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MSM82CSSAP-S 

CMOS PROGRAMMABLE PERIPHERAL INTERFACE 

SWITCHING CHARACTERISTICS (Ta=-20-75'C, Vcc=5V±10%, unless otherwise noted) 

Alternative Limits 
Symbol Parameter Test conditions 

symbol Min 

tPVZ(R-OQ) Propagation time from read to data output tAD 

tPZV(R-OQ) Propagation time from read to data floating (Note13) tOF 10 

tPHL(W-PE) 
Propagation time from write to output tWB 

tPLH(W-PE) 

tPLH(STB-IBF) Propagation time from strobe to ISF flag tSIB , 

IplH(STB-INTR) Propagation time from strobe to interrupt tSIT 

tpHu R-INTRl Propagation time from read to interrupt tAIT CL=150pF 

tPHUR-IBF) Propagation time from read to ISF flag tRIS 

tPHL(W_INTR) Propagation time from write to interrupt tWIT 

tPHL(W_OBF) Propagation time from write to OBF flag twos 

tPLH(ACK-OBF) Propagation time from acknowledge, to OBF flag tAOS 

tPlH(ACK-INTR) Propagation time from acknowledge to interrupt tAIT 

tPYZ(ACK-PE) Propagation time from acknowledge to data output tAD 

tPZV(ACK-PE) Propagation time from acknowledge to data floating (Note13) tKD 20 

Note 12 
13 
14 

M5M82C55AP-5 is also invested with the extended specification showed in the brackets, 
Test conditions are not applied, 

5-82 

AC Testing waveform 
Input pulse level 
Input pulse rise time 
Input pulse fall time 
Reference level input 

Output, 

0.45-2.4V 
10ns 
10ns 

V'H=2V, VIL =0. SV 
VoH =2V, VOL =0. SV 

. • Mll'SUBISH ... I 
",'ELECTRIC 

2.4 -V-2 2V­
o. 45 �~�_�O�.�:�.�:�.� S:..-......;O;;;.. ,,-,S A-

Typ 
Unit 

Max 

200 (170) ns 

100 ns 

350 ns 

300 ns 

300 ns 

400 ns 

300 ns 

450 ns 

650 ns 

350 ns 

350 ns 

300 ns 

250 ns 
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CMOS PROGRAMMABLE PERIPHERAL INTERFACE 

TIMING DIAGRAM 

Data bus read operation 

twiRl 

CS, Ao, A, 

tPZV(R-DQ) 

00-0, 

Data bus write operation 
tW(W) 

thlw-AI 

CS, Ao, A, 

tSU(OQ-wJ 

Mode 0 Port input 
tW(RJ 

PORT INPUT 

Mode 0, 1 Port output 

J;~ 
~------------~ 

PORT OUTPUT x: --------------________________________ -J ~-----

. • MITSUBISHI 
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Mode 1 Strobed input 
tW(STBJ 

\0-
tPlH (STB-IBF2.! 

-I 

ISF 

INTR 

tSU(PE-STB) 

~ 
~ 

0-
PORT INPUT 

Mode 1 Strobed output 

twlw) 

INTR 

PORT OUTPUT 

5-84 
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CMOS PROGRAMMABLE PERIPHERAL INTERFACE 

-,'I 

tPlH(STB-INTRll 

l 

th(STB_PE) 

~~\\ 

,~// 

tPHl(W-PE) 

tPlH(W.PE) 

.• ·· ..... MITSOBISHI 
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tPHL{R-INTR) 

<:-------7 

\~ 

tPLH(ACK-OBF) 

\ 
-' 

tPHL(R-IBF) 

\ 
...,F ~ 

tPLH(ACK-INTR) 
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CMOS PROGRAMMABLE PERIPHERAL INTERFACE 

Mode 2 Bidirectional 

~ 

J 
\ tPHL(W-OBF) 

\ \ / -
tPLH(ACK-OBF) 

INTR 

tW(ACK) / 

V 

\ ~/y 
tW(STS) 

\r- h 

.~ 
~ 

tPlH(STB_IBF) 

l~ 
---' t.....-

tPlH(R-IBF) 

IBF 

~ 

--jL 

tSU(PE-STB) 
th(STB_PE) tPZV(ACK-PE) tPVZ(ACK-PE) 

E-----'3> ~ 

II/'- \\\ III -'~\\ 
\\~ -:I (II \\) -, III 

PORT A 

Note 5: INTR=IBF' MASK' STB' RD + OBF' MASK' ACK· WR 
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CMOS PROGRAMMABLE PERIPHERAL INTERFACE 

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 5 V supply voltage 

• TTL compatible 
• Improved DC driving capability 
• Improved timing characteristics 
• 24 programmable I/O pins 
• Direct bit set/reset capability 
• Packaged in flat small outline package 

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

FUNCTION 
These PPls have 24 input!output pins which may be indi­
vidually programmed in two 12-bit groups A and B with 

mode Control commands from a CPU. They are used in three 
major modes of operation, mode 0 , mode 1 and mode 2 . 
Operating in mode 0, each group of 12 pins may be prog­

rammed in sets of 4 to be inputs or outputs. In mode 1 , the 
24 I/O 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 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

j
(PA3 ~ 

INPUT/OUTPUT PA, ~ 
PORT A PA, ..... 

lPAo~ 

READ INPUT RD~ 

CHIP S~~~8t CS--+ 

(Ov) GND 

PORT ADDRESS{ AI ~ 
INPUTS Ac ~ 

INPUT/OUTPUT 
PORT C 

PC7~ 10 

Outline 40P2R 

BI·DIRECTIONAL 
DATA BUS 

INPUT/OUTPUT 
PORT B 

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 M5M82C55AP-5 for detail information. 
M5M82C55AFP-5's specifications are fully compatible with 
M5M82C55AP-5. Only package outline is different. 

I----------------~ 

.t3J 
PA7] 

READ INPUT RD 

WRITE INPUT WR 

ADDRESS ! AI 

INPUTS ! Ao 

RESET INPUT RESET 

CHIP SELECT CS 
INPUT 

0 7 

0 6 

Ds 

10, 
DATA BUS ,03 

i 02 

iDI 
, Do 

r-6 ~ 

%=~"' 8 CONTROL 
LOGIC -

9 

t= '1 1 2 
28~ 
~~ ...,. 
3Or----- DATA BUS 

3~ BUFFER 
3 
3 
4~ ~ 

2 

GROUP a 
A 

CONTROL. 

L 

l 
a-BIT 
INTERNAL 

a DATA BUS 

1 
GROUP 8 

B 
CONTROL 

GROUP ~ 
a A 40 

PORT A I 

(a-BIT) 2 
8 -'" 3 

I 
-;0 4 

l ~ -; GROUP A 
PORT C II 

JIMOST SIGNIFI· I 
CANT 4 BITS) 13 

Ii 17 
4 GROUP B 

16 PORT C 
ULEAST SIGNIFI ! ,..... CANT 4 BITS) 14 

L i:--'- 2 
8 

8 GROUP 
B 

PORT B 2 

(8-BIT) 2 

L....,.. ~ 11) 15V) vccl 
(Ov) GND 7 ______ . _________________ . ______ -.J 

5-86 • ·MITSUBISHI 
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PA6 

PAs 
PA, INPUT/OUTPUT 

PA3jPORT A 
PA, 
PA, 
PAo 

:g:l 
PCs 

PC, INPUT/OUTPUT 

PC3 [PORT C 
PC, 

PCI] 
PCo 

PB7 

PB6 

PBs 
PB, INPUT/OUTPUT 
PB3 PORT B 
PB, 

PBII' 
PBo 
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CMOS PROGRAMMABLE INTERRUPT CONTROLLER 

DESCRIPTION 
The M5M82C59AP 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 
• M5M82C59AP 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 M5M82C59AP can be used as an interrupt controller for 
CPUs 8085A, 8086 and 8088 

PIN CONFIGURATION (TOP VIEW) 

CHIP ST~~8t CS~ 1 

CONTROL ~WJ~ WR ~ 2 

CONTROL I~~tr~ ~~: : 

06~ 

D5~ 

DATA BUS 03 ~ 

D,~ 

Vcc (5V) 

ADDRESS INPUT 
INTERRUPT 
ACKNOWLEDGE 

. INPUT 

INTERRUPT 
REQUEST 
INPUTS 

BIDIRECTIONAL I 0, ~ 

Do +-+ 11 INTERRUPT 

CASCADE{CASO ~ 12 17 ~INT ~'t.,?-~5~T 
LINES CAS, ~ 13 16 ~SP/EN ~~~H~~~L~AM 

BUFFER OUTPUT 
(OV)Vss 14 15 ~CAS, CASCADE -.. _____ ...r- LINES 

Outline 28P4 

FUNCTION When an interrupt is generated because of an interrupt 
The M5M82C59AP is a device specifically designed for use request at 1 of the pins, the M5M82C59AP based on the 
in real time, interrupt driven microcomputer systems. It man- mask and priority will output an INT to the CPU. After that, 

ages eight level requests and has built-in features for ex- when an INTA signal is received from the CPU or the sys­
pandability to other M5M82C59AP's. The priority and inter- tem controller, a CALL instruction and a programmed vector 
rupt mask can be changed or reconfigured at any time by address is released onto the data bus. 
the main program. 

BLOCK DIAGRAM 

INTERRUPT 
ACKNOWLEDGE INPUT 

INTERRUPT 
REQUEST OUTPUT 

INTERRUPT 
REQUEST INPUTS 

INT 

IRa 
IR, 
IR, 

,...---- - --- - --- - --- - ---- ----, 

CONTROL LOGIC 

20 

DATA BUS 
BUFFER 

BIDIRECTIONAL DATA BUS 

IR3 21 PRIORITY 8 IN SERVICE 
REGISTER READ/WRITE 

2 WR WRITE CONTROL INPUT 

3 RD READ CONTROL INPUT 

27 Ao ADDRESS INPUT 

IR, 
IRs 
IR6 

22 
23 

RESOLVE 
(ISR) 

24 

CONTROL 
LOGIC 

;: ;:;}HI:A::~:: ~~:EUsT 
15 CAS, 

"------{16 SP/EN 

"--------- - ---- - --- - --- - ----' 
SLAVE PROGRAM INPUT/ 
ENABLE BUFFER OUTPUT 
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CMOS PROGRAMMABLE INTERRUPT CONTROLLER 

PIN DESCRIPTION 

Symbol Pin name 
Input 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 

D7-Do Bidirectionaf data bus 
Input! 

Data and commands are transmitted through this bidirectional data bus to and from the CPU. 
output 

CAS2- Input! 
These pins are outputs for a master and inputs for a slave. And these pins of the master will be able to 

Cascade lines address each individual slave. The master will enable the corresponding slave to release the device routine 
CASo output 

address during bytes 2 and 3 of INTA. 

-- Slave program input/ Input! SP: In normal mode, a master is designated when SP/EN=1 and a slave is designated when SP/EN=O. 
SP/EN 

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 Interrupt request output Output This pin goes high whenever a valid inter~upt is asserted. 

The asynchronous interrupt inputs are active, at high-level. The interrupt mask and priority of each interrupt 

IR7-IRo Interrupt request input Input 
input can' be changed at any time. When using edge triggered mode, the rising edge (low to high) of the 

--

interrupt request and the high-level must be held until the first INTA. For level tr.ggered mode, the high-
--

level must be held until the first INTA. 

-- Interrupt acknowledge When an interrupt acknowledge (INTA) from the CPU is received, the M5M82C59AP releases a CALL in-
INTA Input 

input struction or vectored address onto the data bus. 

Ao Ao address input Input 
This pin is normally connected to one of the address lines and acts in conjunction with the the CS, WR and 
-
RD when writing commands or reading status registers. 

OPERATION Table 1 M5M82C59AP basic operation 

The M5M82C59AP is interfaced with a standard system bus 
as shown in Fig. 1 and operates as an interrupt controller. Ao D4 D3 RD WR CS Input operation (read) 

]6 AOORESS BUS 

CONTROL BUS 

OATA BUS 

CS Ao 07-00 RO WR INT INTA 
CASo 

j"'X'"' M5M82C59AP CAS, 
LINES 

CAS, 

SLAVE PROGRAM 

INPUT/ ENABLE 

BUFFER OUTPUT 

INTERRUPT REQUEST INPUTS 

Fig. The M5M82C59AP interfaces to standard sys­
tem bus. 

a 
] 

a a 
a 0 

a 1 

1 X 

X X 

X X 

5-88 'MITSUBISHI 
"ELECTRIC 

a ] a IRR, ISR or interrupting level-data bus 

a ] a IMR-Data bus 

Output operation (write) 

a ] a a Data bus-OCW2 

] ] a a Data bus-OCW3 

x 1 a a Data bus-ICWI 

X 1 a a Data bus-OCW], ICW2, ICW3, ICW4 

Disable function 

X 1 1 a Data bus-High-impedance 

X X X 1 Data bus-Hign-impedance 
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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 M5M82C59AP from the 
CPU. 

(6) These two INTA pulses allow the M5M82C59APto 
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 ISFt 
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 EOI command is issued. 

IRlJi= IRR SET 

2. When the CPU is an 8086 or 8088: 
(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 
appropriated, the M5M82C59AP sends an INT signal 
to the CPU. 

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

(4) Upon receiving the first INTA pulse from the CPU, 
the M5M82C59AP does not drive the data bus, and 
the data bus keeps high-impedance state. 

(5) When the second INTA pulse is issued from the 
CPU, an 8-bit pOinter is released onto the data bus. 

(6) This completes the interrupt cycle and the interrupt 
routine will be serviced. The ISR bit is reset at the 
trailing edge of the second INTA pulse in the AEOI 
mode. In the other modes the ISR bit is not reset un­
til an EOI command is issued from the CPU. 

