NEC

NEC Electronics Inc.

uPD8237A

HIGH-PERFORMANCE

PROGRAMMABLE DMA CONTROLLER

Description

The uPD8237A high performance DMA controller is a
peripheral interface circuit for microprocessor
systems. It is designed to improve system per-
formance by allowing external devices to directly
transfer information to or from the system memory.
Memory-to-memory transfer capability is also provid-
ed. The uPDB237A offers a wide variety of program-
mable control features to enhance data throughput
and allow dynamic reconfiguration under program
control.

The uPD8237A is designed to be used with an exter-
nal 8-bit address register such as the 8282. It contains
four independent channels and may be expanded to
any number of channels by cascading additional con-
troller chips.

The three basic transfer modes allow the user to pro-
gram the types of DMA service. Each channel can be
individually programmed to autoinitialize to its
original condition following an end of process (EOP).

Each channel has a full 64K-byte address and word

Pin Configuration

iRt N w0 [ A7
ow ] 2 39 [ Ag
WEMR [] 3 387 As
MEMW [] 4 37 [ Aq
Os 36 [] EOF
READY [] 6 35 [ A3
HLDA (] 7 1A
ADDSTB [] 8 30 A
AEN[] s < 327 A
HRQ O 1o 5 31 vee
csn -4 30 [0 Do
ckdiz % 200,
RESET [ 13 28 D,
DACK2 [ 14 27 [0 Dy
DACK; [] 15 26 [ Dy
DRQ3 [] 16 25 [ 1 DACKp
DRQ: [] 17 24 [ DACK,
DRQq [] 18 231 pg
DRQo [] 19 22[1Dg
GND [] 20 21 ] o7
830036174

Pin Identification

count capability. No. Symbol Function
1 i70R 170 read control signal
Features 2 70 170 write control signal
O Memory-to-memory transfers 3 MEMR Memory read output
O Memory plock initialization 4 MEMW Memary write output
D) Address increment or decrement 5 = Fixed, high fevel input
O Four independent DMA channels 5 READY Roady out
0 Multiple transfer modes: block, demand, y hp -
single word, cascade 7 HLDA Hold acknowledge input
O Independent autoinitialization of all channels 8 ADDSTB Address strobe output
O Enable/disable control of individual DMA requests 9 AEN Address enable output
0 Independent polarity control of DREQ and DACK 10 HRQ Hold request output
- Zlg;alfs inout for terminating transf 1 s Chip select input
nd of process input for terminating transfers 12 oK Clock T
ock input
O Software DMA requests ] AESET - P
0 High performance: transfers up to 1.6 Mbs 3 Resat input
O Directly expandable to any number of channels 14,15 DAGKp, DACK; DMA acknowledge output
24,25  DACKy, DACKp
Ordering Information 16-19 DRQ3-DRQg DMA request input
20 GND Ground
Part Package Max Fr ¥y
Number Tyge of Operation 21-23, D7-Dg 170 data bus
- - 26-30 D4-Dg
uPDB237AC-5 40-pin plastic DIP 5 MHz
K1l Veg Power supply
32-35 Ag-Ag 1/0 address bus
36 EOP 170 end of process
37-40 Ag-A7 Output address bus
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Pin Functions

Dg-D7 (HO Data Bus)

During an /O read, the CPU enables these lines as
outputs, allowing it to read an address register, a
word count register, or the status or temporary
register. During an /O write, these lines are enabled
as inputs, allowing the CPU to program the uPD8237A
control registers. During DMA cycles, the eight MSBs
of the address are output to the data bus to be strob-
ed to an external latch via ADDSTB.

As-A7 (Output Address Bus)

These lines, active only during DMA service, are out-
puts that provide the four MSBs of the address.

Ag-A3 (/O Address Bus)

During DMA active states, these lines are outputs that
provide the 4 LSBs of the output address bus. During
DMA idle states, these lines are inputs, allowing the
CPU to load or examine control registers.

DRQg-DRQ3; (DMA Request Input)

These are asynchronous channel request inputs us-
ed by peripherals to request DMA service. In a fixed
priority scheme, DRQ3 has the lowest. The polarity of
these lines is programmable; however, reset initializes
them to active high.

HLDA (Hold Acknowledge)

Indicates that the CPU has relinquished control of the
system buses.

HRQ (Hold Request)

Requests control of the system bus. The uPD8237A
issues this signal in response to software requests
or DRQ inputs from peripherals.

