CA82C37A

PROGRAMMABLE DMA CONTROLLER

» Pin and functional compatibility with the
industry standard 8237/8237A

» Fully static, high speed - 10, 8 and 5 MHz
versions avallable

+ Low power CMOS implementation
« TTL input/output compatibility

+ Compatible with 8080/85, 8086/88,
80286/386 and 68000 pP families

+ Fully static

+ Four independent maskable DMA channels
with autoinitialize capability

* Memory-to-memory transfer
+ Fixed or rotating DMA request priority

+ Independent polarity control for DREQ and
DACK signals

» Address increment or decrement selection
- Cascadable to any number of channels

The CA82C37A is a high performance, programmable
Direct Memory Access (DMA) controlier offering pin-for-
pin functional compatibility with the industry standard
8237/8237A. It features four channels, each indepen-
dently programmabile, and is cascadable to any number
of channels. Each channel can be programmed to auto-
initialize following DMA termination.

In addition, the CA82C37A supports both memory-to-
memory transfer capability and memory biock initial-
ization, as well as a programmable transfer mode.

The CA82C37A is designed to improve system perfor-
mance by allowing external devices to transfer data
directly from the system memory. High speed and very
low power consumption make it an ideal component for
aerospace and defence applications. The low power con-
sumption also makes it an attractive addition in portable
systems or systems with low power standby modes.
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Table 1 : PIN DESCRIPTIONS

Symbol Pins Type Name and Function
PLCC | PDIP

Low Address Bus: Bi-directional, 3-state signals. The 4 least significant address lines.
Aga 36-39(32-35| VO | e Cydle (Inputs). Addresses the CAB2C37A control register to be loaded or read.
Active Cydle (Outputs). Lower 4 bits of the transfer address.

Ay 41-44137-40| O |High Address Bus: 3-state output signals. The 4 most significant address lines
representing the upper 4 bits of the transfer address. Enabled during DMA service only.

Address Strobe: Active HIGH output signal to control latching of the upper address byte.
ADSTB 10 8 O |Drives the strobe input of external transparent octal latches. During block operations, ADSTB is
activated only if the upper address byte needs updating, eliminating S1 states and accelerating
operation. ,

Address Enable: Active HIGH output signal to enable the 8-bit latch containing the higher
AEN " 9 O |order address byte onto the system address bus. During DMA transfers, it can disable other
system bus drivers. .

Clock Input: Generates timing signals % cortrol internal operations and data transfer rate.
CLK 14 12 | {Input can be driven from DC to maximum frequency. CLK may be stopped in Active or Idie Cycle
for standby operation.

cs 13 1 | |Chip Select: Active LOW input signal to select the CA82C37A as an VO device (idle Cyde)
for CPU commurication on the data bus.

DACKg3128,27,/14,15,! O |DMA Acknowledge: Individual channel active LOW (RESET) or HIGH (programmable) output
16,18 24,25 lines. Informs a peripheral that the requested DMA transfer has been granted.

Data Bus: Bi-directional 3-state data lines connected to the system data bus.

Idle Cycle. During VO Read (Program condition), outputs are enabled and contents of
DBg 7 34-30|21-23] VO |CA82C37A internal registers are read by the CPU. In O Write, outputs are disabled and data
26-24| 26-30 from the data bus are written into the registers.

Active Cycle. The upper byte of the transfer address is output to the data bus during DMA VO
device-to-memory ftransfers. In memory-to-memory transfers, data is read into the CAB2C37A
Temporary Register from data bus inputs during the read-from-memory transfer, and written to
the new memory location by data bus outputs during the write-to-memory transfer.

DMA Request: Asynchronous DMA service request input lines from VO devices. DMA
_ service is requested by activation of the channel from a specific device. DREQ must be
DREQoq| 22-19116-19| | | o ined until DACK {service acknowledge) is activated.

VO Device Priority. Order of service is programmable. Priority may be Fixed (descending order
from Channel 0) or Rotating (Most recent channet served gets the lowest priority).

End of Process: Active LOW bi-directional 3-state signal. The CAB2C37A terminates DMA
service when EOP is activated.

Intemnal EOP (Output). EOP is activated when the word count for any channel tums over from
0000(H) to FFFF(H) and a TG pulse is generated. In memory-to-memory transfers, service is
terminated when TC for channel 1 occurs.

External EOP (Input). An external EOP signal pulling EOP low terminates active DMA service.
An EOP signal also resets the DMA request. If autoinitialize is enabled, the base registers are
written to the current registers of the channel. If the channel is not programmed for autoinitialize,
the mask bit (Mask Register) and TC bit (Status Register) are set for the currently active
channel. The mask bit is not changed if the channel is set for autoinitialize. Since EOP is driven
by an open drain transistor on-chip, it should be maintained HIGH with a pull-up resistor in order
to avoid erroneous EOP inputs. .

EQP 40 36 Vo
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Table 1 : PIN DESCRIPTIONS con't

Pins
PLCC | PDIP
HLDA 9 7 |

Svmbol Type Name and Function

Hold Acknowtedge: Active HIGH input signal from the CPU, following an HRQ. Notifies the
CAB2C37A that the CPU has released control of the system buses.

Hold Request: Active HIGH output signal to the CPU. Requests control of the system buses.
HRQ is issued following a request for DMA service (DREQ) from a peripheral, and is
acknowledged by the HLDA signal.

/O Read: Active LOW bi-directional, 3-state signal.

Idle Cycle . CPU input control signal for reading the Control Registers.

‘| Active Cycle. Output control signal to read data from a peripheral device during a DMA cycle.

1/O Write: Active LOW bi-directional, 3-state signal.

idle Cycle. CPU input control signal for loading information into the CA82C37A.

Active Cycle. Output control signal to load data to a peripheral device during a DMA cycle.

Memory Read: Active LOW 3-state output signal. CASB82C37A reads data from a selected
memory address during a DMA Read or Memory-to-Memory transfer.

Memory Write: Active LOW 3-state output signal. CAB2C37A writes data to a selected
memory address during a DMA Write or Memory-to-Memory transfer.

Ready: A LOW Ready signal extends the Memory Read and Write pulse widths from the
CAB82C37A to accomodate slow VO peripherals or memories. Transitions must not be made
during the specified setup/hold time.

