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HPD71037
Direct Memory Access
(DMA) Controller

Description

The uPD71037 is a direct memory access (DMA) control-
ler that provides high-speed data transfers between
peripheral devices and memory for microprocessor sys-
tems. It is faster and draws less power than its predeces-
sors. The unit has four DMA channels, each with a
64K-byte address area and a transfer byte count func-
tion. The channels enable I/O-to-memory and memory-
to-memory data transfer.

The uPD71037 is a versatile DMA controller that can be
used for the following applications.

e Office automation equipment (personal computers,
small business computers, EWS, etc.)

e Communications

e Instrumentation

e Control

Features

o Processing speed of 10 MHz (twice that of the
uPD8237A-5)

Four independent DMA channels
Self-initialization for each channel
Memory-to-memory data transfer

Block-level memory initialization

High-speed data transfer
— 3.2 Mb/s, 10-MHz normal transfer
— 5.0 Mb/s, 10-MHz compression transfer

DMA channel count directly expandable in
expansion mode

END input for the end of transfer
Software DMA request

CMOS

Low power consumption
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Ordering Information

Part Number Clock (MHz2) Package
uPD71037CZ-10 10 40-pin plastic DIP (600 mil)
GB-10 10 44-pin plastic QFP
LM-10 10 44-pin PLCC
Pin Configurations
40-Pin Plastic DIP
iorb 1/ «opa,
IOWR [] 2 38[Ag
MRD [} 3 38[JAg
MWR [} 4 37 A,
*x 5 36 [J END/TC
READY (6 35[1A,
HLDAK 7 3a1A,
ASTB (8 331 A,
AEN (o 320 Aq
HLDRQ [ 10 31 P vpp
cs 1 301 ADg
ck 012 291 AD4
RESET 13 28 [1ADp
DMAAK2 [} 14 272 AD3
DMAAK3 [] 15 26[1AD4
DMARQ3 [ 16 25 [ DMAAKO
DMARQ2 (] 17 24 [1 DMAAK1
DMARQ1 [ 18 231 ADg
DMARQO [ 19 223 ADg
GND [ 20 21 [3 ADy
* Undefined; same non-function as uPD8237A
83YL-5812A
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MPD71037
44-Pin Plastic GFP Pin ldentification
© Symbol 110 Function
o I~
o l"g‘ E !o lg rer -f'% o Ag-Ag 3-state I/O  Four low-order bits of address bus
onoOonoonoonn Ag-A7 3-state out Middle four bits of the output state
/32933885883 address bus
READY [} 1 33[] Aj ADg-AD;  3-state /O  Elght high-order bits of the address and
HLDAK ] 2 32[3J A functions as an 8-bit data bus
ASTB []3 31 10 Ay AEN Out Permits output from an external latch
AEN 4 301 Ag connected to the pPD71037
HLDRQ s 200V
ne Os s Ng o ASTB Out Makes an external latch to the high-order
cs 7 27 |1 ADg address
cik s 26 [1 AD,4 CLK In Clock input for internal operations and
reEseT e 25 E‘ ADy data transfer speeds
DMAAK2 (] 10 24 |1 AD3 (o3 In Selects the xPD71037 as an /O device
DMAAK3 [} 11 - 23 [ ADy4 and enables read/write operation
Yerxeoenr22Ry Y
T T O T T gMAAIIg- Out 'I;oh;:ﬂ:: ar;:se;l;:heral device to perform
885822 58558¢ MAR
$$$5° <<<3% DMARQO- In Requests the uPD71037 to perform DMA
2zZ22 33 DMARQ3 transfer
Sobesie END/TC 11O Input that forces the xPD71037 to
terminate DMA transfer; output that posts
44-Pin PLCC the end of DMA transfer
HLDAK In Permits the uPD71037 to hold the bus
é TG |§ HLDRQ  Out Requests the host CPU to hold the bus
'
¥ 2 |§ |§ ‘9 |Q - IE JORD 3-state /O Input that enables the host CPU to read
nonooponoon the uPD71037 status; output that enables
/“’ weeoN-329838 the uPD71037 to read data from a
Ne 47 39 [1 A3 peripheral device during DMA transfer
e b 381 A2 OWR 3-state /O Input that enables the host CPU to write
HLDAK ]9 37 1 A4 data to the uPD71037; output that
ASTB [ 10 36 [1Ag enables the uPD71037 to write data to a
AEN ] 1 35 1 Vpp peripheral device during DMA transfer
HLDRQ [} 12 34 [ ADg
by t
& s 23 1 AD; MRD 3-state out Memory read during DMA transfer
ok O 14 a2 [J AD, MWR 3-state out Memory write during DMA transfer
RESET [] 15 31 g AD3 READY In Requests extension of a read/write cycle
DMAAK2 [] 16 30 [1 AD4 during DMA transfer
NC 17 20 [ NC
P2 E NRIRVERNS RESET In Initializes the uPD71037
DOogogggggoooooOog NC — No connection
© N = a ~ o wun S
g g g % g 229 g § Vpp - Positive power supply voltage
83223 S0 GND - Ground reference
B3YL-5813A
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PIN FUNCTIONS

Ag-A3 (Address Bus)

Ag-Az input and output the four low-order bits of the
address bus. During the inactive cycle, these pins are
used as inputs to enable the host CPU to select an
appropriate uPD71037 register. During the DMA cycle,
Ag-Ag output an address for memory access.
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As-A7 (Address Bus)

A4-A7 output the middle bits of the address bus. During
the inactive cycle, these pins have high impedance.
During the DMA cycle, A4-A; output an address for
memory access.

ADo-AD; (Address/Data Bus)

ADg-AD7 input and output the high-order byte of an
address bus and also function as a data bus. This is done
by time multiplexing.

During the DMA cycle, the high-order byte of a memory
address is output. During memory-to-memory transfer,
memory addresses are output and these pins intermedi-
ate the memories for data transfer. During the inactive
cycle, these pins act as a data bus when the host CPU
reads or writes data from or to the uPD71037.

