DMA Controller

CXQ71071

Description
The CXQ71071 is a high-speed, high-perfor-
mance Direct Memory Access (DMA) controller

that provides high speed data transfers between
peripheral devices and memories. A programmable
bus width allows bidirectional data transfer in
both 8- and 16-bit systems. In addition, CMOS
technology reduces power consumption.

Features

« Four independent DMA channels

« 24 address lines to access 16M byte memory
« 64K byte/word transfer count

« 8- or 16-bit programmable data bus width
« Abundunt transfer functions

— Byte/word transfer
— Three transfer modes: single, demand, and

block

— Two bus modes: bus release and bus hold

— Two transfer timings: normal and compressed

— Memory-to-memory, memory-to-1/0, or I/O-
to-memory transfer

Enable/disable of individual DMA requests

Software DMA requests

Autoinitialize enable/disable of individual

DMA channels

Address increment/decrement

Fixed/rotational DMA channel priority

Terminal count output

Forced transfer termination input

Cascade capability

Programmable DMA request and acknowledge

signal polarities

High performance: transfers up to 5.33M

bytes/second

« 8 MHz operation

. CXQ70108/70116 CPU system compatible

« CMOS technology

« Single power supply

« 48-pin plastic/ceramic DIP

« NEC puPD71071 compatible
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GND
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DAz
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Block Diagram
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Pin Functions

No.

Symbol

Type

Function

1

CLK

Clock

Input

Controls intemal operation and data transfer
rate.

RESET

Reset

Input

Initializes the controller's internal registers
and enters the controller in the ldle cycle
(CPU controls the bus). Active high.

END/TC

End DMA
Transfer/
[Terminal
Count

Input/Output

The DMA service can be terminated either
internally or externally. The CXQ71071
allows an external signal to end a DMA
service by pulling the END low. The
CXQ71071 also generates a pulse (TC)
when the designated terminal count for any
channel has been reached. Open drain, it
requires external pull-up resistor. Active
low.

DMAAK3—
DMAAKO

DMA
Acknowledge

Output

Indicate to peripheral devices that DMA
service has been acknowledged. DMAAK3—
DMAAKO respond respectively to DMA
Channels 3—0. The sense of these line is
programmable.

DMARQ3—
DMARQO

DMA
Request

Input

Accept DMA service requests from peripheral
devices. DMARQ3—-DMARQO respond res-
pectively to DMA Channels 3—0. The sense
of these lines is programmable.

GND

Ground

Ground

13—20

A23—A16/
D15-D8

Address/
Data

Input/Output
3-State

In 8-bit systems, these pins output the
upper 8 bits of the address. In 16-bit
systems, the address is multiplexed with
the upper byte of the data bus. In the ldle
mode, these pins become data bus to
communicate with the CPU. In the DMA
cycles, these lines become address/data
bus.

21-28

A15—A8/
D7-DO

Address/
Data

Input/Output
3-state

These pins output the middle 8 bits of the
address multiplexed with the lower byte of
the data bus. In the Idle mode, these lines
function as data bus. In the DMA cycle, they
become address/data bus.
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No.

Symbol

Name

Type

Function

29-35,
37

A7-Ao

Address

Input/Output
3-state

Function as the lower 8 bits of the address
bus. A7—A4 output memory address during
the DMA cycle and become high impedance
in the ldle cycle. -A3—Ao function as the
lower 4 bits of the address bus. In the Idle
cycle, A3—Ao become address inputs to
select internal registers for the CPU to read
or write. In the DMA cycle, A3—A0 output
memory address.

36

Vpb

Power
Supply

+5V power supply.

38

ASTB

Address
Strobe

Output

Latches address information into an external
address latch on the falling edge of ASTB
during a DMA cycle. Latches A23—Asg in 16-
bit mode and A15—As in 8-bit mode. Active
high.

39

AEN

Address
Enable

Output

Enables the output of an external latch that
holds DMA addresses. AEN becomes high
during the DMA cycle. Active high.

40

Upper Byte
Enable

Input/Output
3-state

Indicates the upper byte of the data bus is
valid during 16-bit mode. In the Idle cycle
during data transfer, it receives UBE from
the CPU when the upper data byte is valid.
During a DMA cycle, UBE goes low to
signify the presence of valid data on
D1s—Ds. UBE has no meaning in 8-bit mode
and becomes high impedance in the Idle
cycle and high level in the DMA cycle.
Active low.

41

o
]
=)

I/0 Read

Input/Output

In the Idle'cycle, it inputs a read signal from
the CPU. In the DMA cycle, it outputs a read
signal to I/O devices. Active low.

42

IOWR

1/0 Write

Input/Output

In the Idle cycle, it inputs a write signal
from the CPU. In the DMA cycle, it outputs a
write signal to I/O devices. Active low.

43

2
2
o

Memory
Read

Output 3-state

During the DMA cycle, it outputs a read
signal to memory. MRD is high impedance
during the Idle cycle. Active low.

44

Memory
Write

Output 3-state

During the DMA cycle, it outputs a write
signal to memory. MWR is high impedance
during the ldle cycle. Active low.
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No. Symbol Name Type Function
45 cs Chip Select |Input During the Idie cycle, it selects the
P P CXQ71071 as an I/O device. Active low.
During a DMA operation, it indicates that a
data transfer for one cycle has been
completed and may be terminated. To meet
the requirements of low speed I/O devices
46 READY |Ready Input and memory, the CXQ71071 inserts a wait
state (if READY is low), to extend the bus
cycle until READY becomes high. Active
high.
Hold Accepts the bus hold acknowledge signal
4
7 HLDAK Acknowledge Input from the CPU. Active high.
48 HLDRQ Hold Output OutPuts 'a bus hold request to the CPU.
Request Active high.

— 268 —



SONYe.

€XQ71071
Absolute Maximum Ratings (Ta=25°C)
Parameter Symbol Rating Value Unit
Voltage on any pin with Vv —05 to +7.0 Vv
respect to Ground
Operating temperature Topr —40 to +85 °c
Storage temperature Tstg —65 to +150 °C

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 reliablility.

