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Direct memory access

Direct memory access (DMA) is a process in which an external device takes
over the control of system bus from the CPU.

DMA is for high-speed data transfer from/to mass storage peripherals, e.g. hard-
disk drive,CD-ROM, and sometimes video controllers.

The basic idea of DMA is to transfer blocks of data directly between memory and

peripherals. The data don’t go through the microprocessor but the system data bus
IS occupied.

“Normal” transfer of one data byte takes up to 29 clock cycles. The DMA transfer
requires only 5 clock cycles.

Nowadays, DMA can transfer data as fast as 60 MB per second or more. The
transfer rate is limited by the speed of memory and peripheral devices.



Basic process of DMA

For 8088/8086 in minimum mode

The HOLD and HLDA pins are used to receive and acknowledge the

hold request respectively.

Normally the CPU has full control of the system bus. In a DMA operation, the
peripheral takes over bus control temporarily.

Sequence of events of a typical DMA process

1) DMA controller asserts the request on the HOLD pin

2) 8086 completes its current bus cycle and enters into a HOLD state

3) 8086 grants the right of bus control by asserting a grant signal via the HOLDA pin.
8086 pins (Address, Data, C-trol = 3-rd state)

4) DMA operation starts

5) Upon completion of the DMA operation, the DMA controller asserts low the
request/grant pin again to relinquish bus control.
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Basic process of DMA

For 8088/8086 in maximum mode :

The RQ/GT1 and RQ/GTO pins are used to issue DMA request and
receive acknowledge signals.

Sequence of events of a typical DMA process

1) DMA controller asserts one of the request pins, e.g. RQ/GT1 or
RQ/GTO (RQ/GTO has higher priority)

2) 8086 completes its current bus cycle and enters into a HOLD state

3) 8086 grants the right of bus control by asserting a grant signal via the
same pin as the request signal.

4) DMA operation starts

5) Upon completion of the DMA operation, the DMA controller asserts the
request/grant pin again to relinquish bus control.
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General organization of the DMA controller
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DMA transfer

DMA Controller
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DMA transfer - signals
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DMA transfer types
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DMA controller

A DMA controller interfaces with several peripherals that may request
DMA.

The controller decides the priority of simultaneous DMA requests

communicates with the peripheral and the CPU, and provides memory
addresses for data transfer.

DMA controller commonly used with 8088/8086 is the
8237 programmable device.

The 8237 is in fact a special-purpose microprocessor.
Normally it appears as part of the system controller chip-sets.

The 8237 is a 4-channel device. Each channel is dedicated to a specific

peripheral device and capable of addressing a 64 K bytes section of
memory.



8237 DMA controller
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18237A — Block diagram
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8088 + 18237A
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Generating 16 bit addresses
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Generating addresses > 16 bits
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DMA for PC/XT:
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DMA transfer cycle

(memory to I/O or 10 to memory)

DREQ _ /77 JARARARRARARRANNY

HLDA /777 TTIRTTRTIRRIRIRY
AEN / \
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DBO-DB7 ABA15
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DACK 2 \

INT EOP# | | 5 | 7/
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Compressed timing : S2 (change address) + S4 (read/write)
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Functioning modes

Idle (slave)

— programmed (#CS=0, HOLDA=0)

- DREQ sampled on the falling edge of the Clk

- If DREQ on an un-masked channel or software request (mem-to-mem
transfer) = Active

Active (master) — DMA transfer:

Single transfer Mode - release HOLD after each byte transferred. If
DREQ is held active HOLD is issued again.

Bloc transfer Mode - transfers a block of size specified in the count
register (DREQ need not to be held active).

Demand Transfer Mode - transfers data until external #EOP is received
or until DREQ becomes inactive

Cascade Mode - 2ND LEVEL

80C86/38
MICRO-
PROCESSOR 1ST LEVEL 82C37A

HRQ DREQ [ HRQ
#{HLDA  DACK »]HLDA

82C37A

DREQ f« HRQ
DACK +]HLDA

INITIAL DEVICE 82C37A

ADDITIONAL
DEVICES



Transfer Types

Write transfers move data from an 1/O device to the memory by activating MEMW
and IOR.

Read transfers move data from memory to an 1/O device by activating MEMR and
IOW.

Verify transfers are pseudo-transfers. The 82C37A operates as in Read or Write
transfers generating addresses and responding to EOP, etc., however the
memory and I/O control lines all remain inactive. Verify mode is not permitted for
memory-to-memaory operation.

Memory-to-memory

* Channel O — source address & counter

e Channel 1 — destination address & counter

» The data byte read from the memory is stored in the 82C37A internal Temporary
register

» The transfer is initiated by setting the software or hardware DREQ for channel 0.
The 82C37A requests a DMA service in the normal manner.

Autoinitialize — 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 automatically restored from the Base Address and Base
Word Count registers of the channel following EOP. Following Autoinitialization,
the channel is ready to perform another DMA service, without CPU intervention,
as soon as a valid DREQ is detected, or software request made.
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Command Reqgister
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Mode Register
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OPERATION

Read Status Register
Write Command Register
Read Request Register
Write Recest Register
Read Command Register
Write ingle Mask Eit
Read Mode Register
Write Madle Reister

5et FirstLast F/F

Clear FirstiLast F/F

Read Temparary Register
Master Clear

Clear Mode Req. Counter
Clear Mask Reqister
Read All Mask Bits

Write Al Mask Bits
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