AEN (Address Enable)

AEN outputs an active-high AEN signal to enable an
external latch which latches the high-order byte of an
address during the DMA cycle. The AEN signal is fixed at
a high level.

ASTB (Address Strobe)

ASTB outputs an active-high strobe signal to make an
external latch retain the high-order byte of an address
during the DMA cycle.

CLK (Clock)

CLK controls all internal xPD71037 operations and in-
puts a clock signal to control the DMA transfer speed. A
maximum clock signal of 10 MHz can be input.

CS (Chip Select)

During the inactive cycle, CS inputs an active-low signal
to enable the host CPU to handle the pPD71037 as an
ordinary /O device to read data to or write data from it.
During the DMA cycle, this input is internally disabled to
inhibit reading or writing by the host CPU.

DMAAKO-DMAAKS3 (DMA Acknowledge)

DMAAKO0-DMAAKS indicate to peripheral devices that
DMA service has been granted. DMAAKO-DMAAKS re-
spond respectively to DMA channels 0-3. Like the
DMARQ pins, the active level of these pins is program-
mable; however, they can be set to an active-high level by
a RESET input.

DMARQO-DMARQ3 (DMA Request)

DMARQO-DMARQS3 accept DMA service requests from
peripheral devices. DMARQO-DMARQ3 respond respec-
tively to DMA channels 0-3 and the active level for these
pins is programmable. However, they can be set to an
active-high level by a RESET input. In fixed nest mode
(see Channel Priority), the lowest priority is given to
DMARQ3 and the highest to DMARQO.

END/TC (End/Terminal Count)

This is a bidirectional pin. The END input is used to
terminate the current DMA transfer. TC indicates the
designated cycles of the DMA count transfer have fin-
ished. If the low END signal is input during the DMA
cycle, the uPD71037 forcibly terminates DMA services. If
the specified number of data transfers is reached, the
uPD71037 outputs a low TC signal.

When an END is input or TC is output, the pPD71037
clears the software DMA request (see Self-Initialization).
The contents of the address set register are sent to the
effective address register.

If self-initialization is not set, the TC bit of the status read
register and the mask bit of the mask control register are
set by the END/TC signal. (The corresponding bit of the
channel using DMA transfer is set) In memory-
to-memory transfer, TC is output when the specified
number of DMA transfers is reached in channel 1.

If END is not input, pull up this pin to prevent a low signal m

from causing a malfunction.

HLDAK (Hold Acknowledge)

When active, HLDAK generates an active-high signal to
indicate that the host CPU has granted the uPD71037 the
use of the system bus. When this signal is inputthe
#PD71037 enters a DMA cycle.

HLDRQ (Hold Request)

HLDRQ outputs an active-high signal requesting the
host CPU to hold the bus.

IORD (/O Read)

IORD inputs or outputs an active-low signal to enable the
host CPU to read puPD71037 data or to enable the
pPD71037 to read from peripheral devices.

During the inactive cycle, the read signal is input to
enable the host CPU to read a uPD71037 register. During
the DMA cycle, the read signal is output to enable the
pPD71037 to read data from a peripheral device.

58-3-.
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IOWR (1/O Write)

IOWR inputs or outputs an active-low signal to enable the
host CPU to write uPD71037 data or to enable the
uPD71037 to write data to peripheral devices.

During the DMA cycle, the write signal is output to enable
the uPD71037 to write data to a peripheral device.

During the inactive cycle, the write signal is input to
enable the host CPU to write data to a uPD71037 register.

MRD (Memory Read)

During the DMA cycle, MRD outputs an active-low MRD
signal to read data from memory. During the inactive
cycle, this pin has high impedance.

MWR (Memory Write)

During the DMA cycle, MWR outputs an active-low MWR
signal to write data into memory. During the inactive
cycle, this pin has high impedance.

READY (Ready)

READY inputs an active-high signal to mark the end of
each data transfer during a DMA operation. If a low-

58-4

speed peripheral device fails to finish transferring data
within a given read/write cycle, the width of the read/
write signal output by the uPD71037 can be extended by
inputting the low READY signal to this pin. During the
extension, the uPD71037 enters a wait cycle (TW).

RESET (Reset)

RESET inputs an active-high signal to initialize the
internal pPD71037 statuses (register contents, etc.). In-
putting this signal returns the xPD71037 to an inactive
cycle.When RESET is input, the following control regis-
ters are cleared to 00H.

e Device control register

e Status read register

® Request control register

o Temporary data register

The DMA requests (DMARQ pin input) are masked for all

four DMA channels. The control registers are described
later in the Registers section.

After RESET is input, an address-low byte command (see
Commands section) is issued to the pPD71037 and the
first byte is placed as the low-order byte in the address/
count register.
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System Configuration With uPD70108 (V20®) Microprocessor

uPD70108 (V20) wPD71082 (x3)
AtsA1g
Aig-A1g 2] DO
ADg-AD 15 ] , Address B
Ag-A N ress Bus
8"A1s > DI DO /T > Ao A1s
Ag-Ay
ADg-AD7 DI DO
STB OF
ASTB |— T ? l
HLDAK  HLDRQ Data Bus
l T AN Do -D7
HLDAK  HLDRQ Ag-Ay
ot A
1PD71082
ADq -AD7
uPD71037 DI DO
STB OE Ag-Aqs
ASTB I
AN ———>o—

83YL-58148
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System Configuration With xPD70116 (V30®) Microprocessor

WwPD70116 (V30) WuPD71082 (x3)
UBE, Ayg-Aqg
UBE, Ayg-Aqq >0l DO
Ag-Aqsg ] L UBE, Ag-Aqg
ADg-AD Ot DO Address Bus
g-AD 15
N N
Ag-Az
ADg-AD7 DI DO
STB  OF I Ag-A1s
astBl—| |- f 1 o<} |
HLDAK Data Bus
l HL?RQ : (High-order Byte)
HLDAK  HLDRQ Ag-A7 .
Ap-Az < oE
A
ADg-AD7 WPD71086 @
Data Bus
pPD71037 (Low-order Byte)
uPD71082
ASTB
AEN Sloi Do
STB  OE
D>
B83YL-58158