DC Characteristics (Ta=—40 to +85°C, Voo=5V+10%)
Limits
Parameter Symbol Unit| Test Conditions
Min. Max.

. 3.3 Vpp+0.5 V |CLK input pin

Input high voltage ViH -
2.2 Vop+0.5 V |Other inputs
Input low voltage ViL -0.5 0.8 v
Output high voltage VoH 0.7Voo V |loH=—400uA
Output low voltage Vou 0.4 V [lot=2.5mA
Input leakage current I +10 MA |ov<ViI<VoD
Qutput leakage currnet o +10 pA [0V<Vo<Vop
Supply current (dynamic) lop1 30 mA
Supply current (static) lop2 100 MA
Capacitance (Ta=25°C)
Parameter Symbol | Min. | Typ. | Max. | Unit Test Conditions
Input capacitance Ci 8 15 pF
- fe=1.0MHz Unmeasured
tput t

QOutput capacitance Co 4 8 pF pins returned to OV
I/O capacitance Cio 10 18 pF
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AC Characteristics (DMA Mode) (Ta=—40 to —85°C, Vpp=5V+10%)
Limits .
Parameter Symbol Unit| Test Conditions
Min. Max.
Clock cycle tcyk 125 ns
Clock pulse width high tKKH 44 ns
Clock pulse width low tKKL 55 ns
Clock rise time tKR 10 ns |1.5V—3.0V
Clock fall time tKF 10 ns (3.0v—1.5V
Input rise time tR 20 ns
Input fall time tiF 12 ns
Output rise time toR 20 ns
Qutput fall time toF 12 ns
DMARQ setup time to CLK high tsba 35 ns |Sl, SO, S3, SW, S4w
HLDRQ high delay time from
CLK low tDHQH 100 ns |SI, S4w
HLDRQ low delay time from tDHAL 100 ns |Sl SO, S4w
CLK low
HLDRQ low level period tHaHaL | 2tcyk—50 ns |S4w
HLDAK high setup time to tSHA 35 ns |SO. S4, Saw
CLK low
AEN high delay time from
CLK Iov?/ Y tDAEH 80 ns [S1, S§2
AEN low delay time from (DAEL 90 ns |SI Saw
CLK low
ASTB high delay time from tDSTH 70 ns |S1
CLK low
ASTB low delay time from
CLK high tDSTL 70 ns |S1
ASTB high level period tSTSTH tkkL—15 ns
ADR/UBE/RD/WR active
delay time from CLK low oA 100 ns \S1, 82
ADR/UBE/RD/WR float time
from CLK fow tFA1 70 ns |Sl, S4w
ADR setup time to ASTB low tSAST tkkL—50 ns
ADR hold time from ASTB fow | tHSTA tkkH—20 ns
ADR/UBE hold time from
CLK high tHA 10 ns {S2, S4
ADR float time from CLK low tFA2 0 70 ns |[S1, S2
RD low delay time from
ADR fioat tDAR -10 ns
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Limits . .
Parameter Symbol Yy M Unit| Test Conditions
in. ax.
Input data setup time to
CLK low tsID 35 ns |S14
Input data hold time from
CLK low tHID 10 ns |S14
Output data delay time from 00D 10 100 ns |S22
CLK low
Output data hold time from
CLK high tHOD 10 ns |S24
Output data hold time from
MWR high timMwop | tkkL—50 ns
RD low delay time from -
CLK low tDKLR 70 ns [S2 Normal Timing
RD low delay time from §2 Compressed
CLK high tDKHR 70 S |Timing
tRRL1 2tcyk—50 ns [Normal Timing
RD low level period tovk+ —
tRRL2 tKKH—50 Compressed Timing
RD high delay time from
CLK fow toRH 15 100 ns |S4
ADR delay time from RD high | toRra tcyk—40 ns
WR low delay time from towL1 10 70 ns |S3 Normal erte.
ows | 10| 70 | e |3k Exoned e
WR low delay time from S2 Compressed
CLK high towLs 10 70 S |Timing
twwit tcyk—50 ns [Normal Write
Extended Write,
WR low level period twwiz | 2tevk=50 " | Normal Timing
teyk+ Extended Write,
wws tkkH--50 ns Compressed Timing
WR high delay time from tOWH 10 80 ns |sa
CLK low
DMAAK setup time to RD, {SDARW 0 ns |81, 2
WR low
RD high delay time from
WR high fDWHRH 5 ns
DMAAK delay time from
CLK high tDKHDA 10 70 ns |S1
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Limits
Parameter Symbol Unit Test Conditions
Min. Max.

DMAAK delay time from tDKLDA 10 115 ns |S1 Cascade Mode
CLK low
DMAAK inactive delay time
from CLK high tDDAN 10 70 ns |S4
DMAAK inactive delay time
from HLDAK low tDDAI2 5 ~80 ns |S4 Cascade Mode
TC low delay time from
CLK high toTcL 100 ns |S3
TC off delay time from CLK high | tpTcF 40 ns |S4
TC high delay time from tKKH+ . 1
CLK high tDTCH k10 | ™ ov—2.2V
TC low level period tTcTCL tcyk—15 ns
END low setup time to
CLK high tSED 35 ns [S2
END low leve! period tEDEOL 100 ns
READY setup time to CLK high [ tsRy 35 ns (83, SW
READY hold time from
CLK high tHRY 20 ns |S3, SW

Notes: ! END/TC has a 75 pF maximum input capacitance. To meet tDTCH, use a 2.2K ohm or
greater pull-up resistor with a load capacitance of 75 pF. The maximum output load
capacitance for pins other than END/TC is 100 pF.
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AC Characteristics (Programming Mode and RESET)