DACKy-DACK3 (DMA Acknowledge Output)

These lines indicate an active channel. They are
sometimes used to select a peripheral. Only one
DACK may be active at any time. All DACK lines are
inactive unless DMA has control of the bus. The
polarity of these lines is programmable; however,
reset initializes them to active low.
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EOP (End of Process)

EOP signals that DMA service has been completed.
When the word count of a channel becomes zero, the
uPD8237A puises EOP low to notify the peripheral that
DMA service is complete. The peripheral may pull EOP
low to prematurely end DMA service. Internal or ex-
ternal receipt of EOP causes the currently active
channel to end service, set its TC bit in the status
register, and reset its request bit. If the channel is pro-
grammed for autoinitialization, the current registers
are updated from the base registers. Otherwise, the
channel’s mask bit is set and the contents of the
register are unaltered.

EOP is output when TC for channel 1 occurs during
memory-to-memory transfers. EOP applies to the
channel with an active DACK. When DACKg-DACK3
are inactive, external EOPs are ignored.

Use of an external pull-up resistor of 3.3 k(t or 4.7 kQ
is recommended. This pin (EOP) cannot sink the cur-
rent passed by a 1 k2 or 4.7 kQ pull-up.

RESET

Clears the command, status, request, and temporary
registers, the first/last flip flop, and sets the mask
register. The uPD8237A is in idle state after a reset.

CS (Chip Select)

The CPU uses CS to select the uPD8237A as an 1/0
device during an I/O read or write by the CPU. This
provides CPU communication on the data bus. CS
may be held low during multiple transfers to or from
the uPD8237A as long as I/OR or V/OW is toggled
following each transfer.

READY
This signal can extend memory read and write pulses
for slow memories or I/O peripherals.

CLK (Clock)

Controls internal operations and data transfer rate.

AEN (Address Enable)

This signal allows the external latch to output the
upper address byte by disabling the system bus dur-
ing DMA cycles. Use HLDA and AEN to deselect I/O
peripherals that may be erroneously accessed during
DMA transfers. The uPD8237A deselects itself during
DMA transfers.
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ADDSTB (Address Strobe)

This signal strobes the upper address byte form Dg-D7
into an external latch.

MEMR (Memory Read)

This signal accesses data from a specified memory
location during memory-to-peripheral or memory-to-
memory transfers.

MEMW (Memory Write)

This signal writes data to a specified memory loca-
tion during peripheral-to-memory or memory-to
memory transfers.

I/OR (1/0 Read)

In the idle state, this signal is an input control line
used by the CPU to read control registers. In the ac-
tive state, the uPD8237A uses I/OR as an output con-
trol signal to access data from a peripheral during a
DMA write.

Block Diagram

I/OW (I/O Write)

In the idle state, the CPU uses I/JOW, as an input con-
trol signal to load information to the uPD8237A. In the
active state, the uPD8237A uses JOW as an output
control signal to load data to a peripheral during a
DMA read.

The rising edge of WR must follow each data byte
transfer in order for the CPU to write to the uPD8237A.
Holding //OW low while toggling CS does not produce
the same effect.

Pin 5
Pin 5 is always tied high.

Vee
Power supply.

GND
Ground.

Decrementor INC/Decrementor Ag-A3
1O Buffer
Temp Word Temp Address
EOP Count Register gl
RESET —— ! 16-Blt Bus Ji
€5 ——q
READY ——= 16-Bit Bus b I Output
CLK —1 Timing Read Buffer Read/Write Butfer Buffer
AEN =—{ Controt . T
Initial I Initial Current | Current
ADDSTE ~— Address 1 word Address | Word
MEMR ——q ‘l Count L Count
MEMW —~—— Command
1/OR ——d Control
1HOW o
Do-D1
4 - AV 4 Do-D7
DRQQ-ORQg —<— Priorily infermal Data Bus Vo Butter K "%
HLDA ~——| " gnd
HRQ —~— F:,°!m."9 Mask
DACKo-DACKs =441 Fronty Register Read/Write
Mode Slatys Temporary

Request
Register
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Functional Description

The uPD8237A has three basic control logic blocks,
as shown in the block diagram. The command con-
trol biock decodes commands issued by the CPU to
the uPD8237A before DMA requests are serviced. It
also decodes the mode control word of each channel.
The timing control block generates the external con-
trol signals and the internal timing. The priority en-
coder block settles priority contentions among chan-
neis simultaneously requesting service.

DMA Operation

The uPD8237A operates in two states: idle and active.
Each of these is made up of several smaller states
equal to one clock cycle. The inactive state, 81, is
entered when there are no pending DMA requests. The
controller is inactive in S$1, but the CPU may program
it. S0 is the initial state for DMA service; the uPD8237A
requests a hold, but the CPU has not acknowledged.
Transfers may begin upon acknowledgement from the
CPU. The normal working states of DMA service are
S1, S2, 83, and S4. If more time is needed for a
transfer, a wait state, SW, can be inserted using the
READY line.

