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Technical Summary
Direct Memory Access Controller

M68000 microprocessors utilize state-of-the-art MOS technology to maximize
performance and throughput. The MC68450 direct memory access controller
(DMAC) is designed to complement the performance and architectural capa-
bilities of M68000 Family microprocessors by moving blocks of data in a quick,
efficient manner with minimum intervention from a processor. The DMAC per-
forms memory-to-memory, memory-to-device, and device-to-memory data
transfers by utilizing the following features:

e Four Independent DMA Channels with Programmable Priority

e Asynchronous M68000 Bus Structure with a 24-Bit Address and a 16-Bit
Data Bus

e Fast Transfer Rates: Up to 4 Mbytes/Sec at 10 MHz, No Wait States
e Fully Supports All M68000 Bus Options such as Halt, Bus Error, and Retry “
® FIFO Locked Step Support with Device Transfer Complete Signal

e Fiexible Request Generation:
Internal, Maximum Rate
Internal, Limited Rate
External, Cycle Steal (With or Without Hold)
External, Burst
Mixed internal and External

® Programmable 8-Bit or 16-Bit Peripheral Device Types:
Explicitly Addressed:
M68000 Type
M6800 Type
Implicitly Addressed:
Device with Request and Acknowledge
Device with Request, Acknowledge, and Ready

Pin and Register Compatible Functional Superset of the MC68440 DDMA

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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INTRODUCTION

The main purpose of a DMAC in any system is to transfer data at very high
rates, usually much faster than a microprocessor under software control can
handle. The term DMA is used to refer to the ability of a peripheral device to
access memory in a system in the same manner as a microprocessor does.
DMA operation can occur concurrently with other microprocessor operations
thus greatly boosting overall system performance.

¥

Figure 1 illustrates a typical system configuration using a DMA interface to a
high-speed disk storage device. In a system such as this, the DMAC moves
blocks of data between the peripheral controllers and memory at rates ap-
proaching the limits of the memory bus since data movement is implemented
in high-speed MOS hardware. A block of data consists of a sequence of byte,
word, or long-word operands starting at a specific address in memory with the
length of the block determined by a transfer count. A single channel operation
may involve the transfer of several blocks of data between the memory and a
device.
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Figure 1. Typical M68000-Based System Configuration

MOTOROLA M68000 FAMILY REFERENCE MANUAL 6-41



6-42

Any operation involving the DMAC follows the same basic steps: channel in-
itialization by the main processor, data transfer, and block termination. In the
initialization phase, the host processor loads the registers of the DMAC with
control information, address pointers, and transfer counts and then starts the
channel. During the transfer phase, the DMAC accepts requests for operand
transfers and provides addressing and bus control for the transfers. The ter-
mination phase occurs after the operation is complete when the DMAC indicates
the status of the operation in the status register. During all phases of a data
transfer operation, the DMAC will be in one of three operating modes:

IDLE The DMAC enters this state when it is reset by an external device and
waiting for initialization by the main processor or an operand transfer
request from a peripheral.

MPU The DMAC enters this state when selected by another bus master in
the system (usually the main processor). in this mode, the DMAC in-
ternal registers are written or read to control channel operation or to
check the status of a black transfer.

DMA The DMAC enters this state when acting as a bus master to perform
an operand transfer.

In addition to fully supporting the M68000 Family bus, the DMAC also supports

transfers to or from M6800 Family peripheral devices. Figure 2 illustrates a
typical system configuration utilizing an M6800-type peripheral device.
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Figure 2. Typical System Configuration with M6800-Type Peripheral Devices

OPERAND TRANSFER MODES

The DMAC can perform implicitly addressed or explicitly addressed data trans-
fers using any of the following protocols:

1. Explicitly addressed, MC68000-compatible device

2. Explicitly addressed, MC6800-compatible devices

3. Implicitly addressed, device with request and acknowledge

4. Implicitly addressed, device with request, acknowledge, and ready
During protocols 1 and 2, data is transferred from the source to an internal
DMAC holding register, and then moved from the holding register to the des-
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tination on the next bus cycle. Protocols 3 and 4 require only one bus cycle for
data transfer since only one device needs to be addressed. With these protocols,
communication is performed using a two-signal and three-signal handshake,
respectively.

Implicitly addressed devices do not require the generation of a device data
register address for a data transfer. Such a device is controlled by a five-signal
device control interface on the DMAC during implicit address transfers {see
Figure 3). Since only memory is addressed during such a data transfer, this
method is called the single-address method.