IRl.J'IRR SET 

INTA--'l 1 r---J 2 r--
L.----l /L-...J\!~~ RESET 

ISR SET ISR RESET (AEOI MODE) 

The interrupt request input must be held at high-level un­
til the first INTA pulse is issued. If it is allowed to return to 
low-level before the first INTA pulse is issued, an interrupt 
request in IR7 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 IR7, if ISR is check­
ed QY software either the interrupt by noise or real interrupt. 
can be acknowledged. In the state of edge trigger mode 
normally the interrupt request inputs hold high-level and its 
input low-level pulse in the case of interrupt. 

Interrupt sequence outputs 
1. When the CPU is an 8085A: 

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

Table 2 Formats of interrupt CALL instruction and vec­
tored address 

First INTA pulse (CALL instruction) 

06 Ds D, Do 

o o o 

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

IR Interval= 4 

D7 Ds Ds 0_ D3 D2 D, Do 

IRa A7 As As 0 0 0 0 0 

IR, A7 As As 0 0 1 0 0 

IR2 A7 As As 0 1 0 0 0 

IR3 A7 As As 0 1 1 0 0 

IR_ A7 As As 1 0 0 0 0 

IRs A7 As As 1 0 1 0 0 

IRs A7 As As 1 1 0 0 0 

IR7 A7 As As 1 1 1 0 0 

• MITSUBISHI 
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IR Interval=8 

D7 Do Ds D4 D3 D2 D, Do 

IRo A7 As 0 0 0 0 0 0 

IR, A7 As 0 0 1 0 0 0 

IR2 A7 As 0 1 0 0 0 0 

IR3 A7 As 0 1 1 0 0 0 

IR4 A7 As 1 ,0 0 0 0 0 

IRs A7 As 1 0 1 0 0 0 

IRo A7 As 1 1 0 0 0 0 

IR7 A7 Ao 1 1 1 0 0 0 

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

request signal is latched in the corresponding I RR bit if the 
high-Ieilel 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 inlRR., 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 

D7 Do Ds D4 D3 D2 D, Do INTA pulse in AEOI mode. 

,--A...;.' :..:,s--l-,-A~'.:.4 --I..-'-A:..:'3--l-.:.A.;:;'2::.....-L......:A'-,~, --I..-,-A;:.:,o;......J_A..;;9:""'-.l.-.:-As::--l1 ' Priority Resolver \ 

2. When the CPU is a 8086 Or 8088: ) 

Tlie data bus keeps a high-impedance state when the 
first INTA pulse is issued. Then the pOinter T7-To is re­
leased when the next INTA pulse is issued. The content 
of the pOinter T7-To is shown in Tabl,e 3. The T2-T-o are 
a binary code corresponding to the interrupt request 
level, AlO - As are unused and ADI mode control is 
ignored. 

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

D7 Do Ds D4 D3 

IRo T7 To Ts T4 T3 

IR, T7 To Ts T4 T3 

IR2 T7 To Ts T4 T3 

IR3 T7 To Ts T4 T3 

IR4 T7 To Ts T. T3 

IRs T7 ,To Ts T4 T3 

IRo T7 To Ts T4 T3 

IR7 T7 To Ts T4 T3 

D, D, Do 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

Interrupt Request Register (IRR), In-service Register 
(ISR) 
As interrpt requests are received at inputs IR7-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 IRn is acknowledged on 
the leading edge when in the edge triggered mode or it is 
acknowledged on the lellel when in the level triggered 
mode. After that an INT signal is released and the interrupt 

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 (INn 
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 the1NTA pulse. 
Data Bus Buffer 
The data bus buffer is a 3-state bidirectional data bus buf­
fer that is used to interface with the system bus. Write com­
mands to the M5M82C59AP, CALL instructions, vectored 
addresses, status information, etc. are transferred through 
the data bus buffer. 

ReadlWrlte 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 JWR) 
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. 

5-90 .MITSUBISHI 
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Address Input (Ao) 
The address input is normally connected with one of the 
address lines and is used along with WR and RD to control 
write commands and reading status information. 

Cascade Buffer/Comparator 
The cascade buffer/comparator stores or compares ident,i­
fication codes. The three cascade lines are output when the 
M5M82C59AP 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 M5M82C59AP 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. 

ICW1 
The meaning of the bits of ICW1 is explained in Fig. 3 along 
with the functions. ICW1 contains vectored address bits A7-
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 ICW4 is required or not. 

Whenever a command is issued with Ao = 0 and D4 = 1 , 

Fig. 2 Initialization sequence 

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 IR7 is assigned the lowest 

priority. 
(e) The special mask mode is cleared and the status read 

is set to the interrupt request register (IRR). 
(d) When IC4=0 all bits in ICW4 are set to zero. 

ICW2 
ICW2 contains vectored address bits A1S - As or interrupt 
type T7-T3, 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=O, 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 I NT A 

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 

• MITSUBISHI 
.... ELECTRIC 

5-91 



MITSUBISHI LSls 

MSM82C59AP 

CMOS PROGRAMMABLE INTERRUPT CONTROLLER 

1 VECTOR ADORESSLOW-ORDER BITS I 
I (A7-A5) (Note 1) 

J1: LEVEL TRIGGERED MODE I 10: EDGE TRIGGERED MODE 

_11: CALL ADDRESS INTERVAL IS 4 J (Note 1) -10: CALL ADDRESS INTERVAL IS 8 

-I ~~ SINGLE I CASCADE MODE 

-I ~: ICW4 NEEDED I J 
NO ICW4 NEEDED , , Note 1 8085A ONLY 

! I 0 , A7 , A, , A5 , 1 , LTIM ADI SNGL' IC4 J 
Ao 0 7 0, 05 0, 03 0, 0, Do 

ICW1 

I VECTOR ADDRESS HIGH-ORDER BITS 

I 1 1 
(A,5-As)OR INTERRUPT TYPE (T7-T,) 

I 1 , A,5/T7' A14/T, , A131T5/ A12IT,/ All/T3 A,o 1 A, 1 As J 
Ao 07 0, 0, 0, 03 0, 0, Do 

ICW2 

11 IRn INPUT HAS A SLAVE 

I 1 1 
I 0: IRn INPUT DOES NOT HAVE A SLAVE 

I 1 , S, , 56 , S5 
/ 

S, / S3 S, 1 s, 1 So J 
As 0 7 0, 05 0, D, 0, 0, Do SLAVE IDENTIFICATION CODE 

ICW3 (MASTER DEVICE) 0 1 2 3 4 5 6 7 

0 0 0 a 1 1 1 1 

a a 1 1 a a 1 1 

1 
0 1 a 1 a 1 a 1 

I 1 , a J a J a J a J a 10, / 10, / 100 I 
Ao 0, 0, 05 0, 03 0, 0, Do 

ICW3 (SLAVE DEVICE) 

J1: SPECIAL FULLY NESTED MODE 

10: NOT SPECIAL FULLY NESTED MODE 

a x NON BUFFERED MODE 

1 a BUFFERED MODE/SLAVE 

1 1 BUFFERED MODE/MASTER 

11: AEOI MODE 

La: NORMAL EOI MODE 

11: 8086, 8088 MODE 

1 
0: 8085A MODE 

II 1 / a / a 1 a 1 SFNMl BUF M/S 1 AEOll "PM J 
As 0, 0, 0 5 0, 0 3 0, 0, Do 

ICW4 

Fig. 3 Initialization command word format 
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=0 in ICW4. In the slave mode, three bits 102~ 100 identify 
the slave. And then when the slave code released on the 
cascade lines from the master, matches the assigned 10 
code, the vectored address is released by it onto the data 
bus at the next INTA pulse. 
ICW4 
Only when IC4=1 in ICWl is ICW4 valid. Otherwise all bits 
are set to zero. When ICW4 is valid it specifies special fully 
nested mode, buffer mode master/slave, automatic EOI and 
microprocessor mode. The format of ICW4 is shown in Fig. 3. 
Operation Command Words (OCWs) 
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 

M5M82C59AP, the device is ready to accept interrupt re­
quests. There are three types of OCWs; explanation of each 
follows, and the format of OCWs is shown in Fig. 4. 
OCW1 
The meaning of the bits of OCWl are explained in Fig. 4 
along with their functions. Each bit of IMR can be indepen­
dently changed (set or reset) by OCW1. 
OCW2 
The OCW2 is used for issuing EOI commands to the 
M5M82C59AP and for changing the priority of the interrupt 
request inputs. 
OCW3 
The OCW3 is used for specifying special mask mode, poll 
mode and status register read. 

1: INTERRUPT MASK SET 
.---,-----,,.--,----.--,---,---,.------1 0: INTERRUPT MASK RESET 

OCWl 

0 0 1 NON-SPECIFIC EOI 

} EOI 0 1 1 SPECIFIC EOI (RESETS ISR BITS L,-Lo) 

1 0 1 ROTATE ON NON-SPECIFIC EOI 

} AUTOMATIC ROTATION 1 a 0 SETS AUTOMATIC ROTATION FLIP-FLOP 

0 0 0 RESET AUTOMATIC ROTATION FLIP-FLOP 

1 1 1 ROTATE ON SPECIFIC EOI (RESETS ISR BIT L,-Lo) 
} SPECIFIC ROTATION 

1 1 0 SETS PRIORITY COMMAND (SET LOWEST PRIORITY BIT L,-Lo) 

0 1 0 NO OPERATION 

:J 10 LEVEL TO BE ACTED UPON 

0 1 2 3 4 5 6 7 

0 0 0 0 1 1 1 1 

I 
0 0 1 1 o 0 1 1 

I 0 1 0 1 0 1 0 1 

I o I R I SL EOI I 0 I 0 I L, I L, I Lo I 
0, 06 05 0, 0, 0, Do 

OCW2 

0 )( NO OPERATION 

1 0 RESET SPECIAL MASK MODE 

1 1 SETS SPECIAL MASK MODE 

J 1: POLL COMMAND 

L 0: NO POLL COMMAND 

0 X NO OPERATION 

1 0 SETS STATUS READ REGISTER IN IRR 

1 1 SETS STATUS READ REGISTER IN ISR 

I I 
L 0 I 0 ESMM I SMM I o I 1 I P I RR I RIS I 

tv;, 0, 06 05 0, 0, 0, Do 
OCW3 

Fig. 4 Operation command word format 
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FUNCTION OF COMMAND 
Interrupt masks 
The masvegister contains a mask for each individual inter­
rupt request. These interrupt masks can be changed by 
programming using OCWI. 
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 OCW3. 
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 M5M82C59AP 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 ICW4. 
Fully nested mode 
The fully nested mode is the mode when no mode is speci­
fied and is the usual operational mode. In this mode, the 
priority of interrupt request terminals is fixed from the lowest 
IR7 to the highest IRo. When ari interrupt request is acknow­
ledged the CALL instruction and vectored address are re­
leased onto the data b!.ls. 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 
ICW4. The special fully nested mode is the same as the fully 
nested mode with the following two exceptions. 
I .. 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 thelSR 
bit is 0 the EOI command may be sent to the master too. 
But if it is not 0 the EOI 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. 

Binary code of the highest priority 

When 1=0 (no interrupt request), W2-WO 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 E!ny 
INTA sequence. Poll command is issued by setting P= I in 
OCW3. 
End of 'interrupt (EOI) and specific EOI (SEOI) 
An EOI command is required by the M5M82C59AP to reset 
the ISR bit. So an EOI command must be issued to the 
M5M82C59AP 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 EOI 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 EOI 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 ,EOI is issued the 
M5M82C59AP 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 81:01 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 EOL EOI and SED I are 
selected when OCW2 is executed. 
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Automatic EOI (AEOI) 
In the AEOI mode the M5MB2C59AP executes non-specific 

EOI command automatically at the trailing edge of the last 
INTA pulse. When AEOI=l in ICW4, the M5MB2C59AP is put 
in AEOI mode continuously.until reprogrammed in ICW4. 

Automatic rotation 
The automatic rotation mode is used in applications where 
many interrupt requests of the same level are expected 

such as multichannel communication systems. In this mode 
when an interrupt request is serviced, that request is 
assigned the lowest priority so that if there are other inter­
rupt requests they will have higher priorities. This means 
that the next request on the interrupt request being serviced 
must wait until the other interrupt requests are serviced 

(worst case is waiting for all 7 of the other controllers to be 
serviced) . The priority and serving status are rotated as 
shown in Fig. 5. 

BEFORE ROTATION (IR3 THE HIGHEST PRIORITY 

REQUIRING SERVICE) 

ISR STATUS 

PRIORITY 
STATUS 

157 Is" 155 IS, 153 152 IS, ISo 

a I a 

LOWEST PRIORITY HIGHEST PRIORITY 

i t 

AFTER ROTATION 

ISR STATUS 

PRIORITY 
STATUS 

(IR3 WAS SERVICED AND ALL OTHER 

PRIORITIES ROTATED CORRESPONDINGLY) 

157 Is" 155 IS, 153 152 IS, 150 

HIGHEST PRIORITY LOWEST PRIORITY 

t r 

Fig. 5 An example of priority rotation 

In the non-specific EOI command automatic rotation mode is 
selected when R=l, EOI=l, SL=O in OCW2. The internal 
priority status is changed by EOI or AEOI commands. The 
rotation priority A flip-flop is set by R=l, EOI=O and SL=O 

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 

wh,ich 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 EOI command. 

Level triggered mode/Edge triggered mode 
Selection of level or edge triggered mode of the 
M5M82C59AP 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 IR7, 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 OCW3 is issued to the M5MB2C59AP 
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 M5MB2C59AP, 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=l, RR=l in OCW3. 

