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DESCRIPTION 
The M5M82C37AP is a programmable 4-channel DMA 
(Direct Memory Access) controller. This device is specially 
designed to simplify data transfer at high trasfer rate for 
microcomputer systems. 

PIN CONFIGURATION (TOP VIEW) 

Fabricated using the silicon-gate CMOS technology, the 
M5M82C37 AP operates using a single 5V power supply. 

FEATURES 
• 5V single supply, single TTL clock 
• Four channel DMA controls with priority DMA request 

acknowledge functions 

• DMA enable/disable, automatic initialization enable/dis­
able, address increment/decrement programmability for 
each cannel 

• Programmable DREQ input and DACK output logic 
polarity 

• Direct connecting permits easy DMA channel expan­
sion. 

• Memory to memory data transfer 
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APPLICATION 
• DMA control of peripheral equipment such as floppy 

diskettes and CRT terminals that require high-speed 
data transfer. 
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FUNCTION 
M5M82C37AP is a programmable DMA controller LSI used 

in microprocessor systems. 

This device basically consists of a DMA request control 

block for acknowledging DMA requests, a CPU interface 

for exchanging data and commands with the CPU, a timing 

control circuit for controlling each of the various types of 

timing, and a register for holding and counting DMA 

addresses and number of transfer words. 

After setting the transfer mode, starting address, and byte 

number in each of the registers and when a DMA request 

is made to an unmasked channel, the M5M82C37AP re­

quires use of the bus to the CPU. When the HLDA signal is 

received from the CPU, the DMA acknowledge signal is 

sent to DMA requesting channel with the highest priority 

and begins DMA operation. 

During DMA operation, the contents of the low-byte of the 

transfer memory address are output through A7~ Aa. Every 

time a change in the high-order 8-bit values is necessitated 

immediately after DMA operation has begun or due to bor­
rowing or decrement during DMA operation, the change is 

output via pins DB? ~ DBa· to the externally mounted latch 

circuit. After the address is transmitted, read and write sig­

nals are sent to the memories and peripherals activating 

DMA transfer. 
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PIN DESCRIPTION 
lOR input/output (1/0 read input/output) 
The function of this pin differs depending on the state of 

the M5M82C37AP. 
During DMA operation, the lOR outputs lOW-level pulses 

providing read timing to the peripheral devices. 

In the cascade mode DMA, this pin becomes high impe­

dance. In non-DMA mode, lOR is an input to read the con­

tents of the registers in the M5M82C37 AP. 

lOW input/output (1/0 write input/output) 
The function of this pin deffers depending on the state of 

the M5M82C37AP. In DMA operation, lOW outputs a low­

level pulse to denote the write timing to peripheral devices. 

In cascade mode DMA, this pin becomes high impedance. 

In non-DMA mode, lOW is input to write data to the regis­

ters of the M5M82C37AP. 

MEMR output (Memory read output) 
In DMA mode, this pin outputs a low-level pulse to denote 
the memory read timing. 

In cascade mode DMA or in non-DMA operation this pin 

becomes high impedance. 

MEMW output (memory write output) 
In DAM mode, this pin outputs a low-level pulse to denote 

the memory write timing. 

In cascade mode DMA or in non-DMA opration, this pin be­

comes high impedance. 

NU pin (Non-usable) 
Pin 5 is a non-usable pin. This pin should be tied to Vee, or 

it should be left open. 

READY input (ready input) 
This input is used to extend the read or write pulse in the 

DMA operation. As long as low-level is input, the DMA 

transfer period is extended. If no timing extension is 

needed, this input should be tied to Vee. 
Note : The ready input level must be stable near the falling edge of 

the clock input If the minimum READY setup time from clock 

or the minimum READY hold time after clock is violated, 

M5M82C37AP might go into illegal DMA operations. 

HLDA input (hold acknowledge input) 
This input means that the CPU acknowledges the use of 

the bus. If M5M82C37AP sets the HRQ output high-level 

and the HLDA input goes to high-level the M5M82C37AP 

begins DMA operation. 
Note Iii When HLDA is high-level. CS input is disabled and unex­

pected read or write operation to M5M82C37 AP is prevented. 

Iii iAt least 1 clock period is required from HRQ rising edge to 

HLDA rising edge 
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ADSTB output (address strobe output) 
This pin outputs a high-level pulse when the higher 8 bits of 
the transfer address is output through data bus at the DMA 
operation. This pulse is used as the strobe pulse for the ex­
ternal address latch circuit. 

In non-DMA mode or in cascade mode DMA this output re­
mains low-level. 

AEN output (address enable output) 
AEN is an output which denotes that the bus control signal 
address output etc. from the M5M82C37AP are valid. When 
AEN output is high-level, they are valid output, so AEN is 
used as a control input for an external three-state bus 
buffer. 

HRQ output (hold request output) 
This output denotes that the M5M82C37 AP requests the 

use of the bus to the CPU. The M5M82C37AP sets HRQ 
high in response to the DMA request. 

CS input (chip select input) 
This input is a chip select signal which is set to lOW-level 

when the CPU reads or writes data to the M5M82C37AP. 
When HLDA is high-level, this input is masked and the 
M5M82C37AP is not selected. 

ClK input (clock input) 
The master clock for the M5M82C37AP is input. 

RESET input (reset input) 
When a high-level pulse is input from RESET, the 
M5M82C37 AP is set to the initial state. 