DATA

ADDRESS

DMAC MEMORY

REQ
it ECS
ACK
PCL .
DL
pTC
BONE

DEVICE

\

/
\

Figure 3. Implicitly Addressed Device Interface

Explicitly addressed devices require that a data register within the peripheral
device be addressed. No signals other than the M68000 asynchronous bus
control signals are needed to interface with such a device, although any of the
five-device control signals may be used. Because the address bus is used to
access the peripheral, the data cannot be directly transferred to/from memory
since memory also requires addressing. Therefore, data is transferred from the
source to an internal holding register in the DMAC and then transferred to the
destination during a second bus transfer (see Figure 4). Since both memory
and the device are addressed during such a data transfer, this method is called
the dual-address method.
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Figure 4. Dual-Address Transfer Sequence

CHANNEL OPERATING MODES

There are three types of channel operations: 1) single block transfers, 2) con- “
tinued operation, and 3) chained operations. The first two modes utilize on-

chip registers; whereas, the last mode uses an on-chip address register to point

to address and to count parameters stored in system memory.

When transferring single blocks of data, the memory address and device ad-
dress registers are initialized by the user to specify the source and destination
of the transfer. The memory transfer count register is also initialized to count
the number of operands transferred in a block. Repeated transfers are possible
with the continued mode of operation, where the memeory address and transfer
count registers are automatically loaded from internal registers upon comple-
tion of a block transfer {see Figure 5).
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Figure 5. Single Block Transfer

The two chaining modes are array chaining and linked array chaining. The
array chaining mode operates from a contiguous memory array consisting of
memory addresses and transfer counts. The base address register and base
transfer count register are initialized to point to the beginning address of the
array and the number of array entries, respectively. As each block transfer is
completed, the next entry is fetched from the array, the base transfer count is
decremented, and the base address is incremented to point to the next array
entry. When the base transfer count reaches zero, the entry just fetched is the

last block transfer defined in the array (see Figure 6).
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The linked array chaining mode is similar to the array chaining mode, except
that each entry in the memory array also contains a link address pointing to
the next entry in the array. This method allows a noncontiguous memory array.
The last entry contains a link address set to zero. No base transfer count register
is needed in this mode. The base address register is initialized to the address
of the first entry in the array. The link address is used to update the base
address register at the beginning of each block transfer. This chaining mode
allows array entries to be easily moved or inserted without reorganizing the
array into sequential order. Also, the number of entries in the array need not
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Figure 6. Array Chaining Transfer

be specified to the DMAC (see Figure 7).
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Figure 7. Linked Array Chaining Transfer

INTERRUPT OPERATION

The DMAC will interrupt the MPU for a number of occurrences, such as the
completion of a DMA operation or at the request of a peripheral device using
a peripheral control line. The user must write interrupt vectors into an on-chip
vector register for use in the M68000 vectored interrupt structure. Two vector

registers are available for each channel.

CHANNEL PRIORITY

Each channel may be given a priority level of 0, 1, 2, or 3. If several channel
requests occur at the same priority level, around-robinis entered automatically.
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REQUEST MODES

Requests may be externally generated by a device or internally generated by
the auto-request mechanism of the DMAC. Auto-requests may be generated
either at the maximum rate, where the channel always has a request pending,
or at a limited rate determined by selecting a portion of the bus bandwidth to
be available for DMA activity. External requests can be either burst requests
or cycle-steal requests generated by the request signal associated with each
channel.

REGISTERS

The DMAC contains 17 registers for each of four channels plus one general
control register, all of which are under complete software control. The user
programmer’s model of the registers is shown in Figure 8.

| GENERAL CONTROL ]

OPERATION CONTROL
SEQUENCE CONTROL [ |
' { CHANNEL CONTROL -
CHANNEL PRIORITY L
CHANNEL STATUS 1

*{ CHANNEL ERROR ]
NORMAL INTERRUPT VECTOR ||
ERROA INTERRUPT VECTOR |

{ DEVICE CONTROL Ny
*

MEMORY FUNCTIONCODE  |-{ | |
DEVICE FUNCTIONCODE ] | |
ILI BASE FUNCTIONCODE 1] | |
ad® MEMORY TRANSFER COUNT i
ooh BASE TRANSFER COUNT 1 H
MEMORY ADDRESS )
DEVICE ADDRESS sl

BASE ADDRESS L

31 2 15 7 0

* Word-Aligned Register Pairs

Figure 8. Programmer’s Model
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The DMAC registers contain information about the data transfers such as the
source and destination address and function codes, transfer count, operand
size, device port size, channel priority, continuation address and transfer count,
and the function of the peripheral control line. One register also provides status
and error information on channel activity, peripheral inputs, and various events
that may have occurred during a DMA transfer. A general control register selects
the bus utilization factor to be used in limited-rate auto-request DMA opera-
tions.

SIGNAL DESCRIPTION

The following paragraphs contain a brief description of the DMAC input and
output signals. Included at the end of the functional description of the signals
is a table describing the electrical characteristics of each pin {i.e., the type of
driver used).