Limits I,
Parameter Symbol Unit| Test Conditions
Min. Max.
IOWR low level period tIWIWL 100 ns
CS low setup time to
TOWR high tscsiw 100 ns
CS hold time from IOWR high | tHiwcs 0 ns
ADR/UBE setup time to
TOWR high tsaIw 100 ns
ADR/UBE hold time from WA 0 ns
IOWR high
Input data setup time to
[OWR high tSIDIW 100 ns
Input data hold time from
0
[OWR high tHIWID ns
IORD low level period HIRIRL 150 ns
ADR/CS setup time to
TORD low tSAIR 35 ns
ADR/CS hold time from A o 0
IORD high S
Output data delay time from
iORD low tDIROD 120 ns
Output data float time from
IORD high tFIROD 100 ns
RESET high level period tRESET 2tcyk ns
VoD setup time to RESET low | tsvbD 500 ns
IOWR/IORD wait time tSYIWR 2tcvK ns RESET Low to first
from RESET low Read/Write
IOWR/IORD recovery time tRVIWR 200 ns

- 273




SONY:

€XQ71071

AC Test Waveforms
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Directional 1/0-to-Memory Transfer Timing
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Memory-to-Memory Transfer Timing

S0 s11 §12 s13 s14 $21 §22 s23 524 S| s

e /YA L/

tDAEH —| fe= +» ftDAEL

|

AEN ——I tDSTL

tDSTH ~
ASTB / \

tsAST
- p—tFA2 tDOD
t;
tpa—~| | tHSTA SID| tHID fo-st —
Do — D15 oo
tFA1
]
ADR
UBE
o
tDKLR

r— e ————

MRD \ . tDWL2  [tDWL1  |tDWH
B Ut
WA e/ by N
f——twwiL2
The broken line for MW illustrates the extended write timing.
Ready Timing
s2 s3 swW s4 s1 s2 s3 s4
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READY
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END/TC Timing
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Bus Wait Timing
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,

277 -



cs

N

Programming Mode and RESET Timing

—
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1oWR e tRVIWR
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Functional Description

Bus Control Unit

The Bus Control Unit consists of the address and data buffers, and bus controf logic. The Bus
Control Unit generates and receives signals that control address and data on the internal address
and data buses.

DMA Control 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 the system bus according to
the priority level. The timing control logic provides internal timing and controls DMA operations.

Address Registers

tach DMA channel has one 24-bit Base Address Register and one-24-bit Current Address
Register. The Base Address Registers hold the value written by the CPU and transfer the value to
the corresponding Current Address Register during autoinitialization (address and count are
automatically initialized). The Current Address Register is automatically incremented/decremented
for each transfer and always contains the address to be transferred next

Address Incrementer/Decrementer
The Address Incrementer/Decrementer updates the contents of the Current Address Register
whenever a DMA transfer for one bus cycle has finished.

Count Registers
Each DMA channel has one 16-bit Base Count Register and one 16-bit Current Count Register.
The Base Count Register holds the value written by the CPU and transfers the value to the
corresponding Current Count Register during autoinitialization. The Current Count Register is
automatically decremented for each transfer and generates a terminal count when it reaches zero.
Note: The number of DMA transfer cycles is actually the value of the Current Count Register +1.
Therefore, when programming the Count Register, specify the number of DMA transfers

minus one.

Count Decrementer
The Count Decrementer decrements the contents of the Current Count Register by one when
each DMA transfer cycle has finished.

Contol Registers
The CXQ71071 contains the following control registers:
Channel
Device
Status
Mode
Temporary
Request
Mask
These registers control bus mode, pin active level, DMA operation mode, mask bits, and other
CXQ71071 operating functions.

—279 —



€XQ71071 SONYs

DMA Operation

The CXQ71071 operates in two cycles: Idie and DMA. in an Idle cycle, the CPU uses the system
bus, while in a DMA cycle, the CXQ71071 uses it

Idle Cycle

In an Idle cycle, there are no DMA requests active or there are one or more active DMA requests,
but the CPU has not released the bus. The CXQ71071 will sample the four DMARQ inputs every
clock cycle to determine if any channel is requesting a DMA service. If one or more inputs are
active, the corresponding DMA request bits (RQ) are set and the CXQ71071 will output a bus hold
request (HLDRQ) to the CPU. The CXQ71071 continues to sample DMA requests until it obtains
the bus.

After the CPU returns a HLDAK signal and the CXQ71071 obtains the bus, the CXQ71071 stops
DMA sampling and selects the highest priority channel from the valid DMA request signals.

The CXQ71071 will also sample CS pin, checking an attempt by the CPU to read or write the
internal registers of the device. Address lines A0-A3 select which registers will be read or written
and TORD and TOWR are used to select reading or writing.

DMA Cycle
In @ DMA cycle, the CXQ71071 controls the bus in order to perform DMA transfer operations
based on the programmed information. Figure 1 outlines the sequential flow of a DMA operation.

— 280 —



€XQ71071

SONYe

Figure 1. DMA Operation Flow
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In order to allow an easy interface with an 8- or 16-bit CPU, the data bus width of the CXQ71071
is user programmable for 8 or 16 bits. A 16-bit data bus allows access to the 16-bit internal
registers in one I/O bus cycle.

The initial bus width after reset is set to 8 bits.

The following table shows the relationship of the data bus width, Ao, UBE, and the internal

registers.
Bus Width Ao UBE Internal Read/Write Registers
8 bits X X D7 — Do -<+——8-bit internal register
0 1 D7 — Do-——8-bit internal register
16 bits 1 0] D15 — D8 «———8-bit internal register
0 (0] D15 — Do-——=16-bit internal register
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Terminal Count

The CXQ71071 ends DMA service when it internally generates a terminal count (TC) or when
END externally becomes active. A terminal count is produced when the contents of the Current
Count Register become O and output a low level puise to the TC pin. Figure 2 shows the
relationship between the generation of the Terminal Count and the Current Count Register. The
Current Count Register is tested after each DMA transfer and prior to decrementing it so that the
DMA transfer is actually performed one more than the programmed value of the Current Count
Register.

Figure 2. Generation of Terminal Count (TC)

—

DMA Transfer *CCR: Current Count Register

NO

Decrement CCR

L1
——

Terminal Count

i

Initialize CCR
{Autoinitialize is
enabled)
Decrement CCR
(Autoinitiatize is
disabled)

Unless a channel is programmed for autoinitialize when DMA service ends, the corresponding
bit of the Mask Register is set, and the DMARQ input of the channel is masked.
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DMA Transfer Type

The type of transfer the CXQ71071 performs depends on the following conditions:
« Memory-to-memory transfer enable
. Direction of memory-to-1/O transfer (each channel)
« Transfer mode (each channel)
« Bus mode

Memory-to-Memory Transfer Enable.