DACKO, DACK1, DACK2, DACK3 output 
(DMA acknowledge output) 
DMA acknowledge is the signals which shows a peripheral 
device whether DMA operaiton for its channel is under ex­
ecution. 

6y resetting, they become active low outputs, but they can 
be mode into high-acive outputs by altering the contents of 
the command register. 

DREQO, DREQ1, DREQ2, DREQ3 
DREQ is an input which shows that a peripheral device re­
quests DMA service. 6y resetting, they become active high 
inputs but they can be made into active low inputs by alter­
ing the contents of the command regsiter. DREQ should 
keep in active until the DACK output returns. 

Vss 
Vss is connected to system ground. 
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DB7~DBo inputs/outputs 
(data bus inputs/outputs) 
In non-DMA mode, the contents of the registers of the 
M5M82C37AP are read out or written through D67-D60 ' 

In DMA mode, the higher 8 bits of the transfer address are 
output through D67 - D60 in the S, state. In the memory to 
memory DMA mode, data to be transferred between 
memories via the temporary register are read and written 

by the M5M82C37AP through D67-D60' 

Vee 
The 5V power supply is connected through Vee. 

A7~Ao input/output (address input/output) 
In the DMA mode, the lower 8 bits of the transfer address 
are output through A7-Ao. 
In cascade mode DMA, they become high impedance. In 

the non-DMA mode, A3 - Ao become register select 
address inputs, while A7-A4 become high impedance. 

EOP input/output 
(end of process input/output) 
EOP is an N-channel open drain input/output. When the 

word count register reaches count-up, a low-level pulse is 
output from EOP. (This is called internal EOP.) EOP may 
be pulled down to lOW-level. If EOP is pulled down during 
DMAoperation, the DMA operation is forcibly terminated. 
(This is called external EOP.) 
Note : In cascade mode DMA, the EOP pulse is not output, and exter­

nal EOP cannot terminate cascade mode DMA operation. 
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OPERATION 
The unit of operation of the M5M82C37AP is one clock 
period long and is called a 'state'. The M5M82C37AP has 
seven kinds of states. 
The following is the description of the basic DMA 
operation. When the M5M82C37AP is DMA disabled or no 

DMA request comes for unmasked DMA channel, the 
M5M82C37AP is in stand-by condition. At this time the 
M5M82C37AP repeats S, (Inactive state) until a valid DMA 
request comes. When the M5M82C37 AP is enabled and a 
valid DMA request arrives, the M5M82C37AP sets HRQ 
output high and waits until the use of the bus is acknow­
ledged. This state is called so state. The M5M82C37AP re­

peats So state as long as the HLDA input is low. When 
HLDA goes to high, the M5M82C37AP begins DMA opera­
tion. 
Care must be taken became the M5M82C37AP requires at 

least 1 clock period from the HRQ rising edge to the HLDA 
rising edge .. (I.e. So state must be repeated at least twice.) 
In DMA operation, the M5M82C37 AP normally executes 
four (or three) states per one word transfer. 

These four states are called S" S2, S3 and 84 state in sequ­
ence. 

In S, state, AEN is set to high (if AEN is low), the lower 8 
bits of data of the transfer address are output through A7-
Ao and the higher 8 bits of address data are output through 
DB7 - DBa. The higher address data are output only in the 
8 , state, so the strobe pulse for the external address latch 
circuit is output from AD8TB. The 8, state is not executed if 
the higher 8 bits of address data are not changed in de­

mand mode DMA or block mode DMA. 
In the 82 state, MEMR or lOR output is set to low. If the 8, 

state is not executed, address outputs A7- Ao are changed 
at the 82 state also. 

In the 83 state, MEMW or lOW output goes down to low. 
The 84 state is the last state of a word transfer. MEMR (or 
lOR) and lOR (or MEMW) outputs rise up to high. And the 
contents of the current address register and the current 
word counter are updated. 

If DMA continues in demand mode or block mode, the S, or 
S2 state follows after the S4 state. 
If not the 8, state follows after 84, (In single mode DMA, S, 
always follows after 84.) 

When the M5M82C37AP returns to the 8, state, the HRQ 

and AEN outputs are reset, A7 - A4, DB7 - DBa, MEMR, 
MEMW are set to high impedance and A3-Ao, lOR, lOW 
are set to inputs. 
If the read or write pulse width is not sufficient for the 

memories or the peripherals, the transfer time can be ex­
tended by setting the READY input to low. Until READY 
goes up to high, wait states (Sw) are inserted before S4 
and read, write, and address outputs are hold. 
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The M5M82C37AP has four type of DMA transfers. 
e READ TRAN8FER 

This is the transfer operation from memories to peripher­
al. Low-level pulses are output from MEMR and lOW, 
while MEMW, lOR remain high. 

eWRITE TRAN8FER 

This is the transfer operation from peripheral to memor­
ies. LOW-level pulses are output from MEMW and lOR, 

--- --
while MEMR and lOW remain high. 

eVERIFY TRANSFER 

This is the dummy transfer, MEMR, MEMW, lOR and lOW 
all remain high. (not high impedance). Low-level input to 
READY is ignored. AEN. ADSTB. DACK and address in­
formation are normally output. 

e MEMORY-TO-MEMORY TRAN8FER 
This is the transfer from the memory address designated 
by channel 0 to the memory address designated by chan­
nel 1. In this transfer, the channel 0 address and channel 

1 address are alternately output. when the channel 0 
address is active, the MEMR pulse is output at the same 
time and the memory data are read and written to the 

temporary register when the channel 1 address is active, 
the MEMW pulse is output and the contents of the tem­
porary register are output from the data bus. 