V20 and V30 are registered trademarks of NEC Corporation

5B-¢
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pPD71037 Block Diagram

Bus Contrel Unit

Ag-As <:> Address
Address Bus Increment/
Buffer < internal Address Bus (16) Decrement
LYV R — 16)
Data Bus
ADq-AD7 <:> Buffer O
Effective Address
cs Address (16 x 4) Control Registers
—_—]
Registers | — e
RESET ——
(16 x 4)
READY ————— Bus Status Read (8)
ASTB Control Logic O
2 < Internal Data Bus (8) >
MRD, MWR <+———f/— O Temporary Data (8)
_— 2
IORD,IOWR ~———/——# Request Control (4)
DMA Control Unit Count (16x4) Mask Control (4)
Registers
DMARQO- 4, g Effective Count
DMARQ3 Priority (16 x 4)
DMAAKO- 4 Control Logic
DMAAK3
HLDRQ <+———] Count
Timing Control Decrement
—_—
HLDAK Logic (18)
END/TC 4———]

83YL-62648

INTERNAL BLOCK FUNCTIONS

The wPD71037 has the following functional units as
shown in the block diagram.

Bus control unit

DMA control unit

Address registers

Address incrementer/decrementer
Count registers

Count decrementer

Control registers

Bus Control Unit

The bus control unit consists of the address and data
buffers and bus control logic. The bus control unit
generates and receives signals that control addresses
and data on the internal address and data buses.

DMA Contro! Unit

The DMA control unit contains the priority and timing
control logic. The priority control logic determines the

priority level of DMA requests and arbitrates the use of m

the bus in accordance with this priority level. The DMA
control unit also provides internal timing and controls
DMA operations.

Address Registers

Each of the four DMA channels has one address set
register and one effective address register. Each register
stores a DMA 16-bit address. The effective address
register is updated for each single-byte DMA transfer
and constantly holds the address to be transferred next.
The contents of the address set register remain un-
changed until the host CPU writes a new value to it. At
self-initialization, the initial DMA address for the next
DMA service is transferred from the address set register
to the effective address register.

Address Incrementer/Decrementer

The address incrementer/decrementer updates the con-
tents of the current address register whenever a DMA
transfer completes.

58-~7
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Count Registers

Each of the four DMA channels has one 16-bit count set
register and one 16-bit effective count register that store
a DMA transfer byte count. The count set register holds
a value written by the CPU. At self-initialization the value
is transferrred to the effective address register where it
is set as the number of DMA transfers in the next DMA
service.

A channel’s effective count register is decremented by 1
for each single-byte transfer and constantly holds the
remaining number of DMA transfers. If a borrow occurs
when this register is decremented, the terminal count is
set to mark the end of the specified number of DMA
transfers.

Count Decrementer

The count decrementer decrements the contents of the
effective count register by 1 when each DMA transfer
takes place.

Control Registers

The uPD71037 contains six registers that control the bus
mode, pin active levels (DMARQ and DMAAK), and the
DMA transfer mode.

DMA OPERATION

The uPD71037 operates in an inactive cycle and a DMA
cycle. Figure 1 illustrates basic DMA operation flow.

56 -8

Figure 1. DMA Operation Flow

DMA
transfer request

Yes

Generate bus
hold request

Yes
No HLDAK
Yes

| Transfer DMA I

Update effective
address counter

Release bus
hold request

inactive Cycle

DMA Cycle

Inactive Cycle

B83YL-5816A

Inactive Cycle

During the inactive cycle, the host CPU has authority
and the uPD71037 Is in one of the following states.

o The uPD71037 has not yet received an effective DMA
service request from a peripheral device.

e The uPD71037 has received an effective DMA service
request, but has not yet received bus authority from
the host CPU.

o The pPD71037 performs the following operations dur-
ing the inactive cycle.

— Detecting a DMA service request
— Requesting bus authority

— Selecting a DMA channel

— Programming

In the inactive cycle, there are no active DMA cycles but
there may be one or more active DMA requests. However,
the CPU has not yet released the bus.

Detecting a DMA Service Request. The uPD71037 will
sample the four DMARQ input pins for each clock signal.
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Requesting Bus Authority. When an effective (un-
masked) DMA request is received, a bus hold request
signal (HLDRQ) is output to the host CPU. The uPD71037
continues to sample DMA requests until it obtains the
bus by HLDAK input.

Selecting a DMA Channel. After the CPU returns an
HLDAK signal and the uPD71037 obtains the bus, the
uPD71037 stops DMA sampling and selects the DMA
channel with the highest priority from the valid DMA
request signals.

Programming. Before DMA transfer, the transfer ad-
dresses, the number of DMA transfers, the DMA transfer
mode, and the active levels of the DMARQ and DMAAK
pins must be determined.

While the host CPU holds bus authority, uPD71037
programming can be done by inputting a low signal to
the CS pin. The four low-order address bits (Ag-Ag)
specify a register for a read/write operation. inputting an
IORD/IOWR signal performs the operation on the speci-
fied register.

DMA Cycle

In a DMA cycle, the uPD71037 controls the bus and
performs DMA transfer operations based on pro-
grammed information.

Terminal Count. External input of an END signal or
internal generation of a terminal count terminates DMA
transfer. The terminal count is generated when a borrow
occurs as a result of decrementing the effective count
register, which counts the number of DMA transfers in
bytes. When this occurs, the uPD71037 outputs the low
level pulse TC.

Figure 2 shows that the effective count register is tested
after each DMA operation. A borrow is detected after
each DMA transfer is completed. As a result, the actual
number of DMA transfers is one greater than the value
set in the effective count register.

