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ID-7009 DMA CONTROLLER MODULE 

1. GENERAL DESCRIPTION. 
  

The 7009 module uses two AMD 9517 DMA controllers. The DMA 

controllers are described in appendix 1, while appendix 2 is 

a logic schematic of the module. 

Each DMA controller has four DMA channels and the 7009 module 

has a total of eight DMA channels. 

The 7009 module does not use the cascade capability of the DMA 

controllers. Instead it contains control logic that arbitrates 

between requests from the two controllers. Furthermore the mo- 

dule contains data and address bus drivers/receivers and con- 

trol logic for these. 

2. ADDRESSING. 

The module uses 32 addresses. ADR(4) selects one of the two 

DMA controllers. ADR(3:0) selects different registers or con- 

trol functions in the selected DMA controller as described in 

appendix 1. 

The address of the module is selected by a switch register on 

the module. ADR(7:3) is compared with the switch register and 

if there is a match the card select signal is generated. 

3. DMA CONTROL SIGNALS. 
  

  

DMAREQ( 7:0) 

The signals are open collector active low. The 7009 module has 

the pull up resistors for the signals and converts them to ac- 

tive high before they are connected to the DMA controllers.



  

  

  

ID-7009 DMA CONTROLLER MODULE 

DMAACK(7:0) 

The signals are active low open collector without pull up 

resistors. Pull up resistors should be placed on the modules 

that use the signals. The signals are not inverted on the 

7009 module. 

INDMA, OUTDMA 

These signals are active low signals that control reading 

and writing respectively in a DMA IO unit during a DMA cycle. 

EOPIN, EOPOUT 

These signals are input and output to the tristate EOP signal 

from the DMA controllers. The EOP signal is described in ap- 

pendix 1. The signals are not inverted on the module. 

4, PROGRAMMING CONSIDERATIONS. 
  

See appendix 1 page 6: command register. 

The controllers should be initialized so they use normal tim- 

ing (bit 3) and late write (bit 5). 

DRE@ should be active high (bit 6) and DACK should be active 

low (bit 7).
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DISTINCTIVE CHARACTERISTICS 

Four independent DMA channels, each with separate reg- 

isters for Mode Control, Current Address, Base Address, 

Current Word Count and Base Word Count. 

Transfer modes: Block, Demand, Single Word, Cascade 

Independent autoinitialization of all channels 

Memory-to-memory transfers 

Memory block initialization 

Address increment or decrement 

Master system disable 
Enable/disable control of individual DMA requests 

Directly expandable to any number of channels 

End of Process input for terminating transfers 

Software DMA requests 

Independent polarity control for DREO and DACK signals 

Compressed timing option speeds transfers — up to 2M 

words/second 

+5 volt power supply 
Advanced N-channel silicon gate MOS technology 

40 pin Hermetic DIP package 

100% MIL-STD-883 reliability assurance testing   

GENERAL DESCRIPTION 

The Am9517A Multimode Direct Memory Access (DMA) Con- 

troller is a peripheral interface circuit for microprocessor sys- 

tems. It is designed to improve system performance by allowing 

external devices to directly transfer information to or from the 

system memory. Memory-to-memory transfer capability is also 

provided. The Am9517A offers a wide variety of programmable 

control features to enhance data throughput and system opti- 

mization and to allow dynamic reconfiguration under program 

control. 

The Am9517A is designed to be used in conjunction with an ex- 

ternal 8-bit address register such as the Am74L5373. It con- 

tains four independent channels and may be expanded to any 

number of channels by cascading additional controller chips. 

The three basic transfer modes allow programmability of the 

types of DMA service by the user. Each channel can be indi- 

vidually programmed to Autoinitialize to its original condition 

following an End of Process (EOP). 

Each channel has a full 64K address and word count capability. 

An external EOP signal can terminate a DMA or memory-to- 

memory transfer. This is useful for block search or compare 

operations using external comparators or for intelligent peri- 

pherals to abort erroneous services. 
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Package L_ Maximum Clock Frequency 

Type Ambient Temperature 3MHz 4MHz 

Hermetic DIP/ °, < ° AM9517ADC/PC . 
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CONNECTION DIAGRAM 
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INTERFACE SIGNAL DESCRIPTION 

VCC: +5 Volt Supply 
VSS: Ground 

CLK (Clock, Input) 

This input controls the internal operations of the Am9517A and 
its rate of data transfers. The input may be driven at up to 3MHz 
for the standard Am9517A and up to 4MHz for the Am9517A-4. 

CS (Chip Select, Input) 

Chip Select is an active low input used to select the Am9517A as 
an W/O device during an /O Read or I/O Write by the host CPU. 
This allows CPU communication on the data bus. During multi- 
ple transfers to or from the Am9517A by the host CPU, CS may 
be held low providing IOR or IOW is toggled following each 
transfer. 

RESET (Reset, Input) 

Reset is an asynchronous active high input which clears the 
Command, Status, Request and Temporary registers. It also 
clears the firsVlast flip/flop and sets the Mask register. Following 
a Reset the device is in the Idle cycle. 

READY (Ready, Input) 

Ready is an input used to extend the memory read and write 
pulses from the Am9517A to accommodate slow memories or 
VO peripheral devices. 