The CXQ71071 can perform memory-to-1/0 transfer (one transfer in one bus cycle) and memory-
to-memory transfer (one transfer in two bus cycles).

Memory-to-memory transfer is enabled, when bit O of the Device Control Register is set to 1.
The DMA channel used for memory-to-memory transfer is fixed, with Channel O as the source
channel and Channel 1 as the destination channel. For this reason, the contents of the Count
Registers and word/byte transfer modes of Channels O and 1 should be the same when performing
memory-to- memory transfer. When DMARQO (Channel O} becomes active by software, the transfer
is initiated. The CXQ71071 performs the following operations until a Channel 1 terminal count or
END input is present:

« The memory data pointed to by the Current Address Register of Channel O is read into the

temporary register and the address and count of Channel O are updated.

« The temporary register data is written to the memory location shown by the Current Address

Register of Channel 1, and the address and count of Channel 1 are updated.

Note: If DMARQ1 (Channel 1) becomes active while memory-to-memory transfer is enabled, the
CXQ71071 will perform memory-to-1/0 transfer. Since this may cause erroneous memory-to-
memory transfers, bit 1 of the Mask Register should be set to 1.

During the memory-to-memory transfers, the source side (Channel O} can be programmed to
retain the same address by setting bit 1 of the Device Control Register to 1. In this manner, a range
of memory can be initialized with the same value.

During memory-to-memory transfer, the DMAAK signals and Channel O’'s terminal count (TC)
pulse are not output.

Direction of Memory-to-1/0 Transfers

All DMA transfers use memory as a reference point. A DMA Read reads data from memory and
writes to an I/O port. A DMA Write reads data from an |/O port and writes to memory. in memory-
to-1/0 transfer, use the Mode Control Register to set one of the following transfer directions for
each channel and activate the appropriate control signals.

Type Transfer Direction Activated Signals
DMA Read Memory —1/0 IOWR, MRD
DMA Write I/ O ——Memory {ORD, MWR

. Verify transfer outputs address only and does not
Verify _

perform actual transfer

— 283 —



cxQ71071

SONYo.

Transfer Modes

in a memory-to-l/O transfer, the Mode Control Register selects the single, demand, or block
mode of DMA transfer for each channel. The conditions for the termination of each transfer
characterize each transfer mode. The following table shows the various transfer modes and

termination conditions:

Transfer Mode Transfer End Conditions
Single After each byte/word
« END input
. Generation of terminal count
Demand . When DMA request of the channel in service becomes inactive

. When DMA request of a channel in higher priority becomes active
(Bus Hold mode)

Block « END input
« Generation of terminal count

Note: DMA transfer operations using memory-to-memory transfers are identical to the block
transfer mode.

Bus Mode

The Device Control Register selects either the Bus Release or Bus Hold mode. The bus mode
determines how the CXQ71071 returns the bus to the CPU.

Figure 3 shows that in Bus Release mode, only one channel can receive service for each DMA
operation. Whenever DMA service terminates (transfer end conditions depend on the transfer
mode}, the channel returns the bus to the CPU (regardless of the state of other DMA requests) and
the CXQ71071 enters the ldle cycle. When the CXQ71071 regains the bus, another DMA
operation will begin.

In Bus Hold mode, several channels can receive service without releasing the bus after obtaining
it. If there is another valid DMA request when a channel's DMA service is finished, the new DMA
service can begin after the previous service without returning the bus to the CPU. Transfer end
conditions depend on the transfer mode.

Figure 3. Bus Modes Bus Release Mode
CcPU ——
Right to Use
Bus H H H
€XQ71071
Service
Channel CHO CH1 CH2 CH3
Bus Hold Mode
cPU —_—
Right to Use
Bus
cXQ71071
Service i CHO | CH1 | CH2 | CH3 |
Channel H ! 1 : i

The operation of Single, Demand, and Block Mode transfers depends on whether the CXQ71071
is in Bus Release or Bus Hold mode.

— 284 —



cxa71071 SONY:

Single Mode Transfer

In Bus Release mode, when a channel completes the transfer of a single byte or word, the
CXQ71071 enters the Idie cycle regardless of the state of the DMA request inputs. In this manner,
other devices will be able to access the bus on alternate bus cycles.

in Bus Hold mode, when a channel completes the transfer of a single byte or word, the CXQ71071
terminates the channel's service even if it is still asserting a DMA request signal. The CXQ71071
will then service the highest priority requesting channel. If there are no requests from any other
channel, the CXQ71071 releases the bus and enters the Idle cycle.

Demand Mode Transfer

In Bus Release mode, the current active channel continues its data transfer as long as the DMA
request of that channel is active, even though other DMA channels are issuing higher priority
requests. When the DMA request of the channel in service goes inactive, the CXQ71071 releases
the bus to the CPU and enters the Idle state, even if the DMA requests from other channels are
active.

In Bus Hold mode, when the active channel completes a single transfer, the CXQ71071 checks
the other DMA request lines without ending the state of the current service. If there is a higher
priority request, the CXQ71071 suspends servicing the current channel and starts servicing the
highest priority channel requesting service, without releasing the bus. If there is no higher request
than the current one, the CXQ71071 continues to service the currently active channel. Lower
priority DMA requests are honored without releasing the bus after the current channel service is
completed.

Block Mode Transfer

In Bus Release mode, the current channel continues data transfer until a terminal count or the
external END signal becomes active. During this time, the CXQ71071 ignores all other DMA
requests. After completion of the block transfer, the CXQ71071 releases the bus and enters the
ldle cycle even if the DMA requests from other channels are active.

In Bus Hold mode, the current channel transfers data until an internal or external END signal
becomes active. When the service is completed, the CXQ71071 checks all DMA requests without
releasing the bus. If there is an active request, the CXQ71071 immediately begins servicing the
request. The CXQ71071 releases the bus after it honors all DMA requests.

