










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LOGIC SYMBOL 

AlB ADo 

A17 ADI 

A18 AD2 

UPPER A19 AD3 

ADDRESS BUS A20 AD4 

A21 ADs 

A22 ADs 

A23 �A�~� ADDRESS 

ADa DATA BUS 

M/iO ADg 

1 
N/S ADIO 

STATUS 
B/Vi ADll 

R/W 
Am9516 

AD12 UDC 

TBEN AD13 

RBEN AD14 

P/C ADIS 
BUS BREQ CONTROL 

BACK 
/' 

OREQ1' OREQ2 cs 
WAIT OACK1• DACK2 

EOP 

RESET 

iNr } INTERRUPT 
BUS Os INTACK CONTROL 

TIMING ALE 

+5V GNO CLOCK 

INTERFACE SIGNAL DESCRIPTION 
All inputs to the UDC, except the clock are directly TTL 
compatible; 

vce: + 5V Power Supply 
VSS: Ground 

CLOCK: (Clock, Input) 
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The Clock signal controls the internal operations and the rates of 
data transfers. It is usually derived from a master system clock 
or the associated CPU clock. The Clock input requires a high 
voltage input signal. Many UDC input signals can make transi­
tions independent of the UDC Clock, these Signals can be 
asynchronous to the UDC clock. On other signals, such as WAIT 
inputs, transitions must meet setup and hold requiremen'ts rela­
tive to the UDC clock. See the timing diagrams for details. 

ADo-AD15 (Address-Data Bus, Input/Output, Three-state) 
The Address-Data Bus is a time-multiplexed, bidirectional, 
active High, three-state bus used for all I/O and memory 
transactions. HIGH on the bus corresponds to 1 and LOW cor­
responds to O. ADO is the least significant bit position and AD15 
is the most significant. The presence of addresses is defined by 
the timing edge of ALE and the asserted or requested presence 
of data is defined by the OS signal. The status output lines M/IO 
and N/'S indicate the type of transaction, either memory or I/O. 
The R/W line indicates the direction of the transaction. When the 
UDC is in control of the system bus, it dominates the AD Bus; 
when the UDC is not in control of the system bus, the CPU or 
other external devices dominate the AD Bus. 

Am9516 

CONNECTION DIAGRAM 
Top View 

0-48 
P-48 

iNT i'NTAci( 

BACK RESET 

BREQ CLOCK 

Vee ALE 

ADo P/D 

ADI OS 
AD2 cs 
AD3 R/W 

AD4 DACK1 
ADs DACK2 
ADs EOP 

Ao., DREQ2 

ADa DREQI 

AD9 B/W 

ADIO WAiT 
ADll TeEN 
AD12 RBEN 

AD13 M/iO 
A014 N/S 
AD15 AIS 

A23 A17 

A22 Ala 

A21 VSS 

A20 A19 
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Note: Pin 1 is marked for orientation. 

The presence of address or data on the ADo-AD15 bus is 
defined only by ALE and OS. When the UDC is not in control of 
the bus; there is no required relation between the presence of 
address or data and the UDC clock. This allows the UDC to 
be used with a system bus which does not have a bussed 
clock Signal. 

OS (Data Strobe, InputjOutput, Three-State) 
Data Strobe is a bidirectional, active-low, three-state. signal. A 
LOW on this signal indicates that the ADo-AD15 bus is being 
used for data transfer. When the UDC is not in control of the 
system bus and the external system is transferring information to 
or from the UDC, OS is a timing input used by the UDC to move 
data to or from the ADo":" AD15 bus. Data is written into the UDC 
by the external system on the LOW-to-HIGH DS transition. Data 
is read from the UDC by the external system while OS is LOW. 
There are no timing requirements between OS as an input and the 
UDC clock; this allows use of the UDC with a system bus which 
does not have a bussed clock. During a DMA operation when 
the UDC is in control of the system, OS is an output generated by 
the UDC and used by the system to move data to or from the 
ADo-AD15 bus. When the UDC has bus control, it writes to the 
external system by placing data on the ADo - AD15 bus before the 
HIGH-to-LOW OS transition and holding the data stablo until 
after the LOW-to-HIGH OS transition; while reading from the 
external system the LOW-to-HIGH transition of OS inputs data 
from the ADo-AD15 bus into the UDC (see timing diagram). 
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R/W (Read/Write, InputjOutput, Three-State) 
Read/Write is a bidirectional, three-state signal. Read polarity is 
HIGH and write polarity is Law. R/W indicates the data direc­
tion of the current bus transaction, and is stable starting when 
ALE is HIGH until the bus transaction ends (see timing dia­
gram). When the UDC is not in control of the system bus and the 
external system is transferring information to or from the UDC, 
R/W is a status input used by the UDC to determine if data is 
entering or leaving on the ADo-AD15 bus during DS time. In 
such a case, Read (HIGH) indicates that the system is request­
ing data from the UDC and Write (LOW) indicates that the 
system is presenting data to the UDC. There are no timing 
requirements between R/W as an input and the UDC clock; 
transitions on R/W as an input are only defined relative to DS. 
When the UDC is in control of the system bus, R/W is an output 
generated by the UDC, with Read indicating that data is being 
requested from the addressed location or device, and Write indi­
cating that data is being presented to the addressed location or 
device. Flyby DMA operations are a special case where R/W is 
valid for the normally addressed memory or peripheral locations 
and must be interpreted in reverse by the "Flyby" peripheral that 
uses it. 

TBEN (Transmit Buffer Enable, Output, Open Drain) 
Transmit Buffer Enable is an actiye-Iow, open drain output. 
When UDC is a bus master, a LOW on this output indicates that 
the data is being transferred from the UDC to the data bus lines 
through the buffer. The purpose of this signal is to eliminate bus 
contention. When UDC is not in control of the system bus, these 
pins float to three-state OFF. 

RBEN (Receive Buffer Enable, Output, Open Drain) 
Receive Buffer Enable is an active-low, open drain output. 
When UDC is in control of system bus, a LOW on this output 
indicates that/the data is being transferred from the data bus 
lines to the UDC through the buffer. The purpose of this signal is 
to eliminate bus contention. This pin floats to three-state OFF 
when the UDC is not in control of the system bus. 

ALE (Address Latch Enable, Output) 
This active HIGH signal is provided by the UDC to latch the 
address signals ADO-AD15 into the address latch. This pin is 
never floated. 

P/D (Pointer/Data, Input) 
Pointer/Data is an input signal to indicate the information on the 
ADo-AD15 bus only when the UDC is the bus slave. A HIGH on 
this signal indicates the information on the AD bus is an 
address of the internal register to be accessed. The data on 
AD-bus is loaded into the Pointer register of UDC. A LOW on 
this signal indicates that a data transfer is taking place between 
the bus and the internal register designated by the Pointer 
register. Note that if a transaction is c~lJried out with R(W HIGH 
and p(B HIGH, the contents of the Pointer register will be read. 

M/Io (Memory/Input-Output, Output, Three-state) 
This signal specifies the type of transaction. A HIGH on this pin 
indicates a memory transaction. A LOW on this pin indicates an 
I/O transaction. It floats to three-state OFF when !JDC is not in 
control of the system bus. 

NjS (Normal/System, Output, Three-state) 
This output is a three-state signal activated only when the UDC 
is the bus master. Normal is indicated when N/S is HIGH and 
System is indicated when N/S is LOW. This signal supplements 
the MliD line and is used to indicate which memory or I/O space 
is being accessed. 

B/W (Byte/Word, Output, Three-state) 
This output indicates the size of data transferred on the 
ADo-AD15 bus. HIGH indicates a byte (a-bit) and LOW indi­
cates a word (-16-bit) transfer. This output is activated when ALE 
is HIGH and remains valid for the duration of the whole transac­
tion (see timing diagram). All word-sized data are word aligned 
and must be addressed by even addresses (Ao == 0). When 
addressing byte read transactions, the least significant address 
bit determines which byte is needed; an even address specifies 
the most sighificant byte (ADa - AD15) and an odd address 
specifies the least significant byte (ADo-AD7)' (Note that the 

. higher address specifies the least significant byte!) This 
addressing mechanism applies to memory accesses as well as 
I/O accesses. When the UDC is a slave, it ignores the B/W 
signal and this pin floats to three-state OFF. 

CS (Chip Select, Input) 
This pin is an active-low input. A CPU or other external device 
uses CS to activate the UDC for readil')g and writing of its 

Figure 2. UDC Configurations 

cPU 
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internal registers. There are no timing requirements between the 
CS input and the UDC clock; the CS input timing requirements 
are only defined relative to OS. This pin is ignored when UDC is 
in control of system bus. 

WAIT (Wait, Input) 
This pirr is an active-low input. Slow memories and peripheral 
devices may use WAIT to extend OS and RBEN or TBEN 
during operation. Unlike the CS input, transitions on the WAIT 
input must meet certain timing requirements relative to the UDC 
clock. See Timing Diagram 4 for details. The Wait function may 
be disabled using a control bit in the Master Mode 

. register (MM2). 

BREQ (Bus Request, Output) 
Bus Request is an active-HIGH signal used by the UDC 
to obtain control of the bus from the CPU. BREQ lines from 
multiple devices are connected to a priority encoder. 

BACK (Bus Acknowledge, Input) 
BACK is an active-HIGH,.asynchronous input indicating that the 
CPU has relinquished the bus and that no higher priority device 
has assummed bus control. Since BACK is internally 
synchronized by the UDC before being used, transitions on 
BACK do not have to be synchronous with the UDC clock. The 
BACK input is usually connected to the HLDA line from the CPU 
or to the output of a priority decoder. 

INT (Interrupt Request, Output, Open Drain) 
Interrupt Request is an active-low output used to interrupt the 
CPU. It is driven LOW whenever the IP and CIE bits of the 

• Status Register are set. It is cleared by UDC after receiving a 
. clear IP command. 

INTACK (Interrupt Acknowledge, Input) 
Interrupt Acknowledge is an active-low input indicating that the 
request for interrupt has been granted. The UDC will place a 
vector onto the AD bus if the No Vector or Interrupt bit (MM3) 
is reset. 