Reset: Active HIGH asynchronous input signal. Clears the Command, Status, Request and
Temporary Registers, the Mode Register Counter and the First/Last Flip-Flop. The Mask Register
is set to ignore DMA requests. The CA82C37A is in idle Cycle following Reset.

Power: 5V +10% DC Supply.
Ground: OV

N

HRQ 12 10 (o]

iOR 1 1 vo

READY | 6 (-] I

RESET | 15 13 I

FUNCTIONAL DESCRIPTION

The CA82C37A DMA controller is a state-driven address
and control signat generator designed to accelerate data
transfer in systems by moving data from an 1/O device to
memory, or a block memory to an IO device. Data
transfers are direct, rather than being stored enroute in a
temporary register.

The CA82C37A also mediates memory-to-memory block
transfers and will move data from a single location to a
memory block. Temporary storage of data is required,
but the transfer rate is significantly faster than CPU
processes. The device provides operating modes to
carry out both single byte and block transfers of data. An
operational flowchart of the CA82C37A is shown in
Figure 3.

The organization of the CA82C37A is shown in the
block diagram. It is composed of three logic blocks, a
series of internal registers and a counter section. The
logic blocks include the Timing Control, Command
Control and Priority Encoder circuits.

The Timing Control block generates internal timing
signals from the clock input and produces external
control signails.

Command Control decodes incoming instructions from
the CPU, and the Priority Encoder block regulates DMA
channel priority.

The internal registers hold internal states and instruc-
tions from the CPU. Addresses and word counts are
computed in the counter section.
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Table 2 : AC CHARACTERISTICS, DMA (Master) MODE (T4 = —40° to +85°C, Vpp = 5V +10%, Vs = 0V)

Symbol Parameter Limits (5 MH2) Limits (8 MHz) Limits (10 MHz) Units
. ‘ Min | Max | Min | Max | Min | Max

tac. | AEN HIGH from CLK LOW (S,) Detay Time - 175 - 105 - 90 ns
tacr | AEN LOW from CLK HIGH (S,) Delay Time - 130 - 80 - 80 ns
taraB | ADR Active to Float Delay from CLK HIGH - 90 - 55 - 55 ns
tarc | READ or WRITE Float Delay from CLK HIGH - 120 - 75 - 75 ns
tarpe | DB Active to Float Delay from CLOCK HIGH - 170 - 135 - 100 ns
tar | ADRfrom READ HIGH Hold Time tey - 100 - tey-75 - toy - 75 - ns
faus | DB from ADSTB LOW Hold Time (see Note 1) 30 - 25 - 20 - ns
tauw | ADR#rom WRITE HIGH Hold Time tcy -50 - tcy - 50 - toy - 50 - ns

DACK Valid from CLK LOW Delay Time - 170 - 105 - 90 ns
tax ‘EOP HIGH fromCLK HIGH Delay Time - 170 - 105 - 90 ns

EOP LOW from CLK HIGH Delay Time - 100 - 60 - 60 ns
tasy | ADR Stable from CLK HIGH - 110 - 90 - 80 ns
tass | DBto ADSTB LOW Setup Time 100 - 85 - 50 - ns
tcH CLK HIGH Time (Transitions 10 ns) 70 - 55 - 45 - ns
o CLK LOW Time (Transitions 10 ns) 70 - 55, - 40 - ns
toy CLK Cycle Time 200 - 125 - 100 - ns
tocr | CLKHIGH to READ or WRITE LOW Delay - 190 - 120 - 90 ns
toctr | READ HIGH from CLK HIGH (S;) Delay Time - 190 - 115 - 95 ns
toctw | WRITE HIGH from CLK HIGH (S,) Delay Time - 130 - 80 - 80 ns
toat HRQ Valid from CLK HIGH Delay Time - 120 - 75 - 75 ns
toaz | HRQ Valid from CLK HIGH Delay Time - 120 - 75 - 75 ns
teps | EOP LOW trom CLK LOW Setup Time 40 - 25 - 25 - ns
tepw | EOP Pulse Width 220 - 135 - T 80 - ns
traas | ADR Float to Active Delay from CLK HIGH - 110 - 90 - 80 ns
trac | READ or WRITE Active from CLK HIGH - 150 - 90 - 90 ns
trapg | DB Float to Active Delay from CLK HIGH - 110 - 90 - 80 ns
ths HLDA Valid to CLK HIGH Setup Time 75 - 45 - 45 - ns
ton | Input Data from MEMR HIGH Hold Time 0 - 0 - 0 - ns
tps | Input Data to MEMR HIGH Setup Time 155 - 90 - 80 - ns
topn | Output Data from MEMW HIGH Hold Time 15 - 15 - 15 - ns
topv | Output Data Valid to MEMW HIGH 125 - 85 - 65 - ns
tas DREQto CLK LOW (S, Sy) Setup Time o . - 0 - [} - ns
tan CLK to READY LOW Hold Time 20 - 20 - 10 - ns
trs READY to CLK LOW Setup Time 60 - 35 - 35 - ns
tsT. | ADSTB HIGH from CLK HIGH Delay Time - 80 - S0 - 50 ns
tsTr | ADSTB LOW from CLK HIGH Delay Time - 90 - 90 . 90 ns

Note 1 : - tays = 20 ns minimum for industrial temperature range devices.
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Figure 4 : TIMING DIAGRAMS (MASTER MODE)

a) DMA Transfer Timing
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c) Compressed Transfer Timing
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d) Ready Timing
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e) Reset Timing
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Table 2 : AC CHARACTERISTICS, PERIPHERAL (Slave) MODE (T4 = ~40° to +85°C, Vpp = 5V + 10%, Vgg = OV)