A memory-to-memory transfer requires read-from-
memory and write-to-memory operations. The states
S$11, 8§12, $13, and S14 provide the read-from opera-
tion. §21, S22, $23, and $24 provide the write-to part
of the transfer. The byte is stored in the temporary
register between operations.

Idle State

When there are no pending service requests, the
uPDB8237A is in the idle state; more specifically, in $1,
DRQ lines and CS are sampled to determine requests
for DMA service and CPU attempts to inspect or
modify the registers of the uPD8237A, respectively.
The CPU can read or write to the registers when CS
and HLDA are low. Ag-Az are used as inputs to the
uPD8237A and select the registers affected. The I/OR
and I/OW lines select and time the reads and writes.
An internal flip-flop generates an additional address
bit which determines the upper or lower byte of the
address and word count registers. This flip-flop can
be reset by master clear, reset, or a software
command.

When CS and HLDA are low {program phase), the
uPD8237A can execute special software commands.
When CS and i/OW are active, the commands are
decoded as addresses and do not use the data bus.
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Active State

When a channel requests service while the uPD8237A
is in idle state, the uPD8237A outputs an HRQ to the
CPU and enters the active state. DMA service takes
place in the active state, in one of the four modes
described below.

DRQ is held active only until the corresponding DACK
goes active when a single transfer is performed. If
DRQ is held active for a longer period, HRQ will
become inactive after each transfer, become active
again, and a one-byte transfer will be made after each
rising edge of HLDA. This assures a full machine cy-
cle between DMA transfers in 80B0A/8085A systems.
Timing between the uPD8237A and other bus control
protocols depends on the CPU being used.

Block Transfer Mode

In this mode, the uPD8237A makes transfers unitl it
encounters a TC or an external EOP. Hold DRQ active
only until DACK goes active. The channel will au-
toinitialize at the end of the DMA service if it has been
programmed to do so.

Demand Transfer Mode

In this mode, the uPD8237A makes transfers until it
encounters a TC or an external EOP, or until DRQ
becomes inactive. This allows the device requesting
service to stop the transfers by sending DRQ inactive.
The device can resume service by making DRQ active.
The current address and current word count registers
may be examined during the time between services
when the CPU is allowed to operate. Autoinitialization
can occur only after a TC or EOP at the end of the
DMA service. After an autoinitialization, there must
be an active-going DRQ edge to begin new DMA
service.

Cascade Mode

In this mode, you can expand your system by
cascading several uPD8237As together. Connect the
HLDA and HRQ signals from the additional
uPD8237As to the DRQ and DACK signals of a chan-
nel of the initial uPD8237A. This scheme allows the
additional devices to send the DMA requests through
the priority resolution circuitry of the preceding
device, preserving the priority chain and forcing the
device to wait its turn to acknowledge requests. The
cascade channel in the initial device does not output
any address or control signais because its only func-
tion is that of assigning priorities. The uPD8237A
responds to DRQ with DACK, but all outputs except
HRQ are disabled.
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Figure 1 shows two puPD8237As cascaded into two
channels of another one, forming a two-level DMA
system. You could add more devices at the second
level by using the ieftover channels of the first level;
likewise, you could add more devices to form a third
level by cascading into the channels of the second
level.

Transfers

There are three types of transfers that can be per-
formed by the three active transfer modes: read, write,
and verify. Read transfers activate MEMR and /OW
to move memory data to an I/O device. Write transfers
activate /OR and MEMW to move data from an 1/O
device to memory. Verify transfers are not really
transfers; the uPD8237A goes through the motions of
a transfer but the memory and /O lines are not active.

Figure 1. Two-Level DMA System
2nd Level
«PD8237A-5
CPU Hold 1st Level
Request
HRQ  DRQ HRQ
HLDA DACK| HLDA
Hold
ACK | ,PD8237A-5
DRQ| HRQ
DACK| HLDA
Initial
Device «PDB237A-5

Additional
Devices

Memory-to-Memory Transfers

Use block transfer mode for memory-to-memory
transfers. Mask out channels 0 and 1, and initialize
the channel 0 word count to the same value as chan-
nel 1. Setting bit CO of the command register to 1
makes channels 0 and 1 operate as memory-to-
memory transfer channels. Channel 0 is the source
address, channel 1 is the destination address, and the
channel 1 word count is used. Initiate the memory-to-
memory transfer by setting a DMA request for chan-
nel 0. You can write a single source word to a block
of memory when channel 0 is programmed for a fixed
source address. The uPD8237A responds to external
EOP signals during these transfers, but no DACK out-
puts are active. The EOP input may be used
by data comparators doing block searches to end ser-
vice when a match is found.