HACK (Hold Acknowledge, Input) 

The active high Hold Acknowledge from the CPU indicates that 
control of the system buses has been relinquished. 

DREQO-DREQ3 (DMA Request, Input) 

The DMA Request lines are individual asynchronous channel 
request inputs used by peripheral circuits to obtain DMA service. 
In Fixed Priority, DREQO has the highest priority and DREQ3 
has the lowest priority. Polarity of DREQ is programmable. 
Reset initializes these lines to active high. 

DBO0-DB7 (Data Bus, Input/Output) 

The Data Bus lines are bidirectional three-state signals con- 
nected to the system data bus. The outputs are enabled during 
the VO Read by the host CPU, permitting the CPU to examine 

the contents of an Address register, the Status register, the 

Temporary register or a Word Count register. The Data Bus is 

enabled to input data during a host CPU 1/O write, allowing the 
CPU to program the Am9517A control registers. During DMA 
cycles the most significant eight bits of the address are output 

onto the data bus to be strobed into an external latch by ADSTB. 
In memory-to-memory operations data from the source memory 
location comes into the Am9517A's Temporary register on the 

read-from-memory half of the operation. On the write-to-memory 

half of the operation, the data bus outputs the Temporary regis- 
ter data into the destination memory location. 

1OR (W/O Read, Input/Output) _ 

VO Read is a bidirectional active low three-state line. In the Idle 
cycle, it is an input control signal used by the CPU to read the 

control registers. In the Active cycle, it is an output control signal 
used by the Am9517A to access data from a Peripheral during a 
DMA Write transfer. 

> 1OW (1/0 Write, Input/Output) 

V/O Write is a bidirectional active low three-state line. In the Idle 

cycle it is an input control signal used by the CPU to load infor- 
mation into the Am9517A. In the Active cycle it is an output 

control signal used by the Am9517A to load data to the 
peripheral during a DMA Read transfer. 

Write operations by the CPU to the Am9517A require a rising 

WR edge following each data byte transfer. It is not sufficient to 

hold the IOW pin low and toggle CS. 

EOP (End of Process, Input/Output) 

EOP is an active low bidirectional open-drain signal providing 
information concerning the completion of DMA service. When a 

channel's Word Count goes to zero, the Am9517A pulses EOP 

low to provide the peripheral with a completion signal. EOP may 
also be pulled low by the peripheral to cause premature comple- 

tion. The reception of EOP. either internal or external, causes the 
currently active channel to terminate the service, to set its TC bit 

in the Status register and to reset its request bit. If Autoinitial- 

ization is selected for the channel, the current registers will be 
updated from the base registers. Otherwise the channel's mask 

bit will be set and the register contents will remain unaltered.    
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During memory-ta-memory transfers, EOP will be output when 
the TC for channel 1 occurs. EOP always applies to the channel 

with an active DACK; external EOPS are disregarded in 

DACKO-DACK3 are all inactive. 

Because EOP is an open-drain signal, an external pullup resis- 

tor is required. Values of 3.3K or 4.7K are recommended; the 

EOP pin can not sink the current passed by a 1K pullup. 

AO-A3 (Address, Input/Output) 

The four least significant address lines are bidirectional 3-state 

signals. During DMA Idle cycles they are inputs and allow the 

host CPU to load or read control registers. When the DMA is 

active, they are outputs and provide the lower 4-bits of the out- 

put address. 

A4-A7 (Address, Output) 
The four most significant address lines are three-state outputs 
and provide four bits of address. These lines are enabled only 

during DMA service. 

HREQ (Hold Request, Output) 

The Hold Request to the CPU is used by the DMA to request 
control of the system bus. Software requests or unmasked 

DREQs cause the Am9517A to issue HREQ. 

DACKO0-DACK3 (DMA Acknowledge, Output) 

The DMA Acknowledge lines indicate that a channel is active. In 

many systems they will be used to select a peripheral. Only one 
DACK will be active at a time and none will be active unless the 
DMA is in control of the bus. The polarity of these lines is pro- 

grammable. Reset initializes them to active-low. 

  

AEN (Address Enable, Output) 

Address Enable is an active high signal used to disable the 
system bus during DMA cycles to enable the output of the exter- 

nal latch which holds the upper byte of the address. Note that 
during DMA transfers HACK and AEN should be used to de- 

select all other I/O peripherals which may erroneously be acces- 
sed as programmed I/O during the DMA operation. The 

Am9517A automatically deselects itself by disabling the cs 

input during DMA transfers. 

ADSTB (Address Strobe, Output) 

The active high Address Strobe is used to strobe the upper 
address byte from DBO-DB7 into an external latch. 

MEMR (Memory Read, Output) 

The Memory Read signal is an active low three-state output 

used to access data from the selected memory location during a 
memory-to-peripheral or a memory-to-memory transfer. 

  

  

  

Name Size Number 

Base Address Registers 16 bits 4 

Base Word Count Registers 16 bits 4 

Current Address Registers 16 bits 4 

Current Word Count Registers 16 bits 4 

Temporary Address Register 16 bits 1 

Temporary Word Count Register 16 bits 1 

Status Register 8 bits 1 

Command Register 8 bits 1 

Temporary Register 8 bits 1 

Mode Registers 6 bits 4 

Mask Register 4 bits 1 

Request Register 4 bits i       
  

Figure 2. Am9517A Internal Registers. 