REGISTER DESCRIPTION 
The Am9516 UDC block diagram illustrates the internal regis­
ters. Figure 3 lists each register along with its size and read/write 
access restrictions. Registers which can be read by the CPU are 
filither fast (F) or slow (S) readable. Fast registers can be read by 
a normal CPU I/O operation without additional wait states. 
Reading slow registers requires multiple wait states. Registers 
can be written to by the host CPU (W) and/or can be loaded by 
the DMA channel itself during chaining (C). All reads or writes 
must be word accesses since the UDC ignores the B/W line in 
slave mode. It is the responsibility of the user to supply the 
necessary external logic if slow readable registers are to be 
read. 

The UDC registers can be categorized into chip-level registers, 
which control the overall operation and configuration of the 
UDC, and channel-level registers which are duplicated for each 
channel. The five chip-level registers are the Master Mode 
register, the Command register, the Chain Control register, the 
Pointer register, and the Temporary register. The Master Mode 
register selects the way the UDC chip interfaces to the system. 
The Command register is written to by the host CPU to initiate 
certain operations within the UDC chip, such as resetting the 
unit. The Chain Control register is used by a channel while it is 
reloading its channel-level registers from memory. The Pointer 
register is written to by the host CPU when the p/O input is 
HIGH. The data in Pointer register is the address of the internal 
register to be accessed. The Temporary register is used to hold 
data for Flowthru Transfer/Transfer-and-Searches. 
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RESET (Reset, Input) 
Reset is an active-low input to disable the UDC and clear its 
Master Mode register. ' 

DREQ1, DREQ2 (DMA Request, Inputs) 
The DMA Request lines are two active-low inputs, one per 
channel. They may make transitions independent of the UDC 
clock and are used by external logic to initiate and control DMA 
operations performed by the UDC. 

DACK1, DACK2 (DMA Acknowledge, Output) 
The DMA Acknowledge lines are active-low outputs, one per 
channel, which indicate that the channel is performing a DMA 
operation. DACK is pulsed, held active or held inactive during 
DMA operations as programmed in the Channel Mode register. 
For Flowthru operations, the peripheral is fully addressed using 
the conventional I/O addressing protocols and therefore may 
choose to ignore DACK. DACK is always output as programmed 
in the Channel Mode register for a DMA operation, even 
when the operation is initiated by a CPU software request 
command or as a result of chaining. DACK is not output during 
the chaining operations. 

EOP (End of Process, Input/Output) 
EOP is an active-low, open-drain, bidirectional signal. It must be 
pulled up with an external resistor of 1.8kohm or more. The UDC 
emits an output pulse on EOP when a TC or MC termination 
occurs, as defined later. An external source may terminate a 
DMA operation in progress by driving EOP low. EOP always 
applies to the active channel; if no channel is activo, EOP 
is, ignored . 

A16- A23 (Upper Address Bus, Output, Three-state) 
The A16-A23 address lines are three-stato outputs activatod 
only when the UDC is controlling the system bus. Combined with 
the lower 16 address bits appearing on ADo through AD15 
respectively, this 24-bit linear address allows the UDC to access 
anywhere within 16 Megabytes of memory. 

'The channel-level registers' can be divided into two sub­
categories: general purpose registers, which would be found on 
most DMA chips,'and special purpose registers, which provide 
additional features and functionality. The seven'general purpose 
registers are the Base and Current Operation Count registers, 
the Base and Current Address registers A and B, and the 
Channel Mode register. The special purpose registers are the 
Pattern and Mask registers, the Status register, the Interrupt 
Vector register, the Interrupt Save register, and the Chain Ad­
dress register. -

The internal registers are read or written in two steps. First, the 
address of the register to be accessed is written to the Pointer 
register, when the p/B input is HIGH. Then, the data is read from 
or written into the desired register which is indicated by t~e 
Pointer register, when P/D input is LOW. Note that a read with 
P/O HIGH causes the contents of the Pointer register to be read 
on AD1 through AD6. 

MASTER MODE REGISTER 

The 4-bit Master Mode register, shown in Figure 4, controls the 
chip-level interfaces. It can' be read from and written to by the 
host CPU without wait states through pins ADO - AD3, but it is 
not load able by chaining. On a reset, the Master Mode register is 
cleared to all zeroes. The function of each of the Master Mode 
bits is described in the following paragraphs. 

The Chip Enable bit CE = 1 enables the UDC to request the bus. 
When enabled, the UDC can perform DMA Operations and 
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Figure 3. UDC Internal Register 

Name Size 

Master Mode Register 4 bits 

Pointer Register 6 bits 

Chain-Control Register 10 bits 

Temporary Register 16 bits 

Command Register 8 bits 

Current Address Register - A: 
Up-Addr/Tag field 14 bits 
Lower Address field 16bits 

Current Address Register - 8: 
Up-Addr/Tag field 14 bits 
Lower Address fiel~ 16 bits 

Base Address Register - A: 
Up-Addr/Tag field 14 bits 
Lower Address field 16 bits 

Base Address Register - B: 
Up-Addr/Tag field 14 bits 
Lower Address field 16 bits 

Current Operation Count 16 bits 

Base Operation Count 16 bits 

Pattern Register 16 bits 

Mask Register 16 bits 

Status Register 16 bits 

Interrupt Save Register 16 bits 

Interrupt Vector Register 8 bits 

Channel Mode Register - High 5 bits 

Channel Mode Register - Low 16 bits 

Chain Address Register: 
Up-Addr/Tag field 10 bits 
Lower Address field 16 bits 

Access Codes: Chain Loadable C 
D 
F 
S 

Accessible by UDC channel 
Fast Readable 
Slow Readable 

W= Write able by CPU 

Number 

2 
2 

2 
2 

2 
2 

2 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
2 

Access 
Type 

FW 

FW 

C 

D 

Port Address 
CH-1/CH-2 

38 

W 2E/2C· 

CFW 
CFW 

CFW 
CFW 

CFW 
CFW 

CFW 
CFW 

CFW 

CFW 

CSW 

CSW 

F 
F 

CSW 

CS 

CSW 

CFW 
CFW 

1A/18 
OA/08 

12/10 
02/00 

1E/1C 
OE/OC 

16/14 
06/04 

32/30 

36/34 

4A/48 

4E/4C 

2E/2C 

2A/28 

SA/58 

56/54 

52/50 

26/24 
22/20 

Note: The address of the register to be accessed is stored in the Pointer register. 

·Port addresses of Command register can be used alternately for both channels .except 
when issuing a "set or clear IP" command. 

reload registers. It can always issue interrupts and respond to 
interrupt acknowledges. When the Chip Enable bit is cleared, 
the UDC is inhibited from requesting control of the system bus 
and, therefore, inhibited from performing chaining 

. or DMA operations. 

The CPU Interleave bit enables interleaving between the CPU 
and the UDC. 

Figure 4. Master Mode Register 

I MM31 MM21 MM1 I MMO I 
I L Chip Enable 

~ CPU Interleave 
Enable 

Walt Line Enable 

No Vector on 
Interrupt 
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The Wait Line Enable bit is used to enable sampling of the WAIT 
line during Memory and I/O transactions. Because the UDC 
provides the ability to insert software programmable wait states, 
many users may disable sampling of the WAIT pin to eliminate 
the logic driving this pin. The Wait Line Enable bit provides this 
flexibility. See the "Wait States" section of this document for 
details on wait state insertion. 

The "No Vector on Interrupt" bit selects whether the UDC 
channel or a peripheral returns a vector during interrupt 
acknowledge cycles. When this bit is cleared, a channel receiv­
ing an interrupt acknowledge will drive the contents of its .Inter­
rupt Save register onto the ADo-AD15 data bus while INTACK 
is LOW. If this bit is set, interrupts are serviced in an identical 
manner, but the ADo - AD15 data bus remains' in a high impe­
dance state throughout the acknowledge cycle. 

POINTER REGISTER 

The Pointer register contains the address of the internal register 
to be accessed. It can be read or written by CPU when the P/O 
line is HIGH. 
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CHAIN CONTROL REGISTER 

When a channel starts a chaining operation, it fetches a Reload 
word from the memory location pointed to by the Chain Address 
register (Figure 11). This word is then stored in the Chain Control 
register. The Chain Control register cannot be written to or read 
from by the CPU. Once a channel starts a chain operation, the 
channel will not relinquish bus control until all registers specified 
in the Reload word are reloaded unless an EOP signal is issued 
to the chip. Issuing an EOP to a channel during chaining will 
prevent the chain operation from resuming and the contents of 
the Reload Word register can be discarded. 

TEMPORARY REGISTER 

The Temporary register is used to stage data during Flowthru 
transfers and to hold data being compared during a Search or a 
Transfer-and-Search. The Temporary register cannot be 
written to or read from by the CPU. In byte-word funnelling, data 
may be loaded into or from the Temporary register on a byte­
by-byte basis, with bytes sometimes moving between the low 
byte of the data bus and the high byte of the Temporary register 
or vice-versa. See the "Transfer" section for details. 

COMMAND REGISTER 

The UDC Command register (Figure 20) is an B-bit write-only 
register written to by the host CPU. The Command register is 
loaded from the data on AD7-ADo; the data on AD15-ADa is 
disregarded. A complete discussion of the commands is given in 
the "Command Descriptions" section. 

CURRENT AND BASE ADDRESS REGISTER A AND B 

The Current Address registers A and B (Current ARA and ARB) 
are used to point to the source and destination addresses for 
DMA operations. The contents of the Base ARA and ARB 
registers are loaded into the Current ARA and ARB registers at 
the end of a DMA operation if the user enables Base-to-Current 
reloading in the Completion Field of the Channel Mode register. 
This facilitates DMA operations without reloading of the Current 
registers. The ARA and ARB registers can be loaded during 
chaining, can be written to by the host CPU without wait states 
and can be read by the CPU. 