Cascading 
The M5MB2C59AP 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 

BOB5A 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 
M5M82C59AP requires an address decoder . 
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ADDRESS BUS 16 

CONTROL BUS 

DATA BUS 8 

3 8 3 3 

8 8 

1 
I r-

cs Ao INT CS Ao INT l 'CS Ao INT 

CASo CAS, CASo 
M5M82C59AP CAS, CAS, M5M82C59AP L..,. CAS, M5M82C59AP 

MASTER SLAVE SLAVE 
CAS, CAS, L-,. CAS, 

SP/EN M, M, M5 M, M3 M, M,Mo SP/EN 7 6 5 4 3 2 1 a SP/EN 765 4 3 2 1 a 

I ! 
6 ! 1 t3! : ! G!D t!!!llr! GrD !!!!!!!! Vee 7 

~------------------------------~y----------------------------------~ 
INTERRUPT REQUEST INPUTS 

Fig. 6 Cascading the M5M82C59AP 

DEN 

-D, Do 
(Note 1) ADo­AD, 

ORC 
WC 
NTA 

RD OR-I­

WROR~ 
-I -

M/T5 Ao 
A, 
A3 
A, 
A5 
A, 
A, 

DATA BUS 8 
ADDRESS BUS 

,. 
y .... 

~," LS30 ...... 
,." »---< y 

Do-D, 

~ 

II 
Ao INT 

RD 5v 

I WR SP/EN 
INTA 

cs 
s:: 
'" ~ :l>-s:: 
'" '" 0 

'""""""[ -

lAo ~ 
IR, ?o 
IR, 

REQUEST IR3 

INPUTS - IR, - IR5 - IR, - lA, 

Notel: Do-D, of the M5M82C59AP are direct connected with ADo-AD, of the 8086, 

Fig. 7 Example of interface with the 8086 
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INSTRUCTION SET 

Item Instruction code Function 

~ Mnemonic 
As D7 D6 Ds D4 

1 IOWl A a A7 As As 1 
2 IOWl B a A7 As As 1 
3 IOWl 0 a A7 As As 1 
4 IOWl D a A7 As As 1 
5 IOWl E a A7 As a 1 
6 IOWl F a A7 As a 1 
7 .IOWl G a A7 As a 1 
8 IOWl H a A7 As a 1 
9 IOWl I a A7 A6 As 1 

10 IOWl J a A7 A6 As 1 
11 IOWl K a A7 As As 1 
12 IOWl L a A7 As As 1 
13 IOWl M a A7 A6 a 1 
14 IOWl N a A7 As a 1 
15 IOWl 0 a A7 As a 1 
16 IOWl P a A7 A6 a 1 

17 IOW2 1 A,s A'4 A13 A'2 
18 IOW3 M 1 S, S6 50 S4 
19 IOW3 S 1 a a a a 

20 IOW4 A 1 a a a a 
21 IOW4 B 1 a a a a 
22 IOW40 1 a a a a 
23 IOW4 D 1 a a a a 
24 IOW4 E 1 a a a a 
25 IOW4 F 1 a a a a 
26 IOW4 G 1 a a a a 
27 IOW4 H 1 a a a a 
28 IOW4 I 1 a a a a 
29 IOW4 J 1 a a a a 
30 IOW4 K 1 a a a a 
31 IOW4 L 1 a a a 0 
32 IOW4 M 1 0 a a a 
33 IOW4 N 1 a a 0 a 
34 IOW40 1 a a 0 a 
35 IOW4 P 1 a a a a 
36 IOW4 NA 1 a a a 1 
37 IOW4 NB 1 a a a 1 
38 IOW4 NO 1 0 a a 1 
39 IOW4 ND 1 a a a 1 
40 IOW4 NE 1 a a a 1 
41 IOW4 NF 1 a a 0 1 
42 IOW4 NG 1 a a a 1 
43 IOW4 NH 1 a a 0 1 
44 IOW4 NI 1 a a a 1 
45 IOW4 NJ 1 a a a 1 
46 IOW4 NK 1 a a a 1 
47 IOW4 NL 1 a a a 1 
48 IOW4 NM 1 a a a 1 
49 IOW4 NN 1 a a a 1 
50 IOW4 NO 1 a 0 a 1 
51 IOW4 NP 1 a 0 a 1 

52 OOWl 1 M7 M6 Ms M, 
53 OOW2 E 0 0 a 1 a 
54 OOW2 SE a a 1 1 a 
55 OOW2 RE a 1 0 1 0 
56 OCW2 RSE a 1 1 1 0 
57 OCW2 R 0 1 0 0 0 
58 OCW2.CR 0 0 0 0 0 
59 OCW2 RS 0 1 1 0 0 
60 OCW3 P 0 a 0 0 0 
61 OCW3 RIS 0 0 0 0 0 
62 OCW3 RR 0 0 0 0 0 
63 OCW3 SM 0 0 1 1 0 
64 OCW3 RSM 0 0 1 0 0 

Note: Y: yes, N: no, E: edge, L: level, M: master, S: slave 

D3 D2 D, Do 

a 1 j a 
1 1 1 a 
a 1 a a 
1 1 a a 
a a 1 a 
1 a 1 a 
a a a a 
1 a a a 
0 1 1 1 
1 1 1 1 
a 1 a 1 
1 1 a 1 
a a 1 1 
1 a 1 1 
a a a 1 
1 a a 1 

All AlO As As 
S3 S. S, So 
a ID2 ID, IDo 

a a a a 
a a a 1 
a a 1 a 
0 0 1 1 
a 1 a a 
a 1 a 1 
a 1 1 a 
a 1 1 1 
1 a a a 
1 a a 1 
1 a 1 a 
1 a 1 1 
1 1 a a 
1 1 a 1 
1 1 1 a 
1 1 1 1 
a a a a 
a a a 1 
a a 1 a 
a a 1 1 
a 1 a a 
a 1 0 1 
a 1 1 a 
a 1 1 1 
1 a a a 
1 a a 1 
1 a 1 a 
1 0 1 1 
1 1 0 a 
1 1 a 1 
1 1 1 a 
1 1 1 1 

M3 M2 M, Mo 
a a a a 
a L. L, La 
a a 0 a 
0 L2 L, La 
0 0 0 0 
0 0 0 0 
0 L2 L, La 
1 1 0 0 
1 0 1 1 
1 0 1 0 
1 0 0 a 
1 0 0 0 

• ~ITSUBISHI 
.... ELECTRIC 

ICW4 required? Intervel Single Trigger 

N 4 Y E 
N 4 Y L 
N 4 N E 
N 4 N L 
N 8 Y E 
N 8 Y L 
N 8 N E 
N 8 N L 
Y 4 Y E 
Y 4 Y L 
Y 4 N E 
Y 4 N L 
Y 8 Y E 
Y 8 Y L 
Y 8 N E 
Y 8 N L 

a-bit vectored address 
Slave connections (master mode) 
Slave Identification code (slave mode) 

SFNM BUF AEOI 8086 

N N N N 
N N N Y 
N N Y N 
N N Y Y 
N N N N 
N N N Y 
N N Y N 
N N Y Y 
N Y S N N 
N Y S N Y 
N Y S Y N 
N Y S Y Y 
N Y M N N 
N Y M N Y 
N Y M Y N 
N Y M Y Y 
Y N N N 
Y N N Y 
Y N Y N 
Y N Y Y 
Y N N N 
Y N N Y 
Y N Y N 
Y N Y Y 
Y Y S N N 
Y Y S N Y 
Y Y S Y N 
Y Y S Y Y 
Y Y M N N 
Y Y M N Y 
Y Y M Y N 
Y Y M Y Y 

Interrupt mask 
EOI 
SEOI 
R~te on Non-Specific EOI command (Automatic rotation) 
Rotate on Specific EOI command (Specific rotation) 
Rotate in AEOI Mode (SET) 
Rotate in AEOI Mode (CLEAR) 
Set priority without EOI 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Umlts 

Vee Power-supply voltage -0.3-7 

V, Input voltage With respect to Vss -0. 3-Vee+0. 3 

Va Output voltage, -0. 3-Vee+0. 3 

Top, Operating free-air temperature range -20-75 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-75"C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

ELECTRICAL CHARACTERISTICS (Ta=-20:"'75"C. Vee=5V±10%. Vss=OV. unless otherwise noted) 

Symbql Parameter Test conditions 
Min 

V'H High-level input voltage 2 

V'L Low-level input voltage -0.3 

VOH High-level output voltage IOH=-4oot'A 2.4 

IOH=-loot'A 3.5 
VOH(INT) High-level output voltage. interrupt request output 

IOH=-100t'A 2.4 

VOL Low-level output voltage IOl=2.2mA 

Icc Standby supply current from Vec Vcc=5.5V. V,=Vcc or GND 'output open 

I'H High-level input current VI=VCC -10 

I'L Low-level input current v,=OV -10 

loz Off-state output current Vss=O. v,=O-Vcc -10 

IIH(IR) High-level Input current, Interrupt request inputs VI=VCC 

IIL(IR) Low-level input current, interrupt" request inputs V,=OV -300 

Ci Input capacitance Vcc=Vss. f=1 MHz. 25mVrnis. T a=25"(; 

Cilo Input/output capacitance Vcc=Vss. f=1 MHz. 25mVrms. T a=25"(; 

TIMING REQUIREMENTS (Ta=-20-75"C. Vcc=5V±10%. Vss=OV. unless otherwise noted) 

Symbol 

tw<w) 

tSU(A-W) 

th<W-A) 

Ts~h)a-w) 
th(W-DQ) 

tW(R) 

tSU(A-R) 

th(R_A) 

tW('R) 

tSU(CAS-INTA) 

t,ec(w) 

treC(R) 

td(RW) 
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Altemative 
Parameter 

Write pulse width tWLWH 

Address setup time before write tAHWL 

Address hold time after write tWHAX 

Data setup time before write tOVWH 

Data hold time after write tWHOX 

Read pulse width tRLRH 

Address setup time before read tAHRL 

Address hold time after read tRHAX 

Interrupt request input width. low-level time. edge triggered mode i.JWH 

Cascade setup time after INTA (slave) tCVIAL 

Write recovery time tWHRL 

Read recovery time tRHRL 

End of Command to next Command (Not same Command type) 

End of INTA sequence to next INTA sequence. 
tCHCL 

'. MITSUBISHI 
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Symbol Min 

290(200) 

0 

0 

240(100) 

0 

235(200) 

0 

0 

100 

55 

190 

160 

500 

limits 

Typ 

L,imits 

Typ 

Max 

Vee+0.3 

0.8 

0.45 

10 

10 

10' 

10 

10 

10 

20 

Max 

\ 

Unit 

V 

V 

V 

"C 

"C 

Unit 

V 

V 

V 

V 

V 

IJA 

IJA 

IJA 

IJA 

IJA 

IJA 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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SWITCHING CHARACTERISTICS (Ta=-20-75'C, Vcc=5V±10%, Vss=OV, unless otherwise noted) 

Alternative 
Symbol Parameter 

Symbol Min 

tpZV(R_OQ) Data output enable time after read tRLDV 

tPVZ(R_OQ) Data output disable time after read tRHDZ 10 

tPZV(A_DQ) Data output enable time after address tAHDV 

tPHL(R-EN) Propagation time from read to enable signal output tRLEL 

tPLH(R-EN) Propagation time from read to disable signal output tRHEH 

tpLH( IR-tNT) Propagation time from Interrupt request Input to interrupt request output tJHIH 

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

tPZV(CAS-OQ) Data output enable time after cascade output (slave) tcvev 

Note ,-
2 

M5MB2C59AP Is also Invested with the extended specification showed in the brackets. 
INTA Signal is considered read signal 
CS signal is considered address signal 
Input pulse level 0.45-2. 4V 
Input pulse rise time 10ns 
Input pulse fall time 10ns 
Reference 'Ievel Input V'H=2V, V'L=O. 8V 

2.4--V-2 V­
O. 45-A..:::0.~8 __ .....::0::.::.!A-

Output VoH=2V, VOL =0. By- _ 
Load capacitance CL=100pF, where SP/EN 

pin is 15pF 

TIMING DIAGRAM 
Write Mode 

CS, Ao -~ 
tSU(A-W) 

\ 
1'\ 

Read Mode 

CS. Ao )C 
tSU(A-R) 

\~ 

~~ 

tPZV(R-OQ) 

tPZV(A-OQ) 

0-,-00 

tpHL(R-EN) 

\ 
r 

tW(w) 

tSU(DO-W) 

tW(R) 

.J1r--
~l-
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K 
theW-A) 
~I--I-

,~ 
f-

thew-DO) 
I-I--I-

~K 

~K 
th(R-A) 

f 
tPYZ(R-OQ) 

~\ 
WI 

tPLH{R-EN) 

I 

Limits 

Typ 
Unit 

Max 

200[170) ns 

100 ns 

200[170) ns 

125 ns 

150 ns 

350 ns 

565 ns 

300 ns 

5-99 
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MSM82CS9AP 

CMOS PROGRAMMABLE INTERRUPT CONTROLLER 

Interrupt Sequence 

IR 

INT 

CAS,-CASo 

Other Timing 

WR 

RD 
INTA 

WR 

RD 
INTA 

Note 1 

5-100 

2 : 
3 : 

(Note 3) 

8086, 8088 mode 
8085A mode 

tplV(INTA-CAS) 

I'" 

J 

(Note 1) 

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

• MITSUBISHI 
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MSM82CS9AFP 

CMOS PROGRAMMABLE INTERRUPT CONTROLLER 

DESCRIPTION 
The M5M82C59AFP is a programmable LSI for interrupt con­

trol. Itis 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 M5M82C59AFP can be used as an interrupt controller 
for CPUs 8085A, 8086 and 8088 

FUNCTION 
The M5M82C59AFP 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 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

CHIP ST~~8l CS- 1 

CONTROL \%~0~ WR - 2 

CONTROL 1~~t9 RD - 3 

BIDIRECTIONAL 
DATA BUS 

D,~ 

D, ~ 

vee (5V) 
ADDRESS INPUT 
INTERRUPT 
ACKNOWLEDGE 
INPUT 

INTERRUPT 
REQUEST 
INPUTS 

18 -IRo INTERRUPT 

17 ~INT ~~~~~~T 
16 ~SP/EN ~~~~/rnZ~L~AM 

BUFFER OUTPUT 
15 ~ CAS, CASCADE 

-L _____ .....r- 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 M5M82C59AP for detail information. 