‘MEMW (Memory Write, Output) 

The Memory Write signal is an active low three-state output 

used to write data to the selected memory location during a 

peripheral-to-memory or a memory-to-memory transfer. 

FUNCTIONAL DESCRIPTION 

The Am9517A block diagram includes the major logic blocks and 

all of the internal registers. The data interconnection paths are 

also shown. Not shown are the various control signals between 

the blocks. The Am9517A contains 344 bits of internal memory 

in the form of registers. Figure 2 lists these registers by name 

and shows the size of each. A detailed description of the regis: 

ters and their functions can be found under Register Description 

The Am9517A contains three basic blocks of control logic. The 

Timing Control block generates internal timing and externa 

control signals for the Am9517A. The Program Command Con: 

trol block decodes the various commands given to the Am9517A 

by the microprocessor prior ta servicing a DMA Request. It alsc 

decodes each channel's Mode Control! word. The Priority En 

coder block resolves priority contention among DMA channel 

requesting service simultaneously. 

The Timing Control block derives internal timing from the cloc! 

input. In AM9080A systems this input will usually be the 2 TTI 

clock from an Am8224, However, any appropriate system clocl 

will suffice. 

DMA Operation 

The Am9517A is designed to operate in two major cycles. Thess 

are called Idle and Active cycles. Each device cycle is made uy 

of a number of states. The Am9517A can assume seven sepa 

rate states, each composed of one full clock period. State 1 (S1 

is the inactive state. It is entered when the Am9517A has ni 

valid DMA requests pending. While in S1, the DMA controller i 

inactive but may be in the Program Condition, being program 

med by the processor. State 0 (SO) is the first state of a DM: 

service. The Am9517A has requested a hold but the processo 

has not yet returned an acknowledge. An acknowledge from th 

CPU will signal that transfers may begin. S1, S2, S3 and S4 ar 

the working states of the DMA service. If more time is needed t 

complete a transfer than is available with normal timing, wa 

states (SW) can be inserted before S4 by the use of the Read 

line on the Am9517A. 

Memory-to-memory: transfers require a read-from and 

write-to-memory to complete each transfer. The states, whic 

resemble the normal working states, use two digit numbers fc 

identification. Eight states are required for each complet 

transfer. The first four states (S11, $12, S13, S14) are used fc 

the read-from-memory half and the last four states (S21, S2: 

$23 and $24) for the write-to-memory half of the transfer. Th 

Temporary Data register is used for intermediate storage of th 

memory byte. 

IDLE Cycle 

When no channel is requesting service, the Am9517A will ente 

the Idle cycle and perform “S1" states. In this cycle th 

Am9517A will sample the DREQ lines every clock cycle to di 

termine if any channel is requesting a DMA service. The devic 

will also sample CS, looking for an attempt by the microproce: 

sor to write or read the internal registers of the Am9517A. Whe 

CS is low and HACK is low the Am9517A enters the Progra 

Condition. The CPU can now establish, change or inspect th 

internal definition of the part by reading from or writing to tr 

internal registers. Address lines AO-A3 are inputs to the devic 

and select which registers will be read or written. The IOR ar 

iow lines are used to select and time reads or writes. Due to t! 

 



  

  

number and size of the internal registers, an internal flip/flop is 

used to generate an additional bit of address. 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 Master Clear or 

Reset. A separate software command can also reset this flip/ 

flop. 

Special software commands can be executed by the Am9517A 

in the Program Condition. These commands are decoded as 
sets of addresses when both CS and IOW are active and do not 

make use of the data bus. Functions include Clear First/Last 

Flip/Flop and Master Clear. 

  

ACTIVE CYCLE 

When the Am9517A is in the Idle cycle and a channel requests a 

DMA service, the device will output a HREQ to the micropro- 

cessor and enter the Active cycle. It is in this cycle that the DMA 

service will take place, in one of four modes: 

Single Transfer Mode: In Single Transfer mode, the Am9517A 

will make a one-byte transfer during each HREQ/HACK hand- 

shake, When DREQ goes active, HREQ will go active. After the 

CPU responds by driving HACK active, a one-byte transfer will 

take place. Following the transfer, HREQ will go inactive, the 

word count will be decremented and the address will be either 

incremented or decremented. When the word count goes to zero 

a Terminal Count (TC) will cause an Autoinitialize if the channel 

has been programmed to do so. 

To perform a single transfer, DREQ must be held active only 

until the corresponding DACK goes active. If DREQ is held con- 

tinuously active, HREQ will go inactive following each transfer 
and then will go active again and a new one-byte transfer will be 

made following each rising edge of HACK. In 8080A/9080A 
systems this will ensure one full machine cycle of execution 

between DMA transfers. Details of timing between the Am9517A 
and other bus control protocols will depend upon the charac- 

teristics of the microprocessor involved. 

Block Transfer Mode: In Block Transfer mode, the Am9517A 
will continue making transfers until a TC (caused by the word 
count going to zero) or an external End of Process (EOP) is 

encountered. DREQ need be held active only until DACK be- 
comes active. An autoinitialize will occur at the end of the ser- 

vice if the channel has been programmed for it. 