If self-initialization is not set when DMA service ends, the
mask control register bits applicable to the channel
where service is ended are set, and the DMARQ input of
that channel is masked.

Figure 2. Generation of Terminal Count (TC)

Transfer DMA

Decrement effective
count register

No

Yes

Generate terminal count

83YL-6265A

DMA Transfer Type

The type of transfer the uPD71037 performs depends on
the following conditions.

® Memory-to-memory transfer enable
¢ Direction of I/O-to-memory transfer for each channel
® Transfer mode of each channel

Memory-to-Memory Transfer Enable. The uPD71037
performs each DMA transfer (1 byte of data) between an
1/O device and memory in a one-bus cycle and between
memories in a two-bus cycle.

Memory-to-memory transfer can occur only when bit 0 of
the device control register is set to 1. The DMA channels
used in memory-to-memory transfers are fixed, with
channel 0 as the source channel and channel 1 as the
destination channel. Channels 2 and 3 cannot be used in
memory-to-memory transfers. The contents of the count
registers of each channe! should be the same when
performing this type of DMA transfer.

The pPD71037 performs the following operations until a
channel 0 terminal count or until END input is present.
Only the block mode is valid for this type of transfer.

(1) The memory data pointed to by the effective address
register of channel 0 is read into the temporary data
register of the uPD71037 and the effective address
register and effective count register of channel 0 are
updated.

(2) Thetemporary register data is written to the memory
location shown by the effective address register of
channel 1; the effective address register and effec-
tive count register are updated.

58~ 9
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During memory-to-memory transfers, the address of the
transfer source can be fixed using the device control
register. In this manner, a range of memory can be
padded with the same value (0 or 1) since the contents of
the source address never change. During memory-to-
memory transfer, the DMAAK signal and channel 0's
terminal count (TC) are not output.

Note: If DMARQ1 (channel 1) becomes active, the
wPD71037 will perform memory-to-l/O transfer even
though memory-to-memory transfer is selected. Since
this may cause erroneous memory-to-memory trans-
fers, mask out channel 1 (DMARQ1) by setting bit 1 of
the mask register to 1 before starting memory-
to-memory transfers.

Direction of I/O-to-Memory Transfers. All DMA trans-
fers use memory as a reference point. Therefore, a DMA
read reads a memory location and writes to an 1/O port.
A DMA write reads an |/O port and writes the data to a
memory location. In memory-to-/O transfer, use the
mode control register to set one of the transfer direc-
tions in table 1 for each channel and activate the appro-
priate control signals.

Table 1. Transfer Direction
Transfer Direction

Memory to I/O (DMA read) TOWR, MRD
1/O to memory (DMA write) [ORD, MWH

Verify (Outputs addresses only. Does not —
perform a transfer)

Activated Signals

Transfer Modes. In I/O-to-memory transfer, the mode
control register selects the single, demand, or block

$8 =10

mode of DMA transfer for each channel. Table 2 shows
the various transfer modes and termination conditions.

Table 2. Transfer Termination

Transfor Mode End of Transfer Condition
Single After 1 byte of data is transterred
Demand END input
Generation of terminal count
When DMARQ for the channel in DMA service
becomes inactive
Block END Input
Generation of terminal count
Compressed Timing

DMA transfer cycles are normally executed in four states
for each bus cycle. However, when the device control
register selects compressed timing, one DMA cycle can
be executed in two states (T2 and T4) for each bus
cycle. See figure 3.

Compressed timing may be used in block mode or
demand mode. (Memory-to-memory transfer is ex-
cluded.) In this way, compressed timing permits twice
the amount of data to be transferred when compared
with normal DMA transfers.

In block mode or demand mode, addresses are output
sequentially and the high-order address byte latched in
external latches need not be updated except after a
carry or borrow from the low-order byte. For this reason,
the T1 state is omitted in the bus cycles except during
the first bus cycle when the high-order address byte is
changed.
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Figure 3. Normal and Compression Transfer Timing
T1 T2 T3 T4 T T2 T3 T4 T T2 T3 T4 T T2
[ ASTB
Normal ADq - ADy \

9 (Eight high-order _< /

address bits)

Transfer

N
N~

L Ag-As _(

T1 T2 T4 T2 T4

4 ASTB

T2 T4 T2 T4 T2 T4 T2 T4 T2

Compression ADg - AD5

N~

Transfer

1 (Eight high-order _<
address bits)

\ °'7‘<

83YL-62788

Software DMA Requests

The pPD71037 can accept software DMA requests in
addition to DMA requests from the four DMARQ pins.
Setting the appropriate bit in the request register gener-
ates a software request. The mask register does not
mask software requests. Software DMA requests oper-
ate differently depending on which bus or transfer mode
is used.

Single or Demand Mode. When single or demand mode
is set, the applicable request bits for the corresponding
channel are cleared, and software DMA service ends
with the transfer of 1 byte of data (see Request Control
Register).

Block Mode (Memory-to-Memory Transfer). When
block mode or memory-to-memory mode is set, service
continues until END is input or a terminal count is
generated. In memory-to-memory transfer, only the re-
quest bit for channel 0 is cleared.

Self-Initialization

When the mode control register is set to self-
initialization, the uPD71037 automatically initializes the
address and count registers when END is input or a
terminal count is generated. The contents of the address
set register and the count set register are transferred to
the effective address register and the effective count
register, respectively. The applicable bit of the mask
register is not affected. The applicable bit of the mask
register is set for channels not programmed for self-
initialization.

Channel Priority

Each of the uPD71037’s four DMA channels is assigned a
priority. When there are DMA requests from several
channels simultaneously, the channel with the highest
priority will be serviced. The device control register
selects one of two channel priority methods: fixed nest
mode or rotation nest mode.