Symbol Parameter Limits (5 MHz) Limits (8 MHz) ' Limits (10 MHz) Units
. Min Max Min | Max | Min | Max
tan | ADR Valid or CS LOW to READ LOW 10 . 10 i - & o | - i ns
taw | ADR Validto WRITE HIGH Setup Time 130 - 30 - 60 . - i ns
ow | C5 LOW to WRITE HIGH Setup Time 130 } 100 : 8 | - | ns
tow Data Valid to WRITE HIGH Setup Time 130 - a0 - 60 . - ' ns
taa | ADR or CS Hold from READ HIGH 0 - o | i 0 i - . ns
tape | Data Access from READ - 140 - 120 | - . 110 | ns
troe | DB Float Delay from READ HIGH o | 70 0 70 i ¢ 70 | ns
tastp | Pwr Supply HIGH to RESET LOW Setup Time 500 - 500 - 500 - | ns
thsTs | Reset to First IOWR 2tcy - 27tey - 2ty - Poons
tasTw | RESET Pulse Width 300 - 200 - 100 | - ! ns
thw READ Width 200 - 155 - 120 i - | ns
twa ADR from WRITE HIGH Hold Time 0 - 0 - 0 - ns
twe | CSHIGH from WRITE HIGH Hold Time 0 - 0 - 0 - ns
two Data from WRITE HIGH Hold Time 10 - 10 - 10 - ns
twws | WRITE Width 150 - 100 - %0 |- ns

Figure 5 : TIMING DIAGRAMS (SLAVE MODE)
a) Slave Mode Read Timing
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Figure 5 : TIMING DIAGRAMS (SLAVE MODE) con't

b) Slave Mode Write Timing
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T 1
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PINS V4 Ry C
All Outputs Except EOP 1.7V 5202 100pF _
EOP vDD 1.6KQ 50 pF

Figure 6 : AC TEST CIRCUITS
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Figure 7 : AC TESTING INPUT, OUTPUT WAVEFORMS
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Newbridge Microsystems CA82C37A

Table 4 : DC CHARACTERISTICS (T, = —40° to +85°C, except as noted, Vpp=+5 V +10%, Vgs=0V)

Limits
Symboi Parameter Test Conditions Min Max Units
lopor Operating Power Supply Current Vpp=55V - 2.0 mA/mHz
Vin=Vppor Vgs
Outputs Open
ippsa Standby Power Supply Current Vop=55V - 100 HA
Vin=Vppor Vss
Outputs Open
"y tnput Leakage Current OVsSVnSVpp -1.0 +1.0 HA
low Output Leakage Current 0V <Vour<Vpoo -10.0 +10.0 pA
Vi Logical One Input Voltage 2.0 - v
Vo Logical Zero Input Voltage - 0.8 v
Vou Output High Voltage lop =—2.5mA 24 - v
lon = =100 pA Vpp—-0.4 - v
Voo Output Low Voltage log =+3.2mA - 0.4 v

Notes:

1. Inputtiming parameters assume rise and fall transistion times of 20 ns or less.

2. The net IOW or MEMW pulse width for a normal write will be tcy — 100 ns, and for an extended write will be 2«¢cy — 100 ns.
The net IOR or MEMR pulse width for a normal read will be 2-tcy — 50 ns and for a compressed read will be tcy ~ 50 ns.

3. DREQ shouldbe held active until DACK s returned.
4. DREQ and DACK signals may be active HIGH or active LOW. The timing diagrams assume active HIGH.

5. Successive read and/or write operations by the external procassor to program or examine the controller must be timed to
allow at least 100 ns (CA82C37A-10) and 200 ns (CAB2C37A-5) as recovery time between active read or write pulses.

6. EOPis anopen drain output, and requires a pullup resistor to Vpp.
7. Pin 5 can be either tied to Vpp, or left unconnected.
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Table 5 : CAPACITANCE (T, = 25°C, Vpp = Vss =0V, Vi = +5 V of Vgg)

Symbol Parameter Test Conditions Typ Units
Cwo VO Capacitance 20 pF
Ciy Input Capacitance FREQ =1 MHz 5

Unmeasured pins retumed to Vgg
Cout Output Capacitance 15

Table 6 : RECOMMENDED OPERATING CONDITIONS

DC Supply Voltage +4Vio+8V
Operating Temperature Range Commercial 0°C 10 +70°C
Industrial —40°C 0 +85°C

Table 7 : ABSOLUTE MAXIMUM RATINGS

DC Supply Voltage. +70V
Input, Output or VO Voltage Applied Vgs—0.5VioVpp+ 0.5V
Storage Temperature Range -65°C to +150°C
Maximum Package Power Dissipation 1w

Stresses beyond those listed above may cause permanert damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of this specification is
not implied. Exposure to maxinum rating conditions for extended periods may affect device reliability.
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INTERNAL REGISTERS

The CA82C37A contains 27 registers that are used
internally for control and temporary data storage. These
registers are listed in Table 8 below, and described in
the subsections following.

Table 8 : INTERNAL REGISTERS

Name Number Size
Base Address Registers 4 16-bit
Base Word Count Registers 4 16-bit
Command Register 1 8-bit
Current Address Registers 4 16-bit
Current Word Count registers 4 16-bit
Mask Register 1 4-bit
Mode Registers 4 6-bit
Request Register 1 4-bit
Status Register 1 8-bit
Temporary Address Register 1 16-bit
Temporary Register 1 8-bit
Temporary Word Count Register 1 16-bit

Base Address and Base Word Count Registers

Each of the four (4) channels has a pair of Base Address
and Base Word Count Registers. These 16-bit registers
store the original value of their associated current
registers. During Autoinitialize these values are used to
restore the current registers to their original values.

The base registers are written simultaneously with their
corresponding current register (in 8-bit bytes) by the
microprocessor when in the Program Condition. These
registers cannot be read by the microprocessor.

Command Register

The operation of the CA82C37A is controlled by the 8-
bit Command Register. It is programmed by the
microprocessor and is cleared by a Reset or a Master
Clear instruction. Figure 8 lists the function of the
command bits, while Table 12 contains the Read and
Write addresses.

[7]s]s]«[a]2]]o]
o [0 ] Memory-to-memory disable |
" {1 ] Memory-to-memory enable |

Channel 0 address hold disable
Channel 0 address hold enable
IfbitO=0

O[ Centrolier enable ]
1] Controller disable |

»
>

Xj=|o

-
>

Normal timing
Comp d iming
Hbit0=1

[0 [Fixed priority ]
" [1]Rotating priority ]
0 | Late write selection

1| Extended write selection
X{Hbit3=1

o [0 [ DREQ sense active HIGH
" [1 |OREQ sense active LOW

_ [0] DACK sense active LOW
" [1] DACK sense active HIGH

>

x|~ o

Figure 8 : COMMAND REGISTER

Current Address Register

Each of the channels has a 16-bit Current Address
Register. This register holds the value of the address
used during DMA transfers. The address is automatically
incremented or decremented after each transfer, with
the values of the address stored in the Current Address
Register during the transfer.