NOTE

The terms assertion and negation will be used extensively to avoid
confusion when dealing with a mixture of active-low and active-high
signals. The term assert or assertion is used to indicate that a signal
is active or true, independent of whether that level is represented by
a high or low voltage. The term negate or negation is used to indicate
that a signal is inactive or false.

SIGNAL ORGANIZATION

6-50

The input and output signals can be functionally organized into the groups
shown in Figure 9. The signal functions are discussed in the following para-
graphs.
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Figure 9. Functional Signal Organization

Address/Data Bus (A8/D0-A23/D15)

This 16-bit bus is time multiplexed to provide address outputs during the DMA
mode of operation and is used as a bidirectional data bus to input data from
an external device (during an MPU write or DMA read) or to output data to an
external device {during an MPU read or a DMA write). This three-state bus is
demultiplexed using external latches and buffers controlled by the multiplex

control lines.

Lower Address Bus (A1-A7)

These bidirectional three-state signals are used to address the DMAC internal
registers in the MPU mode and to provide the lower seven address outputs in

the DMA mode.
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Function Codes (FCO0-FC2)

These three-state outputs are used in the DMA mode to further qualify the
value on the address bus to provide eight separate address spaces that may
be defined by the user. The value placed on these lines is taken from one of
the internal function code registers, depending on the register that provides
the address used during a DMA bus cycle.

Asynchronous Bus Control

Asynchronous data transfers are handled using the following control signals:
chip select, address strobe, read/write, upper and lower data strobes, and data
transfer acknowledge. These signals are described in the following paragraphs.

CHIP SELECT (CS). This input selects the DMAC for an MPU bus cycle. When CS
is asserted, the address on A1-A7 and the data strobes (or A when using an
8-bit bus) select the internal DMAC register that will be involved in the transfer.
CS should be generated by qualifying an address decode signal with the ad-
dress and data strobes.

ADDRESS STROBE (AS). This bidirectional signal is an output in the DMA mode
to indicate that a valid address is present on the address bus. In the MPU or
IDLE modes, AS is an input to determine when the DMAC can take control of
the bus (if the DMAC has requested and been granted use of the bus).

READ/WRITE (R/W). This bidirectional signal indicates the direction of a data trans-
fer during a bus cycle. In the MPU mode, a high level indicates that a transfer
is from the DMAC to the data bus, and a low level indicates a transfer from
the data bus to the DMAC. In the DMA mode, a high level indicates a transfer
from the addressed memory or device to the data bus, and a low level indicates
a transfer from the data bus to the addressed memory or device.

UPPER AND LOWER DATA STROBE (UDS, LDS). These bidirectional signals in-
dicate when data is valid on the bus and what portions of the bus should be
involved in the transfer.

DATA TRANSFER ACKNOWLEDGE (DTACK). This bidirectional signal denotes that
an asynchronous bus cycle may be terminated. In the MPU mode, this output
indicates that the DMC has accepted data from the MPU or placed data on the
bus for the MPU. In the DMA mode, this input is monitored by the DMAC to
determine when to terminate a bus cycle. As long as DTACK remains negated,
the DMAC will insert wait cycles into a bus cycle; when DTACK is asserted, the
bus cycle will be terminated (except when PCL is used as a ready signal, in
which case both signals must be asserted before the cycle is terminated).
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BUS EXCEPTION CONTROL (BEC0--BEC2). These inputs provide an encoded sig-
nal that indicates an abnormal bus condition such as a bus error or reset.

Multiplex Control

These signals are used to control external multiplex/demultiplex devices to
separate the address and data information on the A8/D0-A23/D15 lines and to
transfer data between the upper and lower halves of the data bus during certain
DMA bus cycles.

Figure 10 shows the five external devices needed to demultiplex the address/
data pins and the interconnection of the multiplex control signals. The
SN74L5245 that can connect the upper and lower halves of the data bus is
needed only if an 8-bit device is used during single address transfers.
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Figure 10. Demultiplex Logic
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OWN (OWN). This three-state output indicates that the DMAC is controlling the
bus. It is used as the enable signal to turn on the external address drivers and
control signal buffers.

UPPER ADDRESS STROBE (UAS). This three-state outputis used as the gate signal
to the transparent latches that capture the value of A8-A23 on the multiplexed
address/data bus.

DATA BUFFER ENABLE (DBEN). This three-state output is used as the enable
signal to the external bidrectional data buffers.

DATA DIRECTION (DDIR). This three-state output controls the direction of the
external bidirectional data buffers. If DDIR is high, the data transfer is from the
DMAC to the data bus. If DDIR is low, the data transfer is from the data bus to
the DMAC.