Accordingly, ¢ 1 byte memory transfer is executed by two 

operations a read operation which consists of 8",8'2,8'3 
and 814 states and write operation which consists of 8 21 , 

S22, 823 and S24 states). 
In memory to memory DMA, The transfer type assignment 
of ch 0, ch 1 mode register (read, write or verify) is 
ignored. 
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Notes for memory-to-memory transfer 
Observe the following pOints when programming memory­
to-memory DMA. 

• The contents of the word count register of channel 0 and 
1 must be programmed identically. 

• The transfer mode of channel 0 and 1 must be set to the 
block transfer mode. 

• All the mask bits must be set to inhibit external DMA re­
quest input. (Memory-to-memory DMA is started by soft­
ware DMA request to channel 0.) 

• In memory-to-memory DMA operation, all the DACK out­
puts are inactive. (but AEN is set during transfer.) 

Table 1 DMA priority for the M5M82C37AP 

Priority type DMA channel serviced 

Fixed priority 

chO 
ch1 

Rotating priority 
ch2 
ch3 
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PRIORITY 
Two kinds of DMA priority can be programmed for the 
M5M82C37AP. (Command register bit 4) If plural channels 

request DMA at the same time, DMA is acknowledged for 
the channel which has the highest priority. (Table 1 ) 
(1) Fixed Priority (bit 4=0) 

The DMA channel which has the highest priority is 
channel O. Channel 1 has the second, channel 2 has the 

third and channel 3 has the lowest priority. 
(2) Rotating Priority (bit 4=1) 

Highest 

chO 
ch1 
ch2 
ch3 
chO 

This priority mode is that the channel which has ser­
viced the DMA request, has the lowest priority at the 

next DMA operation. (Just after reset the lowest priority 
channel is channel 3) 
For example, just after channel 1 DMA is executed, 
channel 2 has the highest priority, channel 3 has the 

second highest, channel 0 has the third and channel 1 
has the lowest priority. 

DMA priority for next transter 

2nd 3rd Lowest 

ch1 ch2 ch3 
ch2 ch3 chO 
ch3 chO ch1 
chO ch1 ch2 
ch1 ch2 ch3 
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Description Of The Transfer Mode 
The following is the description of the transfer mode of the 
M5M82C37AP 
(1) Single mode DMA transfer 

In single mode DMA, the M5M82C37AP executes only 
one word transfer when the bus control is acknow­

ledged by the CPU, and when the S. state is ended, 
the M5M82C37AP reset HRQ output and releases the 
bus. 
If the DMA request input continues at active level, at 

least one S, state is executed since the HLDA input 
falls down to low, and HRQ is kept low. Accordingly, 

8085 CPU etc. can execute at least one instruction be­
tween DMA transfer. 

(2) Block mode DMA transfer 
In the block mode, once the DMA request is acknow­

ledged, the DMA is executed continuously until the ter­
minal count (TC) occurs. 

TC means that 
( i )The contents of the current word count register are 
about to be counted down from 000016 to FFFF16 
or that 
(ii)an external EOP pulse is input before the S2 state. 

The DREQ input should be kept active until the DACK 
output is made active, but once DMA is acknowledged, 
DMA transfer continues until TC occurs even when 
DMA request becomes inactive. 
When DMA is executed continuously, the S1 or S2 state 

follows directly after S •. If the contents of the higher 8 
bits of the addresr are not changed at the following 
word transfer, th<l S1 state is skipped and the S2 state 
is executed just after S •. 

(3) Demand mode DMA transfer 
In the demand mode, DMA is executed continuously 
while the DMA request is active. 

Once the DMA is acknowledged to the channel which 
is programmed for the demand mode, DMA operation 

is executed continuously until TC occurs or the DMA 
request becomes inactive. 
If DMA stops due to an inactive DREQ before TC, the 
rest of the DMA will be resumed when DREQ becomes 
active and the DMA is acknowledged again. 
The operation during DMA is almost the same as in the 
block mode DMA. 

(4) Cascade mode DMA transfer 

This mode is used for DMA channel expansion by cas­
cade connction when more. than 4 channels are re­
quired. (See fig. 1 ) 

If the DMA request for the channel which is program­
med in the cascade mode occurs and the request is 

acknowledged, only the DACK output becomes active. 
(lOR, lOW, MEMR, MEMW, DB7-DBo, A7-Ao become 

floating. AEN, ADSTB outputs stay at low. CS and 
READY inputs are ignored.) 
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Accordingly the cascade mode DMA operation of the 

M5M82C37 AP is only that it requests a bus hold re­
quest for the CPU instead of the low-level 
M5M82C37AP and transmits the bus acknowledgement 
signal by setting DACK active. 

Note : 

• The contents of the base and current address/word count regsiters 

of channels programmed in the cascade mode are invalid and 

change unpredictably. 

• A software DMA request for the channel which is programmed in 

cascade mode may cause the system of hangup. 

• When cascaded M5M82C37AP's are connected as shown in fig. 1, 

the high level M5M82C37AP should be initialized first and the 

DACK output set 'high active' in order to initialize the low level 

M5M82C37AP's because the registers of the M5M82C37AP cannot 

be read or written when HLDA input is high. 