M5M82C59AFP's specifications are compatible with 
M5M82C59AP. Only package outline is different. 

,-------- - --- - --- - --- - -----, 

INTERRUPT 
ACKI'IOWLEDGE INPUT 

INTERRUPT 
REQUEST OUTPUT 

INTERRUPT 
REQUEST INPUTS 

INT 

IRo 
IR, 
IR, 
IR3 21 
lA, 22 
IR5 23 

IR, 24 
IR, 25 

CONTROL LOGIC 

DATA BUS 
BUFFER 

READ/WRITE 
CONTROL 

LOGIC 

BIDIRECTIONAL DATA BUS 

2 WR WRITE CONTROL INPUT 

3 RD READ CONTROL INPUT 

VAG ADDRESS INPUT 

:==~=~--(I CS CHIP SELECT INPUT 

:: ~:~ } CASCADE LINES 

15 CAS, 

'-----{JI6 SP /EN 

--- - --- - --- ---- -----' 
SLAVE PROGRAM INPUT/ 
ENABLE BUFFER OUTPUT 
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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. 

• Various interrupts generating function is provided. 

APPLICATION 
Display unit using home TV set or monitor TV set 

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 LSls 

MS8992P 

CMOS CRT CONTROLLER 

PIN CONFIGURATION (TOP VIEW) 

(OV)Vss 

DAD,- 2 

DAD.- 3 

MULTIPLEXED DAD, - 4 
DRAM DAD, - 5 

ADDRESS/DATA DAD, - 6 
BUS 

DAD,- 7 

DAD,- 8 

ROW ADDRESS DADo - 9 

STROBE OUTPUT RAS - 10 

~~~~~~ ~~~~G~S CAS - 11 
WRITE ENABLE WE - 12 

OU:~:O OUTPUTS _I ~: ;: 
B- 15 

1- 16 

BURST OUTPUT BRST - 17 

CLOCK B 

CLOCK M MClK - 19 

SYSTEM CLOCK ClK ~ 20 

gbi-~G~G BLANK - 21 

LIGHT PEN l TPEN ~ 22 
STROBE INPUT RAo _ 23 

~~~~~{6~ 1 RA, - 24 
RASTER ADDRESS RA, - 25 
OUTPUTS RA, _ 26 

CODE DATA J CDRD, - 27 
READ OUTPUTS I CDRD, _ 28 

f,titt~g11~BfDE CAL T - 29 

~~~t~~rg~~E HSYNC - 30 
OUTPUT VSYNC'" 31 

~~~E~~6NIZE (Ov) V ss 
OUTPUT 

ADDRESS BUS 

47 ~ READY READY OUTPUT 
46 - RESET RESET INPUT 

45 ~ INTR ~~~~r~nUTPUT 
44 - loiM la/MEMORY INPUT 

CHIP SELECT 
INPUT 
READ INPUT 

WRITE INPUT 

DATA BUS 

Outline 64P4B 
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PIN DESCRIPTION 

Pin Name 

DAD7 -
Multiplexed 

DRAM address 
DADo 

Idata bus 

-- Row address 
RAS 

strobe output 

-- Column address 
CAS 

strobe output 

-
WE Write enable output 

R Video output R 

G Video output G 

B Video output B 

I Video output luminance 

BRST Burst output 

BClK Clock 8 

MClK Clock M 

ClK System clock 

---
BLANK Blanking oLl;tput 

lTPEN Ught pen strobe input 

RA3 -
Character generator 

raster address 
RAo 

outputs 

---
CDRD1 

Code data read outputs ---
CDRD2 

CAlT 
Character code 

latch output 

--- Horizontal 
HSYNC 

synchronize output 

--- Vertical 
VSYNC 

synchronize output 

5-104 

Input/output 

Input/output 

Output 

Output 

Output 

Output 

I 
Output 

Output 

Output 

Input 

Output 

Input 

Output 

Output 

Output 

Open drain 

output 

MITSUBISHI LSls 

MS8992P 

CMOS CRT CONTROLLER 

Functions 

Causes data input from DRAM or data output for writing in DRAM by output of mltiplexed row and col~ 

urnn address to DRAM. 

-
DRAM address input is latched at falling edge of RAS. 

-
DRAM address input is latched at falling edge of CAS. 

Data from microprocessor is written in DRAM when this signal is "L", 

TTL level output of video signals R, G and B. 

Auxiliary output for R. G and B. By external Combination with R, G and B, up to 16 colors can be dis-

played. 

1= "H" indicates high luminance. 

Signal to indicate color burst signal position or sub-carrier frequency phase-modulated by RGB in case 

of NTSC system. 

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 

text 1, text 2, graphic 1, graphic 2, graphic 3 or graphic 5 mode. 

t4.318t8MHz for display using NTSC system. 

Indicates around the synchronizing pulse in horizontal or vertical blanking period of the M58992P. 

Signal to latch internal address value. 

Least significant 4 bits of address for use of character generater to be used in text mode. 

Signal to control external circuit for input of display code pattern to the M58992P: 

CDRDl is the timing for direct data input from DRAM to the M58992P, and CDRD2 is the timing for input 

from character generator. 

Signal to cause external latching of character generator pointer output from DRAM. 

Setting synchronizing signal input mode by command causes no generation of internal synchronizing sig-

nal but internal counter reset by external signal. 

.MITSUBISHI 
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M58992P 

CMOS CRT CONTROLLER 

PIN DE86ftiPTION (CONTINUED) 

Pin Name Input/output Functions 

DB7-DBo Data bus Input/output Data bus DB, : MSB 

--
--

Write input - - - -WR Input Function CS 101M RD WR 

No LSI selection 1 - - -
.-- ---

RD Read input Input DRAM Read a a a 1 

DRAM Write a a 1 a 
-
CS Chip select input Input 

The M58992P register read a 1 a 1 

The M58992P register write a 1 1 a 
-

101M IO/memory input Input 
The M58992P starts DRAM access or internal register read/write upon CS. 

INTR Interrupt request output Output 
Interrupt request output generated for any of four reasons 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. 

--

READY Ready output Output 
Normally "H" signal. Goes to "L" upon selection of DRAM and returns to "H" upon completion of DRAM 

read/write. This signal provides synchronism with the microprocessor. 

A1S'"'""-iAo Address bus Input 
Address input on the microprocessor side. 

A15 is the MSB. Ao to A3 are used for register reading or writing. 

• MITSUBISHI 5-105 
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Table 1 The M58992P display mode list 

8X8 dots 

16 bits! 

FG: character 

aX10 dots 16 colors (8 bits for 

SG: character 

8 colors and 8 bits 

8X8 dots SO: for color 

16 colors designa-

tion) 

8X10 dots 

1 block: FG: 

2X2 dots 16 colors 

SO: 4 bits/dot 

1 block: 16 colors 

2X1 dots 

FG: Semi 

1 block: 16 colors 
2 bits/dot 

1X1 dot BO: 

16 colors 

FG: 

1 block: 16 colors 

1X1 dot SO: 
4 bits/dot 

16colors 

FG : One 

seleted 
1 block: 

color 
1X1 dot 

1 bits/dot 

SO: 

16 colors 

1 block: Same as 

1X1 dot graphic 3 
2 bits/dot 

FG=Foreground BG= Background BD=Border 

5-106 

Border colo 

designation, Unused Unused 

etc. 

MSB 4 bits, 
Unused 

BG color 

Color pallet for FG 

Border col-

or, etc. MSB 4 bits, 

BG color 

Unused 

BG and FG 

color de-

signation 

Color pallet for FG 

CLRG1 ....... 3=Color register 

•. MITSUBISHI 
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CMOS CRT CONTROLLER 

2000 Always 2400 
Cursor X30 lines 

allowed. 
possible 

without 
Multiple 40 characters 

1600 flickering. 1920 
blinking X24lines 

positions 

may be dis- Always 80 characters 
4000 possible. 4800 

ignated in X30 lines 
Flickering is 

character 
caused at 

units. other than 80 ctlaracters 
3200 3840 

blinking. X241ines 

160H 
8000 

X120V 
9600 

Always 160H 
16000 19200 

Possible X240V 

without 

flickering. 

320H 
16000 

X240V 
19200 

No Same as 
320H 

32000 text 3 and 4 38400 
X240V 

modes 

Same as 
640H 19200 

16000 text 1 and 2 
X 240V 

modes 

Same as 
640H 

32000 text 3 and 4 38400 
X240V 

modes 



APPLICATION 





MITSUBISHI LSls 

NOTICE FOR CMOS PERIPHERALS 

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

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

• Low power dissipation 
• Wide supply voltage range, Vee=5V±10% 
• Wide operating temperature range, Ta=-20~75°C 

• 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 LSI 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 CMOS 

Substrate P-(GND) 

Fig.1 Single-stage inverter construction 

3. OPERATIONAL DESCRIPTION 
Fig. 3 illustrates what happens when supply voltage (Vee) is 
applied to the circuit shown in Fig. 2, varying input voltage 

from Vss to Vee. The Va curve indicates the change in out­
put voltage and supply current (Icc). 
As illustrated, these characteristics depend on input vol­
tage, so can be better understood by dividing V, into three 
regions, I ~ III. 
I : In this region, only the p-channel transistor T2 is on, so 

that the Va output voltage becomes Vee. In this condi­
tion, practically no current Icc 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 Va gradually decreases and 
at some point begins to decrease rapidly. The value of 
V, at this point of rapid Va decrease is known as the 

circuit threshold voltage. 
When this voltage is exceeded, as V, is increased, Va 

approaches Vss. 
In the region II, Va is determined by the ratio of the on 
resistances of T, and T2 . 

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

III : In this region, since only T, is on, Va becomes the vol­
tage Vss. In this region, as was the case for region I, 
virtually no Icc current flows. 

In~ 
V,~ Y 

Vee 

Vss 

Fig.2 Single-stage inverter circuit 

IT III 

vee 

I 
I 

I 
I 

I 
I 

--, 
\ Icc 

\ 
\ 
\ 
\ , , 

\ 
\ , 

Input voltage V, 

'" 
Vee 

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 Vee. 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 I/O circuits have been establiched at TTL level. 

Fig. 4 illustrates input voltage V,N versus supply current Icc 
for MSM82CSSAP-S. Here, when V,N reaches 1.3 to 1.SV, 
the resulting switch in internal circuits causes a sharp in­
crease in Icc flow. 

(PORT-Ao MODE 0 INPUT) 

250 
Vee=5V 25'C 

I'-.. 
200 

Vee=5Vr---. 

"< 150 

.3 Vee=4. 5V r-. 
u 

.2 100 

50 
~ 

0 1 2 3 4 5 6 

Y,N (V) 

Fig.4 Input voltage vs. dissipation current 

M5M82C55AP-5 

In a CMOS eurcuit, since p-channel and n-channel transis­

tors are connected in series between the Vee and Vss, as 
long as gate voltage is at the Vee or Vss level, one of the 
two transistors will be in an off state. Consequently, fixing 

the input pin at the Vee or Vss level causes the static dis­
sipation current (Icc) flow from the Vee to Vss pin to consist 
only of p-n junction leakage current. As a consequence, the 

per-gate static dissipation current remains at about SOpA at 
T a = 2S'C, and will not go over more than a few nanoam­
peres even at Ta=8S'C. 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 

Vee to Vss. The amount of current flow increases relative to 
higher Vee values and operating frequency. Additionally, 
when capacitive loads (load capacitance also varies de­
pending on the number of fanouts) are connected to the 

device, charging currents will be requied, which also in-

creases power dissipation. 

The M5M82CSSAP-S illustrated in Fig. 4 haS parallel­
connected I/O ports, and is relatively limite.d' in switching 
operations. However, devices such as the programmable 
timer MSM82CS4P 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. S, 

currnet dissipation increases along with increases in oper­
ating frequency. 

"< 
E 
u 

.2 

o 
lOOk 

Vee=5V 
DUTY=50% 

Ta-25'C 

-V 
1M 

Ie (Hz) 

J 

/ 
V 

5 810M 

Fig.S Operating frequency VS. power dissipation 

M5M82C54P 

The power dissipation characteristics of DMA controller 
MSM82C37AP are illustrated in Fig.6. 

5 
Vcc= 
5.5V 

"< 
5.0V 

-5 4.5V 
0 

.2 

2 

Ie (MHz) 

Fig.6 Operating frequency VS. power dissipation 

M5M82C37AP 
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NOTICE FOR CMOS PERIPHERALS 

5. NOISE MARGIN 
As was noted in section 4, 1/0 levels for CMOS peripheral 
LSI devices have been established for TTL interface com­
patibility. Fig. ? 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, V1H (MIN) remains very tolerable. However, since the 
CMOS peripheral device standard provides for TTL inter­

face, VOH (MIN) is defined for states where IOH flow is sub­
stantial (l oH = - 400,uA) . When actually connected to a 
CMOS logic gate, the required value for IOH is only the 
small current required to drive the gate-to-gate capac i-

5 r-- - -

VOH min 
VOH min 

2.7 
2.4 

2.0 2.0 
V'H min V,H min 

V'L max V'l max 
0.8 0.8 

0.45 0.4 
VOL max VOL max 

o 
CMOS peripherals LSTTL (Note 1) 

TTL level, 

VOH min=2. 4V 

Fig.? DC noise margin comparison (Vcc=5.0V) 

I 
o 

> 

T a= -40,25, 90"C 

I 
Ta=-40"C 

Ta=25"C 
Ta=90"C 

5 
Vee (V) 

Fig.S VOH characteristics M5M82C55AP-5 

}IOH=-l~O,uA 
IOH=-4mA 

tance. So VIH (MIN) for a CMOS gate satisfies this require­
ment with room to spare. Fig. 8 shows the VOH 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 1 ns 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. 