In fixed nest mode, the priority (starting with the high-
est) is channel 0, 1, 2, and 3, respectively. In rotation nest
mode, priority is rotated so that the channel that has just

58~ 11.
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been given service receives the lowest priority and the  Figure 5. Cascade Connection Example
next highest channel number is given the highest prior-

ity. This method prevents exclusive servicing of some > At
channels. HLDAK |—» HLDAK ‘
Figure 4 shows the two priority order methods. HLDRQ [+ HLDRQ [ DMa2
——»
Figure 4. DMA Channel Priorities le—— DMA3
Fixed Nest Mode Extension / DMAAK [—»1 HLDAK [~ ppmas
Channels | pMARQ [*—] HLDRQ
Highest L -
Host CPU uPD71037 le—— DMAS
(Master)
p——
DMAS
-——
- DMA7
PD71037
Lowest ¥ (Slave)
B3YL-6266A

Rotation Nest Mode
Highest Highest DMA Transfer Timing

Figures 6 through 9 are timing diagrams for the DMA
transfer operations described previously.

CH1

B8vB-6517A

Cascade Connection

The pPD71037 can be cascaded to expand the system
DMA channel capacity. To connect a uPD71037 for cas-
cading (figure 5), perform the following operations.

(1) Connect pins HLDRQ and HLDAK of the second-
stage (slave) uPD71037 to pins DMARQ and DMAAK
of any channel of the first-stage (master) uPD71037.

(2) To select cascade mode of a particular channel of a
master uPD71037, set bits 7 and 6 of that channel's
mode control register to 11.

When a channel is set to cascade mode in a master
uPD71037, DMARQ, DMAAK, HLDRQ, HLDAK, and RE-
SET are the only valid signals in that master uPD71037.
The other signals are disabled. The master cascade
channel intermediates only hold request/hold acknowl-
edge between slave and the host CPU.

56~12
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Figure 6. I/O-to-Memory Transfer, Normal Mode Timing

T Tt To To Tt T2 T3 T4 T2 T3 T4 T1 T

w25/ \
| | \
/ \
\
AsTS /— —\

ADg - AD
0 7 \__/

DMAAK
(Active High)

{ORD/MRD /———\ /__\ /_—\
IOWR/MWR / /(\\____\__/ T\\. — — —/—_ﬁ

I/

TC

~
-
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Figure 7. Memory-to-Memory Transfer Timing

AD - AD;

MRD

MWR

T3

/\

T14 T21
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Figure 8. I/Oto-Memory Transfer, Compression Mode Timing

To T T2 T4 T2 T4 T2 T4 T

= NANNNNANNAN
S _/_ —\
ADG - AD; __C:/\
o — X X -
= TN
TN/

Figure 9. READY Timing REGISTERS

The uPD71037 registers are considered to be address/
count registers or control registers.

CLK _/_\ _/_\ _/_\ f\ _/-\ e Address/Count Registers
— — Effective address register
— Set address register
— Effective count register

iORDY —\ /1 — Set count register

MARD e Control Registers

— Device control register
— Mode control register

IORD/MRD =

~
N

IOWR/MWR ==

\
/
N

B83YL-62768

T2 T3 ™ ™ T4

IOWR/ ) \ / — Request control register
MWR /’\ | U - Mask control register for each channel
Exmts;on — Mask control register for all channels

— Temporary data register
— Status read register

READY \\ \\ / / / Each address/count register consists of 16 bits. A read/
write operation for this type of register is performed by
83YL-6277A accessing 2 bytes of an |/O address. The low-order
address byte is accessed first, followed by the high-
order address byte. To set a new value in an address/
count register, write its low-order byte first by issuing an
address low-byte command. The commands you can

58-15 - .
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use are presented later in Commands. Table 3 lists the
address/count registers for each channel. Each control
register consists of 8 bits. Table 4 lists the type of output
and addresses for the control registers.

Effective Address Register

A 16-bit effective address register is assigned to each
channel. It holds the address to be output during DMA
transfer. This register is updated by *1 for each single-
byte DMA transfer.

Set Address Register

A 16-bit set address register is assigned to each channel.
It contains the initial value of a DMA transfer address set
by the host CPU. Unlike the effective address register,
this register retains its contents until the host CPU writes
a new byte count into it. At self-initialization, the con-
tents of the set address register are transferred to the
effective address register at the initial address register.
Values are written into the set address register by writing
its 2 bytes in succession. However, the host CPU cannot
read the address data from this register.

58-16

Effective Count Register

The effective count register is a 16-bit register assigned
to each channel. It contains the remaining byte count for
DMA transfer. This register is decremented by 1 for each
single-byte DMA transfer. As in the effective address
register, a value is read from or written into the effective
count register by reading or writing its 2 bytes in suc-
cession.

Table 3. Address/Count Registers

Address
Channel Register RW (Bits Az-Ag)
0 Set address register w OH
Effective address register RW
Set count register w 1H
Effective count register RW
1 Set address register w 2H
Etfective address register RW
Set count reglster w 3H
Effective count register RW
2 Set address register w 4H
Effective address register RW
Set count register w 5H
Effective count register RW
3 Set address register w 6H
Effective address register RW
Set count register w 7H
Effective count register RW
Notes:

(1) When a new value is written into a set address/count register, it is
simultaneously written Into an effective address/count register.
Therefore, when setting an address and count, you need not
consider the differences between a set address/count register and
an effective address/count register.