Each of the Base and Current ARA and ARB registers consists 
of two words organized as a 6-bit Tag Field and an 8-bit Upper 
Address in one word and a 16-bit Lower Address in the other. 
See Figure 5. The Tag Field selects whether the address is to be 
incremented, decremented or left unchanged, and the status 
codes associated with the address. The Tag field also allows 
the user to insert 0, 1, 2 or 4 wait states into memory or I/O 
accesses addressed by the offset and segment fields. 
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The Address Reference Select Field in the Tag field selects 
whether the address pertains to memory space or I/O space. 
Note that the N/§" output pin may be either HIGH (indicating 
Normal) or LOW (indicating System) for space. At the end of 
each iteration of a DMA Operation, the user may select to leave 
the address unchanged or to increment it or to decrement it. I/O 
addresses, if changed, are always incremented/decremented by 
2. Memory addresses are changed by 1 if the address pOints to 
a byte operand (as programmed in the Channel Mode register's 
Operation field) and by 2 if the address points to a word 
operand. Note that if an I/O or memory address is used to point 
to a word operand, the address must be even to avoid unpre­
dictable results. An address used to point to a byte operand may 
be even or- odd. Since memory byte operand addresses will 
incremenVdecrement by 1, they will toggle be~ween even and 
odd values. Since I/O byte operand addresses will incremenV 
decrement by 2, once programmed to an even or odd value, 
they will remain even or odd, allowing consecutiva I/O oper­
ations to access the same half of the data bus. High bus is for 
even address and low bus for odd. 

CURRENT AND BASE OPERATION COUNT REGISTERS 

Both the Current and Base Operation Count registers may be 
loaded during chaining, and may be written to and read from by 
the host CPU. 

The 16-bit Current Operatiqn Count register is used to specify 
the number of words or bytes to be transferred, soarched or 
transferred-and-searched. For word-to-word oporation~; and 
byte-word funnelling, the Current Operation Count registor mu~1 
be programmed with the number of words to be transferred 
or searched. 

Each time a datum is transferred or searched, the Operation 
Count register is decremented by 1. Once all of the data is 
transferred or searched, the transfer or search operation will 
stop, the Current Operation Count register will contain all 
zeroes, and the TC bit in Status Register will be '1'. If the transfer 
or search stops before the Current Operation Count register 
reaches 0, the contents of the register will indicate the number of 
bytes or words remaining to be transferred or searched. This 
allows a channel which had been stopped prematurely to be 
restarted where it left off without requiring reloading of the 
Current Operation Count register. 

For the byte-to-byte operations, the Current Operation Count 
register should specify the number of bytes to be transferred or 
searched. The maximum number of bytes which can be 
specified is 64K bytes; by setting the Current Operatiol"') Count 
register to 0000. 

Figure 5. Address Register A and B 

15 

Address Reference Field 

00 System I/O 
01 System Memory 
10 Normall/O 
11 Normal Memory 
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,------ ADDRESS CONTROL FIELD 

00 = Increment Address 
01 = Decrement Address 
1X = Hold Address 

r WAIT CONTROL FIELD 

00 0 Wait States 
01 1 Wait States 
10 2 Wait States 
11 4 Wait States 

'2 1 0 
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PATTERN AND MASK REGISTERS 

The 16-bit Pattern and Mask registers are used in Search and 
Transfer-and-Search operations. Both the Pattern and Mask 
(egisters may be loaded by chaining, may be written to by the 
host CPU, and may be read from by the host CPU, provided wait 
states are inserted, since these registers are slow readable. The 
Pattern register contains the pattern that the read data is com­
pared to. Setting a Mask register bit to '1' specifies that the bit 
always matches. See the "Search" and "Transfer-and-Search" 
sections for further details. 

STATUS REGISTER 

, The two 16-bit Status registers, depicted in Figure 6, are read­
only registers which can be read by the CPU without wait states. 
Each of these registers reports on the status of its associated 
channel. 

The Interrupt Status Field in the Status register contain.s the 
Channel Interrupt Enable (CIE), and Interrupt Pending (lP) bits. 
These bits are described in detail in the "Interrupt" section of 
this document. 

·The UDC status field contains the current channel status. The 
"channel initialized and waiting for request" status is not 
explicitly stated - it is reflected by Status register bits ST12 
through ST9 being all zero. The "Waiting for Bus" (WFB) status 
will cause bit STlO to be set and indicates that the channel wants 
bus control to perform a DMA operation. The channel mayor 
may not actually be asserting BREQ HIGH, depending on the 
programming of the Master Mode Chip Enable bit (MMO) when 
the channel decided it wanted the bus. See the "Bus Request! 
Grant" section for details. If a channel completes a DMA opera­
tion and neither Base-to-Current reloading nor auto-chaining 
were enabled, the No Auto-Reload or Chaining (NAC) bit will be 
set. The NAC bIt will be reset when the channel receives a "Start 
Chain Command." If two interrupts are queued, the Second 
Interrupt Pending bit (SIP) will be set and the channel will be 
inhibited from further activity until an interrupt acknowledge 
occurs. See the "Interrupt" section for details. Finally, if the 
channel is issued an EOP during chaining, the Chaining Abort 
(CA), and the NAC will be set. These bits are also set when a 
"reset" is issued to the UDC. The CA bit holds the NAC bit in the 
set state. The CA bit is cleared when a new Chain Upper Ad­
dress and Tag word or Lower Address word is loaded into the 
channel. 

The Hardware Interface Field provides a Hardware Request 
(HRQ) bit which provides a means of monitoring the channels 
DREQ input pin. When the DREQ pin is LOW, the HRQ bit will 
be '1' and vice-versa. The Hardware Mask (HM) bit, when set, 
prevents the UDC from responding to a LOW on DREQ. Note, 
however, that the Hardware Request bit always reports the 
true (unmasked) status of DREQ regardless of the setting of 
the HM bit. 

The Completion Field stores data at the end of each DMA oper­
ation. This data indicates why the DMA operation ended. When 
the next DMA operation ends, new data is loaded into these bits 
overwriting, and thereby erasing the old setting. Three bits 
indicate whether the DMA operation ended as a result of a TC, 
MC or EOP termination. The TC bit will be '1' if the Operation 
Count reaching zero ended the DMA operation. The MC bit will 
be '1' if an MC termination occurred regardless of whether 
Stop-on-Match or Stop-on-no-Match was selected. The EOP 
bit is set only when an external EOP ends a DMA transfer; it is 
not set for EOP issued during chaining. Note that two or even all 
three of MC, TC and EOP may be set if multiple reasons existed 
for ending the DMA operation. The MCH and MCl bits report on 
the match state of the upper and lower comparator bytes 
respectively. These bits are set when the associated comparator 
byte has a match and are reset otherwise, regardless of whether 
Stop-on-Match or Stop-on-no-Match is programmed. Regard­
less of the DMA operation performed, these bits will reflect the 
comparator status at the end of the DMA operation. These two 
bits are provided to help determine which byte matched or did 
not match when using 8-bit matches with word searches and 
transfer-and-searches. The three reserved' bits return zeroes 
during reads: 

INTERRUPT VECTOR AND INTERRUPT SAVE REGISTERS 

Each channel has an Interrupt Vector register and an Interrupt 
Save register. The Interrupt Vector is 8-bit wide and is written to 
and read from on ADo - AD7. The Interrupt Save register may 
be read by the CPU without wait states. The Interrupt Vector 
register contains the vector or identifier to be output during an 
Interrupt Acknowledge cycle. When an interrupt occurs (IP = 1) 
either because a DMA operation terminated or because EOP 
was driven lOW during chaining, the contents of the Interrupt 
Vector register and part of the Channel Status register are 
stored in the 16-bit Interrupt Save register (See Figure 7). 

Figure 6. Status Register 

HARDWARE 

INTERRUPT UDC RESERVED STATUS COMPLETION 1 
INTERFACE 

STATUS l __ S_T""T_U_S _ ~ [ STATUS 

CIE 

RESERVED 

IP 

CA MCl 

NAC MC 

WFB EOP 
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Figure 7. Interrupt Save Register 

115 114113112111 110 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 11 I 0 I 

Because the vector and status are stored, a new vector can be 
loaded into Interrupt Vector register during chaining and a new 
DMA operation can be performed before an interrupt 
acknowledge cycle occurs_ If another interrupt occurs on the 
channel before the first is acknowledged, further channel activity 
is suspended. 

As soon as the first clear IP ~ommand is issued, the status and 
vector for the second interrupt is loaded into the Interrupt Save 
register and channel operation resumes. The UDC can retain 
only two interrupts for each channel; a third operation cannot 
be initiated until the first interrupt has been cleared. See the 
"Interrupt" section for further details. 

CHANNEL MODE REGISTER 

The channel Mode registers are two words wide. There are 21 
bits defined in each Channel Mode register, the other 11 bits are 
unused. See Figure 8. The Channel Mode registers may be 
loaded during chaining and may be read by the host CPU. CPU 
reads of the Channel Mode register are slow reads and require 
insertion of multiple wait states. The Channel Mode Low word 
(bits 0-15) may be written to directly by the host CPU. The 
Channel Mode register selects what type of DMA operation the 
channel is to perform, how the operation is to be executed, and 
what action, if any, is to be taken when the channel finishes. 

The Data Operation Field and the Transfer Type field select the 
type of operation the channel is to perform. It also selects the 
operand size of bytes or words (see Figure 9 for code­
definition). The different types of operations are described in 
detail in the "DMA Operations" section. The Flip bit is used to 
select whether the Current ARA register points to the source and 
the Current ARB register points to the destination or vice-versa. 

Figure 8. Channel Mode Register 

DACKCONTROL ---------, 

HARDWARE MASK -------, 

SOFTWARE REQUEST -------, 

CHAIN B-C RELOAD INTERRUPT OPERATION 
TCMCEO!!~~B 

EN.ABlE ENABLE ENABLE FIELD 
FLIP BIT 

COMPLETION FIELD 0 - ARA = SRC, ARB = DEST 
1 - ARA = DEST, ARB = SRC 

TRANSFER TYPE FIELD 
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I Vector 

Channel Number 
(O=ch. 1, 1 =ch. 2) 

TC 

EOP 

MC 

Chain Aborted 

MCl 

MCH 

Hardware Request 
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The Completion Field is used to program the action taken by the 
channel at the end of a DMA operation. This field is discussed in 
the "Completion Options" section. The 2-bit Match Control field 
selects whether matches use an 8-bit or 16-bit pattern and 
whether the channel is to stop-an-match or stop-on-no-match. 
See Figure 9 and the "Search" section for details. The Software 
Request bit and Hardware Mask bit can be set and cleared by 
software command in addition to being loaded in parallel with 
other Channel Mode bits. These bits are described in detail in 
the "Initiating DMA Operations" section. 

