circuit generates the
cyclic redundancy check code. The polymonial is X'® + X'2
+ x5 +1.

The CRC code, generated by the CRC circuit from the
write data stream, is written onto the floppy disk during the
disk write operation.

During the disk read operation, the last two CRC bytes
read out in the ID or data field are checked for errors by the
CRC logic.

(3) Prescaler

A pair of internal clocks are required to drive the M5W1791-
02P’s logic circuitry. During the disk read operation, these
clocks are derived from the read clock input RCLK from the
differential circuit, the data transfer clock logic and the inter-
nal clock control logic.

At all times except for. disk read operations, such as dur-
ing type 1 commands or disk write operations, these two in-
ternal clocks are produced by the prescaler and the internal
clock control logic from the CLK input signal.

The prescaler generates the data transfer clock and the
data separator clock by dividing the CLK input clock by 2
and 4 in the double density mode and by 4 and 8 in the sing-
le density mode.

The internal PLA logic is driven by this data separator
clock.

(4) Differential Circuit, Data Transfer

Clock Logic
The differential circuit and the data transfer clock logic
generate the internal data transfer clock by multiplying the
PCLK clock input and shaping its waveform.

(5) Window Extension Logic

When disk read operations are executed in the double-
density mode, the raw read input occurs in both RCLK clock
windows. At this time, the window extension logic samples
the raw read input at the edge of the internal data transfer
clock which is derived from the RCLK input to provide that
the read clock input RCLK window width is extended sub-
stantially.

(6) AM Detector Logic

The raw read signal input RAW READ from the floppy disk is
a signal which has been modulated by either FM or MFM.
M5W1791-02P should synchronize the internal data separ-
ator .clock with the data bit of the input data stream. For this
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purpose, the AM detector logic is employed to detect the
special patterns which contain the missing clocks from the
input raw read stream.

(7) Internal Clock Control Logic
This logic generates the data transfer clock and data separ-
ator clock.

(8) Data Separator
This separates the data bit from the raw read input signal by
using the data separator clock.

(9) PLA

This is the programmable logic array which controls the
M5W1791-02P. The size of this PLA ROM is approximately
230 X 19 bits.
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9. DESCRIPTION OF COMMANDS WR signal. _

There are 11 different commands. By setting CS to “0”, A to The commands are classified into four types: type 1, type
“0” and A; to “0” the commands are written inside the 2, type 3 and type 4.

M5W1791-02P from the data bus at the rising edge of the

Table 9.1 List of Commands

Command type Command MSB Code . LSB
Restore command 0 0 0 0 h \ n ro
Seek command 0 0 0 1 h \ 2] ro
Type 1 commands Step command 0 0 1 u h \% n ro
Step-in command 0 1 0 u h Vv n )
Step-out command 0 1 1 u h \" r fo
Type 2 commands Read sector command 1 0 0 m S E (o] 0
Write sector command 1 0 1 m S E C ap
Read address command 1 1 0 0. 0 E 0 0
Type 3 commands Read track command 1 1 1 0 0 E 0 0
Write track command 1 1 1 1 0 E 0 0
Type 4 commands Force interrupt command 1 1 0 1 I3 I2 Iy lo

Note 1 Ailthough the codes are written in TRUE form, the M5W1791-02P features a negative logic data bus. This means codes with 0 and 1 reversed
are written into the M5W1791-02P.

Each command comes with a flag option. These are
identified in Table 9.2.
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Table 9.2 Flag Options

Flag

Description

When h =1: The head is loaded at the beginning of the command execution.

h: Head load flag When h =0: The head is loaded when the verify operation starts if the V flag is “1”. It is not loaded
if the V flag is “0".
When V =1: The contents of the track register are compared with the ID track address after head
V : Verify i positioning. The seek error status bit is set if the desired track address is not found by the time
: Verify fla
Type 1 v fag the diskette has gone through 6 rotations.
commands When V =0: The track verification is not performed.
. The stepping rate is determined by the value of these 2 bits as well as by the CLK frequency and
n, ro : Stepping rate flag . .
TEST input pin.
When u = 1: The track register is updated with each step pulse: It is incremented (or
u : Update flag decremented) by 1 for each step-in (or step-out) pulse.
When u =0: Track register is not updated.
When E =1: Sampling of the head load timing input starts with the 15ms delay after the head load
output has been set to “1”. An advance is made to the next step when HDLD-HLDT = “1” is
Type 2/Type3 established.
yPe ZITYPEI | £ . 15ms delay flag(at 2MHz clock) ! S N .
Commands When E =0: Sampling of the head load timing input starts immediately after the head load output
has been set to “1”. An advance is made to the next step when HDLD-HLDT = “1” is established.
The “next step” is the TG43 output update.
When m =1: Multi-sector read/write is performed. Upon completion of one sector read/write, the
sector register value is incremented by 1, the next sector is sought and read/write is performed
. ) again. Upon completion of the final sector read/write operation, the next sector is not found even
m : Multi-sector read/write flag . . . . . "
when sought and so at the sixth rotation of the diskette the RNF error bit is set and the operation
is concluded. This command can also be concluded with the Type 4 command.
When m =0: Read/write for single sector is performed.
_—
Type 2 When S =1: “1" is compared with the ID side number when the C flag is “1”.
commands S : Side select flag When S =0: “0” is compared with the ID side number when the C flag is “1”.
No comparison is performed when C =0.
. When C =1: The S flag and ID side number are compared.
C : Side compare flag . .
When C =0: The ID side number is not compared.
When ap=1: The deleted data mark “F8” (hexadecimal) is written into the data field address
ap : Data address mark flag mark.
When ag =0: The data mark “FB” (hexadecimal) is written into the data field address mark.
When lp =1: The interrupt request output is set to “H” at the ready input rising edge.
When |1 =1: The interrupt request output is set to “H” at the ready input falling edge.
When Iz =1: The interrupt request output is set to “H” with the index pulse input.
Type 4 . When I3 =1: The command being executed is terminated and the interrupt request output is set to
| : Interrupt condition flag . .
command “H” immediately.
When lp =l =12 =13 =0: No interrupt request is generated but the command being executed is
terminated. This command is executed so that the interrupt request output, which has been set by
the Type 4 command, is reset by the following command write or status read.
6—18 ‘ MITSUBISHI
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10. DESCRIPTION OF OPERATION

The M5W1791-02P is provided with an interface section for
the CPU system and an interface section for the floppy disk
system. .

10.1 CPU System Interface Section

The CPU interface section is composed of the input/output
buffer, input/output control logic, five internal registers, inter-
rupt request control logic and data request control logic.

The CPU reads/writes the contents of the internal regis-
ters through the M5W1791-02P’s data bus.

Upon the completion of each command, and interrupt to
the CPU is generated by the interrupt control logic. INTRQ
is reset by command register write or status register read.

The M5W1791-02P generates the data request output
DTRQ for the CPU system using its data request control cir-
cuit while reading or writing floppy disk data.

The time required to transfer one byte of serial data
when CLK is 2MHz is 32us ‘in the single-density mode and
16us in the double-density mode. However, the maximum
time from when DTRQ is set to “H” until the CPU system
reads or writes the data is actually shorter than 32us (or 164
s) and if the service is not completed whithin this time, the
lost data status bit is set. When the CPU system does not
respond to the first data request for write sector command or
write track command within the required time, the subse-
quent 6peration of the commands are theminated and the in-
terrupt request output is set.

For instance, the service time Tservice (WR) for DTRQ
when a write sector command is being executed in the sing-
le-density mode is 23.5us maximum. This is because it
takes 4us for the DTRQ output to be set after the contents of
the data register have been transferred to the data shift reg-
ister, and 4.5us at most for the M5W1791-02P to transfer
data into the data register which has been written in re-
sponse to DTRQ. In other words, unless the data is serviced
within 23.5us (i.e. 32 — 4 — 4.5 = 23.5u5s), there will no lon-
ger be time to begin transfer of data from the next data reg-
ister to the data shift register.

For further details, refer to the section dealing with the
description of the commands.

10.2 Floppy Disk Interface Section

The floppy disk interface section is composed mainly of the
floppy disk head control section which relates to the head
positioning control and the floppy disk read/write control
section which controls the serial data transfer.

(1) Floppy Disk Head Control Section

For details on the operation of the floppy disk head control
section, refer to Section 8.2(3) on the read control circuit,
Section 8.2(4) on the head load time timer/stepping rate
timer, and Section 8.2(5) on the index pulse counter/sector
counter/step pulse counter as well as to Table 9.2 which

lists the flag options.

(2) Floppy Disk Read/Write Control

Section
The floppy disk read/write control section executes the disk
read and disk write operations.

The disk read and disk write operations have no direct
relation to the read and write commands. For instance, when
a write sector command is executed, the disk read operation
is performed first to find the desired ID. After the ID is
found, the M5W1791-02P writes the sync pattern, data field
address mark, data and CRC, after which the command is
terminated.

Disk Read Operation

The M5W1791-02P is applicable to both the single- and
double-density recording formats, and selection between
these is performed by the DDEN double-density select
input.