This register is written or read by the microprocessor in
successive 8-bit bytes. It may also be reinitialized (by an
Autoinitialize) back to its original_value, where an
Autoinitialize takes place only after an EOP.

In memory-to-memory mode, the channel 0 Current
Address Register can be prevented from incrementing
or decrementing by setting the address hold bit in the
Command Register.

Current Word Register

Each of the channels also has a 16-bit Current Word
Count register which is used to determine the number of
transfers to be performed. The actual number of
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transfers is one more than the number programmed in

the Current Word Count register (i.e. programming a r g L

count of 100 will result in 101 transfers). The word count l l

is decremented after each transfer, and when the value

in the register goes from zero to FFFFH, a terminal count 0 10 | Channel 0 sslected
(TC)is generated. (: ; g::z’;m:
This register is loaded or read in successive 8-bit bytes 1]1] Channel 3 selected

by the microprocessor in the Program Condition.
Following the end of a DMA service it may also be
reinitialized by an Autoinitialize back to its original value.
Again, Autoinitialization can occur only after an EOP. If
not Autoinitialized, this register will have a count of
FFFFH after TC.

Mask Register

Each of the channels has associated with it one mask bit
in the 4-bit Mask register which can be set to disable an
incoming DREQ. Each mask bit is set when its assoc-
iated channel produces an EOP if the channel is not
programmed to Autoinitialize. The Mask Register bit for
each channel can be set or cleared either individually or
simultaneously as a group under software control.

To set and reset the mask bits for all channels at once,
refer to the Write All Mask Bits command in Table 12, and
to Figure 9.

The entire register can also be set by a Reset or Master
Clear. This disables all hardware DMA requests until a
clear Mask register instruction allows them to occur. The
instruction to individually set or clear single mask bits is
similar in form to that used with the Request register.
Refer to the Figure 10 and to Write Single Mask Bit
command in Table 12 for details.

In reading the Mask Register, bits 4-7 will always read as
logical ones, and bits 0-3 will display the mask bits of
channel 0-3, respectively. The 4 bits of the Mask
Register may be cleared simultaneously by using the
Clear Mask Registercommand (see Table 12).

FEELEER:)

0 | Channel 0 mask bit cleared
|1 | Channel 0 mask bit set

{0 ] Channel 1 mask bit cleared
" [1] Channel 1 mask bit set

[0 ] Channel 2 mask bit cleared
|1 | Channel 2 mask bit set

o]0 [ Channel 3 mask bit cleared
{1 [ Channel 3 mask bit set

———————»{Notused ]
Figure 9 : MASK REGISTER (Write Operation)

0 | Mask bit cleared

(1 [Maskbitset — |
e »{Not used ]

Figure 10 : MASK REGISTER (SeVReset Operation)

Mode Register

Each of the channels has a 6-bit mode register
associated with it. When this register is being written to
by the microprocessor in the Program Condition, bits 0
and 1 determine which channel Mode Register is to be
written. When the processor reads a Mode Register, bits
0 and 1 are both ones. See Figure 11 and Table 12 for
Mode Register functions and addresses.

[EERERT

<&
ad

Channei 0 select
Channel 1 select
Channel 2 select
Channel 3 select
Readback

x|=]|o]=|e

J x-‘-‘00<—|—
<
<

Verily transfer
Write transfer
Read lransfer
lilegal
libits6and 7 = 11

0
0
1
1
X

x|={o]-=[e

A4

[o T Autoinitialize disable 1
|31 Autoinitialize_enable ]

o [0 [ Address increment select ]
|1 | Address decrement select |

Demand mode select

0
1| Single mode select
o]
1

Block mode select
Cascade mode select

~[=]efe

Figure 11 : MODE REGISTER
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Request Register

The CA82C37A responds to requests for DMA service
initiated by the software and by a DREQ. Each channel
has a non-maskable request bit associated with it in the
4-bit Request Register. These are subject to priori-
tization by the priority Encoder network with each bit set
or reset separately under software control. To set/reseta
bit, the software loads the proper form of the data word.
The entire register is cleared by a Reset. See Table 12
for register address coding, and Figure 12 for Request
Register format.

Select channel 0

ojo
0} 1] Select channel 1
110
1{1

Select channel 2
Select channel 3

o[ 0} Reset request bit ]
7 [1]_Set request bit }
!
}

ol Don't Care; Write Bits 4-7
V| [Al Ones, Read

Figure 12 : REQUEST REGISTER

A software request for DMA operation can be made in
block or single modes. For memory-to-memory transfers,
the soiftware request for channel 0 should be set. When
reading the request register, bits 4-7 will always read as
ones, and bits 0-3 will display the request bits of
channels 0-3 respectively.

Status Register

The CA82C37A Status Register can be read by the
microprocessor. It contains information about which
channels have reached a terminal count and which
channels have pending DMA requests.

Bits 0-3 are set every time a TC is reached by that chan-
nel or an external EOP is applied. These bits are cleared
upon Reset, Master Clear, and on each Status Read.

Bits 4-7 are set whenever their corresponding channel is
requesting service, regardless of the mask bit state. If
the mask bits are set, software can poll the status
register to determine which channeis have DREQs, and
selectively clear a mask bit, thus ailowing user defined
service priority. Status bits 4-7 are updated while the
clock is high, and latched on the failing edge. Status Bits
4-7 are cleared upon Reset or Master Clear.

[7]6]s[#]3[2]]o]

1 Channel 0 has reached TC|

1 Channel 1 has reached TC |
L1 Channel 2 has reached TC|
———I 1 Channel 3 has reached TC]

-—-——| 1 Channel 0 request I
L1 Channel 1 reguest |
—————{ 1 Channel 2 request ]
L————— {1 Channel 3 request |

Figure 13 : STATUS REGISTER

Temporary Register

The Temporary Register is used to hold data during
memory-to-memory transfers. When the transfers are
completed, the last word moved can be read by the
miCroprocessor.