The DACK Control bit is used to specify when the DACK pin is 
driven active. When this bit is cleared, the channel's DACK pin 
will be active whenever the channel is performing a DMA Oper­
ation, regardless of the type of transaction. Note that the pin will 
not be active while the channel is chaining. If this bit is set, the 
DACK pin will be inactiv~ during chaining, during both Flowthru 

Figure 9. Channel Mode Coding 

DATA OPERATION FIELD 

Operand Size Transaction 
Coqe/Operation ARA ARB Type 

Transfer 
0001 Byte Byte Flowthru 
100X Byte Word Flowthru 
0000 Word Word Flowthru 
0011 Byte Byte Flyby 
0010 Word Word Flyby 

Transfer-and-Search 
0101 Byte Byte Flowthru 
110X Byte Word Flowthru 
0100 Word Word Flowthru 
0111 Byte Byte Flyby 
0110 Word Word Flyby 

Search 
1111 Byte Byte N/A 
1110 Word Word N/A 

101X Illegal 

TRANSFER TYPE FIELD AND MATCH CONTROL FIELD 

Transfer Type Code Match Control 

Single Transfer 00 . Stop (.tn No Match 
Demand Dedicated/Bus Hold 01 Stop on No Match 
Demand Dedicated/Bus Release 10 Stop on Word Match 
Demand Interleave 11 Stop on Byte Match 
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Transfers and FI9wthru Transfer-and-Searches and during 
Searches, but DACK will be pulsed active during Flyby Trans­
fers and Flyby Transfers-and- Searches at the time necessary to 
strobe data into or out of the Flyby peripheral. Flyby operations 
are discussed in detail in the "Flyby Transactions" section. 

CHAIN ADDRESS REGISTER 

Each channel has a Chain Address register which points to the 
chain control table in memory containing data to be loaded into 
the channel's registers. The Chain Address register, as shown in 
Figure 10, is two words long. The first word consists of an Upper 
Address and Tag field. The second word contains the 16-bit 

Lower Address portion of the memory address. The Tag field 
contains 2 bits used to designate the number of wait states to be 
inserted during accesses to the Chain Control Table. 

The Chain Address register may be loaded during chaining and 
may be read from and written to by the host CPU without wait 
states. If an EOP is issued to the UDC during chaining, the 
Chain Address register holds the old address. This is true even if 
the access failure occurred while new Chain Address data was 
being loaded, since the old data is restored unless both words of 
the new data are successfully read. Note, however, that EOPs 
that occur when chaining and while loading a new Chain 
Address cause the new data to be lost. 

Figure 10. Chain Address Register 

15 

FUNCTIONAL DESCRIPTION 
Any given DMA operation, be it a transfer,. a search or a 
transfer-and-search operation, consists of three phases. In the 
first phase, the channel's registers are initialized to specify and 
control the desired DMA operation. In the second phase, the 
DMA operation itself is started and performed. The final phase 
involves terminating the DMA operation and performing any 
actions selected to occur on termination. Each of these different 
phases is described in detail in the following sections. 

RESET 

The UDC can be reset either by hardware or software. The 
software reset command is described in the "Commands" 
section. Hardware resets are applied by pulling RESET LOW. 
The UDC may be in control of the bus when a reset is applied. 
BACK is removed internally causing the outputs to go tri-state. If 
BACK remains HIGH after reset the UDC will not drive the bus 
unless BREQ is active. As soon as BACK goes inactive, the 
UDC places the ADo-A015, A16-AD23, R/W, DS, N/S, M/TB 
B/W, TBEN and RBEN signals in the high impedance state. 

Both software and hardware resets clear the Master Mode 
register, clear the CIE, IP and SIP bits, and set the CA and NAC 
bits in each Channel's Status register. The contents of all other' 
UDC registers will be unchanged for a software reset. Since a 
hardware reset may have been applied partway through a DMA 
operation being performed by a UDC channel, the channel's 
registers should be assumed to contain indeterminate data 
following a hardware reset. 

The Master Mode register contains all zeroes after a reset. The 
UDC is disabled and the CPU interleave and hardware wait 
are inhibited. 

Because the CA and NAC bits in the Status register are set by a 
reset, the channel will be prevented from starting a OMA op­
eration until its Chain Address register's Segment, Tag and 
Offset fields are programmed and the channel is issued a "Start 
Chain" Command. 

I 
PROGRAMMABLE WAIT FIELD 

00 = 0 Walt States 
01 = 1 Walt States 
10 = 2 Walt States 
11 = 4 Walt States 

2 1 0 
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CHANNEL INITIALIZATION 

The philosophy behind the Am9516 YOC design is that the UOC 
should be able to operate with a minimum of interaction with the 
host CPU. This goal is achieved by having the UOC load its own 
control parameters from memory into each channel. The CPU 
has to program only the Master Mode register and each Chan­
nel's Chain Address register. All other registers are loaded by 
the channels themselves from a table located in the System 
memory space and pointed to by the Chain Address register. 
This reloading operation is called chaining and the table is called 
the Chain Control Table. 

The Upper and Lower Address fields of the Chain Address 
Register form a 24-bit address which points to a location in 
system memory space. Chaining is performed by repetitively 
reading words from memory. Note that the Chain Address 
register should always be loaded with an even Address; loading 
an odd Address will cause unpredictable results. The 2-bit Tag 
field facilitates interfacing to slow memory by allowing the user 
to select 0, 1, 2 or 4 programmable wait states. The UDC will 
automatically insert the programmed number of wait states in 
each memory access d~ring chaining. 

The Chain Address register points to the first word in the Chain 
Control Table. This word is called the Reload Word. See Figure 
11. The purpose of the Reload Word is to specify which registers 
in the channel are to be reloaded. Reload Word,bits 10-15 are 
undefined ttnd may be 0 or 1. Each of bits 0 through 9 in the 
Reload Word correspond to either one or two registers in the 
channel (see Figure 12). When a Reload Word bit is '1', it means 
that the register or registers corresponding to that bit are to be 
reloaded. If a Reload Word bit is '0', the register or registers 
corresponding to that bit are not to be reloaded. The data to be 
loaded into the selected register(s) follow(s) the Reload Word in 
memory (Le., the data are stored at successively lar~er memory 
addresses). The Chain Control Table is a variable length tablo. 
Only the data to be loaded are in' the table and the data are 
packed together. 
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Figure 11. Chaining and Chain Control Tables· 
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Figure 12. Reload Word/Chain Control Register 

.--------------- CURRENT ARA (2 WORDS) 

.----------~-- CURRENT ARB (2 WORDS) 

.----------- CURRENT OP-COUNT (1 WORD) 

.---------- BASE ARA (2 WORDS) 

r-------- BASE ARB (2 WORDS) 

.------- BASE OP-COUNT (1 WORD) 

...----- PATTERN AND MASK (2 WORDS) 

.----- INTERRUPT VECTOR (1 WORD) 

When the channel is to reload itself, it first uses the Chain 
Address register contents to load the Reload Word into the 
UDC's Chain Control Register. Next, the Chain Address register 
contents are incremented by two to point to the next word in 
memory. The channel then scans the Reload Word register from 
bit 9 down to bit 0 to see which registers are to be reloaded. If no 
registers are specified (bits 9-0 are all 0), no registers will be 
reloaded. If at least one of bits 9-0 are set to '1', the register(s) 
corresponding to the set bit are reloaded, the bit is cleared and 
the Chain Address register is incremented by 2. The channel 
continues this operation of scanning the bits from the most 
significant to least significant bit position, clearing each set bit 
after reloading its associated registers and incrementing the 
Chain Address register by 2. If all of bits 9 to 0 are set, all the 
registers will be reloaded in the order: Current ARA, Current 
ARB, Current Operation Count, ... Channel Mode and Chain 
Address. Figure 13 shows two examples of Chain Control 
Tables. Example 1 shows the ordering of data when all registers 
are to be reloaded. In example 2 only some registers are 
reloaded. Once the channel is reloaded, it is ready to perform a 
DMA operation. Note when loading address registers, the Upper 
Address and Tag word are loaded first, then the Lower 
Address word. Also, the Pattern Register is loaded before the 
Mask Register. 

CHANNEL MODE (2 WORDS) 

CHAIN ADDRESS (2 WORDS) 
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INITIATING DMA OPERATIONS 

DMA Operations can be initiated in one of three ways 
by software request, by hardware request and by loading 
a set software request bit into the Channel Mode register 
during Chaining. 

Starting After Chaining 
If the softwa,re request bit of the Channel Mode register is 
loaded with a '1' during chaining, the channel will perform the 
programmed DMA operation at the end of chaining. If the 
channel is programmed for Single Operation or Demand, it will 
perform the operation immediately. The channel will give up the 
bus after chaining and before the operation if the CPU interleave 
bit in the Master Mode register is set. See the "Channel 
Response" section for details. Note that once a channel 
starts a chaining operation by fetching a Reload Word, it 
retains bus control at least until chaining of the last register's 
data is performed. 

Software Requests 
The CPU can issue Software Request commands to start DMA 
Operations on a channel. This will cause the channel to request 
the bus and perform transfers. See the description of the 
software request command for details. 
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Figure 13. Examples of Chain Control Table 

EXAMPLE-1: _11111~~GG~GJGJQ~8 

~~ ~r 

EXAMPLE-2: 11101110101010101111 

CURRENT ARA (2 WORDS)' 

CURRENT OP COUNT (1 W.ORD) 

CHANNEL MODE (2 WORDS) 

CHAIN ADDRESS (2 WORDS)' 

_k.-
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"Load the Upper Address and Tag Word first, then the Lower 
Address Word. 