• An external EOP cannot terminate cascade mode DMA operation. 
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CPU 

HRQ HLDA 

DREQ, 
DACK, 

HRQ HLDA HRQ HLDA 

the high level M5M82C37 AP 

the low level M5M82C37 AP' s 

Fig.1 Example of a DMA system using a cascade connection 

(5) Auto initialization feature (mode regsiter bit 4= 1 ) 

When bit 4 of the mode register is set to '1', the prog­
rammed channel enters the auto initialization mode. 
Auto initialization is performed when TC occurs and the 

contents of the base address/word count registers are 
loaded in the current address/word count registers. 
(The contents of the base address/word count regis­
ters are programmed to the same value as the current 
registers, at the same time.) 

Note : If a channel is programmed for auto initialization the mask reg­

ister bit for that channel is not set after Te. If it is not program­

med for auto initialization, the mask register bit is set after TC, 

so the mask register bit must be reset to set this channel to 

DMA-enable. 

(6) Extended write feafure (command register bit 5=1) 
In normal DMA operation, the write pulse MEMW (or 
lOW) falls down to low in the 83 state. l3ut, if extended 

write is programmed, the write pulse falls at the 82 

state and the width can be extended for one clock 
period. 

(7) Compressed timing DMA feafure (command regsiter 
bit 3=1) 

I n normal DMA, the transfer for one word consists of 
three or four states. 

If the compressed timing DMA is programmed, the 8~ 
state is not executed and the one word transfer con­
sists of two or three states. In this mode, the write out­
put (lOW, MEMW) falls to low in the 82 state as well 
as the read output (lOR, MEMR) . In memory-to­
memory DMA operation, the compressed timing 
assignment is ignored. 

REGISTERS 
The following is a description of the registers of 
M5M82C37 AP. 
(1) Address registers 

The M5M82C37 AP has two 16-bit address registers for 
each DMA channel. 

One is called the current address register. It holds the 
contents of the memory address at which DMA opera­
tion is performed and the contents are incremented (or 

decremented) at every word transfer. This register is 
read/write enabled when in the incative state. The 
other is the base address register. This register is a 
write-only register and is written at the same time the 
current address register is programmed. The contents 
of the base address register are loaded into the cur­
rent address register when the channel has reached 
TC if the channel is programmed in the auto initialize 
mode. 
The registers of the M5M82C37 AP are read or written 
through an 8-bit data bus so the address register must 
be accessed twice, first the lower 8 bits, second the 
higher 8 bits. The M5M82C37 AP has a first/last flip-flop 

which is toggled when the 16-bit regsiter is accessed. 
It selects the lower or higher byte. 

(2) Word count registers 

The M5M82C37AP has two 16-bit word count registers 
for each DMA channel. 

One is called the current word count register. It holds 
the number of DMA transfer words, and the contents 
are decremented at the end of every word transfer. TC 
occurs when the contents of the word counter about to 
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decrement from 0000'6 to FFFF'6' 
The other is the base word counter, a write only regis­
ter that is used for auto initialization like the base 

address register. 
The read/write operation for the word count register is 
the same as for the address registers. 

(3) Mode registers 
The M5M82C37 AP has four 6-bit length registers to 

select the DMA modes and types for the 4 DMA chan­
nels. They are write only registers. 
To program one of these registers, the channel selec­
tion is done by the 2 LSBs of the written data allowing 
all four registers to assigned at the same address. The 
other 6 bits are written to one of the four registers. The 

bit assignment is shown in figure 2. 
(4) Command register 

This register is an 8-bit write only register used to de­

fine common operations for the four DMA channels. 
The bit assignment is shown in figure 3. 

Command regs iter is set 00'6 by reset. 
(5) Mask register 

This register is a 4-bit register with one mask bit for 

each DMA channel. 
The four bits of this regsiter can be programmed simUl­
taneously (fig. 4) or can be set or reset 1 bit at a time 
(fig. 5). All bits can be cleared by the clear mask reg­
ister command. 
After reset, the 4 mask bits are all set to'1'. 
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(6) Request register 

This register is 4-bit register with one software request 

bit for each DMA channel. 
One request bit can be set or reset at a time. (fig. 6) 

Note : All the request bits are reset after the DMA operation of one 

channel. So, when the DMA is started by software re­

quest, other external DMA requests must be masked by 

setting all the mask register bits. (Software requests are 

not masked by the mask register.) All the request bits are 

set to '0' after reset. 

(7) Status register 

This register is an 8-bit read only register. The 4 MSBs 
show the status of the four DREQs. '1' means that the 
DREQ input is active. 
The other four bits are the TC bits which are set to '1' 
when TC occurs. The lower 4 bits are reset after the 
status registers are read or after reset. 
The relation between these bits and the channels is 

shown in fig. 7 
(8) Temporary Register 

This register is an 8-bit read only register. 
It is used to store temporary data read during the first 

part of the memory-to-memory DMA operation. 
When the CPU reads this register, the register con­
tents are the data which were transfered in memory-to­
memory transfer DMA immediately prior to the CPU 
read. 