Demand Transfer Mode: In Demand Transfer mode the de- 
vice will continue making transfers until a TC or external EOP is 

encountered or until DREQ goes inactive. Thus, the device re- 

questing service may discontinue transfers by bringing DREQ 
inactive. Service may be resumed by asserting an active DREQ 

once again. During the time between services when the micro- 
processor is allowed to operate, the intermediate values of ad- 

dress and word count may be read from the Am9517A Current 
Address and Current Word Count registers. Autoinitialization will 

only occur following a TC or EOP at the end of service. Follow- 
ing Autoinitialization, an active-going DREQ edge is required to 

initiate a new DMA service. 

Cascade Mode: This mode is used to cascade more than one 

Am9517A together far simple system expansion. The HREQ and 
HACK signals from the additional Am9517A are connected to 

the DREQ and DACK signals of a channel of the initial 
Am9517A. This allows the DMA requests of the additional device 

to propagate through the priority network circuitry of the pre- 

ceding device. The priority chain is preserved and the new de- 
vice must wait for its turn to acknowledge requests. Since the 

cascade channel in the initial device is used only for prioritizing 

the additional device, it does not output any address or control 

  

signals of its own, These would conflict with the outputs of the 
active channel in the added device. The Am9517A will respond 

to DREQ with DACK but all other outputs except HREQ will be 

disabled. 

Figure 3 shows two additional devices cascaded into an initial 

device using two of the previous channels. This forms a two 

level DMA system. More Am9517As could be added at the sec- 
ond level by using the remaining channels of the first level. 

Additional devices can also be added by cascading into the 

channels of the second level devices forming a third level. 

2ND LEVEL 
    

IST LEVEL AmSS174 
MICROPROCESSOR 

  

    

        

  

  

HOLD REO 
J —————] HREQ «= DREQ }-——----_4 HARE 
HOLD ACK 

HACK DACK HACK 

Am95178, 

DREG HREO 

DACK HACK         

INITIAL DEVICE Am95174,       

ADDITIONAL 
MOS-035 DEVICES 

Figure 3. Cascaded Am9517As. 

TRANSFER TYPES 

Each of the three active transfer modes can perform three dif- 

ferent types of transfers. These are Read, Write and Verify. 

Write transfers move data from an W/O device to the memory by 

activating IOR and MEMW. Read transfers move data from 

memory to an I/O device by activating MEMR and OW. Verify 

transfers are pseudo transfers; the Am9517A operates as in | 

Read or Write transfers generating addresses, responding to _ 

EOP, etc., however, the memory and I/O control lines remain 
inactive. 

  

  

Memory-to-Memory: The Am9517A includes a block move © 

capability that allows blocks of data to be moved from one mem- 

ory address space to another. When Bit CO in the Command 
register is set to a logical 1, channels 0 and 1 will operate as 

memory-to-memory transfer channels. Channel 0 forms the 
source address and channel 1 forms the destination address. 

The channel 1 word count is used. A memory-to-memory trans- 
fer is initiated by setting a software DMA request for channel 0. 

Block Transfer Mode should be used for memary-to-memory. 
When channel 0 is programmed for a fixed source address, a 

single source word may be written into a block of memory. 

When setting up the Am9517A for memory-to-memory opera- 

tion, it is suggested that both channels 0 and 1 be masked out. 

Further, the channel 0 word count should be initialized to the 

same value used in channel 1. No DACK outputs will be active 

during memory-to-memory transfers. 

The Am9517A will respond to external EOP signals during 

memory-to-memory transfers. 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 may 

be found in Timing Diagram 4. 
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Autointialize: By programming a bit in the Mode register a 

channel may be set up for an Autoinitialize operation. 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 that chan- 

nel following EOP. The base registers are loaded simultane- 

ously with the current registers by the microprocessor and re- 

main unchanged throughout the DMA service. The mask bit is 

not set by EOP when the channel is in Autoinitialize. Following 

Autoinitialize the channel is ready to repeat its service without 

CPU intervention. 

Priority: The Am9517A has two types of priority encoding 

available as software selectable options. The first is Fixed Prior- 

ity which fixes the channels in priority order based upon the 

descending value of their number. The channel with the lowest 

priority is 3 followed by 2, 1 and the highest priority channel, 0. 

The second scheme is Rotating Priority. The last channel to get 

service becomes the lowest priority channel with the others 

rotating accordingly. With Rotating Priority in a single chip DMA 

system, any device requesting service is guaranteed to be rec- 

ognized after no more than three higher priority services have 

occurred. This prevents any one channel from monopolizing the 

system. 

1st Service 2nd Service 3rd Service 

highest 0 2 ~e— service 3 —~+— service 

1 ~—— service 3 —+— request 0 

2 0 1 
lowest 3 1 2 

The priority encoder selects the highest priority channel re- 

questing service on each active-going HACK edge. Once a 

channel is started, its operation will not be suspended if a re- 

quest is received by a higher priority channel. The high priority 

channel will only gain control after the lower priority channel 

releases HREQ. When control is passed from one channel to 

another, the CPU will always gain bus control. This ensures 

generation of rising HACK edge to be used to initiate selection of 

the new highest-priority requesting channel. 