Hardware Requests 
DMA operations will often be started by applying a LOW on the 
channel's DREO input. The "Channel Response" section 
describes when the LOW DREQ signals are sampled and when 
the DREQ requests can be applied to startthe next DMA oper­
ation after chaining (see Timing Diagrams 1 and 2). 

BUS REQUEST/GRANT 

Before the UDC can perform a DMA Operation, it must gain 
control of the system bus. The. BREQ and BACK interface pins 
provide connections between the UDC and the host CPU and 
other devices, if present, to arbitrate which device has control of 
ttl'e system bus. When the UDC wants to gain bus control, it 
drives BREO HIGH. 

Some period of time after the UDC drives BREO HIGH, the CPU 
will relinquish bus control and drive its HLDA signal HIGH. When 
the UDC's BACK input goes HIGH, it may begin performing 
operations on the system bus. When the'UDC finishes its oper­
ation, it stops driving BREQ HIGH. 

When more than one device is used, a priority encoder and a 
priority decoder are used to decide the bus grant priority. 

DMA OPERATIONS 

. There are three types of DMA operations: Transfer, Search and 
Transfer-and-Search. Transfers move data from a source 
location to a destination location. Two types of transfers are 
provided: Flowthru and Flyby. Searches read data from a 

soarce and compare the read data to the contents of the Pattern 
register. A Mask register allows the user to declare "don't care" 
bits. . 

The user can program that the search is to stop either when the 
read data matches the masked pattern or when the read data 
fails to match the masked pattern. This capability is called 
Stop-on-Match and Stop-on-no-Match. Transfer-and-Search 
combines the two functions to facilitate the transferring of vari­
able length data blocks. like transfer, Transfer-and-Search can 
be performed in either Flowthru or Flyby mode. 

Transfers 
Transfers use four of the Channel registers to control the 
transfer operation: the Current ARA and ARB registers; the 
Current Operation Count register; and the Channel Mode 
register. Channel Mode register bit CM4 is called the Flip bit and 
is used to select whether ARA is to point to the source and ARB 
is to point to the destination or vice-versa. The Current 
Operation Count register specifies the number of words or bytes 
to be transferred. 

Bits CM3-CMO in the Channel Mode register program whether 
a Flowthru or Flyby transfer is to be performed. Flowthru trans­
fers are performed in either two or three steps. First, the channel 
outputs the address of the source and reads the source data into 
the UDC's Temporary register. In two-step Flowthru Transfer, 
the channel will then address the destination and write the 
Temporary register data to the destination location. The three­
step Flowthru operation (Le., the byte-word funnelling) is 
described later in this section. The source and destinati6n for 
Flowthru Transfers can both be memory locations or both peri­
pheral devices or one may be a memory location 'and the other a 
peripheral device. The DACK output for the transferring channel 
may be programmed to be inactive throughout the transfer or 
active during the. transfer. This is controlled by bit CM18 in the 
Channel Mode register. 

Flyby transfers provide improved transfer throughput over 
Flowthru but are restricted to transfers between memory and 
peripherals or betw~en two peripherals. Flyby operations are 
described in detail in the "Flyby Transactions" section. 

Transfers can use both byte- and word-sized data. Flowthru 
byte-to-byte transfers are performed by reading a byte from the 
source and writing a byte to the destination. The Current Oper­
ation Count register must be loaded with the number of bytes to 
be transferred. Both the Current ARA and Current ARB 
registers, if programmed to increment/decrement, will change 
by ±1 if the register points to a memory space (TGs = 2) and 
by ±2 if the register points to an I/O space (TGs = 0). 

Flowthru word-to-word transfers require that the Current Oper­
ation Count specify the number of words to be transferred. Both 
the Current ARA and Current ARB registers, if programmed to 
increment/decrement, will change by ±2 regardless of whether 
the register points memory or I/O space. 

Byte-word funnelling provides packing and unpacking of byte 
data to facilitate high speed transfers between byte and word 
peripherals and/or memory. This funnelling option can only be 
used in Flowthru mode. Funnelled Flowthru transfers are per­
formed in three steps. For transfers from a byte source to a word 
destination, two consecutive byte reads are performed from the 
source address. The data read is assembled into the UDC's 
Temporary register. In the third step, the Temporary register 
data is written to the destination address in a word transfer. 
Funnelled transfers from a word source to a byte destination are 
performed by first loading a word from the source into the UDC's 
Temporary register. The word is then written out to the destin­
ation in two byte writes. For funnel operations, the byte-oriented 
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address must be in the Current ARA register and the word­
oriented address must be in the Current ARB register. The Flip 
bit (CM4) in the Channel Mode register is used to specify which 
address is the source and which is the destination. When the 
byte address is to be incremented or decremented, the 
increment/decrement operation occurs after each of the two 
reads or writes. The Current Operation Count Register must be 
loaded with the number of words to be transferred. 

In byte-to-word funnelling operations it is necessary to specify 
which half of the Temporary register (upper or lower byte) is 
loaded with the first byte of.; data. Similarly, for word-to-byte 
funnelling operations it is necessary to define which half of the 
Temporary regjster is written out first. Figure 14 summarizes 
these characteristics for both byte-to-word and word-to-byte 
funnelling operations. The criteria used to determine the 
packing/unpacking order is based on whether the Current ARB 
register is programmed for incrementing or decrementing of the 
address. Note that if the address is to remain unchanged (Le., if 
bit TG4 in the Tag Field of the Current ARB register is 1), the 
increment/decrement bit (bit TG3) still specifies the· 
packing order. 

Search 
Searches use five of the Channel registers to control the oper­
ation: either the Current ARA or ~RB; the Operation Count; the 
Pattern and Mask registers;. and the Channel Mode register. 
Chan[lel Mode register bit CM4 is called the Flip bit and is used 
to select either Current ARA or ARB as the register specifying 
the source for the search. Only one· of the Current Address 
registers is used for search operations since there is no des­
tination address required. The Current Operation Count register 
specifies the maximum number of words or bytes to 
be searched. 

Search operations involve repetitive reads from the peripheral or 
memory until the specified match condition is met. The search 
then stops. This is called a Match Condition or MC termination. 
Each time a read is performed, the Source address,if so pro­
grammed, is incremented or decremented and the Operation 
Count is decremented by 1. If the match condition has not been 
met by the time the Operation Count reaches zero, the zero 
value will force a TC termination, ending the search. Searches 
can also stop due to a LOW being applied to the EOP interface 
pin. During a search operation, the channel's DACK output 
will be either inactive or active throughout the search, This is 
controlled by bit CM18 in the Channel Mode register. The reads 
from the peripheral or memory performed during search follow 
the timing sequences described in the "Flowthru Transactions" 
sections. . 

Am9516 

On each read during a Search operation, the UDC's Temporary 
register is loaded with data and compared to the Pattern 
register. The user can select that the search is to stop when the 
Pattern and Temporary register contents match or when they 
don't match. This Stop-On-Match/Stop-On-No-Match feature is 
programmed in bit CM17 of the Channel Mode register. CM2 is 
an enable for the output of the comparator and allows the MC 
signal to be generated. A Mask register allows the user to 
exclude or mask selected Temporary register bits from the com­
parison by setting the corresponding Mask register bit to '1'. The 
masked bits are defined to always match. Thus, in Stop-On­
Match, successful matching of the unmasked bits, in conjunction 
with the always-matched masked bits, will cause the search to 
stop. For'Stop-On-No-Match, the always-matched masked bits 
are by definition excluded from not matching and therefore 
excluded from stopping the search. 

For word reads the user may select either 8~bit or 16-bit 
compares through Channel Mode register bit CM16. In an 8-bit, 
Stop-an-Match, word-read operation, successful matching of 
either the upper or lower byte of unmasked Pattern and 
Temporary registers bits will stop the search. Both bytes do not 
have to match. In 16-bit Stop-an-Match with word reads, all 
unmasked Pattern and Temporary register bits must match to 
stop the search. In an 8-bit or 16-bit, Stop-On-No-Match, 
word-read Search operation, failure of any bit to match will 
terminate the Search operation. 

In an 8-bit Stop-an-Match with byte-reads, the Search will stop 
if either the upper or lower byte of unmasked Pattern and 
Temporary register bits match. For an 8-bit Stop-On-No-Match 
with byte reads, failure of matching in any unmasked Pattern 
and Temporary register bit will cause the search to stop. For 
8-bit searches, the upper and lower bytes of the Pattern and 
Mask register should usually be programmed with the same 
data. Failure to set the upper and lower bytes of the Pattern and 
Mask registers to identical values will result in different compari­
son criteria being used for the upper and lower bytes of the 
Temporary register. Users failing to program identical values for 
the upper and lower bytes can predict the results by recognizing 
that in 8-bit Stop-an-Match, the search will end if all the 
unmasked bits in either the upper or lower byte match, and for 
S-bit Stop-On-No-Match, the failure of any unmasked bit to 
match will end the search. For accurate predictions, ,it is also 
necessary to know that for word reads the Temporary register 
high and lowbytes are loaded from AD1s-ADa and AD7-ADo 
respectively. In byte reads, the read byte is duplicated in both 
halves of the Temporary register except in funnelling. 

Figure 14. Byte/Word Funnelling 

Funnelling Current ARB Increment/Decrement and 
Direction Tag Field Packing/Unpacking Rules 

TG4 TG3 

Word-to-Byte 0 0 Increment ARB, Write High Byte First 
(C~= 1) 0 1 Decrement ARB, Write Low Byte First 

1 0 Hold ARB, Write High Byte First 
1 1 Hold ARB, Write Low Byte First 

Byte-to-Word 0 0 Increment ARB, Read High Half of Word First 
(CM.4 = 0) 0 1 Decrement ARB, Read Low Half of Word First I 

1 0 Hold ARB, Read High Half of w'0rd First 
1 1 Hold ARB, Read Low Half of Word First 
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:rransfer-and-Search 
Transfer-and-Search combines the operations of the Transfer 
and the Search functions. The registers used to control 
Transfer-and-Searches are the Current ARA and ARB 
registers; the Operation Count register; the Pattern and Mask 
registers; and the Channel Mode register. 