Note that the Temporary Register always contains the
last byte transferred in the previous memory-to-memory
operation, unless cleared by a Reset or Master Clear.
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OPERATIONAL DESCRIPTION
DMA Operation idle state. It is entered when the CA82C37A has no

In a system, the CA82C37A address and control outputs
and data bus pins are usually connected in parallel with
the system buses with an external latch required for the
upper address byte. When inactive, the controller's
outputs are in a high impedance state. When activated
by a DMA request (and bus control has been relin-
quished by the host), the CA82C37A drives the buses
and generates the control signals to perform the data
transfer. The operation performed by activating one of
the four DMA request inputs has previously been
programmed into the controller via the command, mode,
address, and word count registers.

For example, if a block of data is to be transferred from
RAM to an /O device, the starting address of the data is
loaded into the CAB2C37A Current and Base Address
Registers for a particular channel, and the length of the
block is loaded into that channel's Word Count Register.
The corresponding Mode Register is programmed for a
memory-to-I/O operation (read transfer) with various
options selected by the Command Register and other
Mode Register bits. The channel's mask bit is cleared to
enable recognition of a DMA request (DREQ), where the
DREQ can be generated by a hardware signal or by a
software command.

Once initiated, the block DMA transfer proceeds as the
controller ouiputs the data address, simultaneous
MEMR and IOW pulses, then selects an 1/O device via
the DMA acknowledge (DACK) outputs. The data byte
flows directly from the RAM to the /O device. After each
byte is transferred, the address is automatically incre-
mented {or decremented) and the word count is decre-
mented. The operation is then repeated for the next
byte. The controller stops transferring data when the
word count register underflows, or an external EOP is
applied.

To better understand CA82C37A operation, consider
the states generated by each clock cycle. The DMA
controller operates in two major cycles, active and idle.
After being programmed, the controller is normally idle
until a DMA request occurs on an unmasked channel, or
a software request is given. The CA82C37A then
requests control of the system buses and enters the
active cycle. The active cycle is composed of several
internal states, depending on the options that have
been selected and the type of operation that has been
requested.

When performing 1/0-to-memory or memory-to-1/O DMA
the CA82C37A can enter seven distinct states, each
composed of one full clock period. State 1 (Sige) is the

valid DMA requests pending, at the end of a transfer
sequence, or when a Reset or Master Clear occurrs.
While in Siqe, the DMA controller is inactive, though it
may be in the process of being programmed by the
processor (Program Condition).

State 0 (S0) is the first state of a DMA service. The
CAB2C37A has requested a hold but the processor has
not yet returned an acknowledge. The CA82C37A may
still be programmed until it has received HLDA from the
CPU. An acknowledge from the CPU will signal that
DMA transfers may begin. S1, S2, S3, and S4 are the
working states of the DMA service. If more time is
needed to complete a transfer than is available with
normal timing, wait states (SW) can be inserted between
S2 or 83 and S4 by the use of the Ready line on the
CAB2C37A.

Note that the data is transferred directly from the 1O
device to memory (or vice versa) with IOR and MEMW (or
MEMR and IOW}) being active at the same time. The data
is neither read into nor driven out of the CA82C37A in
11O-to-memory or memory-to-VVO transfers.

The CA82C37A can enter eight distinct states when
performing memory-to-memory DMA, each composed of
one full clock period. Four states are required for the
read-from-memory step, and four for the write-to-
memory operations. Data bytes in transit are stored
briefty in the Temporary Register.

Table 9 : MEMORY-to-MEMORY TRANSFER STATES

Transfer State Notes
States Numbers
Read-from-Memory S$11,812, Memory-to-Memory
S13,S14 transfers require 8
states for a single
transfer, 4 states for
Write-to-Memory S21,822, the Read-from-
S$23, 824 Memory hatf, and 4
Write-to-Memory
states to complete
the transfer.

idle Cycle

When none of the channels is requesting service, the
CAB2C37A enters the Idle cycle and performs Sige
states. In this cycle, the CA82C37A samples the DREQ
lines on the falling edge of every clock cycle to
determine if any channel is requesting a DMA service.

Note that DMA. requests will be ignored in standby
operation where the clock has been stopped. The
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device will respond to a CS (chip select), in case of an
attempt by the microprocessor to write or read the
internal registers of the CA82C37A. When CS is low
and HLDA is /ow, the CA82C37A enters the Program
Condition. The CPU can then establish, change or
inspect the internal definition of the part by reading or
writing the internal registers.

The CA82C37A may be programmed with the clock
stopped, provided HLDA is low and at least one rising
clock edge occurred after HLDA was driven low, so the
controlier is in a Sigle state. Address lines Ag - A3 are
inputs to the device and_select which registers are read
or written. The IOR and IOW lines are used to select and
time the read or write operations.

Due to the number and size of the internal registers, an
internal flip-flop is used to generate an additional
address bit. This bit is used to determine the upper or
lower byte of the 16-bit Address and Word Count
registers. The flip-flop is reset by a Master Clear or
Reset. Separate software commands can also set or
reset this flip-fiop.

Special software commands can be executed by the
CA82C37A in the Program Condition. These commands
are decoded as sets of addresses with CS, IOR, and
IOW, and do not make use of the data bus. The
commands include: Set and Clear Firstlast Flip-Flop,
Master Clear, Clear Mode Register Counter, and Clear
Mask Register.

Active Cycle

When the CA82C37A is in the Idle cycle, and a software
request or an unmasked channel requests a DMA
service, the device outputs an HRQ to the micro-
processor and enters the Active cycle. Itis in this cycle
that the DMA service will take place, in one of the four
modes described below:

Single Transfer Mode

In single transfer Mode, the device is programmed to
make one transfer only. The word count is decremented
and the address decremented or incremented following
each transfer. When the word count rolls over from zero
to FFFFH, a terminal count bit in the Status Register is
set, an EOP pulse is generated, and the channel Auto-

* initializes if this option has been selected. If not program-
med to Autoinitialize, the mask bit is set, along with the
TC bitand EOP puise.

DREQ must be held active until DACK becomes active.
If DREQ is held active throughout the single transfer,
HRQ goes inactive and releases the bus to the system.

It again goes active and, upon receipt of a new HLDA,
another single transfer is performed, unless a higher
priority channel takes over. In 8080A, 8085A, or
8088/86 systems, this ensures one fult machine cycle
execution between DMA transfers. Details of the timing
between the CA82C37A and other bus control proto-
cols depends upon the characteristics of the micro-
processor involved.