Autoinitialization

A channel may be set for autoinitialize by program-
ming a bit in the mode register. Autoinitialize restores
the original values of the current address and current
word count registers from the initial address and in-
itial word count registers of that channel. The CPU
loads the current and initial registers simultaneous-
ly and they are unchanged through DMA service. EOP
does not set the mask bit when the channel is in
autoinitialize. The channel can repeat its service
following autoinitialize without CPU intervention.

Priority Resolution

Two software-selectable priority resolution schemes
are available on the uPD8237A: fixed priority and
rotating priority. In the fixed priority scheme, priority
is assigned by the value of the channel number. Chan-
nel 3 is the lowest priority and channel 0 is the highest
priority.

In the rotating priority scheme, the channel that was
just serviced assumes the lowest priority and the
other channels move up accordingly. This guarantees
that a device requesting service can be adcknowl-
edged after no more than three other devices have
been serviced, preventing any channe! from
monopolizing the system.

1st Service

2nd Service 3rd Service

Highest 0 2—~——=S8ervice 3—=—Service
1-=— Service 3-~—Request 0
2 [] 1

Lowest 3 1 2

The highest priority channel is selected on each
active-going HLDA edge. Once service to a channel
begins, it cannot be interrupted by a request from a
higher priority channel. A higher priority channel gets
control only when the lower priority channel releases
HRQ. The CPU gets bus control when control passes
from channel to channel, ensuring that a rising HLDA
edge can be generated to select the new highest
priority request.

Transfer Timing

i, you can cut transfer timing, by compressing the
transfer time to two clock periods. Since state 3 (S3)
extends the access time for the read pulse, you can
eliminate S3, making the width of the read pulse equal
to the write puise. A transfer is then made up of §2
to change the address and S4 to perform the read or
write. When the address lines Ag-Aqs need to be up-
dated, S1 states occur.

8-19




uPD8237A

NEC

Generating Addresses

The eight MSBs of the address are multiplexed on the
data lines. These bits are output to an external latch
during S1, after which they can be placed on the ad-
dress bus. The falling edge of ADDSTB loads the bits
from the data lines to the latch. AEN places the bits
on the address bus. The eight LSBs of the address are
directly output on lines Ag-A7 to the address bus.

Sequential addresses are generated during block and
demand transfer mode operations because they in-
clude several transfers. Often, data in the external ad-
dress latch does not change; it changes only when
a carry or borrow from Az to Ag occurs in the se-
quence of addresses. S1 states are executed only
when Ag-Ays need to be updated. In the course of
lengthy transfers, S1 states may be executed only
once every 256 transfers.

Registers
Table 1 summarizes the registers of the uPD8237A.

Table 1. Register Summary

Register No. Bits
Current address registers 4 16
Current word count registers 4 16
Initial address registers 4 16
Initiat word count registers 4 16
Command register 1 8
Mode registers 4 6
Request register 1 4
Mask register 1 4
Status register 1 8
Temporary register 1 8
Temporary address register 1 16
Temporary word count register 1 16
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Current Address Register. There is a current address
register for each channel. This register holds the ad-
dress used for DMA transfers; the address is in-
cremented or decremented after each transfer and the
intermediate values are stored here during the
transfer. The CPU writes or reads this register in 8-bit
bytes. An autoinitialize restores this register to its in-
itial value.

Current Word Count Register. There is a current word
count register for each channel. Program this register
with the value of the number of words to be transfer-
red, minus one. The word count is decremented after
each transfer and intermediate values are stored in
this register during the transfer. A TC is generated
when the word count is zero. The CPU writes or reads
this register in 8-bit bytes during program phase. An
autoinitialize restores this register to its initial value.
After an internally generated EOP, the contents of this
register with be FFFFH.

Initial Address and Initial Word Count Registers.
There is an initial register and an initial word count
register for each channel. The initial values of the
associated current registers are stored in these
registers. The values in these registers are used to
restore the current registers at autoinitialize. During
DMA programming, the CPU writes the initial registers
and the corresponding current registers at the same
time, in 8-bit bytes. Intermediate values in the current
registers are overwritten if you write to the initial
registers while the current registers contain in-
termediate values. The CPU cannot read the initial
registers.
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Table 2. Word Count and Address Register Command Codes

Signals Internal

Channel Operation TS TR  T/OW A3 A A Ay Fitp-Flop 0g-D;