DMA mode r Demand transfer 
01 Single transfer 
10 Block transfer 
11 Cascade transfer 

Address 
r------------------- increment 

decrement {~ Decrement 

Increment 

Fig.2 Mode registers 

Automatic 
r----------------- initialization 

r-------------- Transfer type 

Channel to be 1..----- writen 

{~ 

{

DO 
01 
10 
11 

Enable 
Disable 

Verify transfer 
Write transfer 
Read transfer 
Not usable 

{

DO Ch 0 
01 Ch 1 
10 Ch 2 
11 Ch 3 

~~ 

b3 b, I b, I bo I 
Bit configuration of the data written to the mode registers 

(Address='1011',) 
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Fig.3 
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Command register 

I I 
A 

\ 

Ib7 Jb6 b, I b. I ba I b, I b, I bo I 

Mask register (write all bit) 
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ou 
DACK {1 

tput logic 0 

High active 
Low active 

i 
DREQ {1 Low active 

npuHogic 0 High active 

Bit conlig 

(Address 

{ 
1 Extended write 

Write pulse width 0 Normal write 

Priority { 
10 Rotating priority 

Fixed priority 

Compressed 
timing 

Compressed timing 
Normal timing 

{ 1 Enable 
Controller enable 0 Disable 

Channel 0 address hold 
(II bit 0=0, bit 1 is invalid) 

Memory to {1 Enable 
memory transfer 0 Disable 

Enable 
Disable 

uration of the data written to the command register 

='1000',) 

No effect 

Mask bit for channel 3 {~ Mask set 
Mask clear 

Mask bit lor channel 2 {~ Mask set 
Mask clear 

Mask bit for channell {~ Mask set 
Mask clear 

Mask bit for channel 0 {~ Mask set 
Mask clear 

Bit configuration 01 the data written by the mask bit write command 

(Address='llll ',) 
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No effect 

Mask bit {~ Mask set 
Mask clear 

{ 

00 
01 I Channel select 

. 10 

11 

Ch 0 
Ch 1 
Ch 2 
Ch 3 

~ 

l b,j be J b5 J b, I b3 I b, I b, I bo I Bit configuration of the data written by the single mask bit write command 

(Address='1010',) 

Fig.S Mask register (write single bit) 

I 
~--~---~, ~ 

No effect 

Request bit 

Channel select { 

00 
01 
10 
11 

Request bit set 
Request bit clear 

Ch 0 

Ch 1 
Ch 2 
Ch 3 

I b, I be I b5 I b, I b3 I b, I b, I bo I Bit configuration of the data written by the request bit write command 

Fig.6 Request register 

(Address='1001',) 
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I 
I b, I be I b5 I b4 I b3 I b, I b, I bo I Bit configur 

(Address= 

Status register 

• MITSUBISH. I 
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DREQ input for ch 3 

DREQ inputfor ch 2 

DREQ input for ch 1 

DREQ input for ch a 

{~ 

Active 
Inactive 

Active 
Inactive 

Active 

Inactive 

Active 
Inactive 

. {1 Reached Terminal count a 
for ch 3 Not reached 

Terminal count fl ~ Reached 
for ch 2 Not reached 

. {1 Reached Terminal count 0 
for ch 1 Not reached 

Terminal count {l Reached 
for ch a 0 Not reached 

ation of the status register 

'1000',) 
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PROGRAMMING Master clear 
This command executes a software reset. The registers in the M5M82C37 AP can be read or written 

when CS and HLDA inputs are low. Note : The following are the effects of the software reset for the 

M5M82C37AP. 

• Mask bits are set for all the DMA channels . 

The address assignment is shown in fig. 8 and 9. Some of 
the write operations in these figures do not, in fact, write in 

any registers. They are called software commands. The fol­
lowing is a description of the software commands. 

• The command register is cleared to '00,6' (Note that bit2 is '0'.) 

Clear first/last F/F 
• The temporary register is cleared. 

• The 4 TC bits of the status register are cleared. 

• The first/last flip flop is reset. 

.Software DMA request bits are cleared. 

In reading or writing a 16-bit register, the higher and lower 
8 bits are accessed separately. Selection is done by a first/ 
last flip-flop which toggles when ever one of the 16-bit reg­
isters is accessed. This command clears the first/last flip­

flop, so after this command is executed, the next accerss of 
the 16-bit register is begins at the lower 8 bits. 

(When the hardware reset is performed, together with the 
above effects, DMA operation is terminated and the 

M5M82C37 AP returns to the S, state.) 

Table 2 Read operation with the M5M82C37AP 

First 
- -

A3 A, A, Ao CS HLDA RD Last 

F/F 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 1 

0 0 0 1 0 0 0 0 
0 0 0 1 0 0 0 1 

0 0 1 0 0 0 0 0 
0 0 1 0 0 0 0 1 
0 0 1 1 0 0 0 0 
0 0 1 1 0 0 0 1 

0 1 0 0 0 0 0 0 
0 1 0 0 0 

I 
0 0 1 

0 1 0 1 0 0 0 0 
0 1 0 1 0 0 0 1 

0 1 1 0 0 0 0 0 
0 1 1 0 0 0 0 1 
0 1 1 1 0 0 0 0 
0 1 1 1 I 0 0 0 1 

1 0 0 0 

I 

0 0 0 X 

1 0 0 1 0 0 0 X 

1 0 1 0 a 0 0 X 

1 0 1 1 0 0 0 X 

1 1 0 0 0 0 0 X 

1 1 0 1 0 0 0 X 

1 1 1 0 0 0 0 X 

1 1 1 1 0 0 0 X 
-

X X X X 1 X X X 

X X X X X 1 X X 

Clear mask register 
This command clears all the mask bits and enable DMA for 
all the channels. 