When the disk read operation starts, the write fault input/

VFOE control output WF/VFOE is set to “L”. (This pin is pul-
led up by a 10-kohm resistance since it serves as an open-
drain output during signal output.
The pin serves as the VFOE output when the write gate out-
put WG = “L”.) This output is kept at “L” until the disk read
operation is terminated. The VFOE output can be used as
the signal that indicates that the PLL circuit employed as the
external RCLK generator should enter into lock-in operation
from its free-running state.

The following description is for the single-density mode
which is almost the same as the double-density mode. When
the disk read operation starts and the 2-byte 00 (HEX) is
found, this is treated as a sync pattern and the read gate
output RG is set to “H”. Address mark FE, FB or F8 (HEX)
are retrieved within the 10-byte period that follows. When
the address mark is not found, RG is reset to “L” and a retry
is made to retrieve the 2-byte 00 (HEX). If the address mark
is found on the ID field and if the ID track address and sec-
tor address (and side number also when side compare bit C
= “1”) are correct, RG is held at “H” until CRC reading is
completed and checked.

Whether there is a CRC error or not, RG is then reset to
“L”. When there is no error, the sync pattern of the data
field is retrieved. When ID is not found properly, that is,
when AM1 cannot be read properly, the values of the track
register and track address do not match, the values of the
sector register and sector address do not match, the side
select flag of the command and side number do not match
(when C = 1), or when there is a CRC error in th ID field,
RG is reset to “0” and a retry is made to retrieve the 2-byte
00 (HEX). :

However, when the read address command is executed,
the data is read as far as the CRC byte if the sync pattern
and AM1 are found properly, and the command is terminated
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regardless of whether there is a CRC error. When the data
address mark is found, RG is held at “1” until the data and
the CRC are read and CRC check is performed. RG is then
reset to “0” regardless of whether there is a CRC error. If
the command is single sector read or if a data field CRC
error occurs, the INTRQ interrupt request output is set to “1”
and the command is terminated. The CRC error status bit is
set with a CRC error.”

The read gate output is active during reading of the valid
data stream from the sync field to the CRC. It is the signal
that controls the read data tracking sensitivity for the exter-
nal PLL RCLK generator circuit.

Operation in the double-density mode is the same as that
for the single density mode except for the following points.
In the double density mode the 4-byte “00” or “FF” (HEX) is
treated as the sync pattern and the adress marks “A1” “A1”
“A1” “FE”, “A1” “A1” “A1” “FB”, or “A1” “A1” “A1” “F8”
(HEX) are retrieved within the following 16-byte period.

Note that the VFOE output is active when the read track
command among the type 3 commands is executed but the
RG output remains at “0”.

Also bear in mind the following points relating to the disk
read operation.

Even during the disk read operation, TG43 is updated in
accordance with the track register contents before VFOE is
made active.

During the disk read or write operations mentioned be-
low (the execution of type 2 and 3 commands), the READY
- input is checked at the beginning of the command’s execu-
tion and if the input is not ready, the command is terminated,
the interrpt request output is set to “1” and an interrupt is
generated (this does not apply to type 1 and type 4
commands). In this case, the not ready status bit is set.

Disk Write Operation
During the disk write operation, the write gate output WG is
first set to “1”. This enables the user to apply the write fault
input to the write fault input/VFOE VFO control output pin.
Then write data are output from output WD. If the write fault
input is made active when WG = “1”, the command is im-
mediately terminated, interrupt reqest output INTRQ is set to
“1”, an interrupt is generated, and the write fault status bit is
set. )

When the disk write operation is about to be suspended

by the type 4 command and when the type 4 command is .

accepted into the M5W1791-02P’s command register before
the ‘data field AM2 data mark or deleted data mark is writ-
ten, the command is terminated when the type 4 command is
written and an interrupt is generated. The type 4 command,
which is written during disk write operation for the data field
subsequent to the above mark writing, is also acknowledged
immediately and the disk write operation is terminated.

The CPU system must write the data into the data regis-
ter during the service period mentioned at the beginning of

Section 10 dealing with the Description-ofQperation with
data request output DTRQ during the disk write operation.
When the data is not written during the same::service period,
the command is continued with 00. (HEX).as ‘the data which
is written. The lost data status bit is set at this time. DRTQ is
not reset if it is not serviced.

During the disk write operation, the early output or the
late output is made active in accordance with the write data.
Both output signals are used when the user provides write
pre-compensation for the write data output, and they predict
late or early peak shifts of the disk write data which is output
at the same time.

The TG43 output is used to control the writing current of
the floppy disk system. It is “0” at the time when the track
register contents are 0 to 43, while it is “1” at 44 or above
(up to 255).

6—20

¢ “MITSUBISHI
ELECTRIC



MITSUBISHI LSIs

M5W1791-02P

FLOPP DISK FORMATTER/CONTROLLER

11. DESCRIPTION OR COMMANDS

11.1 Command Standby Condition

After the execution of a command has been completed, the
M5W1791-02P stands by for the next command to be ex-
ecuted. If the head load HDLD has been set to “1” by the
previous command and 15 index pulses are counted in the
standby condition, the head is unloaded from the media. Af-
ter this the M5W1791-02P remains into the command stand-
by condition. When a command is written in the command
register, the M5W1791-02P comes into operation according
to the execution flow for the command.

11.2 Type 1 Commands

(1) Restore Command

This command is used to position the head to track 00. This
command is automatically executed when the reset input is
set from “0” to “1”. During reset, the h = “0”, Vv =“0" and
ry, ro ="1, 1” flags are set automatically.

Refer to Section 8 dealing with the hardware configura-
tion and in particular to Section 8.1(3) on the track register
for details on the execution of the command. When the V
flag is “1”, the verify operation is performed after the head
opsitioning operation. 00 (HEX) is automatically set in the
data register.

(2) Seek Command
This command is used to move the head onto the desired
track. After the destination track number is written into the
data register and the seek command is written into the com-
mand register, step pulses are generated until the contents
of both the track register and data register match. The
direction of head movement is indicated by direction output
DIRC.

The contents of the track register are updated every time
a step pulse is output. When the V flag ="“1”, the verify op-
eration is perfomed after the head positioning operation.

(3) Step Command

This generates a single step pulse. Direction output DIRC is
not changed. Therefore, the head moves toward the same
direction as it did the previous time. When the update flag u
is “1”, the contents of the track register are updated. When
the V flag is “1”, the verify operation is performed after the
head positioning operation.

(4) Step-in Command

This command sets direction output DIRC to “1” and gener-
ates a single step pulse. When the u flag is “1”, the con-
tents of the track regsiter are incremented by 1. When the V
flag is “1”, the verify operation is performed after the head
positioning operation.

(5) Step-out Command

This command sets direction output DIRC to “0” and gener-

ates a single step pulse. When the u flag is “1”, the con-
tents of the track register are decremented by 1. When the
V flag is “1”, the verify operation is performed after the head
positioning operation.

11.3 Type 2 Commands
Using the type 2 commands, reading/writing the data in the
disk’s data field is performed. When the desired sector is
found, the data is transferred into/from the CPU system us-
ing the data request output DTRQ as the data transfer timing
signal. '
Side number comparison and multi-sector read/write can
be performed by setting the command flag.

(1) Read Sector Command

When the read sector command is executed, once the ID
field is found properly, the data is sent from the data shift
register to the data register and the M5W1791-02P requests
through DTRQ that the CPU system read out the data from
the data register. (For details on the service time for DTRQ,
refer to Section 10 dealing with the Description of
Operation.)

Unless the CPU reads out the data within the service
time, the next data is written from the data shift register into
the data register. The data which has not been read is des-
troyed and the lost data status bit is set. DTRQ is reset by
the data register readout, but when the data has not been
read out during the service time, DTRQ remains at “1”.

The length of the data fields in each sector is indicated
by the sector length of the disk ID. This value is saved in-
side the M5W1791-02P and DTRQ is generated for the
necessary number of times in accordance with this value.

The relationship between the number of data in a single
sector and the data byte length is shown below.

Table 11.3 Data Byte Length

Sector length of the disk 1D Bytes/sector
00H ) 128 bytes
01H 256 bytes
02H 512 bytes
03H 1024 bytes

When, for instance, the sector length, i.e. the 4th byte of
ID is 00 (HEX), data request output DTRQ is “1” for 128
times unless lost data occurs. If, for example, lost data
occurs once, DTRQ is “1” for 127 times.

For multi-sector read, refer to the section on flag option
m in Table 9.2.

Depending upon the data address mark of the data field,
the record type status bit can be set. When the data mark is
FB (HEX), the record type status bit is set to “0” and when
the deleted data mark is F8 (HEX), it is set to “1”.
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(2) Write Sector Command

When the ID field is found properly upon execution of the
write sector command and the CRC check is completed
without any errors detected, the M56W1791-02P generates a
single data request output DTRQ. In response to this DTRQ,
the CPU must write the data into the data register during the
8-byte time (1-byte time is 32us in the single-density mode
and 16us in the double-density mode with CLK = 2MHz).

Whether or not the service has been performed during
the specified time is then determined.

When the service has not been performed in the speci-
fied time, the lost data status bit is set, the execution of the
command is terminated and interrupt request output INTRQ
is set to “1”.