A Transfer-and-Search operation will end when the data trans­
ferred meets the match condition specified in Channel Mode 
register bits CM17-CM16' The Mask and Pattern registers 
indicate those bits being compared with the Temporary register 
contents. Like Transfers and Searches, Transfers-and­
Searches will also be terminated if the operation count goes to 
zero or if a LOW is applied to the EOP pin. Regardless of 
whether Transfer-and-Search stops because of a Te, Me or 
EOP, it will always complete the iteration by writing to the 
destination address before ending (writing twice for word-to­
byte funnelling). 

In Flowthru mode, the Transfer-and-Search timing is identical to 
Flowthru Transfer. While the data is in the Temporary register, it 
is masked by the Mask register and compared to the Pattern 
register. For word Transfer and Transfer-and-Search, the high 
and low bytes of .the Temporary register are always written to 
and read from AD15 - ADs and AD7 - ADo respectively. For byte 
Transfer and Transfer-and-Search, the byte read is always 
loaded into both halves of the Temporary register and the entire 
register is driven directly out onto the AD15 - ADo bus. 
Transfer-and-Search can also be used with byte word funnel­
ling. In funnelling, the match is an 8-bit match or 16-bit match as 
determined by the setting of bit CM16. 

Flyby Transfer-and-Search can be used to increase throughput 
for transfer between two peripherals or between memory and a 
peripheral. Memory-to-Memory Flyby is not supported. Also, in 
Flyby, the operand sizes of the source and destination must be 
the same, funnelling is not supported. A complete discussion of 
Flyby timing is given in the "Flyby Transactions" section. During 
a Flyby Transfer-and-Search, data is loaded into the Temporary 
register to facilitate the comparison operation and at the same 
time data is transferred from the source to the destination. When 
byte operands are used, data is loaded into both bytes of the 
Temporary register, from the AD15 - ADS bus if the Current ARA 
register is even and from AD7 - ADo line if the Current ARA 
register is odd. This will alternate for memory bytes so the user 
must drive both halves of the bus to use the search. When word 
operands are used, data is loaded directly from AD15 - ADs and 
AD7-ADo into the Temporary register's high and low bytes 
respectively. . 

CHANNEL RESPONSE 

Channel Mode register bits CM6 - CM5 select the channel's 
response to the request to start a DMA operation. The response 
falls into either of two types: Single Operation or Demand. 
There are three subtypes for Demand operations: Demand 
Dedicated with Bus Hold, Demand Dedicated with Bus Release, 
and Demand Interleave. To make discussions clear, it is neces­
sary to define the term "single iteration of a DMA operation". For 
Search operations, one iteration consists of a single read oper­
ation and a comparison of the read data to the unmasked 
Pattern register bits. The Operation Count will be decremented 
by 1 and the Current Address register used. incremented or 
decremented if so programmed. For Transfer and Transfer­
and-Search operations, a single iteration comprises reading a 
datum from the source, writing it to the destination, comparing 
the read datum to the unmasked Pattern register bits 
(Transfer-and-Search only), decrementing the Operation Count 
by 1 and incrementing/decrementing the Current ARA and ARB 
registers. if so programmed. In byte-word funnelling, a single 
iteration consists of two reads followed by a write (Byte-to-Word 
funnelling) or one read followed by two writes (Word-to-Byte 
funnelling). In all Transfer and Transfer-and-Search cases the 
iteration will not stop until the data in the Temporary register is 
written to the destination. See Appendix B for flowchart. 

Single Operation 
The Single Operation response is intended for use with 
peripherals which transfer single bytes or words at irregular 
intervals. Each application of a Software request command will 
cause the channel to perform a single iteration of the DMA oper­
ation. Similarly, if the Software request bit is set by chaining, at 
the end of chaining the channel will perform a single iteration of 
the DMA operation. Each application of a HIGH-to-LOW tran­
sition on the DREO input will also cause a single iteration of the 
DMA operation. If the Hardware mask bit is set when the tran­
sition is made, the iteration will be performed when the mask is 
cleared, providing the DMA operation has not terminated. See 
the Set/Clear Hardware mask bit command for details. Each 
time a Single Operation ends, the channel will give up control of 
the bus unless a new transition has occurred on DREO. The 
new transition can occur anytime after the HIGH-to-LOW ALE 
transition of a read or Flyby memory or I/O access of the DMA 
iteration. Timing Diagram 1 shows the times after which a new 
transition can be applied and recognized to avoid giving up the 
bus at the end of the current iteration. 

TIMING DIAGRAM 1_ Sampling DREQ During Single Transfer DMA Operations· 

r-- DMA ITERATION DMA ITERATION 
1 READ OR FLYBY ~ ~ LAST ACCESS OF 

I-----T1- I T2 TWAO'T2-_I-I---
CLK 

032426-14 

Notes: 1. HIGH-to-LOW DREQ transitions will only be recognized after the HIGH-to-LOW transition of the clock during T 1 of a read or flyby 
DMA iteration. 

2. A HIGH-to-LOW DREQ transition must meet the conditions in Note 1 and must occur TsDRQ(c) before state T 3 of the last access of the 
DMA iteration if the channel is to retain bus control and immediately start the next iteration. DREQ may go HIGH before TsDRQ(c) if it has 
met the TwDRQ parameter. 

3. Flyby and Search transactions have only a Single access; parameter TsDRQ(c) should be referenced to the start of T 3 of the access. All other 
operations will always have two or three accesses per iteration. 

·See Appendix 0 for timing parameters (page 7 -26S) 
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Demand Dedicated With Bus Hold an iteration of the DMA operation is performed. If DREQ is 
HIGH, the channel retains bus control and continues to drive a" 
bus control signals active or inactive, but performs no DMA 
operation. Thus the user can start or stop execution of DMA 
operations by modulating DREQ. Once TC, MC or EOP occurs, 
the channel will either release the bus or, if chaining or Base­
to-Current reloading is to occur, perform the desired operation. 
After chaining or Base-to-Current reloading, if the channel is still 
in Bus'Hold mode and does not have a set software request bit 
(set either by chaining or command), the channel wi" relinquish 
bus control unless a LOW DREQ level occurs within the 
time limits. 

In Demand Dedicated with Bus Hold (abbreviated Bus Hold), the 
application of a Software request command or the setting of the 
software request bit during chaining or applying a LOW level on 
the DREQ input wi" cause the channel to acquire bus 'control. 

If DACK is programmed as a level output (CM18 = 0), DACK wi" 
be active from when the channel acquires bus control to when it 
relinquishes control. A Software Request wi" cause the channel 
to request the bus and perform the DMA operations until TC, 
MCorEOP. 

Once the channel gains bus control due to a LOW DREQ level, it 
samples DREQ as shown in Timing Diagram 2. If DREQ is LOW, 

TIMING DIAGRAM 2. DREQ Sampling in Demand Mode 

a) Sampling of DREQ while in Bus Hold Mode 

r---THLD I THLD THLD T. ---..I--

CLOCK 

T. DRO(e) 1@11 (4&) I 

\\ \\\\\\\\\1 ~ . wi$/ij;ji/ //II/!!III! !//////!I////I!I//;ji$I$////J/ IZ 

CLOCK 

b) DREQ Sampling in Demand Mode During DMA Operations 

LAST ACCESS 
OF DMA ITERATION 

FIRST ACCESS 
OF NEXT ITERATION 

032428-15 

[---T2 0rT1 TWA or T2 I T3 Tl T2---

\\\ \\ \\\\'W \\\\\\\\\ ~\~ 1J dld;;ji /////J I! 1/////// /I ;jill! I!!II I! J/ 
032428-16 

c) Sampling DREQ at the End of Chaining 

-----~--Tl-.---

CLOCK 

(C) Sampling DR EO at the end 01 Chaining 032428-17 

d) Sampling DREQ at the End of Base·to~Current Reloading 

CLOCK 

~ If In ThDRO(e) 

Mro ~\\\\\\\\ \\\\\\\ \\\\ \\\\\ \\\\\\\\\\\l@ ¥!WI ffll)) o!/M II !II)II fI/J/I/)))@)!lulijjj)llll/l!; 
032428-18 

Notes: 1. DREQ must be LOW from the start of TsDRQ(c) to the end of ThDRQ(c) to ensure that the request is recognized. 
2. Failure to meet this setup time will result in the channel releasing the bus. 
3. Ts is a setup state, generated before entering DMA operation cycle. 
4. TAU2, TAU3 and TAU4 are auto-reload states, followed by TeO (chain decision) state. 
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Demand Dedicated With Bus Release 
In Demand Dedicated with Bus Release (abbreviated Bus 
Release), the application of a Software Request will cause the 
channel to request the bus and perform the programmed DMA 
operation until TC, MC or EOP." If the channel was programmed 
for Bus Rei'ease and the software request bit was set during 
chaining, the channel will start the DMA operation as soon as 
chaining ends, without releasing the bus, and will continue 
performing the operation until TC, MC or EOP. 

When an active LOW DREQ' is applied to a channel pro­
grammed for Bus Release, the channel will acquire the bus and 
perform DMA operations (a) until TC, MC or EOP or (b) until 
DREQ goes inactive. Timing Diagram 2 shows when DREQ is 
sampled to determine if the channel should perform another 
cycle or release the bus. Note that this sampling also occurs on 
the last cycle of a chaining operation. If a channel has an active 
DREQ at the end of chaining, it will begin performing DMA oper­
ations immediately, without releasing the bus. When a TC, MC 
or EOP occurs, terminating a Bus Release mode operation, the 
channel, if enabled for chaining and/or Base-to-Current 
reloading, will perform reloading and/or chaining (assuming the 
Status register's SIP bit is clear) without releasing the bus. 

If the SIP bit of Channel Mode register is set when a DMA termi­
nation occurs, the channel will relinquish the bus control until an 
Interrupt Acknowledge has been received and the SIP bit is 
cleared. After an interrupt has been serviced, the channel will 
perform the Base-to-Current reloading and/or chaining, if 
enabled for the termination. 