REGISTER READ 

CHO Current address register bit7 ....... bito 

CHO Current address register bit15--bit8 

CHO Current word count register bit7--bitO 

CHO Current word count register bitlS-bit8 

CHl Current address register bit7..-....bitO 

CHl Current address register bit1S ....... bitS 

CHl Current word count register bit7 ........ bitO 

CHl Current word count register bit15.-...bit8 

CH2 Current address register bit7 ...... bitQ 

CH2 Current address register bit15--...bit8 

CH2 Current word count register bitl ...... bitO 

CH2 Current word count register bit1S ....... bit8 

CH3 Current address register bill ....... bitO 

CH3 Current address register bit1S ........ bit8 

CH3 Current word count register bit7 ....... bitO 

CH3 Current word count register bit1S ....... bit8 

Status register 

Invalid 

Invalid 

Invalid 

Invalid 

Temporary register 

Invalid 

Invalid 

Read operation is not executed. 

Read operation is not executed. 

• MITSUBISHI 
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Table 3 Write operation with the M5M82C37AP 

First 
- -

A3 A, A, An CS HLDA WR Last 

FfF 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 

0 0 0 1 0 0 0 0 
0 0 0 1 0 0 0 1 

0 0 1 0 0 0 0 0 
0 0 1 0 0 0 0 1 

0 0 1 1 0 0 0 0 
0 0 1 1 0 0 0 1 

0 1 0 0 0 0 0 0 
0 1 0 0 0 0 0 1 

0 1 0 1 0 0 0 0 
0 1 0 1 0 0 0 1 

0 1 1 0 0 0 0 0 
0 1 I 0 0 0 0 1 

0 1 1 1 0 0 0 0 
0 1 1 1 0 0 0 1 

1 0 0 0 0 0 0 X 

1 0 0 1 0 0 0 X 

1 0 1 0 0 0 0 X 

1 0 1 1 0 0 0 X 

1 1 0 0 0 0 0 X 

1 1 0 1 0 0 0 X 

1 1 1 0 0 0 0 X 

1 1 1 1 0 0 0 X 

X X X X 1 X X X 

X X X X X 1 X X 
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REG ISTER WRITTEN 

CHO base and current address register bit7-bitO 

CHO base and current address register bit15-bit8 

CHO base and current word count register bit7 ....... bitO 

CHO base and current word count register bit1S ....... bit8 

CH1 base and current address register bit7 .......... bitO 

CHI base and current address register bitl5-bit8 

CH1 base and current word count register bit7 ....... bitO 

CH1 base and current word count register bit15 ....... bit8 

CH2 base and current address register bit7-bitO 

CH2 base and current address register bitl5-bit8 

CH2 base and current word count register bit7 ....... bitO 

CH2 base and current word count register bit1S ....... bit8 

CH3 base and current address register bit7 ....... bitO 

CH3 base and current address register bit15 ....... bit8 

CH3 base and current word count register bit7 ....... bitO 

CH3 base and current word count register bit15 ....... bit8 

Command register 

Request register 

Single mask bit write 

Mode register 

Clear first/last flip-flop software commands 

Master clear software commands 

Clear all mask register bits software commands 

Write all mask bits software commands 

Write is not executed. 

Write is not executed. 

'. . MITSUBISHI 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits Unit 

Vee Supply voltage -0.3-7 V 

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

Vo Output voltage -0. 3-Vee+0. 3 V 

T opr Operating free-air temperature range -20-75 'c 
Tsta Storage temperature -65-150 'C 

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

Limits 
Symbol Parameter 

I I 
Unit 

Min Typ Max 

Vee Supply voltage 4,5 I 5 I 5.5 V 

Vss Supply voltage(GND) I 0 I V 

ELECTRICAL CHARCTERISTICS (T a=-20-75·C , Vcc=5V±10%, Vss=ov, unless otherwise noted) 

Symbol Parameter 

V ,H Hign-Ievel input voltage 

V'L Low-level input voltage 

V OH High-level output voltage 

VOL Low-level output voltage 

I, Input current 

loz Off-state output current 

Icc Supply current 

Test conditions 

-

IOH=-2OOI'A 

IOH=-100I'A(HRQ only) 

10L =2. OmA(data bus) 

10L =3. 2mA(other outputs) 

V,=O'-"'Vcc 

V,=o ....... Vcc 

V'H=VCC, V,L=VSS, fCLK=l/tc(r,6)min. 

• MITSUBISHI 
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Limits 

Min Typ 

2.0 

-0.3 

2.4 

3.2 

-10 
-

-10 
--

Unit 
Max 

Vcc+O· 3 V 

0.8 V 

V --
V 

--

0.45 V 

+10 /LA 

+10 /LA 

15 mA 
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TIMING REQUIREMENTS (T a=-20-75'C , Vcc=5V±10%, Vss=ov, unless otherwise noted) 