0 Initial & current 0 1 0 0 0 0 0 0 Ag-A7
address write 0 1 0 0 0 0 0 1 Ag-Ais
Current 0 0 1 0 0 0 0 0 Ag-A7
address read 0 0 1 0 0 0 0 1 Ag-Aqs5
Initial & current 0 1 0 0 0 0 1 a Wo-Wy
word count write 0 1 0 0 0 0 1 1 Wg-Wys
Current 0 o 1 0 0 0 1 0 Wo-W7
word count read 0 0 1 0 0 0 1 1 Wg-W1s

1 Initiat & current 0 1 0 0 0 ] 0 0 Ag-A7
address write 0 1 0 0 0 1 0 1 Ag-Aqs
Current 0 0 1 0 0 1 0 0 Ag-A7
address read 0 0 1 0 0 1 0 1 Ag-Aqs
Initial & current 0 1 0 0 0 1 1 0 Wo-W7
word count write 0 1 0 0 0 1 1 1 Wg-Wis
Current 0 0 1 0 0 1 1 0 Wo-W7
word count read 0 0 1 0 0 1 1 1 Wg-Wis

2 Initial & current 0 1 0 0 1 0 0 0 Ag-Az
address write 0 1 0 0 1 0 0 1 Ag-A1s
Current 0 0 1 0 1 0 0 0 Ag-Az
address read 0 0 1 0 1 0 0 1 Ag-A1s
Initial & current 0 1 0 0 1 0 1 0 Wo-W;
word count write 0 1 0 0 1 0 1 1 Wg-Wis
Current 0 0 1 0 1 0 1 0 Wo-W;
word count read 0 0 1 0 1 0 1 1 Wg-Wis

3 Initial & current 0 1 0 0 1 1 0 0 Ag-Az
address write 0 1 0 [ 1 1 0 1 Ag-Aqs
Current 0 0 1 0 1 1 0 0 Ag-A7
address read 0 0 1 0 1 1 0 1 Ag-A1s
Initial & current 0 1 0 0 1 1 1 0 Wo-W;
word count write 0 1 0 0 1 1 1 1 Wg-Wis
Current 0 0 1 0 1 1 1 0 Wo-W7
word count read 0 0 1 0 1 1 1 1 Wo-Wis

Command Register. The CPU programs this register 7 65 4 3 2 1 0

during program phase. The register can be cleared [ITTTITTIT

with reset. 0 Memory-to-memory disable

1 Memory-to-memory enable

¢ Channel 0 address hold disable
1 Channel 0 address hold enable
XHbito =0

0 Controller enable
1 Controller disable

0 Normal Timing
1 Compi Timing
XMbito =1

0 Fixed Priority
1 Rotating Priority

0 DRQ active high
1 DRQ active fow

DACK active low
DACK active high

-0

ﬁ“%JAILL
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Mode Register. There is a mode register associated
with each channel. When the CPU writes to this
register during the program phase, bits 0 and 1 deter-
mine on which channel mode register the operation
is performed.

—

r 00 Channel 0
01 Channel 1
10 Channel 2
11 Channel 3

00 Verify transfer

01 Write transfer

10 Read transfer

11 lllegat

XX If bits 6 and 7 = 11

0 Disable autoinitialize
1 Enable autoinitialize

1 Address decrement

00 Demand mode
01 Single mode
10 Block mode
1% Cascade mode

Request Register. This register allows the uPD8237A
to respond to DMA requests from software as well as
hardware. There is a bit pattern for each channel in
the request register. These bits can be prioritized by
the priority resolving circuitry and are not maskable.
Each bit is set or reset under software contro! or
cleared when TC or an external EOP is generated. A
reset clears the entire register. The correct data word
is loaded by software to set or reset a bit.

Software requests receive service only when the chan-
nel is in block mode. The software request for chan-
nel 0 should be set at the beginning of a memory-to-
memory transfer.

7 6 5 4 3 2

[(TTITIIT]

[ —
NA 00 Channel 0

01 Channel 1

10 Channel 2

11 Channe! 3

0 Reset request bit
1 Set request bit
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Mask Register. There is a mask bit for each channel
which can disable an incoming DRQ. If the channel
is not set for autoinitialize, each mask bit is set when
its channel produces an EQOP. Each bit can be set or
cleared under software control. Reset clears the
register. This disallows DMA requests until they are
permitted by a clear mask register instruction.

I;L6]514]31211ﬁ

NA 00 Channel 0 mask bit

01 Channef 1 mask bit

10 Channel 2 maak bit
11 Channel 3 mask bit

You may also write all four bits of the mask register

with a single command.