When the first service has been performed, the data is
written after the sync pattern and AM2 have been written.

After a lost data check, there is a 1-byte time delay (with
the single-density mode), then the write gate output WG is
set to “1”, the 6-byte sync field 00 (HEX) is written into the
disk, and FB or-F8 (HEX) is written depending on the value
of the command’s data address mark flag a;. DTRQ is
generated and data is written in succession until the number
per sector indicated by the ID data length in that sector is
reached.

In the double-density mode, the write gate output WG is
set to “1” after 12-byte time delay following the lost data
check, the 12-byte sync field 00 (HEX) is written, and the 3-
byte A1 (HEX) is written, after which the same operation is
peformed as for the single-density mode.

Unless the data are written into the data register from the
CPU system within the prescribed service time for the
second and further DTRQ data request outputs, data 00
(HEX) is written on the disk and the lost data status bit is
set. The behavior of the DTRQ output when lost data is
generated is the same as that described in the section on
the read sector command.

Operations for multi-sector writing are the same as those
during the read sector command.

11.4 Type 3 Commands
Type 3 commands consist of 3 commands: read address,
read track and write track.

(1) Read Address Command

The 6 bytes of the ID field found first are read out with the
execution of the read address command. These 6 bytes in
order are: 1) track number, 2) side number, 3) sector num-
ber, 4) data length and 5) 2-byte CRC. When data is sent to
the data register, data request output DTRQ is generated
from the M5W1791-02P and the CPU system is requested to
read out the data from the data register. If DTRQ is not ser-
viced within the service time, the lost data status bit is set
and the next data is written from the data shift register into
the data register as with the read sector command. When

the read address command is executed, the track number
which has been read out is also written into the sector regsi-
ter of M5W1791-02P along with the CRC check.

(2) Read Track Command

The read track command serves to read out all the data of
an entire track, beginning and ending upon detection of the
index pulse. Unlike the read sector or read address com-
mands, all the data including the gaps and sync pattern are
read out. The data are synchronized when the index mark,
ID address mark and data address mark are detected.
“Data synchronization” refers to reading the data string from
the floppy disk in 1-byte units. Read gate output RG, which
gives notification that the sync pattern has been detected, is
not output with this command.

Neither side number comparison nor CRC check:is con-
ducted with the read track command. Unless the CPU read
out data within the specified service time as with the other
disk read command, the data is lost.

(3) Write Track Command

The write track command formats the tracks on the disk.
Disk formatting requires not only that the gaps, sync pattern,
ID and data are written, but also that the marker including
the missing clock and the CRC are written. .

When this command is executed, the first data request
output DTRQ is generated after the head has been loaded
into the media. In response to this, the CPU must complete
the writing of the data whithin the 3-byte time.

. Unless the data are serviced during this time, the lost
data status bit is set, subsequent commands are terminated
the interrupt request output INTRQ is set to “1”. When the
data is serviced during the specified time, data write starts
with the arrival of the index pulse. Then the CPU writes the
data into the data register in accordance with the data re-
quest output.

When data written by the CPU are values from F5 to FE
(HEX), M5W1791-02P performs special processing consist-
ing of writing the markers and generating and writing ‘the
CRC. When other data from 00 to F4 and FF (HEX) are writ-
ten into the data register, the value is modulated' as it is and
written onto the disk.

The write track command continues until the next index
pulse input IP is detected.

If the CPU hasn't loaded. the data into the data register
within the service time, 00 (HEX) is written and the lost data
status bit is set.

Table 11.4 shows the control bytes of the write track

- command.
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Table 11.4 Write Track Command Control Bytes

Data Single-density format Double-density format
register .
contents Function pgggn pcalt(t)g:(n Function Dg::owtgzgfn Missing clock
00~F4 Data ragister values are 00~F4 FF Data register values are 00~F4 Not generated
written onto the disk without written onto the disk without ‘
modification. modification.
F5 Non-usable Marker A1 is written. Al Generated
CRC is preset.
F6 Non-usable Marker C2 is written. c2 Generated
F7 2 calculated CRC bytes are |2-byte CRC FF 2 calculated CRC bytes are 2-byte CRC | Not generated
written. written.
F8~FB | Writing as data. F8~FB Cc7 Writing as data. F8~FB Not generated
Used for writing data address Used for writing data address
mark. mark.
CRC is preset. CRC is preset.
FC Index mark FC is written. FC D7 Index mark FC is-written. FC Not generated
FA Writing as data. FD FF Writing as data. FD Not generated
FE ID address mark is written. FE C7 ID address mark is written. FE Not generated
CRC is preset. CRC is preset.
FF Writing as data. FF FF Writing as data. FF Not generated

Note : Hexadecimal notation is used throughout.

11.5 Type 4 Commands

This command generates the interrupt through detection of
conditions or generates the unconditional interrupt other
commands may be executed only it the M56W1791-02P is in
the standby condition (busy status bit is “0”), but the type 4
command may be executed at any time.

When a preceding command is being executed, it is sus-
pended and operation is keyed to the flag bit of the type 4
command. Refer to Table 9.2 for the flag bits.

Interrupt request output INTRQ generated by the type 4
command is reset by reading the stauts register data or ex-
ecuting a command after the execution of the type 4 com-
mand with lg~I3 = “0”.
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COMMAND STANDBY CONDITION
RESET 0 — 1" WARM START
COLD START

STATUS CLEAR,
BUSY STATUS SET

STATUS CLEAR,
BUSY STATUS SET

NO
TYPE 4 COMMAND vES

?

NO
TYPE 1 COMMAND

? WHEN WRITE FAULT IS GENERATED

WRITE FAULT
STATUS SET

3 WHEN COMMANDS ARE
TERMINATED OR WHEN
TYPE 4 COMMAND.IS EXECUTED

AT ANY TIME EXCEPT
IN COMMAND STANDBY

-

INTRQ «1",
BUSY STATUS SET

COMMAND
IS WRITTEN

1P 15 TIMES?

STANDBY FOR NEW COMMAND 4

YES

COMMAND
IS WRITTEN

HDLD <0
COMMAND INPUT
?

NO

: & “MITSUBISHI
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TYPE 1 COMMAND '

TG43 1" TG43 — 0"

RESTORE -
(TR)+« FFy YESSET RECORD)]
(DR)— 00, | NOTE 1 ® NOT FOUND »@
— STATUS
NO
DETECTED

NO_.(TR) = TRACK:
?

YES
CRC ERROA] o5 NOJCRC ERROR
DIRC « “1” DIRC « “0” —{sTATUS CRC ERROR STATUS
ISET ? RESET
YES < DIRC = “1"
?
l(TR)'—(TR)+ 1 | I(TR)‘-(TR)— 1 |
YES ___~
TROO = “0” AND
(TR)+ 004, DIRC = “0"
?
[EI)VEI‘IFaYr»:' ACCORDANCE Note 1 : The track register, sector register, data register and data shift
1, 0

register are designated TR, SR, DR and DSR, respectively.
Information in parentheses indicates the contents of the regis-
ters.

“H” denotes hexadecimal notation.

2 : The 15ms delay is not applied when the test input TEST is “0".
15 ms is the delay time when clock input CLK is 2MHz.
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TYPE 2 COMMAND

FROM WARM START

YES
15ms DELAY| NOTE 2

RECRD NOT
FOUND 9@
STATUS SET

YES

1D AM
DETECTED
?

YES
NO_(TR)= TRACK
?
\{
SAVE ID SIDE
NUMBER

AN

NO_(SR) = SECTOR

<

NO
SAVE DATA LENGTH

CRC ERROR
=1 sTATUS SET

CRC ERROR
STATUS RESET
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NO

DATA AM
DETECTED

IS DATA
MARK “FB”
?

YES

RECORD TYPE
STATUS SET

RECORD TYPE

STATUS RESET

LOST DATA
STATUS SET

CRC ERROR
STATUS SET

DR + (DSR)

DR « (DSR)
DTRQ « “1”

2-BYTE TIME
DELAY

8-BYTE TIME
DELAY

DATA
WR!TTEw_O)
INTO DR
~N2

LOST DATA
STATUS SET

YES

12-BYTE TIME
DELAY

1-BYTE TIME
DELAY

]
WG+ 1",

_1

WG ‘1",
WRITE
12-BYTE 004

WITE 6-BYTE
00(HEX)

I

WRITE A1,
3 TIMES

| wrmers, | | wriTEFs. |

e

<
DSR + (DR)
DTRQ « ‘1’

NO 1SECTOR_

———<WRITE COMPLETE

WRITE FF,

]

LOST DATA_ vgg

LOST DATA
STATUS SET
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TYPE 3 COMMAND

' FROM WARM START

| DTRQ « ‘1’ I

3-BYTE TIME

YES

LOST DATA
STATUS SET

WRITE DATA DSR + (DR)
CORRESPONDING : -t
TO CONTROL BYTE DTRQ -1
DTRQ « 1

LOST DATA

GENERATED
?

LOST DATA
STATUS SET

NO

' MITSUBISHI
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READ ADDRESS COMMAND

RECORD NOT FOUND
STATUS SET

YES

ID AM
DETECTED
?