Figure 4 shows the operation flow for the six possible transfer and bus mode operations in DMA
transfer.
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Figure 4. Transfer and Bus Modes Operations
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Byte/Word Transfer

If the Initialize Command selects a 16-bit data bus width, the Mode Control Register can specify
DMA transfer in byte or word units for each channel. The following table shows the byte count by
which the Address and Count Registers are incremented or decremented during byte/word
transfer.

Register | Byte Transfer | Word Transfer
Address +1 +2
Count -1 -1

During word transfers, two bytes starting at an even address are handled as one word. If the initial
value of the programmed address is odd, transfer is started after decrementing the address by 1.
For this reason, always select even addresses as the initial value to avoid destroying data. Byte and
word transfers are controlled by the Ao and UBE signals.

The following table shows the relationship between the data bus width, As and UBE signals, and
data bus status.

Data Bus Width | Ao E| Data Bus Status
8 bits X 1* | D7—Do valid byte
0
1
0

1 | D7—Do valid byte
D15s—Ds valid byte
0 |[D15—Do valid word

16 bits

(=]

*Note: Always 1

Compressed Timing

A DMA transfer cycle is normally executed in four clocks. However, when the Device Control
Register selects compressed timing, one DMA cycle can be executed in three clock cycles.
Compressed timing is only available in block mode (except memory-to-memory} and in demand
mode during Bus Release mode, for 33% more efficiency.

The CXQ71071 is able to omit one clock during compressed timing by not updating the upper
16 bits of the latched address. In Block mode and Demand mode during bus release, addresses are
output sequentially and the upper 16 bits of addresses latched in external latches need not be
updated except after a carry or borrow from A7 to As. For this reason, during compressed timing,
the S1 state {output of upper 16 bits of an address for external latching) can be omitted in the bus
cycles except during the first bus cycle and when the upper 16 bits of an address is changed.
Figure 5 shows wave forms for normal and compressed timing.
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Figure 5. Normal and Compressed Timing Waveforms
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Software DMA Requests

The CXQ71071 can accept software DMA requests in addition to DMA requests from the four
DMARQ pins. Software DMA requests are generated by setting the appropriate bit in the Request
Register. Software DMA requests are not masked by the Mask Register and operate differently
depending on which bus or transfer mode is used.

Bus Mode

When Bus Release mode is set, the highest priority channel among software DMA requests and
DMARQ pins will be serviced, and all bits of the Request Register will be cleared when the service
is over. There may be a chance that other software DMA requests will be cancelled.

When Bus Hold mode is set, only the corresponding bit of the Request Register will be cleared
after a DMA service is over. All software DMA requests will be serviced in the sequence of their
priority level.

Precaution must be taken for software DMA requests for cascade channels (See the Cascade
Connection) in Bus Hold mode. While a cascade channel is serviced, the master CXQ71071
operational mode is changed to Bus Release mode temporarily and all bits of the request register
are cleared when the cascade channel service is over. To avoid this, it is necessary to mask any
cascade channels before issuing a software DMA request. After confirming that all DMA software
services are completed and all bits of the Request Register are cleared, the cascade channel masks
can be cleared.

Transfer Mode

When Single or Demand mode is programmed, the corresponding request bits are cleared and
software DMA service ends with the transfer of one byte/word. When Block mode (memory-to-
memory) is programmed, service continues until END is input or a terminal count is generated.
The corresponding request bits are cleared when service ends.
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Autoinitialize

When the Mode Control Register selects autoinitialize for a channel, the CXQ71071 automatically
initializes the address and count when END is input or a terminal count is generated. Then the
contents of the Base Address and Base Count Registers are transferred to the Current Address and
Current Count Registers, respectively. The corresponding bit of the Mask Register is cleared.
However, the bit of the Mask Register is set for channels not programmed for autoinitialize.

Use the autoinitialize function for the following types of transfers:

Repetitive Input/Output of Memory Area
Figure 6 A shows an example of DMA transfer between a CRT controller and memory. After setting
the same value in the Base and Current Registers, autoinitialize allows repetitive DMA transfer

without CPU involvement.

Figure 6A. Autoinitialize, Application 1

Memory
CRTC CRT
Base Address A Data Bus N
Set Values N| cxario71
Base Count V-RAM v DMA
Set Values A/ ress DMAAK Controtler
Bus i DMARQ

L |t

WMRD €xQ71071 TOWR

Continuous Transfer of Several Memory Areas

The CPU can write the CXQ71071 only to the Address/Count Base Registers for programming
the address/count information. The autoinitialize function can be used to perform continuous
transfer of several contiguous or non-contiguous memory areas during Single or Demand mode in
the Bus Release mode. If the CPU sets information for Area 2 in Base Registers during the previous
transfer of data for Area 1, the Current Registers will be automatically restored from the Base
Registers following the generation of a terminal count. Figure 6B illustrates this procedure.

Figure 6B. Autoinitialize, Application 2

110 Memory €xQ71071 cPU
Write Area 1
::—: Area 1 Informati
/ Base/Current
Registers
Area 1 I
7 Transfer
W Auto-initialize Write Area 2
Area 2 7 Generated Information in
/ Base Register
7
Area 2
Transfer
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Channel Priority

Each of the CXQ71071’s four channels has its own priority. When there are DMA requests from
several channels simultaneously, the channel with the highest priority will be serviced. The Device
Control Register selects two types of priority encoding: fixed and rotational priority. In fixed
priority, channel O is assigned the highest priority through channel 3 the lowest In rotational
priority, priority order is rotated so that the last channel to get service is assigned the lowest
priority with the others rotating accordingly. This method prevents exclusive servicing of some
channel (s). Figure 7 shows the two priority order methods.

Figure 7. Priority Order

(Fixed) Rotational
Highest
Highest
CH1
Service
—
Lowest

Cascade Connection

The CXQ71071 can be cascaded to expand the system DMA channel capacity. To connect a

CXQ71071 for cascading (Figure 8),
1. Connect pins HLDRQ and HLDAK of the slave CXQ71071 to pins DMARQ and DMAAK of any

channels of the master CXQ71071.
2. Set bits 7 and 6 of the Mode Control Register to 11 in order to select Cascade mode for the

Master's channel.