0 Clear mask bit
1 Set mask bit

0 Clear Channet 0 mask bit
1 Set Channel 0 mask hit

0 Clear Channel 1 mask bit
1 Set Channel 1 mask bit

0 Clear Channel 2 mask bit
1 Set Channel 2 mask bit

0 Clear Channel 3 mask bit
1 Set Channel 3 mask bit

Status Register. The status register indicates which
channels have made DMA requests and which chan-
nels have reached TC. Each time a channel reaches
TC, including after autoinitialization, bits 0-3 are set.
Status read and reset clear these bits. Bits 4-7 are set
when a channel is requesting service. The CPU can
read the status register.

TIITLLT]

1 Channel 0 TC
1 Channel 1 TC

‘"— 1 Channel 2 TC
bl 1 Channel3TC

1 Channel 0 DMA request
1 Channel 1 DMA request
1 Channel 2 DMA request
1 Channel 3 DMA request
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Temporary Register. The temporary register holds
data during memory-to-memory transfers. The GPU
can read the last word moved when the transfer is
complete. This register always contains the last byte
transferred in a memory-to-memory transfer unless
cleared by a reset.

Software Commands

There are two software commands that can be ex-
ecuted in the program phase. These commands are
independent of data on the data bus.

Clear First/Last Flip-Flop. You may issue this com-
mand before reading or writing any word count or ad-
dress information. It allows the CPU to access
registers, addressing upper and lower bytes correct-
ly by initializing the flip-flop to an identifiable state.

Master Clear. This command produces the same
effect as reset. It clears the command, status, request,
temporary, and internal first/last flip-flop registers,
sets the mask register, and causes the uPD8237A to
enter idle state.

Table 3 illustrates address codes for the software
commands.

Table 3. Software Command Codes
Ay 170R M
0 Read status register

170w

Ay Operation

—_

Write to command register

Write to request register

Write a mask register bit

Write to mode register

Clear byte pointer flip-flop

Read temporary register

Master clear

Write all mask register bits

wlam|lalalalolo|loo|o

0
0
1
0
1
0
1
1
1
0

wlalalalalalalala]lw
e e B=R =N RN N =T =T =]
1|l |00 |

1
1
1
1
1
0
1
1
0

Clear Mask register

Note:
(1) All other bit combinations are illegal.

Application Example

Figure 2 shows an application using the uPD8237A
with an 8088. The uPD8237A sends a hold request to
the CPU whenever there is a valid DMA request from
a peripheral device. The uPD8237A takes control of
the address, data, and control buses when the CPU

Figure 2. uPD8237A DMA Controller Application with 8088 CPU

Handshake with Device
Requesting Service
rioh
8284 Ag-A1s
RDY {>°——05E 8282
RST CLK ,——STB
READY AEN 09 %9 ADDSTB /\
RESET RESET 57 <
CLK CLK 4PD8237A <;'>
HLDA HLDA =
SEez i
HOLD HRQ islg 3 3
BB L B2 o}
8088 Ll — _MEMRI AN
CPU
D
WIOR
—«»-Do-
ADg- Ag- ht
ap;  Agg [1OM oW
B282 Address Bus >
or
8283

Data Bus

830036188
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replies with an HLDA signal. The address for the first
transfer appears in two bytes: the eight LSBs are out-
put on Ag-A7 and the eight MSBs are output on the
data bus pins. The contents of the data bus pins are
latched to the 8282 to make up the 16 bits of the
address bus. Once the address is latched, the data
bus transfers data to or from a memory location or
110 device, using the control bus signals generated
by the uPD8237A.

AC Characteristics Supplementary
Information

All AC timing measurement points are 2.0 V for high
and 0.8 V for low, for both inputs and outputs. The
loading on the outputs is one TTL gate plus 100 pF
of capacitance for the data bus pins, and one TTL gate
plus 50 pF for all other outputs.

Recovery time between successive read and write in-
puts must be at least 400 ns. I/O or memory write
pulse widths will be Tgy-100 ns for normal DMA
transfers and 2 Toy-100 ns for extended cycles. /O or
memory reads will be 2 Tgy-50 ns for normal reads
and T¢y-50 ns for compressed cycles. Tpqt and Tpqz
are measured on two different levels: Tpgy at 20V,
Toqz at 3.3 V with a 3.3 k2 pull-up resistor. DREQ and
DACK are both active high and low. DREQ must be
held in the active state (user defined) until DACK is
returned from the nuPDB237A. The AC waveforms
assume these are programmed to the active high
state.