YES

DR + (DSR)

DTRQ « ‘1"

SR + TRACK
NUMBER

LOST DATA
GENERATED

LOST DATA
STATUS SET

?

L

NO

DR + (DSR)
DTRQ « ‘1’

LOST DATA
GENERATED
?

LOST DATA
STATUS SET

NO

CRC ERROR
STATUS SET

T

READING OF
REMAINING 5-BYTE ID
COMPLETED

?

CRC ERROR
?

NO

NO

READ TRACK COMMAND

8

o NO

O |

YES

DR + (DSR)
DTRQ + ‘1’

LOST DATA
GENERATED

?

LOST DATA
STATUS SET

/
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12. STATUS
The significance of the bits in the status register differs
according to the command. The bit 0 of the status register is
set during type 1, 2 and 3 commands to indicate the busy
status. When this bit is set, the other status bits may be re-
set or updated. When the type 4 command has been ex-
ecuted, the busy status bit is reset, but whether the remain-
ing status bits are reset or not depends on whether the pre-
vious command is being performed or not when the type 4
command is issued. When M5W1791-02P is in standby, the
remaining status bits are reset or updates according to the
same status bit configuration as the type 1 command. When
the type 4 command has been issued during the execution
of the pervious command, the remaining status bits show the
status of the previous command.

Tables 12.1 and 12.2 show the significance of each status
bit.

Tabl 12.1 Status Composition

Status bit . . . .
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Command
Type 1 command | Not ready | Write protect | Head loaded | Seek error CRC error .| Track 00 | Index Busy
° Read sector | Not ready 0 Record type Record not found | CRC error | Lost data | Data request| Busy
g
"5 | Write sector | Not ready | Write protect | Write fault Record not found | CRC error | Lost data | Data request | Busy
» Read address| Not ready |0 ' 0 Record not found | CRC error | Lost data | Data request| Busy
lg_i Read track Not ready 0 0 0 0 Lost data | Data request| Busy
Write track | Not ready | write protect | Write fault 0 0 o] Data request | Busy
° No preceding | Not ready Write protect | Head loaded | 0 “lo Track 00 Index (o]
é s | Command
s Preceding Same as definition of status bit based on preceding command. 0
command :

s ISHI
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Tabe 12.2 Status Register Contents

Status
Command bit Status Status Significance
Type 1 7 Not ready “1” denotes that the disk is not ready. This status is provided by the OR relationship
between the READY input inverted signal and the RESET input inverted signal.

6 Write protect “1” denotes that the disk is in the write protect status. This status is the inverted signal
of the write protect input WPRT.

5 Head loaded “1” denotes that the head has been loaded onto the disk and stabilized. This status is
provided by the AND relationship between the head load output HDLD and head load
timing input HDLT.

4 Seek error “1” denotes that the verify opration was not successful. This status is reset at the be-
ginning of the following command execution.

3 CRC error “1” denotes that there is a CRC error in the ID field. This status is reset at the begin-
ning of the next command execution. (Note 1)

2 Track 00 “1” denotes that the head is on track 00. This status is the inverted signal of the track
00 input TROO.

1 Index _1 denotes that the index pulse input IP is active. This status is the inverted signal of
IP. '

0 Busy “1” denotes that the type 1 command is being executed. After the CPU has written the
command, a maximum of 24 clocks for single density and 12 clocks for double-denisty
are required for the busy status flag to be set.

Type 2/ 7 Write protect “1” denotes that the disk is not ready. This status is produced by the OR relationship
Type 3 between the READY input inverted signal and the RESET input inverted signal.

6 Write protect “1” denotes that the disk is in the write protect status. This status is the write protect
input WPRT inverted signal.

5 Record type The record type is set during read. “1” denotes that the address mark of the data field

Write fault was the deleted data mark. “0” denotes that it was the data mark.
During write operations, “1” denotes that the command has been suspended by the
write fault ihiput.
This status is reset when the next command execution begins (Note 1)

4 Record not found | “1” denotes that the designated ID has not been properly detected. This status is re-
set when the next command execution begins. (Note 1)

3 CRC error “1” denotes that a CRC error is detected in the ID field or data field.

This status is reset when the following command execution begins. (Note 1)

2 Lost data “1” denotes that lost data have arisen. This status is reset when the following com-
mand execution begins. (Note 1) )

1 Data request “1” denotes that reading data from writing data to the data register is requested. This
status is the same as the data request output DTRQ.

0 Busy “1” denotes that the command is being executed. After the CPU system has written
the command, a maximum of 24 clocks for single-density and 12 clocks for double-
denisty are required until the busy status flag is set. ’

Note 1 : Refer to Table 12.1 for details when the type 4 command is executed.

MITSUBISHI
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13. DISK FORMATTING

Disk formatting is performed by the write track command.
Formatting examples are giben below for both single-
density 128 bytes/sector based on the IBM 3740 format and
double-density 256 bytes/sector based on the IBM system

34 format.

Table 13.1 Disk IBM 3740 Format

Table 13.2 Disk IBM System 34 Format

Transfer byte | Transfer data Significance of
number (HEX) transfer bytes
40 FF Gap 4
6 00 Sync pattern
1 FC index mark
26 FF Gap 1
(Note 1)| 6 00 Sync Pattern
1 FE 10 address mark
1 00~4C Track number
1 00 or 01 Side number
1 01~1A Sector number
1 00 Data length
1 F7 2-byte CRC write
" FF Gap 2
6 00 Sync pattern
1 FB Data mark
128 E5 Data
1 F7 2-byte CRC write
| 27 FF Gap 3
(Note 2) 247 FF Gap

Transfer byte | Transfer data Significance of
number ’ (HEX) transfer bytes
80 4E Gap 4
12 00 Sync pattern
3 F6 index mark
1 FC index mark
50 4E Gap 1
(Note 1)[ 12 00 Sync Pattern
3 F5 ID address mark
1 FE ID address mark
1 00~4C Track number
1 00 or 01 Side number
1 01~1A Sector number
1 01 Data length
1 F7 2-byte CRC write
22 4E Gap 2-
12 00 Sync pattern
3 F5 Data address mark
1 FB Data mark
256 40 Data
1 F7 2-byte CRC write
| 54 4E Gap 3
(Note 2) 598 4E Gap 4

Note 1 : This sequence is repeated 26 times while the sector number
is updated. The formatting of one track is then completed.
2 : This is the standard value which keeps sending the 4E data
until the interrupt request output INTRQ is set.

Note 1 : This sequence is repeated 26 times while the sector number
is updated. The formatting of ‘one track is then completed.

2 o This is the standard value which keeps sending the FF data

until the interrupt request output INTRQ is set.

' MITSUBISHI
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14. TRACK FORMAT

Track format is given in Fig. 14.

INDEX PULSE [ ] o
4
SYNC INDEX SYNGC TRACK [SIDE  |sEcTOR | DATA CRC 2
GAP4 1paTTERN| MARK | GAPT lpattern| AM1 Inumser|numeer |Nuveer| LenaTh | ByTes | GAP2
—4
1ST SECTOR ID FIELD
( ) — \
I 1 - T1raaTTT T T | m—m———————
SYNC CRC 2 SYNG
pattern| AM2 | DATA | gyres | GAP3 |paTTeERN Z [ GAP3 | GAP4
5} —\- == -
DATA FIELD 2ND SECTOR LAST SECTOR
ID FIELD GAP3 >

Fig. 14 Track format

15. TYPICAL EXTERNAL READ CLOCK
GENERATOR CIRCUIT

A read clock must be applied from an external oscillator with

the M5W1791-02P. Described below is an example of an

external read clock generator circuit used for an 8-inch flop-

py disk and employing a PLL circuit.

The circuit itself is an analog PLL circuit containing a vol-
tage-controlled oscilator (VCO) with a center frequency of
8MHz. It is applicable to both single- and double-density
modes, and is composed of a phase comparator, filter and
VCO. Fig. 15.1 shows the phase coimparator and Fig. 15.2
shows the filter and VCO.

In Fig. 15.1 the phase of the raw data read from the flop-
py disk is compared with the phase fo the signal produced
by dividing the VCO CLOCK. If, as a result, the phases do
not match, the VCO frequency is tracked by the UP or
DOWN signal. When VFOE is not active, the reference clock
is input.

The filter in Fig.- 15.2 acquires the required frequency
gain characteristics by means.of the NF loop RC elements.
C, is for tracking the VCO with respect to the relatively low
frequency fluctuations in the form of flutter during floppy disk
rotation, etc. In contrast, C, is for reducing the VCO gain in
the event for relatively high frequency fluctuatiions.

A 748124 is required for the VCO TTL, since the
7418124 is not sufficient as the 8MHz voltage-controlled
oscillation. Ry, R, and R; determine the gain. Ry and R, are
resistances from 500 ohms to 3.3 kohms. R; has a resistance
from 2.2to 4.7 kohms.

C; has a capacitance of 0.047uF to 0.3uF while C, has a
value of 0.001u«F to 0.0033xF.