Figure 8. Cascade Connection Example

HLDAK HLDAK fe—— DMA1
i
HLDRQ HLDRQ lo—— DMA2
— DMA3
Cascade |DMAAK HLDAK .
. DMA4
Channe! [DMARQ HLDRQ
[ omas
CcPU CxQ71071 —— oMmaA6
(Master)
"~ Dma7
€xQ71071
(Slave)
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In the master CXQ71071, DMARQ, DMAAK, HLDRQ, and HLDAK only become valid during the
DMA service of the channel set to the Cascade mode. The other signals are disabled so as not to
conflict with the outputs of the active channel in the slave CXQ71071. The master cascade
channel only propagates hold request/hold acknowledge between the slave and CPU.

The master CXQ71071 always operates in the Bus Release mode while a cascade channel is in
service even when the Bus Hold mode is set. Other DMA requests are ignored while a cascade
channel is in service. When the slave CXQ71071 ends DMA service and moves into an Idle cycle,
the master also moves to an ldle cycle and releases the bus. At this time, all bits of the master's
Request Register are cleared. The master operates the other non-cascaded channels normally.

Bus Waiting Operation

In systems using a V40TM/V50™™ as the CPU, even during a DMA cycle, the on-chip refresh control
unit in the CPU may lower the level of the HLDAK signal to inactive and use the bus. Therefore, the
CXQ71071 automatically performs a bus waiting operation in a system that has a bus master
whose priority level is higher than that of the CXQ71071.

The CXQ71071 executes the bus waiting operation if the HLDAK signal becomes inactive during
service in an operating mode where transfer is executed continuously during block transfer mode;
during demand transfer mode in bus release mode; and during memory-to-memory transfer.

When HLDAK becomes inactive during service in other operating modes, the device returns to
the Idle cycle and passes the control of the bus to the higher bus master.

Figure 9 shows that when the HLDAK signal becomes inactive during service for continuous
transfer, the CXQ71071 is set up in an S4w state (bus waiting). Operation moves to an ldle cycle if
DMARQ is inactive in the demand transfer mode.

The HLDRQ signal becomes inactive for a period of about two clocks and the bus is released. The
S4w state is repeated until the HLDAK signal again becomes active and the interrupted service is
immediately restarted.

Figure 9. Bus Waiting Operation

Bus Master
CPU

Higher Priority

Bus Master cxa71o7

CcXxQ71071 |

| o
—

Approx 2 Clocks

HLDRQ —I L—JBut Waiting
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Programming the CXQ71071

To prepare a channe! for DMA transfer, the following information must be defined:

« starting address for the transfer
. number of transfer cycles
« DMA operating modes

« data bus widths

. active levels of the DMARQ and DMAAK signals
The CXQ71071 contain 395 bits of internal memory in the form of registers. The address lines

A3—Ao are used to address the register to be read or written.
The following tables show the register and command configurations.

Register Configuration

Register Bit size| Number
Channel 5 1
Base Address 24 4
Current Address 24 4
Base Count 16 4
Current Count 16 4
Mode Control 7 4
Device Control 10 1
Status 8 1
Request 4 1
Mask 4 1
Temporary 16 1

Note: When using a 16-bit CPU and selecting a 16-bit data bus, use the word IN/OUT instruction
to read/write information two bytes at a time. However, the commands suffixed with “(B)” in

the following table, must be issued with the byte IN/OUT instruction.
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Command Configuration

Address | A/W Command Name msB Format Lse
oH wie) Initialize [ T = [ =] =] =1 —=Th1ees] res|

R(B) Channel Register [[— ] = [ — [ease]ses [ sec2 ] seur | selo]
" e | g | ST = T = [ = T = Temelomen]
M| RMW | ount Regiser [c7 [ ce [cs [ca s [oeafer ] col
3H RIW Read/Write [cis [ c1a Jcis [ciz [ e [ co ] co ] c8 |
4H RW [a7] a6 | as | a4 [ A3 [ a2 [ a1 | a0 |
5H R/W :‘::;mri:“i"" [ats [ Ata [ a13 [ a1z | ann [ a0 | a9 | as |
6H R/W(E) [azs | a2 [ a2t [ Az | a19 | a18 | a17 | a6 |
8H RIW Device Control [ axc [ mau [ exw | rot | cme [poma [anLo| mm |
o AW Reg. Read/Write (=T = =1 =] = [ — [wev[onio]
0AH | R(B) Duatus Register [ras [ raz [ Rar [ Rao [ T3 [ Tez | Te1 | Teo |
0BH | RMWIB) “R"::"Ri‘::;w:m [ tmooe [apm[auti| TR [ — [ we |
oCH R ::’::3";:.3"9- [T [ 76 | 78] 74 [ 78 [ 12 [ 71 [ T0 |
ooH | R (Tr:;":r’;':u:'“' [fs [Ta [ ma[ mz[ i [1o[71e | 18 |
OEH | RwiB) | pedues Red [[= T =] =1 — [snos] sraz]srai|srao]
OFH | Rwie) | ek Tee [T [ =] —J ™ ] m2] m ] m|
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Initialize
The following figure shows the CXQ71071 initialize process.
7 6 5 4 3 2 1 0
o -] -1]- [ - [ - | - I1GBIRES] OUT (Byte only)

0! No operation

Reset’
1| Reset

16-bit? 0| 8-bit data bus
data bus 16-bit data bus

-

Notes: 1. The CXQ71071 initializes as follows:

Register initialization Operation
Initialize Clears all bits

Address No change

Count No change

Channel Selects Channel 0
Mode Control Clears ail bits

Device Control Clears all bits

Status Clears all bits

Request Clears all bits

Mask Sets all bits (masks all channels)
Temporary Clears all bits

2. When using the CXQ71071 in a 16-bit system, set this bit immediately after a hardware
reset since the CXQ71071 always initializes in the 8-bit data bus mode.