(i) SLAVE MODE 

Symbol Parameter 

tSU(CS-R) 
Address setup time before read 

tSU(A-R) 

tsu(cs-w) cs setup time before write 

tSU(A-W) Address setup time before write 

tSU(DQ-W) Data setup time before write 

th(R-CS) 
Address hold time after read 

th(R-A) 

th(w-cs) CS hold time after write 

theW-A) Address hold after write 

th(W-DQ) Data hold after write 

tW(R) Read pulse width 

tw<w) Write pulse width 

tW(RESET) Reset pulse width 

tSU(VCC-RESET) Vee setup time before to reset 

tSU(RESET-A) Reset setup time before read 

tSU(RESET-W) Reset setup time before Write 

(ii) DMA MODE 

Symbol Parameter 

tw (" ) Clock high-level pulse width 

tw (" ) Clock low-level pulse width 

t c ( ,,) Clock period 

tSU(EOP. ¢ ) External EOP setup time before clock 

tW(EOP) External EOP pulse width 

tSU(DREO-.p ) DREQ setup time before clock 

tSU(READY.</> ) READY setup time before clock 

th( 1> ~READY) READY hold time before clock 

tSU(HLDA- "') HLDA setup time before clock 

tSUCDO-MEMA) Data setup time before MEMR 

th(MEMR-DQ) Data hold time after MEMR 

Note A.C Testing waveform 
Input pulse level O. 45-2. 4V 
Input pulse rise time 10ns 

10ns 

~-

I nput pulse fall time 
Reference level input 

Output 
V,H=2V, V,L =0. 8V 
VoH =2V, VOL =0, 8V 

5-28 

Alternate 
M5M82C37AP 

symbol 
Min Max 

TAR 50 

Tcw 200 

TAW 200 

Tow 200 

TRA 0 

Twc 20 

TWA 20 

Two 30 

TRW 30() 

Twws 200 

T RSTW 300 

T RSTD 500 

TRSTS 2tc (" ) 

Alternate 
M5M82C37AP 

symbol 
Min Max 

TCH 120 

TCL 150 

Tcy 320 

TEPS 60 

TEPW 300 

Tos 0 

TRS 100 

TRH 20 

THs 100 

TfDS 250 

TIDH 0 

.• MITSUBISHI 
.... ELECTRIC 

Limits 

M5M82C37AP-4 M5M82C37 AP-5 Unit 

Min Max Min Max 

50 50(0) ns 

150 150 ns 

150 150 ns 

150 100 ns 

0 0 ns 

20 20 (0) ns 

20 20(0) ns 

30 30(0) ns 

250 200 ns 
------

200 160 ns 

300 300 ns 

500 500 ns 

2tc (" ) 2tc ( ,,) ns 

Limits 

M5M82C37 AP-4 M5M82C37 AP-5 Unit 

Min Max Min Max 

100 80 ns 

110 68 ns 

250 200 ns 

45 40 ns 

225 220 ns 

0 0 ns 

60 60 ns 

20 20 ns 

75 75 ns 

190 170 ns 

0 0 ns 
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SWITCHING CHARACTERISTIC (Ta=-20-75'C, Vcc=5V±10%, Vss=OV, unless otherwise noted) 

(i) SLAVE MODE 

Symbol Parameter 

tpZV(R~DQ) Data enable time after read 

tPVZ(R-OQ) Data disable time after read 

(ii) DMA MODE 

Symbol Parameter 

t pLH ( '" -AEN) Propagation time from clock to AEN 

tpHLC f -AEN) Propagation time from clock to AEN 

tpzv( '" -A) Propagation time from clock to address active 

tpHLC 1> -A) Propagation time from clock to address stable 

tpvz( ¢ -A) Propagation tJrne from clock to address floating 

~ZV(¢-DQ) Propagation time from clock to data bus 

tpvz( </>-DO) Propagation time from clock to data bus 

tpLH{ ~ -ADSTB) Propagation time from clock to ADSTB 

tpHu ~ -ADSTB) Propagation time from clock to ADSTB 

tsu< OB-ADSTS) Data output setup time before ADSTB 

thCADSTB-oo) Data output hold time before ADSTB 

t pzv{ '" -R) 
Propagation time from clock to read or write active 

t pzv< '" -w) 

tpHu '" -R) 
Propagation time from clock to read or write 

tpHu '" -w) 

t pLH ( '" -R) Propagation time from clock to read 

t pLH ( '" -w) Propagation time from clock to write 

t pvz ( '" -R) 
Propagation time from clock to read or write floating 

t pvz ( '" -w) 

th(R-A) Address output hold time after read 

th(W-A) Address output hold time after write 

tSU(DQ-MEMW) Data output setup time before MEMW 

the MEMW-DO) Data output hold time after MEMW 

tpLH ( '" -DACK) Propagation time from clock to DACK 

tpHLC '" -EOP) Propagation time from clock to EOP 

t pLH ( '" -EOP) Propagation time from clcok to EOP 

t pLH ( .p -HAO) 
Propagation time from clock to HRQ 

tpHu '" -HAO) 