C3 has a capacitance of 47pF for generating an 8MHz
frequency when VR is set to its center position and the
CONT input is made 1/2V¢g, R4 is for setting the operating
point of TR, and it is provided with a resistance of 50 kohms
to1 Mohm.

Care should be taken with parts layout and writing of the
VCO circuit, especially for the power supply and ground line
of the 74S124. V¢ instability causes a marked deterioration
in PLL response.

In the above example there is no filter or gain switching
by read gate output RG.

Note: The circuit in the example given above has low sensi-
tivity to elements value, and works stably. However,
the actual circuit used should be determined with re-
gard to the whole system, including the floppy disk
system.

MITSUBISHI
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FROM REGULATED 5V POWER SUPPLY

D,~D
TR,, TR,

1181588
£ 28C710

G, 0.0022uF 745124
1kQ 100H
AWAV l fw\]
0.1uF 1/4F.L T
4700 ' I I Vee Vool
CE __l
Ry D,
_ Cs
UP
6200 CONT  CE | T arer
Re D RENG VCO CLOCK
DOWN aww—DPD L yE0 CLOCK
1 VRS GND GNDQ) 8 MHz
TR2 5k B l
”
bedd

Fig. 15.2 Filter and VCO

16. TYPICAL WRITE PRECOMPENSATION

CIRCUIT

Fig. 16 gives an example of a write precompensation circuit.
The amount of compensation must be set to a value which
regulated for the floppy disk system. Clock generator
745124, for the VCO of the external read clock generator

cirucit in Section 15, has 2-channel VCO’s so the extra one
can be used also. In this case, the write data pulse width of
the M74LS153 in Fig. 16 is determined by the clock and if
required, it should be converted to the write data pulse
width demanded by the floppy disk system using a one-shot
multi-vibrator, etc.

CLOCK FOR WRITE PRECOMPENSATION
<
1 M74LST4AP, ETC.
pSq pSa pSa pSa
T — T —T —
R T R P - R T
EARLY l
OuTPUT s
8 D
S | EARLY r Q
& |(WRITE' R D,
T |PRECOMPENSATION | Y b
3 |PROHIBIT SIGNAL)| :
s - D, 9
b AN
@ | LATEOUTRUT bSa go ) WRITE DATA OUTPUT
L | WRITE DATA . A
OUTPUT WD R S
j, M74LS153P
Fig. 16 Write precompensation circuit
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17. EXAMPLE OF A WRITE GATE
OUTPUT AND WRITE FAULT/VFO
_ENABLE CIRCUIT
The WF/VFOE serves as the write fault input or VFO enable
output, depending on the WG output.

FROM WG OUTPUT

VFOE OUTPUT

FROM M5W1791-02P J

P— %‘IOKQ WRITE FAULT INPUT
WF/VFOE ) ( FROM FLOPPY DISK SYSTEM
*

*OPEN COLLECTOR OUTPUT

Fig. 17 Write fault/VFOE control circuit

18. AN EXAMPLE OF THE HEAD
LOAD OUTPU AND HEAD LOAD
TIMING CIRCUIT
The head load timing input is made available after the set-
tling time has elapsed from the head load output.

o]

A
FROM HDLD OUTPUT ’;C

-

HDLD OUTPUT

TO HLDT INPUT

6—36 ’ MITSUBISHI
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19 ELECTRICAL CHARACTERISTICS
19.1 ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~7 Vv
V, Input voltage With respect to Vss —0.5~7 \
Vo Output voltage —0.5~7 v
Pd Power dissipation Ta=25C ' 350 mw
Topr Operating free-air temperature range 0~70 c
Tstg Storage temperature range —65~150 c

19.2 RECOMMENDED OPERATING CONDITIONS (Ta=0~70C , unless otherwise noted)

Limits
Symbol Parameter — Unit
Min Nom Max
Vece Supply voltage 4.75 5 5.25 v
Vss Supply voltage 0 \
Vinu High-level input voltage 2 \"
VL Low-level input voltage Vgs—0.5 0.8 \'
19.3 ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vec=5V+5%, unless otherwise noted)
Limits
Symbol Parameter Test condition Unit
Min Typ Max

Vou High-level output voltage lon=—200uA 2.4 \
Voo Low-level output voltage lor=1.8mA 0.4 v
lcc Supply current 70 mA

Input current.(HDLT, TEST, WF/VFOE, WPRT,

_ Vi=Vgc~0V —100 10 HA
I DDEN) .

Input current other inputs Vi=Vgc~0V —10 10 - uA
loz Off-state output current Vi=Vge~0V —10 10 A

MITSUBISHI o7
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194 TIMING REQUIREMENTS (1,=0~70C, Vec=5V+5%, Vss=0V, unlese otherwise noted)

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

:SU(A-R) Address setup time before read and chip select TSET 50 ns

SU(cs-R)
thr-a) Address hold time after read and chip select THLD 10 ns
thr-cs) _
twi(r) Read pulse width TRE C_=50pF 280 - ns
tsutaw Address setup time before write and chip select TSET 50 ns
tsuccs-w)
thw-a) Address hold time after write and chip select THLD 10 ns
thiw-cs)
twiw) Write pulse width - TWE 200 ns
tsu(pq-w)| Data setup time before write TDS 250 ns
th(w-pq) | Data hold time after write TDH 20 ns
tw(rr) Raw read pulse width Tew (Notel. 2) 100 250 ns
te(rr) Raw read cycle time Tbe (Note 3) 1600 2000 " ns
tw(rcLk) | Read clock high-level width Ta (Note 4) 800 ns
tw(msTK) | Read clock low-level width Tb (Note 4) 800 ns
tc(roLk) | Read clock cycle time ) Tc 1600 ‘ns
th(rcik-rr) | Read clock hold time before raw read Tx1 40 ns
th(rr-rcLx) | Read clogk hold time after raw read Tx2 :AY:M :g ::
tw(wp) Write data pulse width Twp ;h:M ::g Zgg 228 ::
tc(wo) Write data cycle time Tbe - 2,3,4 MS
twis) Clock high-level pulse width TCDy 230 250 | 20000 ns
twi(?) Clock low-level pulse width TCD, 200 250 | 20000 ns
tw(reseT)| Reset pulse width - TMR 50 MS
tw(ip) Index pulse width TIP (Note 5) 10 ) u“S
tw(we) Write fault pulse width TWF (Note 5) 10 us

19.5 SWITCHING CHARACTERISTICS (Ta=0~70C , Veo=5V+5% , Vss=0V , unless otherwise noted)

Alternative ‘ Limrts
Symbol Parameter . Test conditidns Unit
symbot Min Typ Max !

S . N FM (Note 5) 2 us
trLr(wa-wp) | Propagation time from write gate to write data Twg MFM (Note 5) 1 - T as
teLuewo) Propagation time from early or late to write data Ts MFM (Note 5) 125 ns
teLn(L-wp) : .
tonitwo-e) Propagation time from write data to early or late Th MFM (Note 5) 125 ns

_teuwo-)

L X FM (Note 5) 2 us
teL(wp-wa) | Propagation time from write data to write gate Twt MFM (Note 5) 1 s
tezv(R-DQ) Output enable time after read TDACC =50pF 250 ns
tevz(r-DQ) Output disable time after read TDOH C_=50pF 50 150 ns
tenL(n.ora) | Propagation time from read to DRQ TDRR(RD) : 1 250 ns
teuL(rInTRQ) | Propagation time from read to INTRQ TIRR(RD) (Note 5) 500 ns
toni(w.or@) | Propagation time from write to DRQ TDRR(WR) : 250 ns
terL(w-intra) | Propagation time from write to INTRQ TIRR(WR) (Note 5) 500 ns
tw(sTeP) Step pulse width TSTP (Note 5) 2or4 ©S
teLr(pir.sTP) | Propagation time from direction to step TDIR (Note 5) 12 us

. CLK=1MHz MFM 200 ns

tv(wb-cLk) Write data valid time before clock Twdi CLK=2MHz MFM 30 ns

] - CLK=1MHz MFM 50 _ ns

tv(cLk-wb) Write data-valid time after clock Twd2 CLK=2MHz MFM 50 ns
Note 1 : The pulse of RAW READ may be any width if pulse is entirely within RCLK. When the pulse occurs in the RCLK window, RAW READ pulse

width must be Iess than 300 ns for MFM mode and 600 ns for FM mode at CLK—ZMHz Times double for 1MHz.