Block Transfer Mode

In Block Transfer Mode, the CA82C37A is activated by
DREQ or software request and continues making data
transfers during the service until a TC, caused by word
count going to FFFFH, or an external End of Process
(EOP) is encountered. DREQ need only be held active
untii DACK becomes active. Again, Autoinitialization
occurs at the end of the service if the channel has been
programmed for that option.

Demand Transfer Mode

in Demand Transfer Mode the CA82C37A continues
making transfers until @ TC or an external EOP is
encountered, or unti DREQ goes inactive. Thus,
transfers continue until the /O device has exhausted its
data capacity. When the I/O device has caught up, DMA
service is re-established by means of a DREQ. in the
interim between services when the microprocessor is
allowed to operate, the intermediate values of address
and word count are stored in the CA82C37A Current
Address and Current Word Count Registers.

Higher priority channels may intervene in the demand
process, once DREQ has gone inactive. Only an EOP
can cause an Autoinitialization at the end of the service.
The EOP is generated either By TC or by an external
signal.

Cascade Mode

This mode is used to cascade more than one
CA82C37A for simple system expansion. The HRQ and
HLDA signals from additional CA82C37A devices are
connected, respectively, to the DREQ and DACK signals
of a channel in the initial CAB2C37A. This allows the
DMA requests of the additional devices to propagate
through the priority network circuitry of the preceding
device. The priority chain is preserved and the new
device must wait for its turn to acknowledge requests.
Since the cascade channel of the initial CA82C37A is
used only for setting the priority of additional devices, it
does not output an address or control signals of its own.
These could conflict with the outputs of the active
channel in the extra devices.
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The CA82C37A will respond to DREQ and generate
DACK but all other outputs except HRQ will be disabled.
An external EOP will be ignored by the initial device, but
will have the usual effect on the added device.

Figure 14 shows two additional devices cascaded with
an initial device and using two of the initial device's
channels. This forms a two-level DMA system. More
CA82C37As could be added at the second level by

DREQgp-3 @
ro
DACKo.3[— >
cPU DREQ HRQ
DACK HLDA
HRQ
HLDA
DREQ HRQ
DACK HLDA
Stage DREQp3 <:l
CA82C37A Vo
DACKo s[>
Stage 2
CA82CI7A

Figure 14 : CASCADED CA82C37As

Table 10 : VO Memory Transfer States *

using the remaining channels of the first level. Additional
devices can also be added by cascading into the chan-
nels of the second level devices, forming a third level.

When programming cascaded controllers, start with the
first level device (the one closest to the microprocessor).
After Reset, the DACK outputs are programmed to be
active /Jow and are held in the high state. If they are used
to drive HLDA directly, the second level device(s)
cannot be programmed until DACK poiarity is selected
as active high on the initial device. In addition, the initial
device's mask bits function normally on cascaded chan-
nels, so they may be used to inhibit second-level
services.

Transfer Types

Each of the three active transfer modes can perform
three different types of transfers. These are Read, Write
and Verify. Write transfers move data from an /O device
to the memory by activating MEMW and IOR. Read
transfers move data from memory to an IO device by
activating MEMR and IOW (refer to Table 10).

Verify transfers are pseudo-transfers. The CA82C37A
operates like Read or Write transfers, generating
addresses and responding to EOP, etc., however the
memory and IO control lines all remain inactive. Verify
mode is not allowed for memory-to-memory operation.
Note that Ready is ignored during verify transfers.

Operational Description Notes
State _
S1 AEN High . S1 state is omitted if there is no
Low Order Bits: Ag- A7 change in the 8 high order bit
High Order Bits: DB, - DB; transfer address during demand
ADSTB High and block mode transfers.
DACK Active
S2 IOR Low or MEMR goes Low S2 state (and S3) are O or
memory 1O timing control states
S3 IOW Low or MEMW goes Low S3 is omitted when compressed
timing is used.
S4 IOR High S4 state completes the DMA
IOW High transfer of one word.
MEMR High
MEMW High
Word count register decremented by 1
Address register incremented (or decremented) by 1

" Invo memory translers, data is transferred directly without being handled by the CAB2C37A.
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Autoinitialize

By programming a bit in the Mode Register, a channel
may be set up as an Autoinitialize channel. During
Autoinitialization, the original values of the Current
Address and Current Word Count Registers are auto-
matically restored from the Base Address and Base
Word Count Registers of that channel following EOP.
The base registers are loaded at the same time as the
current registers by the microprocessor and remain
unchanged throughout the DMA service. The mask bit is
not set when the channel is in Autoinitialize. Following
Autoinitialization, the channel is ready to perform
another DMA service, without CPU intervention, as soon
as a valid DREQ is detected, or a software request is
made.

Memory-to-Memory

The CAB2C37A incorporates a memory-to-memory
transfer feature, to perform block moves of data from
one memory address space to another with minimum of
program effort and time. Programming bit O in the
Command Register selects channels 0 and 1 to operate
as memory-to-memory transfer channels.

The transfer is initiated by setting the software or
hardware DREQ for channel 0. The CA82C37A
requests a DMA service in the normal manner. When
HLDA goes high, the device, using four-state transfers
in Biock Transfer mode, reads data from the memory.
The channel 0 Current Address register is the source for
the address used and is decremented or incremented in
the normal manner. The data byte read from the memory
is stored in the CA82C37A internal Temporary Register.
Another four-state transfer moves the data to memory
using the address in the channel 1 Current Address
register. The Current Address is incremented or decre-
mented in the normal manner, and the channel 1
Current Word Count is decremented.

When the word count of channel 1 goes to FFFFH,a TC
is generated, causing an EOP output which terminates
the service. When Channel 0 word count decrements to
FFFFH the channel 0 TC bit in the Status Register is not
set nor is an EOP generated in this mode. However,
channel 0 is Autoinitialized, if that option has been
selected.

If full Autoinitialization for a memory-to-memory operation
is desired, the channel 0 and channel 1 word counts
must be set to the same value before the transfer
begins. Otherwise, should channel 0 underflow before
channel 1, it Autoinitializes and sets the data source
address back to the beginning of the block. Should the
channel 1 word count underflow before channel 0, the
memory-to-memory DMA service terminates, and chan-
nel 1 Autoinitiatizes but not channel 0.