Channel Register

This command reads and writes the Channel Register that selects one of four DMA channels for
programming by the Address, Count and Mode Control Registers. This command must be issued
by the byte IN/OUT instruction.

Channel Register Read

7 e 5 4 3 2 1 0
1H lil - |- [sase] sew]seu]ssulsew] IN (Byte only)
| I |
0001|Channel O

Select 0010jChannel 1
" | Channel o100{channel 2
1000(Channel 3

Select Current (read),
O |select both Base and
Current (write)

Base Only|

1 |Select Base {read/write)

Channel Register Write
7 6 5 4 3 2 1 0

wl-T- [-T-T- [Base] seLcH ] ouT (Byte oniy

00| Channel O
Select 01| Channel 1
Channel  [10( channel 2
11| Channel 3

Select Current (read),
O | select both Base and
Current (write)

Base Only

-

Select Base (read/write}
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Count Register Read/Write

If bit 2 of the Channel Register is cleared, a write to the Count Register updates both the Base and
Current Count Registers with the new data. If bit 2 of the Channel Register is set, a write to the
Count Register only affects the Base Count Register.

The Base Count Registers hold the initial count value until a new count is specified. If autoinitia-
lization is enabled, this value is transferred to the Current Count Register when an ENDor TC is
generated. For each DMA transfer, the Current Count Register is decremented by one.

7 6 5 4 3 2

10
mlols[s|a|[a]e]a]l o] wour

7 8 & 4 3 2 1 0
3H [Fslc14| CHEREE [ciof co | s | mvour

Address Register Read/Write

The word IN/OUT instruction is used to specify the lower two bytes (4H and 5H) of the register if
a 16-bit data bus width is selected. The byte IN/OUT instruction must be used to specify the upper
byte (6H) of the register. When bit 2 of the Channel Register is cleared, a write to the Address
Register updates both the Base and Current Address Registers with the new data. If bit 2 of the
Channel Register is set, a write to the Address Register only affects the Base Address Register.

The Base Register holds the starting address value until a new value is specified and this value is
transferred to the Current Address Register during autoinitialization. For each DMA transfer, the
Current Address Register is incremented or decremented by two during word transfer and by one
during byte transfer.

7 6 5 4 3 2 1 0
an[ar [ as[m[as]a2]ar]| a0 | wour

7 6 s 4 3 2 1 0
5H |A15[A14]A13|A12|A11|A1o] s [ a8 | mvour

7 6§ 5 4 3 2 1 0
o1 [ 23 [az2[a21 [ a20 ] a19] a18 [a17] ate | vour (eyte oniy)
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Device Control Register Read/Write

The Device Control Register Read/Write command reads from and writes to the Device
Control Register. If using a 16-bit data bus, the word IN/OUT instruction is used to read and write
16-bit data.

7 6 &5 4 3 2 1 0
sH [ akL] raL[exw] RoT | cmp [oomalaniof mTm | wour

M y-to- O | Disable
Memory 1 | Enable

Fixed' O | Disable for CHO
Address 1 | Enable for CHO
Disable DMA | O | Enable
Operation® 1 | Disable
Compressed 0 | Normal
Timing® 1 | Compressed
Rotational O | Fixed

Priority 1 { Rotational
Extended 0 | Normal
Writing® 1 | Extended
DMARQ 0 | Active high
Active Level 1 | Active low
DMAAK 0 | Active high
Active Leve! 1 | Active low

5 4 3 2 1 4]

SH ri ] i [ - T -] -1 -]wev|suo} wrour

0 | Bus Reloase
1 | Bus Hold

Bus Mode

Wait Enable O | Disable
During Verify® | 1 | Enable

Notes: 1. This bit is meaningless when MTM = Q.

2. Disables HLDRQ to the CPU to prevent incorrect DMA operation
while the CXQ71071's registers are being initialized or modified.

3. Performs compressed timing DMA transfer in block or demand mode
during bus release.

4, When EXW is 0, the write signal becomes active {normal write) during
S3 and SW (see the timing waveforms). When 1, the write signal
becomes active during S2, S3, and SW (like the read signal).

5. Wait states are generated by the READY signal during a verity trans-
fer.
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Mode Control Register Read/Write

This command reads from and writes to the Mode Control Register to specify the operating mode
for each channel. The Channel Register selects the Mode Control Register. This command must be
issued by the byte IN/OUT instruction.

7 6 5 4 3 2 1 o]

0AH| TMODE IADIRIAUTII ToR [ - ] wig |
Word/byte | O | Byte
Transfer' 1 | Word
00 | Verity
Transfer 01 | VO-to-memory
Direction® | 10 | Memory-to-1/0
11 | Not allowed
Auto- 0 | Disable
initialize® 1 | Enable
Add ol
Draction® 1 | Decrement
00 | Demand
Transfer 01 | Single
Mode® 10 | Block
11 | Cascade

Notes: 1. When a 16-bit data bus is selected, this bit selects DMA transfer by
word or byte.

2. These bits select the DMA transfer direction between memory and
1/0. These bits are meaningless during memory-to-memory transfer.

3. Channel! 0 and 1 must have the same AUT] bit vaiue when performing
memory-to-memory transfer.

4. This bit decides the update direction of the Current Address Register.
When ADIR is 0, the register increments by 1 for a byte transfer and
by 2 for a word transfer. When ADIR is 1, the register decrements by
1 for a byte transfer and by 2 for s word transfer.

6. These bits select the transfer mode during DMA transfer between
memory and 1/O, and are meaningless during memory-to-memory
transfer.

Status Register Read

This command reads the Status Register for the individual DMA channel that has DMA request
states and terminal count or END information. This command must be issued by the byte IN
instruction.

7 6 5 4 3 2 1 0
0BH [ R03| R02I Rm] Rool TC3 ] Tczl 71 | 100 ] IN (Byte only)
I | J

Terminal 0 | Not ended (for each read)

Count 1 | END or terminat count

0 { No DMA request active

DMA DMA request {unmasked
Req 1 | or softy g
recognized)
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Temporary Register Read
If a 16-bit data bus is selected, the word IN instruction is used to read 16-bit data with this

.command. The last data transferred in memory-to-memory transfer is stored in the temporary
register. If an 8-bit data bus is selected, the value of the upper byte becomes undefined.