2 : 100 ns pulse width is recommended. for the RAW READ pulse in 8 MFM mode.
3 : RAW READ cycle time T¢(rr) and WD cycle time Tg(wo) is normally 2us in MFM and 4us in FM. Times double when CLK=1MHz.
4 : The polarity of RCLK during RAW READ is not important.
5 : Times double when CLK=1MHz.
6—38 - MITSUBISHI
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19.6 TIMING DIAGRAM

Read Write
~16 OR 32us , ~16 OR 32us ,
teHL(R—DORQ) tenL(w—orQ) }[
DTRQ
J (Note6) \ DTRQ / K
tseRVICE(RD) teHL(R—INTRQ) n tPHL(W—INTRQ) )
—— 1
INTRQ N INTRQ tservice(wn) (Note7) k
)
Ao, A1, TS X 4 Ao, 1, TS X
tsu(a—r) th(r—a) T e
SU(A—w) W—A)
tsu(cs—R) - th(r—cs) (su?c;—x) L—’ N thiw—cs)
. . —_— w.
AD tevz(a-o0) WA \:jg‘,h
o tpzv(r—Da) tsutoom (W=0Q)
Do~D: R ALl —
(OJTPU7T)--------- ———— Do~D; X
(INPUT) ! I (-—
Note 6 : tservice(ro) Maximum value, FM: 27. 5us, MFN: 13,5us
tservice(wr) maximum value; FM: 23, 5us, MFM: 11.5us
Input data Write data
tc(rr)
[, ]
[ twiam - teLH(we—wo) tenL(wp—wa)
RAW READ M \ / we
twirck) te(roLk) | f tewo) twiwo) J\_—
RCLK 4': * tw(RCLK) /"—'_as WD \-—jﬁ‘
th(roLk—rR) | th(rRR—RCLK) EARLY/ ) ‘
LATE /- \
teLH(e-wD) tenL(wo—E)
teLH(L—wD) teHL(wo—L)

7

WD

Others
twap)
[ \
twiwr)
WF N\
tw(reseT)
RESET \ k
to(s)

CLK JtWU)

- 4
DIRC _}

STEP

teLH

(DIR—gTP) W(STP) tw(sTe)

tpLH(DIR—STP)

B -

tywo—ck) tvicLk—

WD)
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1. DESCRIPTION
The M5W1793-02P is a floppy disk formatter/controller de-
vice which accommodates single and double density for-
mats.

The device is designed for use with microprocessors or
microcomputers.

‘The device is fabricated with the N-channel silicon gate
ED-MOS technology and is packaged in a 40-pin DIL
package.

2. FEATURES
® Single 5V supply voltage

oW

4.

Accommodate single and double density formats

1BM 3740 single density format

IBM system 34 double density format

Selectable sector length (128, 256, 512 or 1024 bytes/
sector)

Side select compare

Single/multiple sector read or write with automatic sec-
tor search

Selectable track to track stepping time

Write precompensation

DMA or programmed data transfers’

Window extension

5. PIN CONFIGURATION (TOP VIEW)

NC
WRITE CONTROL = _,

INpUT WR —[2]
CHIP SELECT GR —

wrna RESCRYPT
23~ INTRQ QUTEGE
38| — DTRQ g7 ¥

0
READ CONTROL 5 —» — DOURL
iNpUT RD 37]+— DDEN Jope e et
REGISTER | Ao —[5] [36]«— WPRT WRITE PROTECT
SELECT WERT \Npur
inpuT | A —[E] [35]— 75 INDEX PULSE INPUT
Do +— 34]«— TROO TRACK 00 INPUT
— WRITE FAULT
Dy —[8] z 133]«—~ WF/VFOE INUTVFD
D, «[9] ‘E" +— READY READY INPUT
BIDIREC- | D3 = [i0] = — WD gLF}ITTP%PATA
DATA DS | Dy — [T} o — wa WRITE GATE
‘ » OUTPUT
Ds (12| S 29| — TG 43 TG43 OUTPUT
N 8l — HEAD LOAD
Ds = [13] v 28] — HDLD HEAB K
D7 —[i4 27]— RAW READ [l FEAD
STEP — bFl— RCLK READ CLOCK
ouTpyT STEP RCLK [NpuT

DIRECTI(L)’L‘I{ DIRC +— [T§] 125] — RG READ GATE OUTPUT

QUTP!

EARLY —

OUTT‘GEEARLY — CLK C:EOI&)KLISI:’EI;JT
ouTPUT LATE — 18] “— HDLT TiMiRG INPUT
fieS5T reseT —[I9) [22)— TEST TEST INPUT

(0V) Vss [20] Vee (5V)

NC: NO CONNECTION
Outline 40P4

‘ systems. The hardware of the M5W1793-02P consists of a

APPLICATIONS

Single or double density floppy disk drive formatter/con-
troller
8-inch or mini floppy disk interface

FUNCTION

The M5W1793-02P is a floppy disk formatter/controlier that
can be used with most microprocessor or microcomputer

floppy disk interface, a CPU interface and a PLA control
logic. The total chip can be programmed by eleven 8-bit
commands. The floppy disk interface portion performs the
communication with the floppy disk drive under control of
the PLA control logic. The CPU interface portion has five
registers — command, data, status, track and sector register
— and communicates with the CPU through the data bus.
These functions are also controlled by the PLA.

REGISTER SELECT {Ao (5

WRITE GATE OUTPUT WG G0

READ CLOCK INPUT

EN
DOUBLE DENSITY MODE @

6. BLOCK DIAGRAM BIDIRECTIONAL

DATA BUS

——
D; Dg Ds Dy D3D2 D1 Do Vee(5V) Vss(0V)

WRITE CONTROL INPUT WR () L [ INPUT/OUTPUT BUFFER |

CHIP SELECT INPUT C§ ()~ &0/

READ CONTROL INPUT RD (4)

INPUT A (®)

EARLY OUTPUT EARLY
LATE OUTPUT LATE

WRITE DATA OUTPUT WD

@WPRT WRITE PROTECT INPUT
T INDEX PULSE INPUT
R %‘g}és TRO0O TRACK 00 INPUT
BREADY READY INPUT
@HDLT HEAD LOAD TIMING
INPUT
I TG 43 TG43 OUTPUT
CONTROL[——@HDLD  HEAD LOAD OUTPUT
Logc |—CDIRC DIRECTION OUTPUT
ISTEP STEP OUTPUT

RAW READ
RAW READ INPUT

RCLK

DATA
SEPARATOR

INTERNAL
DATA
SEPARATE

CLOCK

1 TRy % |LTEST TEST INPUT

INTERVAL TIMER

/!
INDEX PULSE '
COUNTER

INTERRUPT REQUEST

[V}
DATA REQUEST OUTPUT

T /L
SELECT INPUT - - - &)
RG

READ GATE WRITE FAULT RESET INPUT
%
OUTPUT 'E"ﬁ’AUBFLgF(?UTPUT

33 - 19
WF/VFOE  RESET
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7. PIN DESCRIPTION

' Input or
Pin Name Py Functions
output
No internal
NC X NC(pin 1) is not internally connected
connection
— Write control
WR input Input Write signal from a master CPU (Active low).
cs Chip select input Input Chip select (Active low).
— Read control
RD input Input Read signal from a master CPU (Active low).
Register select inputs. These inputs select the register under the control of the RD and WR.
A Ao RD WR
Ao, A Register select Input 0 0 STATUS REGISTER COMMAND REGISTER
A input P 0 1 TRACK REGISTER TRACK REGISTER
1 0 SECTOR REGISTER SECTOR REGISTER
1 1 DATA REGISTER DATA REGISTER
Bidirectional '
Do~D7 In/Out Three-state, non-inverted bidirectional data bus.
data bus
STEP Step output Output | Step pulse output (Active high).
DIRC Direction output Output Direction output. High level means the head is stepping in and low level means the head is stepping out.
EARLY Early output Output | This signal is used for write precompensation. It indicates that the write data pulse should be shifted earty.
LATE Late output Output This signal is also used for write pr P tion. It indicates that the write data pulse should be shifted
late.
Reset input (Active low). The device is reset by this signal and automaticaily loads “03" (hexadecimal) into
RESET Reset input Input trfe command .register. The not-ready-status bit is also reset by this signal. When reset input'is made to b?
high, the device executes restore command even unless READY is active and the device loads “01
(hexadecimal) to the sector register.
TEST Test input Input This input is only used for test purposes, so user must tie it to Vcc or leave it open unless using voice coll
actuated motors.
HDLT Head load timing Inout When the device finds high level on this input, the device assumes that the head is engaged on the media.
input P Active high.
CLK Clock input Input Clock input to generate internal timing. 2MHz for 8-inch drives, 1MHz for mini drives.
RG Read gate output Output This signal shows the external data separator that the syncfield is detected.
RCLK N Read clock input Input This signél is interna‘IIy used for the data window. Phasing relation to raw read data is specified but polarity
(RCLK high or low) is not important.
RAW . . . )
READ Raw read input Input This input signal from the drive shall be low for each recorded flux transition.
HDLD Head load output Output Trfis t?utput signal controls the loading of the head of the drive. The head must be loaded on the media by
this high-level output.
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Input or c
Pin Name pu Functions
output
his output is valid only during disk read/write operation and it shows the position of the head. High level
TG43 TG 43 output Output 7
P P on this output indicates that head is positioned between track 44 to 76.
WG Write gate output Output This signal becomes active before disk write operations are to occur.
wD Write data output Output This signal consists of data bits and clock bits. It becomes active for every flux transition. Active high.
This signal shows the device the drive is ready. In the disk read/write operation except for TYPE 1 com-
. mand operation, low level input terminates current operation and the device generates the INTRQ. In the
READY Ready input Input . L . L . .
TYPE 1 command operation, this signal is neglected. Not ready bit in the status register is the inverted form
of this input.
This is a bidirectional signal. It becomes write fault input when WG is active. In the disk write operation,
Write fault input/ In/Out low level signal on this input terminates the write operation and makes INTRQ active. This signal also
WF/VFOE | VFO enable appears in the status register as the write fault bit. When WG is inactive, this signal works as VFO enable
output output. VFOE output is also an open drain type, so pull it up to Vcc and never input active write fault signal
write WG is inactive.
TROO Track 00 input Input | This signal indicates that the head is located on the track 00 to the device. Active low.
I Index pulse input Input This input indicates to the device that an index hole of the diskette has been encountered.
Write protect Low level signal on this input informs the device that the drive is in the write protected state. Before disk
WPRT input P Input write operations, this signal is sampled and an active low signal will terminate the current command and
P set INTRQ. The write protect status bit in the status register is also set.
ODEN Double density input | TRiS input determines the device operation mode. When DDEN=0, double density mode is selected. When
mode select input P DDEN=1, single density mode is selected.
Data request DTRQ is an open drain output, so pull up to Vg by the 10k resistor. In the disk read mode, DTRQ indicates
u
DTRQ outout q Output | that data is assembled in the data register. In the disk write mode, it indicates that the data register is
P empty. DTRQ is reset by the read data or write data operation.
INTRQ Interrupt request Outoit INTRQ is also a open drain output, so pull up to Vcc by the 10k resistor. INTRQ becomes active at the
output P completion of any command and is reset when the CPU reads the status or writes the command.
No internal
NC e X a NC (pin 40) is not internally connected.
connection
AN
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8. COMMAND DESCRIPTION WR signal.