Absolute Maximum Ratings
Tp = 25°C

Ambient temperature under bias,
TopT 0°C to +70°C

Storage temperature, Tgtg —65°C to +150°C

Voltage on any pin with respect to
Ground, Vg

Power dissipation, Pp

-0.5V to +7V
1.5W

Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
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Capacitance
Ta = 25°C

Limits Tast
Parameter Symbol Min  Typ{) Max Unit Conditions
Output capacitance  Cg 4 8 pF fc = 1.0 MHz,
Input capacitance Ci 8 15 pF Inputs = 0V
170 capacitance Cio 10 18 pF

Note:
(1) Typical values measured at Ty = 25°C, nominal processing
parameters, and nominal Vgc.

DC Characteristics
Ta = 0°Cto +70°C; Voo = +5V £ 5%

__ Lmits Test
Parameter Symbol Min Typ() Max Unit Conditions
Output high Vou 24 V gy = —200 A
voltage 33 V gy = —100 pA
{HRQ only)
Qutput low VoL 0.45 lop = 2.6 mA
voltage (Data bus)
VolL=32mA
(Other outputs)
Input high Viy 2.0 Voo
voltage +05 V
Input low voltage vV, -0.5 08 v
Input load I +10 WA OV < Viy
current < Ve
Output leakage ILo +10 pA 0.45 < Vour
current < Ve
Ve supply lec 65 130 mA Tp = +25°C
current 75 150 mA Tp = 0°C
Note:

(1) Typical values measured at Ty = 25°C, nominal processing
parameters, and nominal Vgg.
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AC Characteristics

DMA (Master) Mode
Ta = 0°C to +70°C; Vg = 5V + 5%;Vgg = 0V

Limits Limits
Parameter Symbol Min TJyp Max Unit Parameter Symhol Min Typ Max Unit
AEN high from CLK low (S1)  tap 200 ns Data bus float to active delay tFaDB 200 ns
delay time from CLK high
AEN low from CLK high (S1}  tagr 130 ns HLDA valid to CLK high setup  tyg 75 ns
delay time time
ADR active to float delay from  tapap 90 ns Input data from MEMR high tipH 0 ns
CLK high hold time
READ or WRITE float from CLK targ 120 ns Input data to MEMR high setup tpg 170 ns
high time
DB active to float delay fram taFDB 170 ns Output data from MEMW high  topy 10 ns
CLK high hold time
ADR from READ high hold time tayg  fgy—100 ns Output data valid to MEMW topv 125 ns
DB from ADDSTB low hold time tans 30 ns high
ADR from WRITE high hold time tanw  toy—50 ns ?iﬁr(n’f CLK low (S1, S4) setup g5 0 ns
i lay t, 170 ns
DAGK valld from CLK low delay ta CLK to READY low hold time  taH 20 ns
EOP high from LK high delay tak 170 ns  READY to CLK low setup time _fas 60 ns
time ADDSTB high from GLK high tsTL 130 ns
EOP low to CLK high delay time tag 100 ns delay time
ADR stable from CLK high tagm 170 ns ﬁgﬂﬁnifw from CLK high  tstr 0 s
Data bus to ADDSTB low setup tpss 100 ns
time Note:
= - (1) Net [/JOW or MEMW pulse width for normal write is toy—100
ns S 2RSS 0y
20% hnlg)h time (transitions e 80 ns and tcy—100 ns for extended write. Net I/OR or MEMR pulse
width for normal read to 2tcy—50 ns and tgy—50 ns for compress-
Clock low time (transitions toL 68 ns ed read.
< 10 ns) (2) Tpai is measured at 2.0 V. tpgo is measured at 3.3 V. An exter-
CLK cycle time toy 200 ns nal pullup resistor of 3.3Q connected from HRQ to Vg is assum-
—_—— d for t .
CLK high to READ or WRITE  tpgL 190 ns ed for toaz
low delay (1)
READ high from CLK high (S-4) tpecTR 190 ns
delay time(1)
WRITE high from CLK high tpeTw 130 ns
(S-4) delay time(1)
HRQ valid from GLK high delay tpo1 120 ns
time (2) tpaz 120 ns
EOP low from CLK low setup  tgpg 40
time
EOP puise width tepw 220 ns
ADR float to active delay from  tpaag 170 ns
CLK high
READ or WRITE active from trac 150 ns
CLK high
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AC Characteristics (cont) AC Testing Input/Output Waveform
Peripheral Mode
Ta = 0°Cto +70°C;Vgg = 5V + 5%;Vgg = 0V 2.4 XZ'O\ —5%
Test Points
Limits 0.45 LE \°'°><

Parameter Symbol Min Typ Max Unit
C:B«H valid or CS low to READ  tap 50 ns Inputs are driven at 2.4V for logic 1 and 0.45V for logic

— 0. These timing measurements are made at 2.0V for
ﬁg’; valid to WRITE high setup  taw 150 ns logic 1 and 0.8V for logic 0. A transition time of 20 ns

— or less is assumed for input timing parameters.
gri;"w to WRITE high setup  1ow 150 ns Unless noted, output loading is 1 TTL gate plus 50 pF
N capacitance.