Compressed Timing: In order to achieve even greater 

throughput where system characteristics permit, the Am9517A 

can compress the transfer time to two clock cycles. From Timing 

Diagram 3 it can be seen that state S3 is used to extend the 

access time of the read pulse. By removing state S3 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 A8-A15 

need updating (see Address Generation). Timing for compres- 

sed transfers is found in Timing Diagram 6. 

Address Generation: In order to reduce pin count, the 

Am9517A multiplexes the eight higher order address bits on the 

data lines. State $1 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 3-slate enable. The lower order address bits are out- 

put by the Am9517A directly. Lines AO-A7 should be connected 

to the address bus. Timing Diagram 3 shows the time relation- 

ships between CLK, AEN, ADSTB, DBO-DB7 and AQ-A7. 

During Block and Demand Transfer mode services which in- 

clude multiple transfers, the addresses generated will be se- 

quential. For many transfers the data held in the external ad- 

dress latch will remain the same. This data need only change 

when a carry or borrow from A7 to A8 takes place in the normal 

sequence of addresses. To save time and speed transfers, the 

Am9517A executes S1 states only when updating of A8-A15 in 

the latch is necessary. This means for long services, S1 states 

may occur only once every 256 transfers, a savings of 255 clock 

cycles for each 256 transfers. 

REGISTER DESCRIPTION 

Current Address Register: Each channel has a 16-bit Current 

Address register. This register holds the value of the address 

used during DMA transfers. The address is automatically in- 

cremented or decremented after each transfer and the inter- 

mediate values of the address are 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. Au- 

toinitialization takes place only after an EOP. 

Current Word Count Register: Each channel has a 16-bit Cur- 

rent Word Count register. This register should be programmed 

with, and will return on a CPU read, a value one less than the 

number of words to be transferred. The word count is dec- 

remented after each transfer. The intermediate value of the word 

count is stored in the register during the transfer. When the 

value in the register goes to zero, a TC will be generated. This 

register is loaded or read in successive 8-bit bytes by the micro- 

processor in the Program Condition. Following the end of aDMA 

service it may also be reinitialized by an Autoinitialize back to its 

original value. Autoinitialize can occur only when an EOP oc- 

curs. Note that the contents of the Word Count register will be 

FFFF (hex) following on internally generated EOP. 

Base Address and Base Word Count Registers: Each chan- 

nel has a pair of Base Address and Base Word Count registers. 

These 16-bit registers store the original values of their as- 

sociated 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 correspond- 

ing current register in 8-bit bytes during DMA programming by 

the microprocessor. Accordingly, writing to these registers when 

intermediate values are in the Current registers will overwrite the 

intermediate values. The Base registers cannot be read by the 

microprocessor. 

 



  

  

  

  

Command Register: This 8-bit register contrals the operation 
of the Am9517A. It is programmed by the microprocessor in the 
Program Condition and is cleared by Reset. The following table 
lists the function of the command bits. See Figure 4 for address 
coding. 

t on 09 6 X @ 

7 6 5 4 3 2 4 O ——Bit Number 

0 Memory-to-memory disable 

1 Memory-to-memory enable 

0 Channel 0 address hold disable 

1 Channel 0 address hold enable 

X If bitO=0 

: 0 Controller enable 

1 Controller disable 

  

  

  

  
OQ Normal timing   
1 Compressed timing 

X if bitO=1   
O Late write selection   

Extended write selection 

If bit 3=1 x   
  

0 DREQ sense active high 

1 DREQ sense active low 

O Fixed Priority 

1. Rotating Priority 

  { 0 DACK sense active low 

| 1 DACK sense active high 
  

Mode Register: Each channel has a 6-bit Mode register as- 
sociated with it. When the register is being written to by the 
microprocessor in the Program Condition, bits 0 and 1 deter- 
mine which channel Mode register it to be written. 

  

  

7 6 5 4 3 2 1 O ——Bit Number - 

lofifefe fief [i] -_ 
= 

Channel O select 

Channel-4 select 

Channel 2 select 

Channel 3 select 

Verify transfer 

Write transfer 

Read transfer . 

IMlegal 
If bits 6 and 7 = 11 

  

  0 Autoinitialize disable 

1 Autoinitialize enable 
    0 Address increment select 

1 Address decrement select   
00 Demand mode select 

01 Single mode select 

Block mode select 

Cascade mode select 

  
  

Request Register: The Am9517A can respond to requests for 

DMA service which are initiated by sofware as well as by a 
DREQ. Each channel has a request bit associated with it in the 

4-bit Request register. These are nonmaskable and subject to 
prioritization by the Priority Encoder network. Each register bit is 

set or reset separately under software control or is cleared upon 

generation of a TC or external EOP. The entire register is 

cleared by a Reset. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for address coding. 

7 6 5 4 3 2 1 =O —— Bit Number 

LT TTT 
00 Select channel 0 

01 Select channel 1 

10 Select channel 2 

11. Select channel 3 

  

  

  

Don’t Care 

O Reset request bit 

1 Set request bit 

Software requests will be serviced only if the channel is in Block 

mode. When initiating a memory-to-memory transfer, the 
software request for channel 0 should be set. 