There are 11 different commands. By setting CS to “0”,A to The commands are classified into four Types : type 1,
“0” and A; to “0”, the commands are written into the Type 2, Type 3 and Type 4.

M5W1793-02P from the data bus at the rising edge of the

Table 8.1 List of Commands

Command type Command MSB Code LSB

B Restore command 0 0 0 0 h \ n ro

Seek command 0 0 0 1 h \% n ro

Type 1 commands Step command 0 0 1 u h v n ro
Step-in command 0 1 0 u h Vv n ro

Step-out command 0 1 1 u h \ n ro

Typo 2 B} Read sector command 1 0 0 m S E ] 0
Write sector command 1 0 1 m S E C ao

Read address command 1 1 0 0 0 E 0 0

Type 3 commands Read track command 1 1 1 0 0 E 0 0
Write track command 1 1 1 1 0 E 0 0

Type 4 commands Force interrupt command 1 1 0 1 I3 I2 B lo

Note 1. The M5W1793-02P features positive logic data bus and so the codes are written into the M5W1793-02P without modification.

Each command has a flag option. Refer to these options in
Table. 8.2. :
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Table 8.2 Flag Options

Flag

Description

Typel
commands

h : Head load flag.

When h =1: The head is loaded at the beginning of the command execution.
When h =0: The head is loaded when the verify operation starts if the V flag is “1”. It is not loaded
if the V flag is “0”.

V : Verify flag

When V =1: The contents of the track register are compared with the ID track address after head
positioning. The seek error status bit is set if the desired track address is not found by the time
the diskette has gone through 6 rotations.

When V =0: The track verification is not performed.

n, ro : Stepping rate flag

The stepping rate is determined by the value of these 2 bits as well as by the CLK frequency and
TEST input pin.

c

: Update flag

When u = 1: The track register is updated with each step pulse: It is incremented (or
decremented) by 1 for each step-in (or step-out) pulse. ’
When u =0: Track register is not updated.

Type 2/Type3

E : 15ms delay flag(at 2MHz clock)

When E =1: Sampling of the head load timing input starts with the 15ms delay after the head load
output has been set to “1”. An advance is made to the next step when HDLD-HLDT = “1” is
established.

Commands When E =0: Sampling of the head load timing input starts immediately after the head load output
has been set to “1”. An advance is made to the next steb when HDLD-HLDT = “1” is established.
The “next step” is the TG43 output update.
When m =1: Multi-sector read/write is performed. Upon completion of one sector read/write, the
sector register value is incremented by 1, the next sector is sought and read/write is performed
. 3 again. Upon completion of the final sector read/write operation, the next sector is not found even
m : Multi-sector read/write flag N N . L
when sought and so at the sixth rotation of the diskette the RNF error bit is set and the operation
is concluded. This command can also be concluded with the Type 4 command.
When m =0: Read/write for single sector is performed.
Type 2 When S =1: “1” is compared with the ID side number when the C flag is “1".
commands S : Side select flag When S =0: “0” is compared with the ID side number when the C flag is “1".
No comparison is performed when C =0.
. When C =1: The S flag and ID side number are compared.
C : Side compare flag R R )
When C =0: The ID side number is not compared.
When ap=1: The deleted data mark “F8" (hexadecimal) is written into the data field address
ap : Data address mark flag mark. , } .
When ap =0: The data mark “FB”" (hexadecimal)-is written into the data field address mark.
When lp =1: The interrupt request output is set to “H” at the ready input rising edge.
When I} =1: The interrupt request output is set to “H” at the ready input falling edge.
When Iz =1: The interrupt request output is set to “H” with the index pulse input.
Type 4 When I3 =1: The command being executed is terminated and the interrupt request output is set to
P | : Interrupt condition flag . ® N 9 ! pLreq P
command “H” immediately.
When lg =1l =1, =13 =0: No interrupt request is generated but the command being executed is
terminated. This command is executed so that the interrupt request output, which has been set by
the Type 4 command, is reset by the following command write or status read.
6—a4 MITSUBISHI
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9. ELECTRICAL CHARACTERISTICS
9.1 ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~7 v
vV, Input voltage With respect to Vss —0.5~7 v
Vo Output voltage —0.5~7 \
Pd Power dissipation Ta=25C 350 mw
Topr Operating free-air temperature range 0~70 C
Tstg Storage temperature range —65~150 ‘C
9.2 RECOMMENDED OPERATING CONDITIONS (1,=0~70C, unless otherwise noted)
Limits ‘
Symbol Parameter Unit
Min Nom Max
Vec Supply voltage 4.75 5 5.25 \
Vss Supply voltage 0 v
Viu High-level input voltage 2 v
Vo Low-level input voltage Vgs—0.5 0.8 v
9.3 ELECTRICAL CHARACTERISTICS (Ta=0~70T , Vec=5V£5%, unless otherwise noted)
Limits
Symbol Parameter Test condition Y Tvo iax Unit
Vou High-level output voltage low=—200uA 2.4 \
VouL Low-level output voltage lo,=1.8mA 0.4 v
lcc Supply current 70 mA
Input current.(HDLT, TEST, WF/VFOE, WPRT,
N Vi=Vgc~0V —100 10 HA
I DDEN)
Input current other inputs Vi=Vgc~0V —10 10 rA
loz Off-state output current Vi=Vcc~0V —10 . 10 uA
MITSUBISHI a5
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9.4 TIMING REQUIREMENTS (1.=0~70C, Voc=5V+5%, Ves=0V, unlese otherwise noted)

Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max

SUGAR) | Address setup time before read and chip select TSET 50 ns
tsuccs-m)
ther-a) Address hoid time after read and chip select THLD 10 ns
th(r-cs) ’

tw(r) Read pulse width TRE C_=50pF 280 ns
tsua-w) Address setup time before write and chip select TSET 50 ns
tsuccs-w)
thw-a) | Address hold time after write and chip select THLD 10 ns
thiw-cs)
tw(w) Write pulse width TWE - 200 . ns
tsu(pa-w)| Data setup time before write TDS 250 ns
th(w-pq) | Data hold time after write TDH 20 ns
tw(rr) Raw read pulse width Tew (Notel. 2) 100 250 ns
tc(rR) Raw read cycle time Tbc (Note 3) 1600 2000 ns
tw(rcLk) | Read clock high-level width Ta (Note 4) 800 ns
tw(raIk) | Read clock low-level width Tb (Note 4) 800 ns
tc(rcLk) | Read clock cycle time Tc 1600 ns
th(rcLk-rr) | Read clock hold time before raw read Tx1 40 ns

. FM 40 . ‘ns

th(rr-acLk) | Read clock hold time after raw read Tx2 MFM 20 - ns
t, Write data pulse width T FM 450 500 550 ns
wwp) P wp MFM 150 | 200 | 250 ns
tc(wo) Write data cycle time Tbe : 2,3,4 “S
tw( $) Clock high-level pulse width TCD, 230 250 | 20000 ‘ns
tw(?) Clock low-level pulse width TCD, 200 250 | 20000 ns
tw(reseT)| Reset pulse width TMR 50 “S
twae) Index pulse width TIP (Note 5) 10 us
tw(we) Write fault pulse width TWF (Note 5) 10 us