--
4.95 

0.05 

VOH min 

3.5 
V'H min 

V'L max 
1.5 

VOL max 

Standard CMOS logic 

4000B series 

6. FANOUT 

4.5 
4.4 

3.15 

0.9 

0.1 

VoHmin 

V,H min 

V,L max 

VOL maX 

High-speed CMOS 

74HC series (Note 2) 

Note1: TI 
2 : JEDEC Vce=4. 5V 

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 ~riving 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 
M5M82C55AP-5 is illustrated in Fig. 9. 

When driving a MOS-IC with a peripheral LSI, 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 
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NOTICE FOR CMOS PERIPHERALS 

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

0.31----+-----+---+----+----1 

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

Since threshold voltage for the input transistor is set at 
approximately 1,5V, as noted in section 4, input voltage be­
comes unstable around this level, and a throu,gh current 

starts to flow from Vee to Vss, In systems where low dis-
sipation current is required, this characteristic can cause 

2 problems in the design of the power supply, 

~ ~~~:~vY \ ~8'~ Where a data bus is left floating, through current is likely to 
III O.21--~~-+~~~-+~~~+-___ ~"""'::j,.Vee=5.5V become a particular problem, so bus lines should be fixed 
~ Vee=4.5V \ T -~ Vee:5VI 2t.C at a certain level with a pull-up (or pull-down) circuit hav-
e Vee-5. ~v ing high resistance values. 
~ Vee=4.5V \ T -

;;' O. 1 r~~~t~~~~~:J~~:;:::::~Vee=5Vl ~40'C Vee=5,5V r----------------------, 

10L (DATA BUS)(mA) 

t 
UNIT: v 

Fig.9 IOL-VoL characteristics M5M82C55AP-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, 

Poly-Si 
Input Q9-~--'lM~-t---~-+ 

R:,lkn 

VTH:'l. 5V 

(at Vee=5V) 

Fig.l0 CMOS peripheral device input circuit 

(equivalent diagram) 

DATA BUS TIMING 

Fig.ll 

6-'-6 

en 
o 
:;;; 
z 

. 
en o 
:;;; 
() 

WRITE 

Address, CS 

DATA (INPUT) 

WR 

Address, CS 

DATA (INPUT) 

WR 

*M5M82C37AP, C51AP, C55AP-5, C59AP 

Bus timing characteristics 

READ 

Address, CS 

RD 

DATA (OUTPUT) 

Address, CS 

min200ns 

RD 

min200ns -{= max170ns 

DATA (OUTPUT) -----C VALID '---
'"----~ 
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8. TIMING CHARACTERISTICS 
The timing,;'oonditions between the system and CMOS 
peripheral LSI 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 ts and th time, 
these have been eliminated with CMOS peripherals by set­

ting ts and th ta 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 Vee or Vss. 
(2) Voltage supply lines 

Power dissipation of CMOS peripherals whose internal 
changes are small such as M5M82C55AP-5 and 

M5M82C59AP 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. O.1,uF) wired close between Vee and Vss. 
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 

Vee to Vss, 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 un.der the five conditions listed below. 

(a) V,>Vee+VF 
(b) Vo>Vee+VF 
(c) V,<VSS-VF 
(d) Vo<VSS-VF 
(e) Excessive Vee 

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

Conditions (a) or (c) 
eWhen 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) 

VCC1 VCC2 

vee Vc~ 
R 

Input Output Input Output 

Vss 
V, 

Vss 

_---Vee 

Vee 

VCC2 

V,>Ve 

Fig.12 Preventing latchup when dual power supplies 

are used 

e When using differential circuits 

When differential circuits are used, it is possible for input 
voltage to exceed Vee 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) 
e 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, > Vee. 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 (O.01-0.22,u F) having good frequency character­

istics between Vee and Vss. 
Current should also be limited by connecting a resistor (R) 
to input. (Refer to Fig. 14) 
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Vee 

R"'olk!l v" 
Vee 

V ,1 o----j 1-__._-....... -"vIV'v---<:>-'---11 nput Output 

Vss 

~ -~ - Vee 

L----Vss 

V,,~----------VCCNOdiOde 
VSS 

- - - --Vee 

V
l2 
~ - - - - - - --- Vee Diode used 

-.J~Vss 

Fig.13 Preventing latchup when using differential circuits 

R 
V I o-AA"v--o---I 

O.Ol,uF 

InputJLJL 

Vcc~---Vcc Nocapacitor 

Vee~---Vee Capacitor used 

Fig.14 Preventing latchup when driving large current 

circuits 

Conditions (b) or (d) 
Applying a constant voltage to an output pin is not one of 

the normal usage configurations of a CMOS device. but a 
capacitor connected between output and Vee (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 a"nd off produces 

fluctuations in the power supply line which causes the 
capacitor to discharge a trigger current. 

Vee 

R"'olk!l V" 
VI1 0----\ H----.../VI/Ir-o---tlnput Output 

--, r---- Vee 
VI1 I'-__ ---'L 

. - -- - Vss 

_ ~-_-2Vee 

v,,~ ___ =~:: Nodiode 

---, .--1'- Vee 
V" It::. __________ Vss Diode used 

Condition (e) 
Condition (e) can be created by exceeding the absolute 
maximum voltage ratings at the Vee pin. Also, even though 
Vee is within the recommended operating conditions, de­
vice latchup can be caused by the surge voltage superim­
posing at power ON, or crosstalk between lines. The vol­

tage at Vcc 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 Vec and Vss to reduce im­
pedance in the power line. 
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(4) The differences in CMOS and NMOS peripheral LSls 

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. 

M5M82C 

55AP-5 

or 

M5L82 

55AP-5 

VOH Rs 

(al Driving an NPN transistor using a parallel port 

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 RL and base resistor RB establishes the operating 
point as illustrated in Fig. 15 (b). 

Load resistance RL 

~_--'~----*-----IB2 (NMOS) 

'------y:'7C.l-E-,----"-'---:7'----- YCE 

(bl Transistor output characteristics 

Fig.15 Driving a transistor using M5L8255AP-5 or M5M82C55AP-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 
Rs and RL, power dissipation ratings Pc of the transistor can 
be exceeded, or drive current may simply be higher than 

~ 
o 

> 

Ta=25t 
PORT-Bo 

Ycc=5,5Y 

Ycc=5Y I 
~~~~~~--~~----~~~~Ycc=4,5Y 
'I- Y cc=5. 5V 

-"""'t---J.Ycc=5Y I 
Ycc=4.5Y 

-2 -3 -4 
10H (mA) 

IB=For a base current I. of -'-lmA, the difference in YOH is 

approx. 1. 5Y. 

Fig.16 M5L825SAP~5/MSM82CSSAP-S VOH output 

. its limit. 
The same problem may occur when driving PNP transistors. 
Fig. 17 shows a comparison in VOL characteristics. But here, 

the difference between NMOS and CMOS is smaller than 
for VOH, so the problem should not be as great. 

10L (mA) 

Ta=25'C 
PORT-Bo 

Fig.17 MSL82SSAP-S/MSM82CSSAP-S VOL output 

characteristics comparison characteristics comparison 
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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 

3. APPLICATION 
• Single or double density floppy disk drive formatter/con­

troller 

• 8-inch or mini floppy disk interface 
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5. PIN CONFIGURATION (TOP VIEW) 
NC 

WRITE Co~~~m WR ~ 

CHIP ST~~8t CS ~ 

READ co~~~ef RD ~ 
REGISTER J Ao ~ 5 

ST~~8t 1 A, ~ 
Do~ 

Di­
n;-

BIDIREC­
TIONAL 

DATA BUS 

D,~ 14 

ouf~a~ STEP- 15 
DIR68J~~~ DIRC - 16 

oa~~bt EARLY- 17 

outN?r LATE- 18 
~~~at RESET ~ 19 

(Ov) Vss 20 

NC INTERRUPT 
39 ~ INTRQ ~D9~a¥T 
3 ~ DTRQ 8t1MEQUEST 

37 - DDEN Wo~!lIE1!~i'~puT 
3 - WPRT ~ITf PROTECT 

35 - iP INDEX PULSE INPUT 

34 - TROO TRACK 00 INPUT 

3 ~ WFIVFOE ~:~MI~lT 
32 - READY RE1~A~l\~~m 
31 ~ WD 15'~+1>~fATA 
30 ~ WG 15'~+1>~.fATE 
29 ~ TG 43 TG43 OUTPUT 

28 ~ HDLD ~D~~U~OAD 
27 - RAW READ rNAp~rAD 
26 - RCLK 1l.~/lR CLOCK 

25 ~ RG READ GATE OUTPUT 

Outline 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-
4. FUNCTION ters - command. data. status. track and sector register -
The M5W1791-02P is a floppy disk formatter/controller that and communicates with the CPU through the data bus. 
can be used with most microprocessor or microcomputer These functions are also controlled by the PLA. 

6. BLOCK DIAGRAM BIDIRECTIONAL 
DATil BUS 

D7O,D5 D,D3 D2D, Do vcct5V) VSS(OV) 
14131211 10 9 8 7 - --- - -@-.--®---j 

WRITE CONTROL INPUT W1i (,2s:r~~------(JI~N~PU~T~/~O~U~T~P~U~TJB~U~F~F~E~R!J I 
CHIP SELECT INPUT C§ 0 
READ CONTROL INPUT Ali 4 --;0.;-___ --.,,_--'."".8 --.;,-----,-;;-----,-:--

REGISTER SELECT J Ao 5 
INPUTjA, 6 

r--~---{36 WPRT WRITE PROTECT INPUT 

EARLY OUTPUT EARLY 1 
LATE OUTPUT LATE 18 
WRITE GATE OUTPUT WG 30 
WRITE DATA OUTPUT WD 31 

RAW R~:6' I~~~~ 27 

READ CLOCK I~gb~ 26 
CLK ' 

CLOCK INPUT 4 

DDEN 
DOUBLE DENSITY MODE 371)----<'-------------' 

SELECT INPUT 

6-10 

33 

RG WFIVFOE RESET 
READ GATE :1:;~rr.M~gLT RESET INPUT 

OUTPUT CONTROL OUTPUT 
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35 iP INDEX PULSE INPUT 
34 TRllli TRACK 00 INPUT 
3 READY READY INPUT 
23 HDLT HEAD LOAD TIMING 

INPUT 
29 TG 43 TG43 OUTPUT 

HEAD LOAD OUTPUT 
DIRECTION OUTPUT 
STEP OUTPUT 

2 TEST TEST INPUT 

INTERRUPT REQUEST 
OUTPUT 
DATA REQUEST OUTPUT 



7. PIN DESCRIPTION 

Pin Name 
Input or 

output 

NC 
No internal 

connection 

- Write control 
WR Input 

input 

CS Chip select input Input 
----- ---" 

~ Read control 
RD Input 

input 

Register select 
Ao, A, 

input 
Input 

- - Bidirectional 
0 0-07 InlOut 

data bus 

STEP Step output Output 

DIRC Direction output Output 

EARLY Early output Output 

lATE Late output Output 

---

RESET Reset input Input 

--
TEST Test input Input 

HOLT 
Head load timing 

Input 
input 

ClK Clock input Input 

RG Read gate output Output 

RClK Read clock input Input 

RAW 
--- Raw read input Input 
READ 

HOLD Head load output Output 
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FUnctions 

Ne(pin 1) is not internally connected 

Write signal from a master CPU (Active low). 

Chip select (Active low). 

Read signal from a master CPU (Active low). 

Register select inputs. These inputs select the register under the control of the AD and WR. 

~ -
A, Ao RD WR 

0 0 STATUS REGISTER COMMAND REGISTER 

0 1 TRACK REGISTER TRACK REGISTER 

1 0 SECTOR REGISTER SECTOR REGISTER 

1 1 DATA REGISTER DATA REGISTER 

Three-state, inverted bidirectional data bus. 

Step pulse output (Active high). 

Direction output. High level means the head is stepping In and low level means the head is stepping out. 

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 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 

the command register. The not-ready-status bit is also reset by this signal. When reset input is made to be 

high, the device executes restore command even unless READY is active and the device loads "01" 

(hexadecimal) to the sector register. 

This input is only used for test purposes, so user must tie it to Vee or leave it open unless using voice call 

actuated motors. 

When the device finds high level on this input, the device assumes that the head is engaged on the media. 

Active high. 

Clock input to generate internal timing. 2M Hz for 8-inch drives, 1 MHz for mini drives. 

This signal shows the external data separator that the syncfield is detected. 

This signal is internally used for the data window. Phasing relation to raw read data is specified but polarity 

(RCLK high or low) is not important. 

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. 

this high-level output. 
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Pin Name 

TG43 TG 43 output 

WG Write gate output 

WD Write data output 

READY Ready Input 

Write fault InpuV 

WFIVFOE VFO enable 

output 

TROO Track 00 Input 

IP Index pulse input 

Write protect 
WPRT 

input 

DDEN 
Double density 

mode select input 

Data request 
DTRQ 

output 

INTRQ 
Interrupt request 

output 

NC 
No internal 

connection 

6-12 

Input or 

output 

Output 

Output 

Output 

Input 

In/Out 

Input 

Input 

Input 

Input 

Output 

Output 
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Functions 

This output is valid only during disk read/write operation and It shows the position of the head. High level 

on this output indicates that head is positioned between track 44 to 76. 

This signal becomes active before disk write operations are to occur. 