Mask Register: Each channel has associated with it a mask bit 

which can be set to disable the incoming DREQ. Each mask bit 

is set when its associated channel produces an EOP if the 
channel is not programmed for Autoinitialize. Each bit of the 4-bit 

Mask register may also be set or cleared separately under 

software control. The entire register is also set by a Reset. This 

disables all DMA requests until a clear Mask register instruction 
allows them to occur. The instruction to separately set or clear 

the mask bits is similar in form to that used with the Request 
register. See Figure 4 for instruction addressing. — 

7 6 5 4 3 2 1 O —— Bit Number 

LITIITITTTI 
a es 

oo 
Don’t Care 

  

Select channel O mask bit 

O1 Select channel 1 mask bit 

10 Select channel 2 mask bit 

11 Select channel 3 mask bit 

O Clear mask bit 

1 Set mask bit 

All four bits of the Mask Register may also be written with a 
single command. 

  

7 6 5 4 3° 2 1 Q ——Bit Number 

QO Clear Channel 0 mask bit 

1 Set Channel 0 mask bit 

O Clear Channel 1 mask bit 

1. Set Channel 1 mask bit 

  

  

  O Clear Channel 2 mask bit 

1. Set Channel 2 mask bit 
  

O Clear Channel 3 mask bit 

1 Set Channel 3 mask bit 
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Status Register: The Status registers may be read out of the 

Am9517A by the microprocessor. It indicates which channels 

have reached a terminal count and which channels have pend- 

ing DMA requests. Bits 0-3 are set each time a TC is reached by 
that channel, including after each Autoinitialization. These bits 

are cleared by Reset and each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting service. 

7 6 6 4 3 2 1 =O ——Bit Number 

  

      
          

Temporary Register: The Temporary register is used to hold 

data during memory-to-memory transfers. Following the com- 

pletion of the transfers, the last word moved can be read by the 

microprocessor in the Program Condition. The Temporary reg- 

ister always contains the last byte transferred in the previous 

memory-to-memory operation, unless cleared by a Reset. 

Software Commands: There are two special software com- 
mands which can be executed in the Program Condition. They 

do not depend on any specific bit pattern on the data bus. The 
two software commands are: 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Clear First/Last Flip/Flop: This command may be issued prior 

to writing or reading Am9517A address or word count infor- 

1. Channel 0 has reached TC mation. This initializes the flip/flop to a known state so that 

4 Channel 1 has reached TC subsequent accesses to register contents by the micro- 

1. Channel 2 has reached TC processor will address lower and upper bytes in the correct 

1 Channel 3 has reached TC sequence. 

Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 

1 Channel 0 request Temporary and Internal First/Last Flip/Flop registers are 

1 Channel 1 request cleared and the Mask register is set. The Am951 7A will enter 

1. Channel 2 request the Idle cycle. 

1 Channel 3 request Figure 4 lists the address codes for the software commands. 

Interface Signals 

A3 | A2 | A1 | AO | IOR | 1OW Operation 

ae 1 ) 0 0 1 Read Status Register 

g 1 te) 0) ] Write Command Register 

3 1 i¢) ie) 1 0 1 legal 

7 1 ie) Q 1 1 0 Write Request Register 

A 1 te) 1 0 to) 1 Megal 

A 1 0 1 0 1 0 Write Single Mask Register Bit 

& 1 0 1 1 0 1 legal 
8 1 ie) 1 1 1 0 Write Mode Register 

c 1 1 0 i¢) 0 1 Nlegal 

¢ 1 1 Qo i¢) 1 0 Clear Byte Pointer Flip/Flop 

D 1 1 i) 1 i?) 1 Read Temporary Register 

D 1 1 (0) 1 1] 0 Master Clear 

£ 1 1 1 fe) 0 1 legal 

E 1 1 1 L) 1 0 Iegal 

2 1 1 1 1 0 1 Illegal 

LF 1 1 1 1 1 0 Write All Mask Register Bits                   
Figure 4. Register and Function Addressing. 
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Channel Register Operation a ___ Signals Internal Data Bus 
CS JOR 10W A3 A2 Al AD Flip/Flop DBO-DB7 

0 Base & Current Write Oo 1 i?) 00008 0 A0-A7 

Address Oo 1 0 0 0 0 0° 1 A8-A15 

Current 0 0 1 0 0 0 0°” i) A0-A7 
Read 

Address 0 Oo 1 0 00 0 1 AB-A15 

Base & Current . Oo .61 0 0 0 0 1! 0 wo-w7 
Word C Write 

ord Count Oo 1 o 0 0 0 1 1 W8-W15 

Current 0 0 1 0 0 0 1 0 Wwo-W7 
Read \ 

Word Count 0 Oo 1 0 0 o 1 ‘ 1 W8-W15 

Base & Current . . Oo 1 0 o 0 1 0 0 AO-A7 
1 Write 

Address o 41 0 001 0 1. A8-A15 

Current 0 Oo 1 o 0 1 0 0 A0-A7 
Read . 

Address 0 oO 1 00 1 0 1 A8-A15 

Base & Current . o 1 o 0 0 1 1 0 WO-W7 
Write 

Word Count Oo 1 0 o 0 1 1 1 W8-W15 

Current 0 60 1 0.60061 1 0 Wwo-W7 
Read . 