HIGH BYTE (HIBYTE). This three-state output indicates that data present on data
lines D8-D15 must be transferred to data lines D0-D7, or vice versa, through
an external buffer during a single address transfer between an 8-bit device and
memory.

Bus Arbitration Control

These three signals form a bus arbitration circuit used to determine which
device in a system will be the current bus master.

BUS REQUEST (BR). This output is asserted by the DMAC to request control of
the bus.

BUS GRANT (BG). This input is asserted by an external bus arbiter to inform the
DMAC that it may assume bus mastership as soon as the current bus cycle is
completed. The DMAC will not take control of the bus until CS, IACK, AS, and
BGACK are all negated.

BUS GRANT ACKNOWLEDGE (BGACK). This bidirectional signal is asserted by
the DMAC to indicate that it is the current bus master. BGACK is monitored as
an input to determine when the DMAC can become bus mater and if a bus
master other than the system MPU is a master during limited-rate auto-request
operation.

Interrupt Control

These two signals form an interrupt request/acknowledge handshake circuit
with an MPU.
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INTERRUPT REQUEST {IRQ). This output is asserted by the DMAC to request
service from the MPU.

INTERRUPT ACKNOWLEDGE (IACK). This input is asserted by the MPU to ac-
knowledge that it has received an interrupt from the DMAC. In response to the
assertion of IACK, the DMAC will place a vector on D0-D7 that will be used by
the MPU to fetch the address of the proper DMAC interrupt handler routine.

Device Control

These signals perform the interface between the DMAC and four peripheral
devices. Four sets of three lines are dedicated to a single DMAC channel and
its associated peripheral; the remaining two lines are global signals shared by
all channels.

REQUEST (REQO0-REQ3). These inputs are asserted by a peripheral device to re-
quest an operand transfer between that peripheral device and memory. In the
cycle-steal request generation mode, these inputs are edge sensitive; in burst
mode, they are level sensitive.

ACKNOWLEDGE (ACK0-ACK3). These outputs are asserted by the DMAC to signal
to a peripheral that an operand is being transferred in response to a previous
transfer request.

PERIPHERAL CONTROL LINE (PCLO-PCL3). These bidirectional lines are multi-
purpose signals that may be programmed to function as ready, abort, reload,
status, interrupt, or enable clock inputs or as start pulse outputs.

DATA TRANSFER COMPLETE (DTC). This output is asserted by the DMAC during
any DMAC bus cycle to indicate that data has been successfully transferred
(i.e., the bus cycle was not terminated abnormally).

DONE (DONE). This bidirectional signal is asserted by the DMAC or a peripheral
device during any DMA bus cycle to indicate that the data being transferred is
the last item in a block. The DMAC will assert this signal during a bus cycle
when the memory transfer count register is decremented to zero. On a linked
array chaining mode, the DONE signal is asserted after all the blocks have been
transferred. Because this signal has two purposes, make sure that a pullup
resistor (1Tk-2k () is tied to this signal to ensure that no interchannel interactions
occur,
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Clock (CLK)

The clock input is a TTL-compatible signal that is internally buffered for de-
velopment of the internal clocks needed by the DMAC. The clock input should
not be gated off at any time, and the clock signal must conform to minimum
and maximum pulse-width times.

SIGNAL SUMMARY

Table 1 is a summary of all signals discussed in the previous paragraphs.

Table 1. Signal Summary

Synchronizing
Signal Name Direction Active State Driver Type Clock Edge

A8/D0-A23/D15 In/Qut High Three State Falling**
A1-A7 In/Qut High Three State Falling**
FCO-FC2 Out High Three State —
cS In Low — Falling
AS In/Qut Low Three State* Falling
RW In/Qut High/Low Three State* Falling
uDs In/Gut Low?High Three State* Falling
oS In/Out Low Three State* Falling
DTACK In/Qut Low Three State* Rising
OWN Out Low Open Drain* —
UAS Out Low Three State* —
DBEN Out Low Three State* —
DDIR Out High/Low Three State* —
HIBYTE Out Low Three State* —
BECO-BEC2 In Low — Rising
BR Out Low Open Drain —
BG In Low — Rising
BGACK In/QOut Low Open Drain* —
RQ in Low — —
JACK in Low — Falling
REQO-REQ3 In Low — Rising
ACKO-ACK3 Qut Low Always Driven —
PCLO-PCL3 In/Qut Programmed Three State Rising
DTC Out Low Three State* —
DONE In/Out Low Open Drain Rising
CLK In — — —

*These signals require a pullup resistor to maintain a high voltage when in the high-impedance or negated state.
When these signals go to the high-impedance or negated state, they momentarily drive the pin high to reduce the
signal rise time.

**These signals are latched on a clock edge but are not synchronized (i.e., the latched value is used immediately
rather than being delayed by one clock).
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