If an active request is not applied and the channel is in Demand 
Dedicated with Bus Hold, the channel will go into state THLD 
(see Timing Diagram 2(a». If an active request is not applied 
and the channel is in Demand Dedicated with Bus Release or 
Demand Interleave mode, it will release the bus. Note that even 
if an active request is applied in D~mand Interleave, the channel 
may still release the bus. The request for Demand Interleave 
should continue to be applied to ensure that the channel 
eventually responds to the request by acquiring the bus 
(Le., the request is not latched by the channel). 

Demand Interleave 
Demand Interleave behaves in different ways depending on the 
setting of Master Mode register bit MM2. If MM2 is set, the. UDC 
will always relinquish bus control and then re-request it after 
each DMA iteration. This permits the CPU and other devices to 
gain bus control. If MM2 is clear, control can pass from one UDC 
channel to the other without requiring the UDC to release bus 

control. If both channels have active requests, control will pass 
to the channel which did n6t just have control. For instance if 
MM2 is clear and both channels have active requests and are in 
Demand Interleave mode, control will toggle between the chan­
nels after each DMA operation iteration and the UDC will retain 
bus control until both channels are finished with the bus. If MM2 
is set and both channels have active requests and are in 
Demand Interleave mode, each channel will relinquish control 
to the CPU after each iteration resulting in the following control 
sequence: channel 1, CPU, channel 2, CPU, etc. Note that if 
there are other devices on the bus, they may gain control during 
the part of the sequence labelled CPU. See Appendix B for 
flowchart. 

A software or hardware request will cause a channel pro­
grammed for Demand Interleave to perform interleaved DMA 
operations until TC, MC or EOP. If the Software request bit is set 
during chaining, the channel will retain the bus after chaining and 
will immediately start performing a DMA iteration and will 
interleave all DMA iterations after the first. If DREQ is LOW on the 
last cycle during chaining, the channel will perform a single 
iteration immediately after chaining and interleave thereafter until 
(a) TC, MC or EOP or (b) DREQ goes HIGH. If (b) occurs, the 
channel will relinquish the bus until DREQ goes LOW again and 
the channel again starts performing interleaved operations. If 
(a) occurs, the channel will not interleave before first performing 
chaining and/or Base-to-Current reloading (assuming 
SIP is cleared). 

The waveform of DACK is programmed in ChannE11 Mode 
Register (CM1S)' The Pulsed DACK is for flyby transaction 
only. See Timing Diagram 3. Note: This figure shows a single 
Search or Flyby iteration. State TWA is optionally inserted if pro­
grammed. For more than one iteration, the level DACK output 
would stay active during the time the channel had bus control. 
When CM1S is set, the DACK output will be inactive for all non­
flyby modes. 

WAIT STATES 

The number of wait states to be added to the memory or I/O 
transfer can be programmed by the user as 0, 1,2 or 4 and can 
be separately programmed for the Current Address registers A 
and B and for the Chain Address register. This allows different 
speed memories and peripherals to be associated with each of 
these addresses. The Base Address registers A and B also have 
a Tag Field which is loaded into the Current ARA and ARB 
registers during Base-to-Current reloading. Because many 
users utilizing the software programmable wait states will not 

TIMING DIAGRAM 3. DACK Timing 

T2 T3 T1P TAU1---

CLOCK 

LEVEL 
®Ir= 

DACK 

PULSED 
DACK 

(FLYBY) 

Os 
03242B·19 __ I . 

Note: Level DACK RE occurs as shown if auto-reloading is not programmed, otherwise it stays LOW for three additional clocks. 
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need the ability to generate hardware wait states through the 
WAIT pin, the wait function can be disabled by clearing the 
Wait Line Enable bit (MM2) in the Master Mode register. 

During DMA transactions, the WAIT input is sampled in the 
middle of the T 2 state. If WAIT is HIGH, and if no programmable 
wait states are selected, the UDC will proceed to state T3. 
Otherwise, at least one wait state will be inserted. The WAIT line 
is then sampled in the middle of state TWA. If WAIT is HIGH the 
UDC will proceed to state T 3. Otherwise additional wait states 
will be inserted. (See Timing Diagram 4.) 

Consider what happens in a transaction when both hardware 
and software wait states are inserted. Each time the WAIT line is 
sampled, if it is LOW, a hardware wait state will be inserted in 
the next cycle. The software wait state insertion will be sus­
pended until WAIT is sampled and is HIGH. The hardware wait . 
states may be inserted anytime during the software wait state 
sequence. It is important to note that hardware wait states are 
served consecutively rather than concurrently with software wait 
states. For example, assume for a Flowthru I/O Transaction ~~at 
a user has programmed 4 software wait states. Driving a LOW 
on the WAIT input during T2 for 2 cycles would insert 2 hardware 
wait states. Driving WAIT HIGH for 3 cycles would allow 
insertion of three of the four software wait states. Driving WAIT 
LOW for 2 more cycles would insert 2 more hardware wait 
states. Finally, driving WAIT HIGH would allow the final $oftware 
wait state to be inserted. During this last software wait state, 
the WAIT pin would be sampled for the last time. If it is HIGH, 
the channel will proceed to state T 3. If the pin is LOW, the 
channel will insert hardware wait states until the pin goes HIGH 
and the channel would then enter state T 3 to complete the 
I/O transaction. 

Am9516 

DMA TRANSACTIONS 

There are three types of transactions performed by the Am9516 
UDC: Flowthru, Flyby and Search. Figures 15 and 16 show the 
configurations of Flowthru and Flyby Transactions. 

Flowthru Transactions 
A Flowthru Transaction consists of Read and Write cycles. Each 
cycle consists of three states: T1, T2, and T3 as shown in 
Timing Diagram 5. The user may select to insert software wait 
states through the Tag fields of the Current ARA and ARB 
registers. In addition, if Master Mode register bit MM2 = 1, 
hardware wait states may be inserted by driving a LOW Signal 
on the WAIT pin. 

The M/io and N/S lines will reflect the appropriate level for the 
current cycle early in h The TGS and TG7 bits of the current 
ARA and ARB registers should be programmed properly. The 
ALE output will be pulsed HIGH to mark the beginning of the 
cycle. The offset portion of the address for the periphera!Eeing 
accessed will appear on ADo-AD15 during h The R/W and 
B/W lines will select a read or write operation for bytes or words. 
The R/W, N/S, M/IO and B/W lines will become stable during T1 
and will remain stable until after T 3. 

I/O address space is byte-addressed but both 8- and 16-bit data 
sizes are supported. During I/O transactions the B/W output 
signal will be HIGH for byte transactions and LOW for word 
transactions. For I/O transactions, both even and odd addresses 
can be output, hence the address bit output on ADo may be 
Oor 1. 

The channel can perform both I/O read and I/O write operations, 
the M/ra line will be LOW. During. an I/O read, the ADo - AD15 

TIMING DIAGRAM 4. WAIT Timing 
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Figure 16. Configuration of Flyby Transaction 
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bus will be placed in the high impedance state by the UDC 
during T 2. The UDC will drive the DS output LOW to signal the 
peripheral that data can be gated onto the bus. The ~C will 
strobe the data into its Temporary register during T 3. DS will be 
driven HIGH to signal the end of the I/O transaction. During I/O 
write the UDC will drive the contents of the Temporary register 
onto'the ADo-AD15 bus and shortly after will drive the DS 
output LOW until T 3. Peripherals may sttobe the data on AD bus 
into their internal registers on either the falling or rising edge. If 
the peripheral is to be accessed in a Flyby transaction also, data 
should be written on the rising edge of DS only. 

For byte I/O writes, the channel will drive the same data on data 
bus lines ADo-AD7 and ADa-AD15' During byte I/O reads 
when the address bit on ADo is 0, the UDC will strobe data in 
from data lines ADa - AD15. During byte I/O reads when the 
address bit on ADO is 1, the UDC will strobe data in from data 
lines ADo-AD7' Thus, when an a-bit peripheral is connected to 
the bus, its internal registers will typically be mapped at all even 
or all odd addresses. To simplify accesses to a-bit peripherals, 
byte oriented I/O addresses are incremented/decremented by 2. 

The channel can perform the I/O read and memory write oper­
ation, the memory read and I/O write operation, and the memory 

read and memory write operation, also. The timing for all Flow­
thru transactions is the same. 

During chaining operations the UDC reads words from an 
address in System memory pointed to by the active channel's 
Chain Address register. Those' chaining operations are per­
formed identically to the Flowthru memory read transactions, 
except that the data is loaded into an internal UDC channel 
register rather than the Temporary register. Note that chaining 
never causes a write or a byte read; thus all memory writes or all 
byte accesses are due to DMA operations. A typical memory 
operation consists of three states: T1, T2, and T3, as shown in 
Timing Diagram 5. The user may select to insert 1, 2 or 4 
software wait states after state T 2 and before state T 3 by pro­
gramming the Tag field of the Current Address register or the 
chain address register. If the Wait Line Enable bit in the Master 
Mode register is set, the user may also insert hardware wait 
states after state T 2 and before state T 3 by driving a LOW on the 
WAIT line. The operation of Flowthru memory transactions is 
performed identical to the Flowthru 1/0 transactions. (See Timing 
Diagram 5.) 

Flyby Transactions 

Flyby transfer and Flyby transfer-and-search operations are 
performed in a single cycle, providing a transfer rate significantly 

TIMING DIAGRAM 5. Flowthru Transactions 
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faster than that available from Flowthrus. In Flyby, operations 
can only be performed between memory and peripheral or 
between peripheral and peripheral. Memory-to-memory 
operations can not be performed in Flyby mode; these must be 
done using Flowthru. ' 

The Flyby Transaction can only be used with peripherals having a 
special Flyby signal input or with external logic. This Flyby input is 
connected to the channel's OACK output. For memory-peripheral 
Flyby, the address of the source memory location, must be pro­
grammed in the Current ARA register. The Current ARB register 
must be programmed with the destination memory location for 
peripheral-memory Flyby. For Flyby peripheral-to-peripheral 
transaction, if both peripherals have a Flyby input, only one 
(called "flyby peripheral") should be connected to OACK; the 
other peripheral's Flyby input should be held high during the Flyby 
operation. The address of the peripheral (called "non-flyby 
peripheral") not connected to the channel's OACK output should 
be programmed in the Current ARB register when it is a destina­
tion. When the non-flyby peripheral is a source, its address 
should be programmed in the current ARA register. Note that a 
set Flip bit (CM4 = 1) is for Flyby peripheral to Non-Flyby 
peripheral or Memory Write transaction (defined as "From Flyby 
Transaction") and a clear Flip bit (CM4 = 0) is for the membry or 
non-flyby peripheral read to Flyby peripheral transaction, (de­
fined as "To Flyby Transaction"). 