In memory-fo-memory mode, Channel 0 may be
programmed to retain the same address for all transfers,
allowing a single byte to be written to an entire block of
memory. This channel 0 address hold feature is selected
by bit 1 in the Command Register.

The CAB2C37A responds to extemal EOP signals
during memory-to-memory transfers, but only relin-
quishes the system buses after the transfer is complete
(i.e. after an S24 state). Data comparators in block search
schemes may use this input to terminate the service
when a match is found. The timing of memory-to-
memory transfers is found in Figure 4b. Memory-to-
memory operations can be detected as an active AEN
with no DACK outputs.

Priority

The CA82C37A has two types of priority encoding
available as software selectable options. The first is
Fixed Priority which fixes the channels in priority order
based upon their descending numerical value. The
channel with the lowest priority is 3 followed by 2, 1 and
the highest priority channei, 0. After a channel has been
recognized for service, remaining channels are preven-
ted from interfering with the service until it is completed.

The second scheme is Rotating Priority. The last chan-
nel to get service becomes the lowest priority channel
with the others rotated accordingly. The next lower chan-
nel from the channel serviced has highest priority on the
following request. Priority rotates every time control of
the system buses is retumed to the CPU.

Table 11 : PRIORITY DECISION MODES

Priority Mode Fixed Rotating
Service Terminated Channel - CHg |CHy | CHp {CH3
Highest | CHg |CHy|CHg [ CH3 [ CHg
Order of priority CHy | CHp|CH3 | CHg | CHy
or next DMA CHy | CHg|CHg | CHy |CH2
Lowest CH3 | CHg [CHy | CHp | CH3

With Rotating Priority in a single chip DMA system, any
device requesting service is guaranteed to be recog-
nizéd after no more than three higher priority services
have occurred. Thus any one channel is prevented from
monopolizing the system.

Note that regardless of which priority scheme is chosen,
priority is evaluated every time a HLDA is returned to the
CA82C37A.
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Compressed Timing shows the time relationships between CLK, AEN, ADSTB,

In order to achieve even greater throughput where
system characteristics permit, the CA82C37A can
compress the transfer time to two clock cycles. From
Figure 4a) it can be seen that state S3 is used to extend
the access time of the read pulse. By removing state
83, the read pulse width is made equal to the write pulse
width and a transfer consists only of state S2 to change
the address and state S4 to perform the read/write. S1
states will still occur when Ag - Ays need updating (see
Address Generation). Timing for compressed transfers
is found in Figure 4c. EOP will be output in S2 if
compressed timing is selected. Compressed timing is
not allowed for memory-to-memory transfers.

Address Generation

In order to reduce the pin count, the CA82C37A
multiplexes the eight higher order address bits on the
data lines. State S1 is used to output the higher order
address bits to an external latch from which they may be
placed on the address bus. The falling edge of Address
Strobe (ADSTB) is used to load these bits from the data
lines to the latch. Address Enable (AEN) is used to
enable the bits onto the address bus through a three-
state enable. Lower order address bits are output by the
CAB2C37A directly. Lines Ag - Ay should be connected
to the address bus. The timing diagram of Figure 4a

DBo-DB; andAg - Ay. .

During Block and Demand Transfer mode service, which
include multiple transfers, the addresses generated will
be sequential. For many transfers the data held in the
external address latch will remain the same. This data
need only change when a carry or borow from Ay to Ag
takes place in the normal sequence of addresses. To
save time and speed transfers, the CA82C37A
executes the S1 states only when updating of Ag - A¢s in
the latch is nq . This means for long services, S1
states and ADSTB may occur only once every 256
transfers, a saving of 255 clock cycles for each 256
transfers.

External EOP Operation

The EOP pin is bidirectional and open drain, and can be
driven by external signals to terminate DMA operation. It
is important to note that the CA82C37A will not accept
external EOP signals when it is in an Sigg state. The
controller must be active to latch external EOP. Once
latched, the external EOP will be acted upon during the
next S2 state, unless the CA82C37A enters an idie
state first._In the latter case, the latched EOP is cleared.
External EOP pulses that occur between active DMA
transfers in demand mode are not recognized, since the
CA82C37Ais in an S1 state.
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PROGRAMMING

The CA82C37A accepts programming from the host
processor any time that HLDA is inactive, and at least
one rising clock edge has occurred after HLDA has gone
low. It is necessary for the host processor to ensure that
programming and HLDA are mutually exclusive.

Note that a probiem can occur if a DMA request occurs
on an unmasked channel while the CA82C37A is being
programmed. For example: where the CPU is starting to
reprogram the two byte Address Register of channel 1
when channel 1 receives a DMA request if the
CA82C37A is enabled (bit 2 in the Command Register is
set to 0), and channel 1 is unmasked, then a DMA
service will occur after only one byte of the Address
Register has been reprogrammed. This condition can be
avoided by disabling the controller (bit 2 in the
Command Register is set to 1) or masking the channel
before programming any of its registers. Once the
programming is complete, the controller can be enabled
or the channel unmasked.

It is highly recommended that after power-up all internal
locations be loaded with some known value, even if
some channeis are unused.

Software Commands

There are several special software commands which can
be executed by reading or writing to the CA82C37A.
These commands do not depend on the specific data
pattern on the data bus, but are activated by the 1/O
operation itself. Note that on read type commands, the
data value is notguaranteed.

The CAB2C37A software commands are summarized
below:

Clear FirstlLast Flip-Flop

This command is executed prior to writing or reading
new address or word count information to the
CA82C37A. ltinitializes the fiip-flop to a known state so
that subsequent accesses to register contents by the
microprocessor address upper and lower bytes in the
correct sequence.

Set First/Last Flip-Flop

This command sets the flip-flop to first select the high
byte on read and write operations to Address and Word
Count Registers.