Data valid to WRITE high setup  tpw 150 ns
time
ADR or CS hold from READ high tma 0 ns
Data access from READ low(!}  tppg 140 ns
Data bus float delay from READ  trpr 0 70 ns
high
Power supply high to RESET trsTD 500 ns
low setup time
RESET to first 1/0R or {/0W tRsTS 2tcy ns
RESET pulse width tastw 300 ns
READ width trRw 200 ns
ADR from WRITE high hold time tya 20 ns
CS high from WRITE high hold  twe 20 ns
time
Data fram WRITE high hold time twp 30 ns
Write width twws 160 ns
Note:

(1) Data bus output loading is 1 TTL gate plus 100 pF capacitance.
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Timing Waveforms

Slave Mode Write

tcw

twws "
oW \ / |
o
- WA
aw
Ag-A3 >< Input Valid
tow
g
Do-D7 >Z Input Valid

Note:
{1) You must time successive read or write operations by the CPU to allow at isast 400 ns
recovery time for the .PD8237 between read and write pulses.

Slave Mode Read

ﬁ-—\ 7/_

Ap-A3 >§ Address Must Be Valid ><
£

taR — tRA f——
(1}
J— 1AW ]
IVOR y
tRDE: tRODF
Do-D7 4 Data Out Valid
X b
Note:
{1) You must time read or write by the CPU to allow at least 400 ns

recovery time for the .PD8237 between read and write puises.

8-27



uPD8237A

Timing Waveforms {cont)

DMA Transfer

slu $1 Sa So —‘L S|,_£ S2 »bﬁ(J—L s2 S3 Sa }__L S S S1
Y Y ¥
=—tey
s _J as :CL
ANRARRARARN
o ——— 10Q -] [
HRQ ’ N\
~—  ~ts
HLDA * / / / \ \\\\
tAEL —~ Per
AEN
L[| T [mtsTT
] —=1 [~ P!
ADDSTB J SR
1ASS K
tFADB | 1 [aes e
Do-D7 Ag-A1S
= tASM
r“AFDB-{ — [ 1AFAB
|=tFAAl «l : l=—tAHw —{ TAHW J-
i
Ag-A L Address Valid Address v.lm Ig
[~ tanR — [~—t=t tAHR
1AK
DACK \
ac [——- i toC 10CTR ———‘ 1beL voora Ll -
READ ’ \
oo T o™ | [-tocTw
[ < Y A) \
— LoD /\‘____ /
\ 1DCL
(For Extended Write) j 1aK
internal EGF
1AK
~«Epwj
cror N\N\NNNNNNNK A/ LS
*See Note 2, AC Characteristics, DMA Mode
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Timing Waveforms (cont)

Memory-to-Memory Transfer

S0 s11 s12 813 s14 s21 s22 523 s24 s1
o N
tSTL — tSTY 1STL - 1STT
Y
ADDSTE 7
tFAAB _‘_‘ '» tAHS Tasm - ‘—IAHS 1AFAB | —e
r T
AQ~A7 — ] Address Valid Address Valid
F !
1AFDB taFDB
tFADB
Do-D7 e A R i X
-A ouT
\ Ae-ars 4 e
tFADB
tFAC topv LODH—]
— "IDH —={ |=tarc
MEMR
IDCTW —| R —
tFAC (o] 1DCL —= |=tAFC
MEMW / \
tak |
1AK
EOP
|- tEPS
tEPW

S NNNNNNNNNNSNSSNN V7777777
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Timing Waveforms (cont)

s2 s3 \ sw sw s4
L 7N ;
LK
tDCL te tDCTR
AEAD
tocL 41 | tDCL — —a iDCTW
<
Extended_ |
WRITE Write —_——

mu—’r_ms ———.L‘RH —-les
- \\\\\\\\\\T\L /[ A

Ready

Compressed Transfer

[~ tASM — [ tASM —

Ag-A7 >f Valid )< Vaiid

h tocL 1% [~—— tDCTR f— tDCL -~ ~— DCTR
READ \ \
—{ tocTW —{ WCcTW
T ) N\
WRITE N

——=] |=—tRH ——e{ +——1RH

tRS ——f l—1ms

X A
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Timing Waveforms (cont)

Reset

V /
cc F tRSTD

tRSTW

r
RESET /
s
I RSTS |
' 0
/OR or VOW
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