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 

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 activ&. In the disk write operation, 

low level signal on this input terminates the write operation and makes INTRa actlve~ This signal also 

appears in the status register as the write fault bit. When WG is inactive, this signal works as VF<? enable 

output. VFOE output is also an open drain type, so pull it up to Vee and never input active write fault signal 

write WG Is inactive. 

This signal indicates that the head is located on the track 00 to the device. Active low. 

This input indicates to the device that an index hole of the diskette has been encountered. 

Low level signal on this input Informs the device that the drive is in the write protected state. Before disk 

write operations, this signal is sampled and an active low signal will terminate the current command and 

set INTRQ. The write protect status bit in the status register is also set. 

This input determines the device operation mode. When DDEN=O, double density mode Is selected. When 

DDEN=l, single density mode is selected. 

DTRQ Is an open drain output, so pull up to Vee by the 10k resistor. In the disk read mode, DTRQ indicates 

that data is assembled In the data register. In the disk write mode, it indicates that the data register Is 

empty. DTRQ Is reset by the read data or write data operation. 

INTRQ Is also a open drain output, so pull up to Vec by the 10k resistor. INTRQ becomes active at the 

completion of any command and Is reset when the CPU reads the status or writes the command. 

NC (pin 40) is not internally connected. 

.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 Ao 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 10 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-
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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 10 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 multi-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 10 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 fa 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 
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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 r~ad 
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 
HDl T = "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 generafed. 
The head Ibad output which was set to "1" is reset to "0" 

under the following two conditions: 
• If the M5W1791-02P is idle for 15 disk revolutions after 

the prevous command terminates, the head load signal 
resets to "0". 

• If the type 1 command is executed when h = "0" , the 
head is also automatically disengaged. 

(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 3 ms, 6 ms, 10 ms 
or 15 ms (ClK = 2MHz) by the stepping motor rate bits r1 

and ro 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 ttie test input TEST 

to "0", which initiates step pulse intervals of about 400,us in 
the single-density mode and about 200,us in the double­
density mode (ClK = 2MHz). The 15 ms wait time is also 
reduced in the two modes to about 60,us and 30,us, respec­

tively. 
The test input signal is used only for interfacing with the 

floppy disk drives and a voice coil motor. 
Tabl.e 8.1 shows the relationship between the stepping 

motor rate flags and the step pulse intervals. 

Table 8.1 Step Pulse Intervals 
(unit: ms) 

elK (MHz) 2M Hz 1MHz 

rh 0 
_______ DDEN 

0 1 0 1 

0, 0 3 3 6 6 

0, 1 6 6 12 12 

1, 0 10 10 20 20 

1, 1 15 15 30 30 
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(5) Index Pulse Counter/Sector~ter/ 
Step Pulse Counter 

As mentioned in Section 8.2 (3), the M5w:1~'f,l()2P has an 
index pulse counter that returns the head 10aGoloutput to "0" 
in the idle state after command execution. This index pulse 
counter is used to terminate the command when the 

M5W1791-02P doss 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 I D field is too short . 
.. AM1 of the ID field is not found. 

• AMt of the ID field is not complete. 
• The I D 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 

The interrupt request output INTRQ is an open drain output 
that notifies the CPU of command termination. 

Once set, the interrupt request output I NTRQ is not re­
set to "0" until the status is read out from the status register 

or the command is written into the command register by the 
CPU. 



Refer tocSeclion 11.5 concerning the response of the 

INTRQ during,~l;t~ilype 4 command. 

The INTRQiioutput is not reset by the reset input signal. 

This state is unde·fined 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 reg ister 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 

modulat.ed 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. 
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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'6 + 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 
CRG 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 GlK input signal. 

The prescaler generates the data transfer clock and the 

data separator clock by dividing the GlK 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 

PGlK 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 

ciock 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 ~R"oA70W~R~EA~D 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 
There are 11 different commands. By setting CS to "0", Ao to 
"0" and At to "0" the commands are written inside the 
M5W1791-02P from the data bus at the rising edge of the 

Table 9.1 List of Commands 

Command type Command 

Restore com'mand 

Seek command 

Type 1 commands Step command 

Step-in command 

Step-out command 

Read sector command 
Type 2 commands 

Write sector command 

Read address command 

Type 3 commands Read track command 

Write track command 

Type 4 commands Force interrupt command 
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WR signal. 

The commands are classified into four types: type 1, type 
2, type 3 and type 4. 

MSB Code LSB 

0 0 0 0 h V r, ro 

0 0 0 1 h V r, ro 

0 0 1 u h V r, ro 

0 1 0 u h V r, ro 

0 1 1 u h V r, ro 

1 0 0 m S E C 0 

1 0 1 m S E C ao 

1 1 0 0 0 E 0 0 

1 1 1 0 0 E 0 0 

1 1 1 1 0 E 0 0 

1 1 0 1 " 12 It 10 

Note 1 Although 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 

h : Head load flag 

Type 1 
V : Verify flag 

commands 

n, ro : Stepping rate flag 

u : Update flag 

Type 2/Type3 
E: 15ms delay flag(at 2MHz clock) 

Commands 

m : Multi-sector read/write flag 

Type 2 

commands S : Side select flag 

C : Side compare flag 

ao : Data address mark flag 

Type 4 
I : Interrupt condition flag 

command 
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Description 1·;-' 

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". 

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. 

The stepping rate is determined by the value of these 2 bits as well as by the elK frequency and 

TEST input pin. 

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. 

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 HDLO'HLDT = "1" is 

established. 

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 HOLD' 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 

when sought and so at the sixth rotation of the diskette the RN F 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. 

When S =1: "1" is compared with the 10 side number when the C flag is "1". 

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. 

When C =0: The ID side number is not compared. 

When ao= 1: The deleted data mark "Fa" (hexadecimal) is written into the data field address 

mark. 

When ao =0: The data mark "FB" (hexadecimal) is written into the data field address mark. 
-

When 10 =1: The. interrupt request output is set to "H" at the ready input rising edge. 

When h =1: The interrupt request output is set to "H" at the ready input falling edge. 

When 12 =1: The interrupt request output is set to "H" with the index pulse input. 

When 13 =1: The command being executed is terminated and the interrupt request output is set to 

"H" immediately. 

When 10 = h = 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. 
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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 32/1s in the single-density mode and 

16/1s 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 32/1s (or 16/1 

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 operation 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 23.5/1s maximum. This is because it 
takes 4/1 s for the DTRQ output to be set after the contents of 

the data register have been transferred to the data shift reg­

ister, and 4.5/1 s at most for the M5W1791-02P to transfer 

data into the data register wh'ich has been written in re­

sponse to OTRQ. In other words, unless the data is serviced 

within 23.5/1s (Le. 32 - 4 - 4.5 = 23.5/1s), 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 

MITSUBISHI LSls 

MSW1791-02P 

FLOPP DISK FORMATTER/CONTROLLER 

lists the flag options. 

(2) Floppy Disk ReadlWrite 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 OOEN double-density select 

input. 

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

VFOE control output WFIVFOE 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 10 field and if the 10 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 10 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 CRCcheck 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 RCLKgenerator 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" A 1" "A 1" 
"A1" "FE", "A1" "A1" "A1" "FB", or "A1" "A1" "A1" "Fa" 

(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 inputlVFOE VFO control output pin. 
Then write data are output from output WD. If the write fauJt 
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 
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Section 10 dealing with the Description··oPO.peration with 
data request output DTRQ during the dj!>lS::write operation. 
When the data is not written during thesal1i'eJ.service period, 
the command is continued with 00. (H EX) 'as -the data which 
is wriiten. 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). 



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 1.5 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", V = "0" and 

r" 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-
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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 n. 

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 ID Bytes/sector 

OOH 128 bytes 
01H 256 bytes 
02H 512 bytes 
03H 1024 bytes 

When, for instance, the sector length, i.e. the 4th byte of 
lOis 00 (H EX), data request output DTRQ is "1" for 128 

times unless lost data occurs. If, for example, lost data 
occurs once, DTRQ is "1 n 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 (H EX), 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 M5W1791-02P 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 32,us in the single-density mode 
and 16,us 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 datacheck, 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 Db (HEX) is written into the 
disk, and FB or ·F8 (H EX) is written depending on the value 
of the 'command's data address mark flag ao. DTRQ is 
g.enerated 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-bytesync 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 I D 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 
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the read address command is executed,the' track number 
which has been read out is also written illto 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 eRC 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 interr~pt 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 jp 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. 



Table 11.4 Write Track Command Control Bytes 

Data Single·density format 
register Data Clock contents Function pattern pattern 

OO-F4 Data ragister values are OO-F4 FF 
written onto the disk without 
modification. 

F5 Non-usable 

F6 Non-usable 

F7 2 calculated CRC bytes are 2-byte CRC FF 
written. 

FB-FB Writing as data .. FB-FB C7 
Used for writing data address 
mark. 
CRC is preset. 

FC Index mark FC is written. FC D7 

FA Writing as data. FD FF 

FE ID address mark is written. FE C7 
CRC is preset. 

FF Writing as data. FF FF 

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 M5W1791-02P is in 
the standby condition (busy status bit is"O"), 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 10-13 = "0". 
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Double-density format 

Data written Function onto disk Missing clock 

Data register values are OO-F4 Not generated 
written onto the disk without 
modification. 

Marker A1 is written. A1 Generated 
CRC is preset. 

Marker C2 is written. C2 Generated 

2 calculated CRC bytes are 2-byte CRC Not generated 
written. 

Writing as data. FB-FB Not generated 
Used for writing data address 
mark. 
CRC is preset. 

Index mark FC is-written. FC Not generated 

Writing as data. FD Not generated 

ID address mark is written. FE Not generated 
CRC is preset. 

Writing as data. FF Not generated 

. •. MITSUliISHI 
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COMMAND STANDBY CONDITION 

,1:><-.... 24 

RESET '0' - '1' 
WARM START 

WHEN WRITE FAULT IS GENERATED 

TYPE 4 COMMAND IS EXECUTED 
AT ANY TIME EXCEPT 
IN COMMAND STANDBY 

NO 

STANDBY FOR NEW COMMAND 

NO 

... 

·'''.';!<!;IMt1$ ... 118 ... 1.,.1 
"ELECTRIC· 

COMMAND 
ISWRITIEN 

COMMAND 
IS WRITTEN 



TYPE 1 COMMAND 
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Notel: The track register, sector register, data register and data shift 
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 15 ms delay is not applied when the test input TEST is "0". 
15 ms is the delay time when clock input elK is 2MHz. 
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TYPE 2 COMMAND 

FROM WARM START 
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foE;-______ N_O<,.(SR) = SECTOR 
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NO ~ 1 SECTOR~ 
WRITE COMPLETE 
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TYPE 3 COMMAND 

FROM WARM START 

6-28 
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READ ADDRESS COMMAND 

DR- (DSR) 
DTRQ-'l' 
SR-TRACK 

NUMBER 

NO 
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12. STATUS 
The significance of the bits in the status register differs 
according to the command. The b.it 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 

~t Bit 7 Bit 6 Bit 5 
Command 

type 1 command Not ready Write protect Head loaded 
N'g Read sector Not ready 0 Record type .. 
Q.E 

~~ Write sector Not ready Write protect Write fault 

'" 
Read address Not ready 0 0 

" Co Read track Not r.eady 0 0 
~ 

Write track Not ready write protect Write fault 

No preceding Not ready Write protect Head loaded ... 
Command " Co 

'Bit 4 

Seek error 

Record not found 

Record not found 

Record not found 

0 

0 

0 

~ Preceding Same as definition of status bit based on preceding command, 
command 

,* ..... tSHI 
ELECTRIC" 

-

Bit 3 Bit 2 Bit 1 Bit 0 

CRC error Track 00 Index Busy 

CRC error Lost data Data request Busy 

CRC error Lost data Data request Busy 

CRC error Lost data Data request Busy 

0 Lost data Data request Busy 

0 0 Data request Busy 

0 Track 00 Index 0 

0 

xu"~ 
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Tabe 12.2 Status Register Contents 

Status 
Command bit Status Status Significance 
1--. 

Type' 7 Not ready ,.," 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 "'" 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 "'" 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 HDL T. 

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

3 CRC error "'" 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') 

2 Track 00 "'" denotes that the head is on track 00. This status is the inverted signal of the track 
00 input TROD. , Index "'" denotes that the index pulse input IP is active. This status is the inverted signal of 

fP. 
a Busy "'" denotes that the type' command is being executed. After the CPU has written the 

command, a maximum of 24 clocks for single density and '2 clocks for double-denisty 
are required for the busy status flag to be set. 

Type 2/ 7 Write protect "'" 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 "'" 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. "'" denotes that the address mark of the data field 

Write fault was the deleted data mark. "a" denotes that it was the data mark. 
During write operations, "'" denotes that the command has been suspended by the 
write fault ihput. 
This status is reset when the next command execution begins (Note' ) 

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

3 CRC error "'" denotes that a eRC error is detected in the ID field or data field. 
This status is reset when the following command execution begins. (Note') 

2 Lost data "'" denotes that lost data have arisen. This status is re.set when the following com-
mand execution begins. (Note' ) , Data request "'" denotes that reading data from writing data to the data register is requested. This 
status is the same as the data request output DTRQ. 

a Busy "'" denotes that the command is being executed. After the CPU system has written 
the command, a maximum of 24 clocks for single-density and '2 clocks for double-
denisty are required until the busy status flag is set. 

Note' Refer to Table '2. , for details when the type 4 command is executed. 
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13. DISK FORMA TIING 
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 

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)r- 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 

11 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 

Note 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 FF data 
until the interrupt request output INTRQ is set. 
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Table 13.2 Disk IBM System 34 Format 

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 I D 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 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. 
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14. TRACK FORMAT 
Track format is given in Fig. 14. 