@

-

The set address/count registers are used only for writing. If an
attempt is made to read thess registers, the effective address/
count registers are read instead.
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Table 4. Control Registers

Figure 10. Device Control Register

Address [ Ak | raL | exw | RoT | cmP [oDMA [ AHLD [ MM |
Reglster R/W (Bits Az-Ag) 7 s 5 py 3 2 P 0
Device control register w 8H Address 8H
Status read register R AKL DMAAK Active Level
Request control register w 9H 0 Actlve low
Mask control register w AH ! Active high
(each channel) RQL DMARQ Actlve Level
Mode control register w BH 0 Active high
Temporary data register R DH ! Active low
Mask control register (all w FH Exw Extension Wrlting
channels) 0 Normal writing
1 Extension writing
Notes:
ROT Rotation Nesting

(1) An I/O address other than listed in this table Is assigned to

address/count registers or commands; otherwise, the address o Fixed nest mode

cannot be accessed. 1 Rotation nest mode
(2) Thel/O address DH (in the temporary data register) Is assignedto ~ CMP Compression Transfer

a software reset command when it is written. Refer to the 0 Normal transfer mode

Commands section for detalls. 1 Compression transfer mode

DDMA DMA Operation

Set Count Register ° Permit
A 16-bit set count register is assigned to each channel. it ~ _! Inhibit
holds the initial value of the DMA transfer byte count  AHLD Channel 0 Address Hold
written by the host CPU. Unlike the effective count 0 Inhibit address fixing
register, the set count register retains its data until the 1 Permit address fixing
host CPU writes a new byte count into it. A value is  yrm Memory-to-Memory Transfer
written into the set count register by writing to its 2 bytes ) BTt
in succession. However, this register is read-protected. 1 Permit

Device Control Register

The 8-bit device control register controls the DMA trans-
fer modes, determines whether to permit or inhibit DMA
operation, controls the active levels of DMARQ and
DMAAK, and determines whether to permit or inhibit
memory-to-memory transfer.

Figure 10 shows the format of the device control register
and table 5 describes the bits .

Table 5. Device Control Register Bits
Bit  Symbol
7 AKL

Description

DMA acknowledge active level. This bit specifies
the active levels of the four DMAAK output
signals. Setting this bit to 1 indicates the active-
high DMAAK signals.

DMA request level. This bit specifies the active
levels of the four DMARQ input signals. Setting
this bit to 0 indicates the active-high DMARQ
signals.

Extended write. When this bit Is set, the
uPD71037 outputs a write signal at the same
timing as a read signal (extension writing,
figure 11). You cannot specify extension writing
during compressed transfer.

6 RQL

4 ROT Rotate priority. Setting this bit determines DMA

channel priorities in rotation nest mode.

5817
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Table 5. Device Control Register Bits (cont) Figure 12. Mode Control Register
Bit Symbol  Description TMODE [ADR [SEFI| TDR | SELCH
3 CMP Compressed timing. When this bit is set, DMA 7 6 5 4 3 2 1 0
transfer in the block or demand modes occurs Address 8H
at compression timing. Compression transfer Mod
mode must not be specified during memory- TMODE DMA Transfer ad
to-memory transfer. 00 Demand mode
2  ODMA _ Disable DMA. While this bit is set, the uPD71037 % Bingle mode
does not output the HLDRQ signal to the host 11 Extension mode
CPU even if it recelves an effective DMA
request. It also prevents invalid DMA transfer ADIR Address Direction
during xPD71037 programming. ° Increment an address
1 AHLD Channel 0 address hold. If memory-to-memory 1 Decrement an address
transfer is permitted, setting this bit fixes the y
address of the transfer source channel 0. If SER SelHnitialization
memory-to-memory transfer is inhibited, this bit 0 Inhibit
is meaningless. 1 Permit
0 MTM Memory to memory. Setting this bit permits TDIR Transfer Direction
memory-to-memeory transfer. 00 Verlfy transfer
01 1/O-to-memory transfer
Figure 11. Timing for Extension Writing 10 Memory-to-l/O transfer
11 Inhibit transfer
State | T | T2 | T3 l Ta | ™ | T2 | T3 I ™ | T4 SELCH Channel Selection
00 Channel 0
Read | | | l 01 Channel 1
10 Channel 2
11 Channel 3

Normal
Writing

L L[

Table 6. Mode Control Register Bits

Extension
Writing

83YL-6279A

READY

Mode Control Register

The mode control register specifies DMA transfer mode
for each channel. Figure 12 shows the format and table 6
describes the bits.

58-18

Bits Symbol Description

7,6 TMODE  Transfer mode. These bits indicate the DMA
transfer mode for I//O-to-memory transfer
(meaningless during memory-to-memory
transfer because block mode s automatically
selected).

Address direction. This bit indicates whether the
effective address register is incremented or
decremented. If set to 0, the register Is
incremented by 1 for each single-byte transfer.
If set to 1, it is decremented by 1 for each
single-byte transfer.

5 ADIR

4 SEFI Self-initialization. In memory-to-memory transfer,
assign the same value to the SEFI bits of
channel O (transfer source) and channel 1

(transfer destination).

Transfer direction. These bits specify the I/O-
to-memory transfer direction (meaningless
during memory-to-memory transfer).

Select channel. These bits specify the DMA
channel to which DMA transfer modes are
specified by bits 7-2..

3,2 TDRR

1,0  SELCH
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Status Read Register

Figure 15. Request Control Register

The status read register indicates whethera DMAre- | — | — | — | — | — | SRQ ] SELCH
quest or terminal count is generated and whether the 7 6 5 4 3 2 1 0
END signal is externally input. This information is set for Address SH
each channel. Figure 13 shows the register format and  SRQ Software DMA Request
table 7 describes the bits. 0 Reset DMA request bit
1 Set DMA request bit
Figure 13. Status Read Register SELCH Select Channel
| Ras | ra2 [ Rat [ Rao [ Tcs [ 102 T 701 | 700 | 50 Channel 0
7 6 5 4 3 2 1 0 01 Channel 1
Address 8H t0 Channel 2
RQ3-RQO Hardware DMA Request (Channels 3-0) v nel 3
0 Request not generated
1 Request generated Table 8. Request Control Register Bits
TC3-TCO Terminal Count (Channels 3-0) Bits Symbol  Description
0 Transfer not yet terminated 2 SRQ Software DMA request. This bit controls a
1 END input or terminal count occurs software DMA request for the channel selected
by bits 0 and 1. Setting this bit to 1 sets the
request bit of the selected channel. Setting it to
Table 7. Status Read Register Bits 0 resets the request bit.
Bits Symbol Descrliption 1,0 SELCH Select channel. These bits speclfy the channel
7-4 RQ3-RQ0 DMA request. These bits specify whether a DMA '&',:’::’:: software DMA request control ia
hardware request is generated by inputting the .
DMARQ signal. If the corresponding channet is
masked, these bits are reset as long as the
DMARQ input is active for this channel. A Mask Control Registers
:‘“"":: DMA ’°°l|:‘°‘::°'d ;V a mask can be The mask control register controls the DMA request
otected by sampling these bilts. mask for each channel. Two types of mask control
30 TC3-TCG  Terminal count These bits specify whether the registers are provided. The first is a register that masks