7 6 5 4 3 2 1 0
oculn[rsl*rs]m[m[u]n[roj N

7 6 5 4 3 2 1 0
ODH [T15]T14]T13|T12]Tn[no] R

Request Register Read/Write
This command reads from and writes to the Request Register to generate DMA requests by
software for the four corresponding DMA channels. This command must be issued by the byte

IN/OUT instruction.

7 (] 5 4 3 2 1 ]

OEH [_ [ — [ - [ - [snoa]snoz]snm[snoo] IN/OUT {Byte only)
Software DMA | O | Reset
Request 1 | set

Mask Register Read/Write
This command read from and writes to the Mask Register to control DMA request for the corres-

ponding four DMA channels by DMARQ3—DMARQO. This command must be issued by the byte
IN/OUT instruction.

7 6 § 4 3 2 1 0
o [T - T -1 - ]ms]m] m|m] moutiemeonm

0O | Not masked
Masked

DMARQ Mask

-
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DMA Transfer Modes

Figures 10 through 15 show state transition diagrams for the different modes of DMA transfer.

RESET

Figure 10. Idle Cycle

SI: DMA request idle cycle

SO0: HLDAK wait state

$1: Address latch state

$2: Read signal output state

§3: Write signal output state

S4: Read/Write signal recovery state
SW: READY wait state

S4w: Bus wait state

1: Memory-1/O Transfer
2: Memory-to-Memory Transfer

Figure 11. DMA Cycle, Cascade Mode
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Figure 12. DMA Cycle, Single Mode
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Figure 13. DMA Cycle, Demand Mode
1
$1
s2
END Input
END Flag Set R
ag sw
s3
N READY?
READY?
Y Y
s4
N
@ Bus Hold? s
Y —
ENDorTC? HLDAK?
N Y
N
HLDAK? orTC?
Y N og:"n:" N
DMARQ?
N gfwcn:. Any N Y
OMARQG? DMARQ?
Y \%
mp N 3
imin
Y
Y
N
N

* Carry or Borrow to Upper Two-Bytes of Address?
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Figure 14. DMA Cycle, Block Mode

Other
Channel
DMARQ?,

* Carry or Borrow to Upper Two-Bytes of Address?
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Figure 15. DMA Cycle, Memory-to-Memory Transfer

8§11 — S14: Channel 0 Operation
$21 — §24: Channel 1 Operation

END Flag Set

END Flag Set

Bus Hold?

Y
N Other

Channel
DMARQ2,
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Transfer Timing

Figures 16 through 18 show CXQ71071 timing waveforms.
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CXQ71071
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Figure 18. Memory-to-memory Transfer

State so | s11 | st2 | s13 | s14 | s21 | S22 | s23 | s | s
-V

ASTB /\

D15/Ag3 — Do/Ag*1 Caer ) {Din 1 Acr DOut | et
A7 — Ag*2 —+ X ) —
UBE —( X —
WRD — |\ / N
R S, " } \__ I/

Notes: If an 8-bit data bus is selected,
1: D7/A15—Do/As
2: A23—Aie, A7—A0
The broken lines of the MWR signal are for extended write timing.

Figure 19. END/TC Timing

State s1 s2 s3 s4

cLK VA WA WAL WA WA W
T jouteum |/
ENo (INPUT)_—\——/
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Examples of System Configuration

Figures 20 through 22 show system configuration examples using the 8-bit CXQ70108 CPU and the
16-bit CXQ70116 CPU. The CXQ71082 externally latches addresses and data.

Figure 20. System Configuration with CXQ70108

€XQ71082 x 3
A1g— A1

A19— A6 o1 po
A15— Ag L/ A23 — Ag Add
A15-Ag Dol po Bos ress
€XQ70108 A7~ Ag r \ )

AD7 - ADg DI DO
STB OF
ASTB bt
HLDAK HLDRQ D7~ Dg .
ata
1 L > Bus
HLDAK HLDRQ A7 - Ag (\ J
A7 - Ak
€XxQ71071
A18/D7 — I
Ag/Dg 1
Aga/D A23 - Atg
23/D15 —
A16/Dg >
€XQ71082
ASTB
AEN ol Do

sT8 OF A5 — Ag
b |
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UBE, A1g — A1g) Mo

CXQ71082 x

 UBE, Atg— Atg

DO

Figure 21. System Configuration with CXQ70116, Byte Transfer

A16-Ag k/ UBE, A23 - Ag
Address
ADq5 — ADg I ).
15 5 ‘ DI DO Bus
C€xQ70116 A7-Ag
AD7 — ADg | Api DO
sT8 OE 7\
[}
ASTB s —o}
| D15 - Dg
HLDAK HLDRQ > Data
1 T 7\ O Bus
HLDAK HLDRQ Ay —Ag § Y
A7 — Ag =
K- g A OE |
o
A18/D7 —~ D7 - Dg
Ag/Dg Data
cxQa71071 ry Bus
€XQ71082 x 2 <
A23/015 ~[K ]
A1e/08 DI DO &
<
ASTB E
UBE AEN DI DO
STB OE
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Figure 22.

System Configuration with CXQ70116, Word Transfer

€XQ71082 x 3
UBE, Atg — A1g
UBE, A1g — A16 JMpbi Do
A16 — Ag UBE, Ag3 - Ag Ada
ADqg5— ADg DI DO Bus e
€XQ70116 A7 Ag /N
AD7 — ADg DI DO
sT8 OE
| I
ASTB ——o<|—| D15~ Do
HLDAK HLDRQ Data
l r Bus
HLDAK HLDRQ A7-Ag m m
A7- A0 K
D7 — Do
Aq5/D7 —
Ag/Do
€XQ71071 D15 - Dg @
A2/D15 —L €XQ71082 x 2 I
A16/Dg o
i JdAot  Dpo <
ASTB |§
UBE AEN ol Do
sT8 OF
— |
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