INOEX,P~ 

GAP1 
SYNC 
PATTERN AM1 
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10 .. 
GAP2 DATA CRC2 

LENGTH BYTES 

1ST SECTOR 10 FIELD 

------- -) 
)}-...... _--L.. __ """"-_ ....... __ ..L-_---' __ ....... -\ __ - - - - --i-~-........ ----''---.... 

GAP3 GAP4 

DATA FIELD 2ND SECTOR 
-e;- ID FIELD 

LAST SECTOR 
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-control!ed 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. 
C1 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, C2 is for reducing the VCO gain in 
the event for relatively high frequency fluctuatiions. 

A 748124 is required for the VCO TTL, since the 
74L8124 is not sufficient as the 8MHz voltage-controlled 
oscillation. R1, R2 and R3 determine the gain. R1 and R2 are 
resistances from 500 ohms to 3.3 kohms. R3 has a resistance 
from 2.2 to 4.7 kohms. 

C1 has a capacitance of 0.047,uF to 0.3,uF while C2 has a 
value of 0.001,u F to 0.0033,u F. 

C3 has a capacitance of 47pF for generating an 8MHz 
frequency when VR is set to its center position and the 
CaNT input is made 1/2Vcc , R4 is for setting the operating 
point of TR1 and it is provided with a resistance of 50 kohms 
t01 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 cc 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. 
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Fig. 15.2 Filter and veo 
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C, 0.00221'F 

R, 3. 3kO 

0, - 0 : lS1588 

TR,. TR, : 2SC71 0 

FROM REGULATED 5V POWER SUPPLY 

74S124 
1kO 

TR2 

C3 

47pF 

VCO CLOCK 

8 MHz 

16. TYPICAL WRITE PRECOMPENSATION 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. 

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 
74S124, for the VCO of the external read clock generator 

CLOCK FOR WRITE PRECOMPENSATION 

EARLY 

a. OUTPUT 

'" EARLY 9 
en (WRITE .... 

PRECOMPENSAJION ~ 
'" PROHIBIT SIGNAL) 
::; 
::; 
0 LATE OUTPUT 
a: 
LL WRITE DATA 

OUTPUTWD 

Fig. 16 Write precompensation circuit 
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17. EXAMPLE OF A WRITE GATE 
OUTPUT AND WRITE FAUL TNFO 
ENABLE CIRCUIT 

The WFIVFOEserves as the write fault input or VFO enable 
output, depending on the WG output. 

FROM WG OUTPUT 

FROM M5W1791-02P 
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):>------ VFOE OUTPUT 

WFIVFOE r 11----- WRITE FAULT INPUT 
---+--+..--....... ---01 FROM FLOPPY DISK SYSTEM 

Fig. 17 Write faulUVFOE 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. 

FROM HOLD OUTPUT 

TO HLDT INPUT 

6-36 

HOLD OUTPUT 
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19 ELECTRICAL CHARACTERISTICS 

19.1 ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

Vee Supply voltage -0.5-7 

V, Input voltage With respect to vss -0.5-7 

Vo Output voltage -0.5-7 

Pd Power dissipation Ta=25t I 350 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

Vss Supply voltage a V 

V ,H High-level input voltage 2 V 

V ,L Low-level input voltage Vss-O.5 0.8 V 

19.3 ELECTRICAL CHARACTERISTICS (Ta=O-70'C, Vcc=5V±5%, unless otherwise noted) 

Symbol Parameter 

V OH High-level output voltage 

VOL Low-level output voltage 

lee Supply current 

\ Input current.(HDLT, TEST, WFIVFOE, WPRT, 

I, DDEN) 

Input current other inputs 

loz Off-state output current 

Test condition 

IOH=-200,uA 

10L=1. SmA 

V,=VCC-OV 

V,=VCC-OV 

V1=VCC ...... OV 

• MITSUBISHI 
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Limits 

Min Typ 

2.4 

-100 

-10 

-10 

Unit 

V 

V 

V 

mW 

·c 
·C 

Unit 
Max 

V 

0,4 V 

70 mA 

10 f,lA 

10 f,lA 

10 f,lA 
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19.4 TIMING REQUIREMENTS (Ta=O-70l:, Vcc=Sv±S%, Vss=OV, unlese otherwise noted) 

Alternative Limits 
Symbol Parameter Test conditions Unit 

symbol Min Typ Max 

tSUCA-R) 
Address setup time before read and chip select 

tSUCCS-R) 
TSET 50 ns 

theR-A) Address hold time after read and chip select 
theR-CS) 

THLD 10 ns 

tW(R) Read pulse width TRE CL=50pF 280 ns 

tSUCA-W) 
Address setup time befo'ra write and chip select 

tSU(cs-W) 
TSET 50 ns 

thew_A) 
Address hold time after write. and chip select 

th(w_cs) 
THLD 10 ns 

tw(W) Write pulse width TWE 200 ns 

tSU(OQ_w) Data setup time before write TDS 250 ns 

thew-DO) Data hold time after write TDH 20 ns 

tWCRR) Raw read pulse width Tpw (Notel. 2) 100 250 ns 

tC(RA) Raw read cycle time Tbc (Note 3) 1600 2000 ns 

tW(RCLK) Read clock high-level width Ta (Note 4) 800 ns 

tW(RCLK) Read clock low-level width Tb (Note 4) 800 ns 

tCCRCLK) Read clock cycle time Tc 1600 ns 

thCRCLK-AA) Read clock hold time before raw read Tx, 40 ns 

thCRR-RCLK) Read clock hold time after raw read 
FM 40 ns 

TX2 
MFM 40 ns 

tw(wo) Write data pulse width Twp 
FM 450 500 550 ns 
MFM 150 200 250 ns 

tceWD) Write data cycle time Tbc 2,3,4 .us 
twe. ) Clock high-level pulse width TCD, 230 250 20000 ns 

tw (. ) Clock low-level pulse width TCD2 200 250 20000 ns 

tWCRESET) Reset pulse width TMR 50 .us 
tWCIP) Index pulse width TIP (Note 5) 10 .uS 
tW(WF) Write fault pulse width TWF (Note 5) 10 .us 

19.5 SWITCHING CHARACTERISTICS (Ta=O-70·C, Vcc=SV±S%, Vss=OV, unless otherwise noted) 

Alternative limrts 
Symbol Parameter Test conditidns Unit 

symbol Min Typ Max 

Twg 
FM (Note 5) 2 .uS 

tPLHCWG-WO) Propagation time from write gate to write data 
MFM (Note 5) 1 .us 

tPLHCE-WO) 
Propagation time from early or late to write data Ts MFM (Note 5) 125 ns 

tPLH(L-WO) 

tPHLCwo-E) 
Propagation time from write data to early or late Th MFM (Note 5) 125 ns 

tPHL(WO-L) 
FM (Note 5) 2 .us 

tPHL(WO_WG) Propagation time from write data to write gate Twt MFM (Note 5) 1 .uS 
tPZY(R_OO) Output enable time after read TDACC C,=50pF 250 ns 

tPYZ(R-OO) Output disable time after read TDOH C,=50pF 50 150 ns 

tPHL(R-ORQ) Propagation time from read to ORO TDRR(RD) 250 ns 

tPHL(R-INTRQ) Propagation time from read to INTRQ TIRR(RD) (Note 5) 500 ns 

tpHL(W~ORO) Propagation time from write to ORO TDRR(WR) 250 ns 

tPHL(W-INTRO) Propagation time from write to INTRQ TIRR(WR) (Note 5) 500 ns 

tW(STP) Step pulse width TSTP (Note 5) 20r4 .uS 
tPLH(OIR_STP) Propagation time from direction to step TDIR (Note 5) 12 .uS 

CLK-IMHz MFM 200 ns 
tY(WD-CLK) Write data valid time before clock Twd, CLK=2MHz MFM 30 ns 

CLK-l MHz MFM 50 ns 
tY(CLK-WD) 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 less than 300 ns for MFM mode and 600 ns for FM mode at CLK=2MHz. Times double for 1 MHz. 

2 
3 
4 
5 

6-38 

100 ns pulse width is recommended for the RAW READ pulse in 8 MFM mode. 
RAW READ cycle time T C(RR) and WD cycle time T CeWO) is normally 2.us in MFM and 4.us in FM. Times double when CLK=1 MHz. 
The polarity of RCLK during RAW READ is not important. 
Times double when CLK=l MHz. 
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19.6 TIMING DIAGRAM 

Read Write 

OTRQ 

INTRQ 

0 0-0, 
(OUTPUT) 

Input data 

-16 OR 32tls 

te(RR) 

~~tW(RR~) :::::::::::::==~J __ 
RAWREAD ~ ~ 

RCLK 
j;; tW(RCLKJ 1-.. tC(RCLK) 

Jl .~ tW{Rci'K)'r ~ 
th(RCLK-RR) th(AR-RCLKJ 

Others 

OTRQ 

INTRQ 

Ao, " CS 

00-0, 
(INPUT) 

-16 OR 32tls 

Note 6: tSERV1CE{RD) maximum value, FM: 27. 5tls, MFN: 13. 5tls 
7: tSERV1CE{WR) maximum value; FM: 23. 5tls, MFM: 11. 5tls 

Write data 

tpLH(e-wo) 

tplH(l-WO) 
tpHUWO-E) 

tpHL(WD-Li 

CLK~ 1 "­
wo -1 1 ~-----

tV{WD-CLKl tV(CLK-WOJ 
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FLOPPY DISK FORMATTERicONTROLLER 

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 OIL 
package. 