END signal Is input or & terminal count is
generated. This information Is set for each
channel. If a terminal count occurs within a
channel or an END signal is externally input,
the corresponding channel bit is set. These bits
are reset each time the status read register is
read.

Temporary Data Register

The temporary data register contains the data trans-
ferred last during memory-to-memory transfer. Figure 14
shows the register format.

Figure 14. Temporary Data Register
| 107 | 706 | 05 | T04 [ 103 | D2 | TO1 [ oo |
7 6 5 P 3 2 1 0
Address DH

Request Control Register

The request control register controls software DMA
requests. Figure 15 shows the register format and table 8
describes the bits.

each of the channels separately (figure 16). The second
is a register that masks all of the channels at once (figure
17). Table 9 describes the mask control register bits.

Figure 16. Mask Control Register (Each Channel)

[ - T -1 =1-=T - [mser] serch |
7 6 5 4 3 2 1 0
Address AH

MSET DMARQ Mask
0 Reset mask
1 Set mask
SELCH Select Channel
00 Channel 0
01 Channel 1
10 Channel 2
11 Channel 3
58 -19
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Figure 17. Mask Control Register (All Channels) COMMANDS
[ =T -1 -T -Tms][m [ m [ M | the,pD71037 supports three commands (in addition to
7 6 5 4 3 2 1 0 the registers) to control data transfer operations.
Address FH
e Address low-byte command

M3-Mo DMARQ Mask (Channels 3-0) e Software reset command

0 Reset mask

1 Set mask e Clear-all-masks command

Table 9. Mask Control Register Bits

The host CPU writes data into these commands (table
10) to enable them to control uPD71037 operation. Unlike

Bits  Symbol Description the registers, any data can be written into the com-

mands.

Each Channel

2 MSET Mask set. This bit masks the DMA request

(DMARQ pin Input) for the channel selected in
bits 1 and 0.

1,0 SELCH Select channel. These bits select the channel to

mask.

All Channels

30 M3-M0 Mask. These bits speclfy whether a mask is set

or reset for the four DMA channels. Setting any
of the bits to 1 masks the respective channel
and the DMA request (DMARQ pin input) for
this channel is inhibited. Setting any of these
bits to 0 resets the mask.

Table 10. List of Commands

Command R/W Address (Bits Aj-Ag) Function

Address low-byte w CH This command must be issued before a new value Is set in an address/
oount registet The low-order byte of this new value is set first and then its
high-order byte is set.

Software reset w DH The reset operation performed by this command is the same as the
normal hardware reset operation. The reset operation clears the device
control register, status read register, request control register, and
temporary data register to 00OH. Masks are set for all channels.

Clear-all-masks w EH The masks for all channels are released and the reception of a DMA

transfer request is permitted.

Notes:

(1) After the reset operation by hardware or software, a value
written in the low-order byte of the address/count register.

(2) f an attemptis made to read I/O address DH, the temporary data

register is read instead. See table 4.

58~20

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



N E C pPD71037

ELECTRICAL SPECIFICATIONS Capacitance
TA = 25°C

Absolute Maximum Ratings Parameter Symbol Min Typ Max Unit Conditions
Ta = 25°C Input o 8 15 pF fc = iMHz
Supply voltage, Vpp -05t070V capacitance unmeasured pins
Input voltage, V; —05toVpp+03V  Output Co 4 8 pF 'etumedto0V
Output voltage, Vo 05to Vpp+0.3v  Capacitance

_ o /0 Cio 10 18 pF
Operating temperature range, Topt 40 to +85°C capacitance
Storage temperature rangs, Tstg -65 to +150°C

Exposure to Absolute Maximum Ratings for extended periods may
affectdevice reliability; exceeding the ratings could cause permanent
damage.

DC Characteristics
Ta = -40to +85°C; Vpp = +5.0V = 10%

Parameter Symbol Min Typ Max Unit Conditions
Input voitage, low VL1 -0.5 0.6 \'4 CLK pin
ViL2 ~05 0.8 \ All except CLK
Input voltage, high ViH1 3.3 Vpp + 0.3 \' CLK pin
ViH2 22 Vpp + 0.3 v All except CLK
Output voltage, low VoL 0.4 v loL = 25 mA; g = 4.5 mA (TC only)
Output voltags, high Vou 0.7 Vpp v loy = ~400 pA
Input leakage current ' *10 A Vi=0VtoVpp
Output leakage current o *10 pA Vo = 0Vto Vpp
Power supply current lop 20 mA 10-MHz operation
AC Characteristics m
Ta = -10to +70°C; Vpp = +5.0V = 10%
Parameter Symbol Min Max Unit Conditions
DMA Master Mode
AEN high delay time from CLK low tAEL 100 ns 81
AEN low delay time from CLK high tAET 70 ns St
Address active to float delay from CLK high tarFAB 80 ns
TORD/MAD or IOWR/MWR float from CLK high taAFG 80 ns
DB active to float delay from CLK high tAFDB 120 ns
Address hold time from ITORD/MRD high taHR toy - 100 ns
DB hold time from ASTB low taHS 20 ns
Address hold time from IOWR/MWR high tAHwW toy - 40 ns
DMAAK valid delay time from CLK low tak 100 ns
TC high delay time from CLK high tak 100 ns
TC low delay time to CLK high tak 0 ns
Address stable from CLK high tasm 80 ns
Data bus setup time to ASTB low tass 40 ns
Clock pulse width, high tcH 39 ns Transitions < 10 ns