Word Count Oo 60 1 o 0 1 1 1 W8-W15 

Base & Current . 0 1 0 o 1 0 0 (0) AO-A7 
2 Write 

Address Oo 1 0 0 1 0 0 1 A8-A15 

Current in) 1 0641 0 0 18) A0-A7 
Read 

Address Oo 660 1 0 1 0 0 1 A8-A15 

Base & Current : Qo. 0 oOo 1 0 1 0 WO-W7 
Write 

Word Count o 1 0 01 0 1 1 W8-W15 

Current ne) 1 o 1 0 1 0 Wo-W7 
Read 

Word Count Oo 60 1 o 1 0 1 1 W8-W15 

3 Base & Current Write | 0 o 1 1 =0 0 A0-A7 

Address Oo o1 0 o 1 1 40 1 A8-A15 

Current 0.6.60 1 o 1 1 #0 0 AO-A7 
Read 

Address o.6UO0 1 o 1 1 0 1 A8-A15 

Base & Current . o.61 o oo 1 1 1 0 WO-W7 
Write 

Word Count 0.61 ie) Oo 1 1 1 1 W8-W15 

Current oo 1031141 0 wo-W7 
Read 

Word Count 0.60908 1 Oo 1 1 1 1 W8-W15             

Figure 5. Word Count and Address Register Command Codes.
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MAXIMUM RATINGS above which useful life may be impaired 
  

  

  

  

  

Storage Temperature —65°C to +150°C 

Ambient Temperature Under Bias 7 —55°C to +125°C 

VCC with Respect to VSS _ _ _ —0.5V to +7.0\ 

All Signal Voltages with Respect to VSS _ _ —0.5V to +7.0V 

Power Dissipation (Package Limitation) —_ 1.5W     
The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations 

static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avo 

exposure to excessive voltages. 

OPERATING RANGE 

  

  

  

  

Part Number Ta vcc 

Am9517ADC/PC 0°C to +70°C 5.0V +5% 

Am9517A-1DC/PC 0°c to +70°C 5.0V +5% 

Am9517A-4DC/PC o°c to +70°C 5.0V +5% 

Am9517ADM -55°C to +125°C 5.0V +10%         
  

ELECTRICAL CHARACTERISTICS over operating range (Note 1) 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

                  

  

Parameter Description Test Conditions Min Typ Max Unit 

1OH = —200uA 24 
VOH Output HIGH Voltage 1OH = ~1001A, (HREO Only) 33 Volts 

VOL Output LOW Voltage lOL = 3.2mA 0.4 Volts 

VIH Input HIGH Voltage 2.0 VCCt0.5 Volts 

VIL Input LOW Voltage —0.5 08 Volts 

x Input Load Current VSS < VI < VCC —10 : +10 BA 

10Z Output Leakage Current vcc < VO < VSS+.40 —10 +10 pA 

Ta = +28°C 65 130 

Icc VCC Supply Current TaA=0°C 75 150 mA 

Ta = 55°C 175 

co Output Capacitance ; 4 3 pF 

cl Input Capacitance fe = 1.0MHz, Inputs = OV 8 15 pF 

clo 1/0 Capacitance 10 18 pF 

NOTES: 8. Output loading on the data bus is 1 Standard TTL gate pl 

1. Typical values are for Ta = 25°C, nominal supply voltage 15pF for the minimum value and 1 Standard TTL gate ph 

and nominal processing parameters. 100pF for the maximum value. 

2. Input timing parameters assume transition times of 20ns or 9. Successive read and/or write operations by the extern 

less. Waveform measurement points for both input and out- processor to program or examine the controller must t 

put signals are 2.0V for High and 0.8V for Low, unless timed to allow at least 600ns for the AmQ5S17A | 

otherwise noted. Am9517A-1 and at least 450ns for the Am9517A-4 as 1 

3. Output loading is 1 Standard TTL gate plus 50pF capaci- covery time between active read or write pulses. 

tance unless noted otherwise. 10. Parameters are listed in alphabetical order. 

4. The new IOW or MEMW pulse width for normal write will be 141. Pin 5 is an input that should always be at a logic high lev 

TCY-100ns and for extended write will be 2TCY-100ns. The An internal pull-up resistor will establish a logic high wht 

net IOR or MEMR pulse width for normal read will be the pin is left floating. Alternatively, pin 5 may be tied 

2TCY-50ns and for compressed read will be TCY-50ns. vec. __ 

5. TDQ is specified for two different output HIGH levels. TDQ1 12. Signals READ and WRITE refer to IOR and MEMW respe 

is measured at 2.0V. TDG2 is measured at 3.3V. The value tively for peripheral-to-memory DMA operations and 

for TDQ2 assumes an external 3.3kf. pull-up resistor con- MEMR and IOW respectively for memory-to-periphe 

nected from HREQ to VCC. DMA operations. 

6. DREQ should be held active until DACK is returned. 13. IfN wait states are added during the write-to-memory half 

7. DREQ and DACK signals may be active high or active low. a memory-to-memory transfer, this parameter will increa 

Timing diagrams assume the active high mode. by N (TCY).