9.5 SWITCHING CHARACTERISTICS (Ta=0~70C, Vco=5V+5%, Vss=0V, unless otherwise noted)

' Alternative Limrts
Symbol Parameter Test conditidns Unit
symbol Min Typ Max
FM (Note 5) 2 us
t % Propagation time from write gate to write data T
PLH(WG-WD) pag g wg MFM (Note 5) 1 us
t; 2
PLH(E-WD) Propagation time from early or late to write data Ts MFM (Note 5) . 125 ns
tpLu(L-wD)
t, X N
PHLWD-®) | propagation time from write data to early or late Th MFM (Note 5) 125 ns
terL(wo-1)
FM (Note 5) 2 us
t g Propagation time from write data to writ t
PHL(WD-WG) pag t e gate Twt MEM (Note 5) 7 s
tpzv(R-DQ) Output enable time after read _ TDACC C_=50pF 250 ns
tevz(R-DQ) Output disable time after read TDOH C_=50pF 50 150 ns
teHL(r.oRQ) | Propagation time from read to DRQ TDRR(RD) 250 ns
tpu(rNTRQ) | Propagation time from read to INTRQ TIRR(RD) (Note 5) 500 ns
teHL(w-orQ) | Propagation time from write to DRQ TDRR(WR) 250 | ns
teHL(w-INTRQ) | Propagation time from write to INTRQ TIRR(WR) (Note 5) 500 ns
tw(stP) Step pulse width TSTP (Note 5) 2or4 us
teLn(pir-sTP) | Propagation time from direction to step TDIR (Note 5) 12 . us
CLK=1MHz MFM 200 ns
t - Write dat; lid time before clock T
VWD-CLK) rite data valid time befo wd CLK=2MHz MFM 30 ns -
CLK=1MHz MFM 50 ) ns
t g Write data valid time after clock T
v(cLk-wo) a wdz CLK=2MHz MFM 50 ns

Note 1 : The pulse of RAW READ may be any width if pulse is entirely within RCLK. When the pulse occurs in the RCLK window, RAW READ pulse
width must be less than 300 ns for MFM mode and 600 ns for FM mode at CLK=2MHz. Times double for 1MHz.
2 : 100 ns pulse width is recommended for the RAW READ pulse in 8 MFM mode.
3 : RAW READ cycle time T¢(rs) and WD cycle time Tg(wp) is normally 2us in MFM and 4us in FM. Times double when CLK=1MHz.
4 : The polarity of RCLK during RAW READ is not important.
5 : Times double when CLK=1MHz.
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9.6 TIMING DIAGRAM

Read Write
~16 OR 32us , ~16 OR 32us .
teHL(R—DRQ) teHL(W—DRQ)
] n—
DTRQ .
J(Note 6) 1\ DTRQ / \
tservICE(RD) tPHL(R—INTRQ) . terL(w—INTRQ) .
- 1
INTRQ N INTRQ tservice(wn) (Note7)
|

Ao, A, CS K Ao, 1, TS R

tsu(a-r) th(r-a) teu(a th(w—a)
tsu(cs—r) 1 th(r—cs) tsﬁfég_x; L" thiw—cs)
_ tw(R) — . twiw)
RD ﬂ tevz(r—pa) WR m th
trzv(r—DQ) (W—DQ)
Dy~D tsu(a-w) -
0~ U7 - - - - - [ Do~Dy
(OouTPUT) (INPUT) X
1
Note 6 : tservice(rp) Maximum value, FM: 27.5us, MFM: 13.5us
7 : tservice(wn) Maximum value; FM: 23, 5us, MFM: 11, 5us
Input data Write data
. tc(rr) . . teLH(WG—wD) teHL(WD—WG)
'———
‘ tw(rr) — waG
RAW READ w U / towo) wiwo) N\
tw(rcLK) tetreLk) - WD / \ F
RCLK tw(RCLK) - \
/‘ EARLY/
th(rcLk—rr) | th(RR—RCLK) LATE
teLH(E-wD) teHL(wp—E)
teLH(L—wD) tenL(wo-0)
CLK \ / \
WD 2
tvwo—cLk) tv(cLk—wo)
Others
twae)
3 /
tw(wr)

tw(ReseT)

v X
\

to(#)
tw(7)
CLK J tw(#)

DIRC 1,
(Ot lTP) twiste) tw(sTp)

-

teLH(DIR—sTP)

10. OTHERS
Refer to the description of M5W1791-02P for further in-

formation.
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CONTACT ADDRESSES FOR FURTHER INFORMATION

JAPAN
Electronics Marketing Division
Mitsubishi Electric Corporation
2-3, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100, Japan
Telex: 24532 MELCO J
Telephone: (03) 218-3473
(03) 218-3499
Facsimile: (03) 214-5570

Overseas Marketing Manager
Kita-ltami Works

4-1, Mizuhara, Itami-shi,
Hyogo-ken 664, Japan

Telex: 526408 KMELCO J
Telephone: (0727) 82-5131
Facsimile: (0727) 72-2329

HONG KONG

Ryoden Electric Engineering Co., Ltd.
22nd fl., Leighton Centre

77, Leighton Road

Causeway Bay, Hong Kong

Telex: 73411 RYODEN HX
Telephone: (5) 7907021

Facsimile: (852) 123-4344

TAIWAN

MELCO TAIWAN Co., Ltd.
6th fl., Chung-Ling-Bldg., .
363, Sec. 2, Fu-Hsing S. Road
Taipei, R.O.C.

Telephone: (704) 0247
Facsimile: (704) 4244

U.S.A.

NORTHWEST .

Mitsubishi Electronics America, Inc.
1050 East Arques Ave.

Sunnyvale, Ca 94086, U.S.A.

Telex: 172296 MELA SUVL
Twx: 910-339-9549
Telephone: (408) 730-5900
Facsimile:  (408) 730-4972

SOUTHWEST

Mitsubishi Electronics America, Inc.
991 Knox St.

Torrance, CA 90502, U.S.A.

Telex: 664787 MELA TRNC
Telephone: (213) 515-3993
Facsimile: (213) 324-6578

SOUTH CENTRAL

Mitsubishi Electronics America, Inc.
2105 Luna Road, Suite 320
Canoliton, TX 75006, U.S.A.
Telephone: (214) 484-1919
Facsimile: (214) 243-0207

NORTHERN

Mitsubishi Electronics America, Inc.
15612 HWY 7 #243

Minnetonka, MN 55345, U.S.A.
Telex: 291115 MELA MTKA
Telephone: (612) 938-7779
Facsimile: (612) 938-5125

NORTH CENTRAL

Mitsubishi Electronics America, Inc.
799 North Bierman Circle,

Mt. Prospect, IL 60056, U.S.A.

Telex: 270636 MESA CHIMPCT
Telephone: (312) 298-9223
Facsimile: (312) 298-0567

NORTHEAST

Mitsubishi Electronics America, Inc.
200 Unicorn Park Drive

Woburn, MA 01801, U.S.A.

Telex: 951796 MELA WOBN
Twx: 710-348-1229
Telephone: (617) 938-1220
Facsimile: (617) 938-1075

MID-ATLANTIC

Mitsubishi Electronics America, Inc.
Two University Plaza

Hackensack, NJ 07601, U.S.A.
Telex: 132205 MELA HAKI
Twx: 710-991-0080
Telephone: (201) 488-1001
Facsimile: (201) 488-0059

SOUTH-ATLANTIC
Mitsubishi Electronics America, Inc.
6575 The Carners Parkway.

Sulte 100
Norcross, GA 30092, U.S.A.
Twx: 910-380-9555

Telephone: (404) 662-0813
Facsimile: (404) 662-5208

SOUTHEAST
Mitsubishi Electronics America, Inc.

Town Ex. CTR. 6100 Glades Rd. #210

Boca Raton, FL 33433, U.S.A.
Twx: 510-953-7608
Telephone: (305) 487-7747
Facsimile: (305) 487-2046

FRANCE

Mitsubishi Electric Europe GmbH

65 Avenue de Colmar Tour Albert 1er
F-92507 Rueil Malmaison Cedex,
France

Telex: 202267 (MELCAM F)
Telephone: (01) 7329234

Facsimile: (01) 7080405

ITALY

Mitsubishi Electric Europe GmbH
Centro Direzionale Colleoni
Palazzo Cassiopea 1

20041 Agrate Brianza [-Milano
Telephone: (039) 636011
Facsimile: (039) 6360120

SWEDEN

Mitsubishi Electric Europe GmbH
Lastbilsvdgen 6B

5-19149 Sollentuna, Sweden
Telex: 10877 (meab S)
Telephone: (08) 960468
Facsimile: (08) 966877

WEST GERMANY

Mitsubishi Electric Europe GmbH
Head Quater Gothear Str. 6

4030 Ratingen 1, West Germany
Telex: 8585070 MED D
Telephone: (02102) 4860
Facsimile: (02102) 486-115

U.K.

Mitsubishi Electric (U.K.) Ltd.
Centre Point, (18th Floor)

103 New Oxford st.,

London WC1, England, U.K.
Telex: 296195 MELCO G
Telephone: (01) 379-7160
Facsimile: (01) 836-0699

AUSTRALIA

Mitsubishi Electric Australia Pty. Ltd.
73-75, Epping Road, North Ryde,
N.S.W. 2113 Australia

P.O. Box 1567 Macquarie Centre
N.S.W. 2113 Australia

Telex: MESYD AA 26614
Telephone: (02) 888-5777
Facsimile: (02) 887-3635
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