2. FEATURES 
• Single 5V supply voltage 
• Accommodate single 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 

3. APPLICATIONS 
• Single or double density floppy disk drive formatter/con­

troller 

• 8-inch or mini floppy disk interface 

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

6. BLOCK DIAGRAM BIDIRECTIONAL 
DATIj BUS 

5. PIN CONFIGURATION (TOP VIEW) 
NC 1 

WRITE CO~~~3~ WR - 2 

CHIP S~k~8f CR -'+ 3 

READ CO~~~3~ RD - 4 
REGISTER J A<; - 5 
S~k~8t I A, - 6 

BIDIREC­
TIONAL 

DATA BUS 

NC INTERRUPT 
39 -INTRQ SD9~a¥T 

- DTRQ 8t~MrQUEST 

37 -.DDEN m~~~E1!~1~PUT 
- WPRT ~~ITf PROTECT 

5 - iii INDEX PULSE INPUT 

4 - ffilllj TRACK 00 INPUT 

3 - WFIVFOE ~~Jt~lT 
2 - READY RJ~~l\~:U~ 

31 - WD ~~·P;''L.pATA 
30 - WG ~~tl>'LfATE 
29 - TG 43 TG43 OUTPUT 

D. - 1 8 - HDlD~D~~dTOAD 
D, - 1 2 - RAW READ ~P~TREAD 

ou¥~5~ STEP - 1 26 - RClK ~EtJ>T CLOCK 

DIRJ8f~'G~ DIRC - 16 2 - RG READ GATE OUTPUT 

o5~~M EARlY-17 4 -ClK CLOCK INPUT 

ouMOf LATE - 3 - HDlT ~1~2GL?~UT 
~~~at RESET -19 22 - TEST TEST INPUT 

(ov)vss 0 21 Vcc(5V) 
-...----~ 

NC: NO CONNECTION 

Outline 40P4 

systems. The hardware of the M5W1793-02P consists of a 
floppy disk interface, a CPU interface and a PLA control 
logic. The total chip can be programmed by eleven a-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. 

14 1 1 1110 9 8 7 

WRITE CONTROL INPUTWii A2d;;1------IJIEN~PU~T~/~O~U~T~PU~TgB~U~F§FE~RD 
CHIP SELECT INPUT CS ~ 
READ CONTROL INPUT !iii 4 8 

REGISTER SElECT{A<; 5 
INPUT A, 6 

,....-_o-I:l6lWPRT WRITE PROTECT INPUT 
'-H--~--I iii INDEX PULSE INPUT 

i'Rlll! TRACK 00 INPUT 
r==H~-==j:~REA.DY READY INPUT EARLY OUTPUT EARLY",1 ,,~e",",u 

LATE OUTPUT lATE 8 
WRITE GATE OUTPUT WG 
WRITE DATA OUTPUT WD 1 

RAW READ 
RAW READ INPUT 

RClK 
READ CLOCK INPUT 

ClK 
CLOCK INPUT 

i5iiEN 
DOUBLE DENSITY MODE®--+----------....J 

SELECT INPUT 
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HDlD HEAD lOAD OUTPUT 
IRC DIRECTION OUTPUT 

1 STEP STEP OUTPUT 

TEST INPUT 

INTERRUPT REQUEST 
OUTPUT . 
DATA REQUEST OUTPUT 
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FLOPPY DISK FORMATTER/CONTROLLER 

7. PIN DESCRIPTION 

Pin Name 
Input or 

Fu~ctions 
output 

NC 
No internal 

NC(pln 1) Is not Intemally connected 
connection 

WR 
Write control 

input 
Input Write signal fr"," a master CPU (Active low). 

CS Chip select input Input Chip select (Active low). 

- Read control 
Read signal from a master CPU (Active low). RD 

input 
Input 

Register select Inputs. These inputs select the register under the control of the RD and WR. 

A, Ao RD WR 

Register select 0 0 STATUS REGISTER COMMAND REGISTER 
Ao, A, 

input 
Input 

0 1 TRACK REGISTER TRACK REGISTER 

1 0 SECTOR REGISTER SECTOR REGISTER 

1 1 DATA REGISTER DATA REGISTER 

0 0-07 
Bidirectional 

data bus 
InlOut Three-state, non-inverted bidirectional data bus. 

0 

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 precompensatlon. It Indicates that the write data pulse should be shifted earty. 

LATE Late output Output 
This signal is also used for write prec","pensation. It Indicates that the write data pulse should be shifted 

late. 

Reset input (Active lOW). The device Is reset by this signal and automatically loads "03" (hexadecimal) into 
--- the command register. The not-ready-status bit is also reset by this signal. When reset input is made to be 
RESET Reset input Input 

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 Vee or leave it open unless using voice call 

actuated motors. 

HOLT 
Head load timing 

Input 
When the device finds high level on this input, the device assumes that the head Is engaged on the media. 

input Active high. 

CLK Clock input Input Clock input to generate internal timing. 2MHz for a-inch drives, 1 MHz for mini drives. 

RG Read ogate output Output This signal shows the external data separator that the synefield is detected. 

RCLK Read clock input Input 
This signal is internally used for the data window. Phasing relation to raw read data is specified but polarity 

(RCLK high orlow) is not Important. 

RAW 
Raw read input 

READ 
Input This input signal from the drive shall be low for each recorded flux transition. 

HOLD Head load output Output 
This output signal controls the 10ading O of the head of the drive. The head must be loaded on the media by 

this high-level output. 
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Pin Name 

TG43 TG 43 output 

WG Write gate output 

WD Write data output 

READY Ready input 

Write fault input! 
---. WFIVFOE VFO enable 

output 

TROO Track 00 input 

IP Index pulse Input 

--- Write protect 
WPRT 

input 

DDEN 
Double density 

mode select Input 

Data request 
DTRQ 

output 

INTRQ 
Interrupt request 

output 

NC 
No internal 
connection 
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Input or 

output 

Output 

Output 

Output 

Input 

In/Out 

Input 

Input 

Input 

Input 

Output 

Output 
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Functions 

]'hIS output is valid only during 'disk "jad/write operation and II shows the posllion Of the head . .HIgh le~ei 
on this output indicates that head is positioned between track 44 to 76. 

This signal becomes active before disk write operations are to occur. 

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 operaiion except for TYPE 1 com-

mand operation, low level input terminates current operation and the device generates the INTRO. In the 

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,: 

low level signal on this input termlriatesthe write operation and makes INTRO active. This signal also 

appears in the status register as the write fault bit. When WG is Inactive, this signal works as VFO enable 

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. 

This signal indicates that the head is located on the track 00 to the device. Active low. 

This input indicates to the device that an index hole 01 the diskette has been encountered. 

Low level signal on this input informs the device that the drive is in the write prote,2ted state. Before disk: 

write operations, this signal is sampled and an active low signal will terminate the current command and 

set INTRO. The write protect status bit in the status register is also set. 

This input determines the device operation mode. When DDEN=O, double density mode is selected. When 

DDEN=l, single density mode is selected. 

DTRO is an open drain output, so pull up to Vcc by the 10k resistor. In the disk read mode, DTRO indicates 

that data is assembled in the data register. In the disk write mode, It indicates that the data register Is 

empty. DTRO is reset by the read data or write data operation. 

INTRO is also a open drain output, so pull up to Vec by the 10k resistor. INTRO becomes active at the 

completion of any command and is reset when the CPU reads the status or writes the command. 

NC (pin 40) is not Internally connected. 

"\ 
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8. COMMAND DESCRIPTION 
There are 11 different commands. By setting CS to "O",Ao to 

'''0'' and AJ to "0", the commands are written into the 
M5Wl793-02P from the data bus at the rising edge of the 

Table 8.1 List of Commands 

_ Command type Command 

Restore command 

Seek command 

Type 1 commands Step command 

Step-in command 

Step-out command 

Read sector command 
Type 2 commands. 

Write sector command 

Read address command 

Type 3 commands Read track command 

Write track command 

Type 4 commands Force interrupt command 

MITSUBISHI LSls 
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FLOPPY DISK FORMATTER/CONTROLLER 

WR signal. 
The commands are classified into four Types type 1, 

Type 2, Type 3 and Type 4. 

MSB Code LSB 

0 0 0 0 h V " ro 

0 0 0 1 h V r, ro 

0 0 1 u h V r, ro 

0 1 0 u h V r, ro 

0 1 1 u h V r, ro 

1 0 0 m S E C 0 

1 0 1 m S E C Be 

1 1 0 0 0 E 0 0 

1 1 1 0 0 E 0 0 

1 1 1 1 0 E 0 0 

1 1 0 1 13 12 h 10 

Notel: 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. 

• MITSUBISHI 
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Table 8.2 Flag Options 

Flag 

h: Head load flag. 

Type 1 
V : Verify flag 

commands 

fl, ro : Stepping rate flag 

u : Update flag 

Type 2/Type3 
E: 15ms delay flag(at 2M Hz clock) 

Commands 

m : Multi-sector read/write flag 

Type 2 

commands S : Side select flag 

C : Side compare flag 

"" : Data address mark flag 

Type 4 
I : Interrupt condition flag 

command 
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Description '. 
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". 

When V =1: The contents of the track register are compared with the 10 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. 

The stepping rate is determined by the vaJue 01 these 2 bits as well as by the elK frequency and 

TEST input pin. 

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. 

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. 

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 

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. 

When S =1: "1" is compared with the 10 side number when the C flag is "1". 

When S =0: "0" is compared with the 10 side number when the C flag is "1". 

No comparison is performed when C =0. 

When C =1: The S flag and 10 side number are compared. 

When C =0: The 10 side number is not compared. 

When ao= 1: The deleted data mark "Fa" (hexadecimal) is written into the data field address 

mark. 

When ao =0: The data mark "FB" (hexadecimal)·is written into the data field address mark. 

When 10 =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 12 =1: The interrupt request output is set to "H" with the index pulse input. 

When 13 = 1: The command being executed is terminated and the interrupt request output is set to 

"H" immediately. 

When 10 =1, =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. 
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9. ELECTRICAL CHARACTERISTICS 

9.1 ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply voltage 

V, Input voltage 

Vo Output voltage 

Pd Power dissipation 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

MITSUBISHI LSls 
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FLOPPY DISK FORMATTER/CONTROLLER 

Conditions Limits Unit 

-0.5-7 V 

With respect to V ss -0.5-7 V 

-0.5-7 V 

Ta=25'C 350 rnW 

0-70 t 
-65-150 t 

9.2 RECOMMENDED OPERATING CONDITIONS (Ta=0-70"C, unless otherwise noted) 

Symbol Parameter 
!-imlts 

Unit 
Min Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

Vss Supply voltage 0 V 

V ,H High-level input voltage 2 V 

V ,L Low-level input voltage Vss-O.5 0.8 V 

9.3 ELECTRICAL CHARACTERISTICS (Ta=0-70"C, Vcc=5V±5%, unless otherwise noted) 

Symbol Parameter 

V OH High-level output voltage 

VOL Low-level output voltage 

Icc Supply current 

Input current.(HDLT, TEST, WFIVFOE, WPRT, 

I, DDEN) 

Input current other inputs 

loz Off-state output current 

Test condition 

IOH=-200I'A 

IOL=1.8mA 

V,=VCC-OV 

V,=VCC-OV 

VI=VCC-OV 

• MITSUBISHI 
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Limits 

Min Typ 

2.4 

-100 

-10 

-10 

Unit 
Max 

V 

0.4 V 

70 rnA 

10 f.'A 

10 f.'A 

10 f.'A 
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9.4 TIMING REQUIREMENTS (Ta=O-70'C, Vcc=SV±S%, Vss=OV, unlese otherwise noted) 

Alternative Limits 
Symbol Parameter -Test conditions Unit 

symbol Min Typ Max 

tSU(A-A) 
Address setup time before read and chip select 

tSU(CS-R) 
TSET 50 ns 

th(R-A) 
Address hold time after read and chip select 

th(R-CS) 
THLD 10 ns 

tW(R) Read pulse width TRE CL-50pF 280 ns 

tSU(A-W) 
Address setup time before write and chip select 

tSU(cs_w) 
TSET 50 ns 

th(W_A) 
Address hold time after write and chip select THLD 10 ns 

th(w-cs) 
tw(w) Write pulse width TWE 200 ns 

tSU(OQ_w) Data setup time before write TDS 250 ns 

theW-DQ) Data hold time after write TDH 20 ns 

tW(AR) Raw read pulse width Tpw (Note1. 2) 100 250 ns 

tC(RRl Raw read cycle time Tbc (Note 3) 1600 2000 ns 

tW(RCLKl Read clock high-level width Ta (Note 4) 800 ns 

tW(RCLKl 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 

th(RR-RCLK) Read clock hold time after raw read TX2 
FM 40 ns 
MFM 40 ns 
FM 450 500 550 ns 

tW(WD) Write data pulse width Twp 
MFM 150 200 250 ns 

tC(WD) Write data cycle time Tbc 2,3,4 ,"S 

tw(.p) Clock high-level pulse width TCD, 230 250 20000 ns 

tw(.p) Clock low-level pulse width TCD2 200 250 20000 ns 

tWCRESET) Reset pulse width TMR 50 ,"S 

tWCIP) Index pulse width TIP (Note 5) 10 '"s 
tW<WF) Write fault pulse width TWF (Note 5) 10 ,"S 

9.5 SWITCHING CHARACTERISTICS (T a=O-70'C , Vcc=SV±S%, Vss=ov, unless otherwise noted) 

Alternative Limrts 
Symbol Parameter Test conditidns Unit 

symbol Min Typ Max 

Propagation time from write gate to write data 
FM (Note 5) 2 ,"S 

tPLH(WG_wo) Twg 
MFM (Note 5) 1 ,"S 

tPLH(E_WO) 
Propagation time from early or late to write data Ts MFM (Note 5) 125 

tPLH(L_WO) 
ns 

tPHUWO_E} 
Propagation time from write data to early or late Th MFM (Note 5) 125 

tpHLCWO-Ll 
ns 

tPHLCWD-WG) Propagation time from write data to write gate Twt 
FM (Note 5) 2 '"S 

MFM (Note 5) 1 ,"S 

tPZV(R-OQ} Output enable time after read TDACC CL=50pF 250 ns 

tPVZ(R-OQ) Output disable time after read TDOH CL=50pF 50 150 ns 

tpHLCR-ORQ) Propagation time from read to ORO TDRR(RD) 250 ns 
tPHLCR_INTRQ) Propagation time from read to INTRO TIRR(RD) (Note 5) 500 ns 

tPHUW-ORQ) Propagation time from write to ORO TDRR(WR) 250 ns 

tPHLCW-INTRQ) Propagation time from write to INTRQ TIRR(WR) (Note 5) 500 ns 
tW(STP) Step pulse width TSTP (Note 5) 20r4 ,"s 

tPLH(OIR-STP) Propagation time from direction to step TDIR (Note 5) 12 '"s 

Write data valid time before clock 
CLK=lMH2 MFM 200 ns 

tV(WO_CLK) TWd1 CLK=2MHz MFM 30 ns 

tV{CLK-WO} Write data valid time after clock 
CLK=l MHz MFM 50 ns 

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 less than 300 ns for MFM mode and 600 ns for FM mode at CLK=2MHz. Times double for 1 MHz. 

2 100 ns pulse width is recommended for the RAW READ pulse in 8 MFM mode. 
3 RAW READ cycle time T C(AA) and WD cycle time T C(wo) is normally 2,us in MFM and 4,"s in FM. Times double when CLK=l MHz. 
4 The polarity of RCLK during RAW READ is not important. 
5: Times double when CLK=l MHz. 
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9.6 TIMING DIAGRAM 
Read Write 

-16 OR 321's 

OTRQ 

INTRQ 

Ao, A" CS 
~-,-~~------~ 

f~-;;~~UT) ---------

Input data 

tC(RRl 

~tt:;:IW(RR~) ~=::;J.J,-
RAW REAl5 "tjt ~ 

RClK 
J;; IW(RCLK) ~ IC(RCLK) 

J1 l't IwlRCcK' ( '-

th(ACLK-RRl thCRR-ACLKl 

Others 

tW(IP) 

jj5 

WF 

RESET 

ClK 

OIRC 

STEP 

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

formatiol;l. 

OTRQ 

INTRQ 

00-0, 
(INPUT) 

-16 OR 321's 

Nole 6: ISERVICE(RD) maximum value, FM: 27. 51's. MFM: 13. 51's 
7: ISERVICEIWR) maximum value; FM: 23. 51's, MFM: 11. 51's 

Write data 

tPLH(E-WO) 

tpLH(L-WO) 

tPHL(WD-E) 

tpHUWD-U 
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CO.NTACT ADDRESSES FOR FURTHER INFORMATION 

JAPAN 
Electronics Marketing Division 
Mitsubishl Electric Corporation 
2-3, Marunouchi 2-chome 
Chlyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 
Telephone: (03) 218-3473 

(03) 218-3499 
Facsimile: (03) 214-5570 

Overseas Marketing Manager 
Kita-Itaml Works 
4-1, Mlzuhara, 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 SI. 
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 
Canollton, 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 
Mitsubishl 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. 
Suite 100 
Norcross, GA 30092, U.S.A. 
Twx: 910-380-9555 
Telephone: (404) 662-0813 
Facsimile: (404) 662-5208 

SOUTHEAST 
Mitsubishi Elecironics 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 

, ., MITSUBISHI 
"'ELECTRIC 

FRANCE 
Mitsubishi Electric Europe GmbH 
65 Avenue de Colmar Tour Albert ler 
F-92507 Rueil Maltnaison Cedex, 
France 
Telex: 
Telephone: 
Facsimile: 

ITALY 

202267 (MELCAM F) 
(01) 7329234 
(01) 7080405 

Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Casslopea 1 
20041 Agrate Brianza I-Milano 
Telephone: (.039) 636011' 
Facsimile: (039) 6360120 

SWEDEN 
Milsubishi Electric Europe GmbH 
Lastbilsvagen 6B 
5-19149 Sollentuna, Sweden 
Telex: 10877 (meab S) 
Telephone: (08) 960468 
Facsimile: (08) 966877 
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