  

  

SWITCHING CHARACTERISTICS 

ACTIVE CYCLE (Notes 2, 3, 10, 11 and 12) 

  

  

  

  

  

    
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Am9517A Am9517A-1 Am9517A-4 

Parameter Description Min Max Min Max Min Max Unit 

TAEL AEN HIGH from CLK LOW (S1) Delay Time 300 300 225 ns 

TAET AEN LOW fram CLK HIGH (S1) Delay Time 200 200 | “| 

TAFAB ADR Active to Float Delay from CLK HIGH 150 450 120 ns 

TAFC READ or WRITE Float from CLK HIGH ” 150 10 | 320 ns 

TAFDB DB Active to Float Delay from CLK HIGH 250 250 190 ; ns 

TAHR ADA from READ HIGH Hold Time TCY-100 TCY-100 TCY-100 ns 

TAHS DB from ADSTB LOW Hold Time 50 50 “40 | ns 

TAHW ADR from WAITE HIGH Hold Time TCY-50 “| Tev-50 TCY-50 ns 

DACK Valid from CLK LOW Delay Time 280 280 220 as 

TAK EOP HIGH from CLK HIGH Delay Time 250 250 190 ns 

EOP LOW to CLK HIGH Delay Time 250 250 190 ns 

TASM ADR Stable from CLK HIGH a 250 20. «| 190 ns 

TASS DB to ADSTB LOW Setup Time 100 100 100 ns 

TCH Clock High Time (Transitions < 10ns) 120 120 100 ns 

[ ToL Clock Low Time (Transitions < 10ns) 150 150 110 ns 

TY CLK Cycle Time - 320 320 250 ns 

Toot CLK HIGH to READ or WRITE LOW Delay 270 270 200 ns 

TDCTR Delay HIGH are HIGH (S4) 270 270 210 ns 

TOCTW Delay Time (Note on HIGH (S4) 200 200 150 ns 

Toa HREQ Valid from CLK HIGH Delay Time 160 160 120 ns 

Tba2 (Note 5) 250 250 190 ns 

TEPS EOP LOW from CLK LOW Setup Time “60 ; 60 45 ns 

TEPW EOP Pulse Width 300 300 225 ns 

| TFAAB ADR Float to Active Delay from cLK HIGH 250 250 190 ns 

TFAC READ or WRITE Active from CLK HIGH 200 200 150 ns 

TFADB DB Float to Active Delay from CLK HIGH 7 300 300 225 ns 

THS HACK valid to CLK HIGH Setup Time 100 ; 100 75 ns 

| TIDH Input Data from MEMR HIGH Hold Time 0 0 0 ns 

TIDS Input Data to MEMR HIGH Setup Time 250 250 130 ns 

TODH Output Data from MEMW HIGH Hold Time 20 20 20 ns 

TODV Output Data Valid to MEMW HIGH (Note 13) | 200 200 125 ns 

Tas DREQ to CLK LOW (S1, S4) Setup Time : 420 120 90 ns 

TRH CLK to READY LOW Hold Time 20 20 20 ns 

TRS READY to CLK LOW Setup Time 100 100 60 ns 

TSTL ADSTB HIGH from CLK HIGH Delay Time _ 200 200 150 ns 

TSTT ADSTB LOW from CLK HIGH Delay Time _ 140 140 10. =| sons                   
  

4n



  

  
  

SWITCHING CHARACTERISTICS 
PROGRAM CONDITION (IDLE CYCLE) 

(Notes 2, 3, 10, 11 and 12) 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

                    
  

  

    

  

  

  

  

  

      
  

  

  

  

  

    
  

  
  

  

        
  

      
  

Am9517A Am9517A-1 Am9517A-4 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

TAR ADR Valid or CS LOW to READ LOW 50 50 50 ns 

TAW ADR Valid to WRITE HIGH Setup Time 200 200 150 ns 

TCW CS LOW to WRITE HIGH Setup Time 200 200 150 ns 

TDW Data Valid to WRITE HIGH Setup Time 200 200 150 ns 

TRA ADR or CS Hold from READ HIGH 0 0 0 ns 

TRDE Data Access from READ LOW (Note 8) 300 200 200 ns 

TORF DB Fioat Delay from READ HIGH 20 150 20 100 20 100 ns 

TRSTD Power Supply HIGH to RESET LOW 500 500 - 500 us 
Setup Time 

TRSTS RESET to First IOWR -2 2 2 Tcy 

TRSTW RESET Pulse Width 300 300 300 ns 

TRW READ Width 300 300 250 ns 

TWA ADR from WRITE HIGH Hold Time 20 20 20 ns 

TwCc CS HIGH from WRITE HIGH Hold Time 20 20 20 ns 

TwD Data from WRITE HIGH Hold Time 30 30 30 ns 

TWWS Write Width 200 200 200 ns 

TAD Data Access from ADR Valid, CS LOW 350 300 300 ns 

SWITCHING WAVEFORMS 
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Timing Diagram 1. Program Condition Write Timing (Note 9). 
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Timing Diagram 2. Program Condition Read Cycle (Note 9). 
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SWITCHING WAVEFORMS (Cont.) 
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Timing Diagram 3. Active Cycle Timing Diagram. 
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SWITCHING WAVEFORMS (Cont.) 
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Timing Diagram 4. Memory-to-Memory. 
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Timing Diagram 5. Ready Timing.   
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Timing Diagram 6. Compressed Timing. 
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