58-21 .
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AC Characteristics (cont)

Parameter Symbol Min Max Unit Conditions
DMA Master Mode (cont)
Clock pulse width, low toL 45 ns Transitions < 10 ns
CLK cycle tcy 100 1000 ns
ICLK high delay to [ORD/MRD or IOWR/MWR tooL 10 80 ns
ow
[ORD/MRD high delay time from CLK high tbGTR 10 80 ns S4
TOWR/MWR high delay time from CLK high tocTw 10 55 ns S4
HLDRQ valid delay time from CLK high tpat/ 70 ns
tba2
END low setup time from CLK low teps 25 ns
END puise width tepw 100 ns
Address float to active delay from CLK high tFAAB 80 ns
TORD/MRD or [OWR/MWR active from CLK trac 80 ns
high
Data bus float to active delay from CLK high trADB 70 ns
HLDAK valid setup time to CLK high ths 50 ns
Input data hold time from MRD high tioH 20 ns
Input data setup time to MRD high tios 90 ns
Output data hold time from MWR high toon 10 ns
Output data valid to MWR high toov 65 ns
DMARQ setup time to CLK low tas 20 ns S1, 84
CLK hold time to READY low tRH 20 ns
READY setup time to CLK low tas 25 ns
ASTB high delay time from CLK high tsTL 70 ns
ASTB low delay time from CLK high tsTT 70 ns
Peripheral (Slave) Mode
Address valid or CS low to [ORD/MRD low tan 35 ns
Address valid setup time to IOWR/MWR high taw 80 ns
TS low setup time to IOWR/MWR high toew 90 ns
Data valid setup time to [OWR/MWR high tow 80 ns
Address or TS hold from IORD/MRD high tRA 0 ns
Data access from [ORD/MRD low tRDE 120 ns
Data bus float delay from IORD/MRD high tADF 0 70 ns
Power supply setup time high to RESET low trsTD 8§00 ns
RESET to first [ORD or [OWR tRsTS toy ns
RESET pulse width tasTW 200 ns
[ORD/MRD width thw 150 ns
Address hold time from [OWR/MWR high twa 15 ns
TS hold time high from IOWR/MWR high twe 15 ns
Data hold time from [OWR/MWR high two 20 ns
[OWR/MWR width twws 90 ns
Access recovery time 125 ns
5822
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Timing Waveforms

Memory-to-Memory Transfer

To T11 T12 T13 Ti4 T21 T22 T23 Toa T
CLK
tsTL —» tsTT tsTL > — tsTT]
ASTB /
|
'FAAB —s| ‘-—'AHS tASM ’<— tAHS 'AFAB —ﬂ
I
Ag-A7 ———— Address Valid Address Valid

'FaDB IIAFDB I I——L 'AFIDB
ADg -AD5 Ag-Ais in } FV AgAss N ; out >___

tFAC—» k— : : ‘ tFADB topv 1

‘FAC—J e t|Dts 1 IDCTW—»] [ ™ Are
WA / ; /‘ \l__

Ak «4 tak
o ﬂ\\\\\\\\\\\\\\\\\\\\\\?i /11711111777
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DRMA Transfer

T T To T0 T1 T2 T3 Ta T2 T3 T4
CLK ]
tQs——.
LC
4
.y ALY
s
{
77
HLDRQ /
ths A—l L-f
HLDAK / ; /
L(
tAEL Ing tAET
\
AEN
—is —»{ e tgTT
tsTL
ASTS
et €,
27
tass —o{ {1k
tFADB <_-L —»| |t lAHS
ADg -AD7 4 {Ae-A1s
7
'AFDB tASM tAFAB
tFAAB 4—-1 tAHW ‘ tAHW ’.—n
| [ |
Ag-A7 —{¢ { Address Valid & Address Valid
7 7
|
la—tAK tAHR --1 let-taHR
DMAAK
—tL
27
pCL—m| ID(’”{ IDCTR—™ | (*+—
tfac —™1 [+ ™ [*+'pcL — ['AFC
JORD, MRD —45 y / /
tbcL [e—=tpcTW —» le—tpcTW
TAlD LRAID L 17 \ ]t__\____.
IOWR, MWR 4 f
Dashed Line = Extended Write — N .
1 TAK
el —
LL
v
TC leps r—
tEPw - tAK
- ’ NN\
END 83vB-6520

58-24

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003




N E C pPD71037

Compressed Transfer

tAsSM tAsM

Ag-Az Valid X valid
t t L t
DCL le— 'DCTR i'bcL  fe— Dcmj

iORD, MRD \ \

TRH —{ fe— le—IDCTW TRH —» 'bcTw
— — P—‘
IOWR, MWR
la—

READY

83vB-6523B

Ready

T2 T3 | W | Tw| T4
CLK \ / \ / ’\ /
K

focL 'ocTR
o —
IORD, MRD /

Ret 'beL tbcTw
o ——
IOWR, MWR Extended _p \

Write 3 >
gy — |-

ths - o ~{=-tns
\\\\\\\\\\\\\\\q J;/////

83vB-65228
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Slave Mode Write
tew
— la— TWC
twws
IOWR \ JZ
—»] la— WA
tAwW
Ag-Ag Input Valid )(
4:4 'wo
tow 1
r
ADg -AD7 g‘ Input Valid f

83vB-6518B

Slave Mode Read

s\

/

Ag-Az x‘

Address Must Be Valid

X_

le—— tAR ——»]

IORD

ADg -AD7

tRW

TRDE

le— 'RA

tRDF

I

Data Out Valid >_

83vB-65198
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Reset

vVpD

L{

tRSTD

RESET

tRSTW

—

IORD, IOWR

L

83vB-65248
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