Alternate 
M5M82C37AP 

symbol -~--I--Max 

T RDE i 200 

TADF 0 I 100 

Alternate 
M5M82C37AP 

symbol 
Min Max 

TAEL 300 

TAET 200 

TFAAB 250 

TASM 250 

TAFAB 150 

TFADB 300 

TAFDB 250 

TSTL 200 

TSTT 140 

TASS 100 

T AHS 50 

T FAC 200 

T DeL 270 

T DCTR 270 

T DCTW 200 

T AFC 150 

TAHR te(; ,-100 

T AHW tcu,-50 

T ODV 200 

TODH 20 

TAK 250 

TAK 250 

TAK 250 

I "H"1.0V 160 
T DO I "H"3. 3V 250 

• MITSUBISHI 
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Limits 
---

M5M82C37 AP-4 M5M82C37 AP-5 Unit 

Min I Max Min i Max 

I 200 I 140 ns 
.-

0 I 100 0 I 70 ns 

Limits 

M5M82C37 AP-4 M5M82C37AP-5 Unit 

Min Max Min Max 
f--------

225 200 ns 

150 130 ns 

190 170 ns 
----.-

190 170 ns 

120 90 ns 

225 200 ns 
.. -

190 170 ns 

150 130 
f------

ns 
-

110 90 ns 

100 100 ns 

40 30 ns 

150 ! 150 ns 

200 190 ns 

210 190 ns _._-
.~- .. --- ._._-

150 130 ns --

120 120 ns 

--
le(;,-100 Ic(;,-100 ns 

tc( I)-50 tc(;,-50 ns 

125 125 ns 
--

20 10 ns 

220 170 ns 

190 170 ns 

190 170 ns 

120 120 

190 120 
ns 
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TIMING DIAGRAMS 
Reset timing 

Vcc 

RESET 

elK 

lOR 

Slave mode timing (READ) 

es. A,-Ao ) 
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tSU(VCC-RESET) 

tSU(CS-R) 

tSU(A_R) 

tr-

tSU(RESET-R) 

tSU(AESET-W) 

-
es, ADDRESS VALID 

IhlR-csl 
IhIR-AI 

tW(R) 

-

tPZV(R_OQ) 
tPVZ(R_OQ) 

I--

DATA VALID \ 
/ 

• MITSUBISHI 
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Slave mode timing (WRITE) 

CS \ 

~ 

lOW \ 

) 

MITSUBISHI LSls 
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tsu(cs-w) 

tSU(A-W) 

ADDRESS VALID 

tw(w) 

tsuCOQ-w) 

INPUT DATA VALID 

• MITSUBISHI 
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I 

Ih(w-A) 

~ 

th(W-DQ) -

K 
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DMA transmit timing 

CLK 

DREQ 

HRQ 

HLDA 

DACK 

AEN 

A,-Ao 

ADSTB 

DB,-DBa 

MEMR/IOR 

S, S, So So S, S2 S3 S4 S2 S3 S4 S, S, S, 

--(1.-Jrv\}--Jh ~ h ~f\-f\-/' ~f\..jO-rwFV"V\ 
ts*) t~~Q_') 

\'P+--+-+-+---

~\ 
_tTH(<-DACK) 

~*-~~~+-~-+~~ 
tpLH(~AEN) 

f 

-
i 

tpZV(<P-A) tPVZ{¢-A) 

A,-Ao 

~. 

/ 
_______________________________ ~--~ A,-Aa \j }-----------

~~--------------JJ-~--------4_~ 
tPLH(¢-.ADSTB) tPHUIf>.-ADSTB) 

______________________ ~~~r;I~~~--~_+~r_--+_--~--~-----------
th(ADSTB-DB) 

tsu (DB-ADSTB) ---4--+---+1 
~'--

--------------------------~~~~~ 

tPZV(¢-OQ) _+------l-I tpvz(.p..OQ) 

tPLH(¢-R) 

..-f--t-

_________________________ t_pz_V_(<-__ R)~~~~~~ -~) ~) J~~'-------------
tpzv~1-- 1 tpHL(<_W) ~L·~:..-.,.(>--w . .,.)-----4.....J 

I -t----t-- tpLH(<_W) 

Ir---r, -..., +--'~r----'rI-----" L...J 
---------------------------'1 \ ____ I'--- I#- I'- ___ l...IJl--1-------

(--- signifies expansion write) 1 

EOP 

(Internal) 

EOP 

(External) 

5--32 

tpHU¢-EOP) tpLH(¢-EOP) 

1 

'0 
tSU(EOP-¢) 

\ \' j 
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READY input timing 

ClK 

READY 

MEMR/IOR 

MEMW/IOW 

}-----I'------J 
tpHL(¢>-W) I 

( - - - signifies expansion write) 

ClK 

READY 

MEMR/IOR 

MEMW/IOW 

• MITSUBISHI 
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Inter-memory transmission 

S" S" S'4 S" S'3 S'4 S, So S, S13 S" 

eLK J\j ru rvu ~~ ~ ru rv-L 

5-34 

ADSTB 

MEMW 

EOP 

(Internal) 

EOP 

(External ) 

tpzv(<I>_Al 

tpLH ( ~ADSTB) tpHL( ~ADSTB) 

r-~ 
tPZV(tb-DQ) tpvz(¢-OQ) 

A15-A. \ 
J 

tpzV(9'>-Rl tpH d9'>-R) 

\ 
~ 

tpzv(</J-wl -l-f-

r-

tPHL(4)-A) tPVZ(<,6-A) 

A,-Ao ) A,-Ao \ 
j 

thCADSTB-DQ) -I-~ 

/~ 

tSUCOQ-MEMR) 

tSU(OQ-MEMW) t 
JthCMEMR-OQ) 

~ III Data A15-Aa 
\\\ input output .r 

I 
;--:-1 

t(MEMW-OQJ 

-~ 
tPlH(¢-R) 

tPVZ(¢-R) 

/ , 

tpHL(;....w) tPLH(r/>-wl 
tpvz(<f>..w) 

\ /~ 
tpHU¢-EOP) tpLH(¢-EOP) 

tSUCEOP-¢) 

\ \\) JI/I 
tweeop) 
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