Table 12: SOFTWARE COMMAND CODES
and REGISTER CODES Master Clear
OR | 1IOW This software command has the same effect as the hard-
ration Az | Ap| A IOR | 1OW
ope 3| f2) M| Ao ware Reset. The Command, Status, Request, and Temp-
Read Status Register 1 0j o 0] o0 1 orary Registers, and the Intemal First/Last Flip-Flop and
Write Command Register 110 of| o 1 0 Mode Register counter are cleared and the Mask
Read Request Register Tl ol ol 11 0] 1 Register is set. The device then enters the Idle cycle.
Write Request Register 1jojoj vt 0 Clear Mask Register
Read Command Register 1] o}l 1] o] o 1
Write Single BitMask 1{ 0 1] 0} 1 0 This command clears the mask bits of all four channels,
Read Mode Register 1 ) 1 1 ) 1 enabling them to accept DMA requests.
Write Mods Register LI I L L Clear Mode Register Counter
Set Byle Pointer F/F +] 1] of o] @ 1
Clear Byte Pointer F/F i1 o o | 1 0 Since only one address location is available for reading
Read Temporary Register 11| o v+ ] o] 1 Mode Registers, an internal two-bit counter is included
Master Cloar 3 ] o 3 1 o to select Mode Registers during read operations.
Clear Mode R"g‘s_' tor Counter | 1| 1 tpopop To read the Mode Registers, first execute the Clear
Glear Mask Register R L O I L Mode Register Counter command, then do consecutive
Read Alt Mask Bits 1 1 1 1 Y 1 reads until the desired channel is read. Read order is
Write All Mask Bits 1 1 1 1 t ) channel 0 first, channel 3 last. The lower two bits on all
Mode Registers willread as ones.
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Table 13 :. WORD COUNT AND ADDRESS REGISTER COMMAND CODES

Signals internal | Data Bus
Channel Reglstor Operation |CS | IOR [ IOW | Ay | A2 | ‘A, | Ao | Fllp-Flop | DB, ~DB,
o Base and Current Address Write ol 1 o o] o] of o 0 Ag- Ay
’ 0 1 0 0 0 0o 0 1 Ag- A’—5—<
Current Address Read 0 () 1 0 0 0 0 0 Ag- Ay
o o 1 o| of of o 1 Ag-Ass
Base and CurentWord Count|  Write 0 1 0 o| of of 1 0 Wo - Wy
) 1 0 o]l of of 1 1 Wg-W,s
Current Word Count Read 0 0 1 0 0 0 1 0 Wp-W,;
0 0 1 0 0 0 1 1 Wg-W,;s
1 Base and Cumrent Address Wirite 0 1 0 0 0 1 [ 0 Ag-Ay
0 1 o jJof of 1 0 1 Ag-As
Current Address Read 0 0 1 0 0 1 0 0 Ap- Az
: 0| O f 1 o o] 1 0 1 Ag-Ass
Base and Current Word Count Wirite 0 1 0o 0 0 1 1 0 Wo-Wy
0 1 0 Y 0 1 1 1 Wa-W;e
Current Word Count Read 0 0 1 0 0 1 1 0 Wo- Wy
0 0 1 0 0 1 1 1 Wy -W,yg
2 Bass and Curment Address Write 0 1 0 0 1 0 "] 0 Ag-A;
0 1 0 0 1 0 0 1 Ag-Ass
Current Address Read 0 0 1 0 1 0 [ 0 Ag- Az
: 0 0 1 0 1 0 0 1 Ag-As
Base and Current Word Count Write ] 1 0 0 1 0 1 [ Wo-W,;
of 1 o {o] 1 0 1 1 Wa- W5
Current Word Count Read 0 0 1 0 1 0 1 0 Wo-W;
o] of v ol 1] o] 1 We-Wis |
3 Base and Current Address Write 0 1 0 0 1 1 0 0 Ag- Ay
‘ o] 1 o o} 1 1 0 1 Ag-Ags
Current Address Read 0 0 1 0 1 1 0 0 Ag- Ay
o o 1 0| 1 1 [ 1 Ag-Ass
Base and Cumrent Word Count Write 0 1 0 0 1 1 1 [ Wo-W;
o] 1 o | o 1 1 1 1 Ws-W;s
Current Word Count Read 0 0 1 0 1 1 1 Q W - Wy
of o 1 o] 1 1 1 1 Wg-W,s
——————— — e e —— ———————————
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APPLICATIONS

Figure 15 shows an application for a DMA system
utilizing the CA82C37A DMA controller and an 80C88
microprocessor. The CA82C37A DMA controller is used
here to improve system performance by allowing an /O
device to transfer data directly to, or from the system
memory.

Components

The system clock is generated by the CA82C84A clock
driver and is inverted to meet the clock high and low
times required by the CA82C37A DMA controller. The
four OR gates are used to support an 80C88 micro-
processor in minimum mode by producing the control
signals used by the processor o access memory or VO.
A decoder is used to generate the chip select for the
DMA conirolier and memory.

Since the most significant bits of the address are output
on the address/data bus, an 82C82 octal latch is used to
demultiplex the address. Hold Acknowledge (HLDA)

and Address Enable (AEN) are ORed together to insure
that the DMA controller does not encounter bus con-
tention with the microprocessor.

Operation

A DMA request (DREQ) is generated by the VO device.
After receiving the DMA request, the DMA controlier
issues a Hold Request (HRQ) to the microprocessor.
The system buses are not released to the DMA
controller until a Hokd Acknowledge signal is retumed to
the DMA controtler from the 80CB8 processor. After the
Hold Acknowledge has been received, addresses and
control signals are generated by the DMA controller to
accomplish the DMA transfers. Data is transferred
directly from the I/O device to memory (or vice versa) with
IOR and MEMW (or MEMR and IOW) being active. Recall
that data is not read into or driven out of the DMA
controller in I/O-to-memory or memory-to-VO data
transfers.

Ne
L-°
[ Hea =) MEMCS =1 oecooen
L CAB2C3TA Voo
CA82CB4A HLDA AX 2 i | (é_;)( =) '_%‘
—! HRQ e = ST8 ADSTB HLDA |e—
X o o€ -—o<}—— AEN OR [~
ADg7 S TOW |
MEMR |-
Wid MEMW [
i 82C82 82082 HRQ =
oD 3
- DREQ
MNFIX —% DACK
o HTD— R o
I ) D~ WEww ADDRESS BUS =
¥ A R £ > RSB SRS
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MEMCS —] vo
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Figure 15 : APPLICATION FOR DMA SYSTEM
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