Transaction 
Address of Memory or 
Non-Flyby Peripheral 

To Flyby 
From Flyby 

o HIGH 
1 LOW 

ARA 
ARB 

A Flyby operation is performed using three states: T1, T 2, and 
T 3. During T1 the channel pulses ALE and oJ:!Y>uts the address 
information. See Timing Diagram 6. The R/W line is HIGH for 
"To Flyby" Transaction a,nd R/W line is LOW for "From Flyby" 
Transaction. 

The channel's MilO and N/"§' lines are coded as specified by the 
Current ARA or ARB Tag field. The B/W line indicates the 
operand size programmed in the Channel Mode register Opera­
tion field. During state T1 the channel drives R/W line to indicate 
the transaction direction. during state T2 the channel drives both 
OS and OACK active. The Flyby Peripheral connected to DACK 
inverts the R/W signal to determine whether it is being read from 
or writtin to (see Figure 17). 

R/W 

os 

OACK 

BACK 

Figure 17. Flyby Peripheral Interface 
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The pulsed DACK input serves two purposes: To select the 
peripheral for the Read/Write, and to provide timing information 
on when to drive data onto or input data from the ADo-A015 
bus. Note that because the "Flyby Peripheral" never gets 
explicitly addressed by AOo-AD15, it must know which internal 
register is to be loaded from or driven onto the AOo- A015 bus. 
On state T 3: the OS and OACK lines are driven inactive to con­
clude the transfer. In Transfer-and-Search mode, data is loaded 
into the UOC's Temporary register on the LOW-to-HIGH OS 
transition in order to perform the search function. 

To provide adequate data setup time, the rising edge of DS or 
DACK should be the edge used to perform the write to the 
transfer destination. To extend the active time of DS and DACK, 
wait states can be inserted between T 2 and T 3. Software wait 
states can be inserted by programming the appropriate code in 
the Tag field of the Current ARA or ARB registers. Hardware 
wait states can be inserted by pulling WAIT LOW if the Wait Line 
Enable bit in the Master Mode register is set. The WAIT line is 
sampled in the middle of the T 2 or TWA state. 

TERMINATION 

There are three ways a Transfer-and-Search or Search oper­
ation can end and two ways a Transfer operation can end. When 
a channel's Current Operation Count goes to 0, the DMA oper­
ation being performed will end. This is called a TC or Terminal 
Count te(mination. A DMA operation can also be stopped by 
driving the EOP pin LOW with external logic. This is called an 
EOP termination. Search and Transfer-and-Search operations 
have a third method of terminating called Match Condition or MC 
termination. An MC termination occurs when the data' being 
Transferred-and-Searched or Searched meets the match 
condition programmed in Channel Mode register bits 
CM17-CM16' These bits allow the user to stop when a match 
occurs between the unmasked Pattern register bits and the data 
read from the source, or when a no-match occurs. Both byte 
and word matches are supported. MC terminations do not apply 
to Transfer operations since the pattern matching logic is 
disabled in Transfer mode. 

End-of- Process 
The End-of-Process (EOP) interface pin is a bi-directional sig­
nal. Whenever a TC, MC or EOP termination occurs, the UDC 
will drive the EOP pin LOW. During DMA operations, the EOP 
pin is sampled by the UOC to determine if EOP is being driven 
LOW by external logic. Timing Diagram 7 shows when internal 
EOPs are generated marking termination of all Transfers. These 
figurAs also show the, point during the OMA iteration when the 
EOP pin is sampled. The generation of internal EOPs and sam­
pling of external EOPs for'Transfer-and-Searches follows the 
same timing used for Transfers. Since there is a single EOP pin 

, for both channels, EOP should only be driven LOW by a channel 
while that channel is being serviced. This can be accomplished 
by selecting a level DACK output (CMR18 = 0) and gating each 
channel's EOP request with DACK, as shown in Figure 18. 

If an EOP is detected while the channel is trying to reload the 
Chain Address register, the new Chain Address Offset and 
Segment are discarded and the old address +2 is preserved to 
allow inspection of the erroneous address. 

Programming Completion Options 
When a channel ends a OMA operation, the reason for ending is 
stored in the Completion Status Field of the channel's Status 
register. See Figure 6. This information is retained until the next 
DMA operation ends at which time the Status register is updated 
to reflect the reason(s) for the latest termination. Note that it is 
conceivable that more than one bit in the Completion Field could 
be set. As an extreme example, if a channel decremented its 
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TIMING DIAGRAM 7. EOP Timing 

a) EOP Sampling and Generation During DMA Operations 

b) Sampling of EOP During Bus Hold 

CHANNEL HOLDS BUS 

032428-27 

Notes: 1_ The diagram lists state names for both I/O and memory accesses_ Sampling of EOP will occur on the falling edge of state T3. 
2. State T1 P is a pseudo-T1 state, generated following termination of any DMA operation. 
3. TAU1 is an auto-initialization state, generated following the TC, MC or EOP termination. 
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Current Operation Count to zero, causing a TC termination; 
input data from the source generated a match causing an MC 
termination; and there was a LOW on EOP pin resulting in 
an EOP termination, all three of the channel's Status register 
completion bits would be set. 

. When a DMA operation ends, the channel can: 

(a) Issue an Interrupt request (Le., setting the IP or SIP bit of the 
channel's Status register); 

(b) Perform Base-to-Current reloading; 
(c) Chain reload the next DMA operation; 
(d) Perform any combination of the above; or 
(e) None of the above. 

The user sele~ts the action to be performed by the channel in 
the Completion option field of the Channel Mode register. For 
each type of termination (TC, MC or EOP) the user can choose 
which action or actions are to be taken. If no reloading is selected 
for the type of termination that occurred, the NAC bit in the Status 
register will be set. 

More than one action can occur when a DMA operation ends. 
This may arise because more than one action was programmed 
for the applicable termination. The priorities of those actions are 
Interrupt request first, Base-to-Current reloading second, and, 
then chaining. The Interrupt can not be serviced unless the UDC 
has relinquished the bus. 

Interrupts 
In order to allow the UDC to start executing a new DMA oper­
ation after issuing an interrupt, but before an interrupt acknow~ 
ledge is received, a two-deep interrupt queue is implemented on 
each channel. The following discussion will describe the stan­
dard interrupt structure and then elaborate on the additional 
interrupt queuing capability of the UDC. 

A complete interrupt cycle consists of an interrupt request 
followed by an interrupt-acknowledge transaction. The request, 
which consists of INT being pulled LOW, notifies the CPU that an 
interrupt is pending. The interrupt-acknowledge transaction, 
which is initiated by the CPU as a result of the request, performs 
two functions: it selects the peripheral whose interrupt is to be 
acknowledged, and it obtains a vector that identifies the selected 
device and operation; cause of interrupt. 

A peripheral can have one or more sources of interrupt. Each 
interrupt source has two bits that control how it generates inter­
rupts. These bits are a Channel Interrupt Enable bit (CIE), and an 
Interrupt Pending bit (IP). On the UDC, each ,channel is 1:\n inter­
rupt source. The two interrupt control bits are located in bits CM15 
and CM13 of each channel's Status register. 

Each channel has its own vector register for identifying the 
source of the interrupt during an interrupt acknowledge trans­
action. There is one bit (MM3) in the Master Mode register used 
for controlling interrupt behavior for the whole device. 

Once a channel issues an interrupt, it is desirable to allow the 
channel to proceed with the next DMA operation before the 
interrupt is acknowledged. This could lead to problems if the 
UDC channel attempted -to chain reload the Vector register 
contents. In such a situation, it may not be clear whether the old 
or new vector would be returned during the acknowledge. This 
dilemma is resolved in the UDC by providing each channel with 
an Interrupt Save register. When the channel sets IP as part of 
the procedure followed to issue an interrupt, the contents of the 
Vector register and some of the Status register bits are saved in 
an Interrupt Save register. See Figure 8. When an Interrupt 
Acknowledge cycle is performed, the contents of the Interrupt 
Save register are driven onto the bus. Although the use of an 

Interrupt Save register allows the channel to proceed with a new 
task, problems can still potentially arise if a second interrupt is to 
be issued by the channel before the first.interrupt is acknow­
ledged. To avoid conflicts between the first and second interrupt, 
each channel has a Second Interrupt Pending (SIP) bit in its 
Status register. When a second interrupt is to be issued before 
the first interrupt is acknowledged, the SIP bit is set and the 
channel relinquishes the bus until an acknowledge occurs. For 
compatibility with polled interrupt schem~s, the Interrupt save 
register can be read by the host CPU without wait states. As an 
aid to debugging a system's interrupt logic, whenever IP is set, 
the Interrupt Save register is loaded from the Vector and Status 
registers. 

Note that the SIP bit is transferred to the IP bit when IP is cleared 
by the host CPU. Whenever CIE is set INT will go LOW as soon 
as IP is set. 

Base-to-Current Reloading 
When a channel finishes a DMA operation, the user may select 
to perform a Base-to-Current Reload., (Base-to-Current 
reloading is also referred to as Auto-reloading in this document.) 
In this type of reload, the Current Address Registers A and Bare 
loaded with the data in the Base Address Registers A and B 
respectiv'ely, and the Current Operation Count register is loaded 
with the data in the Base Operation Count. The Base-to-Current 
reload operation facilitates repetitive DMA operations without 
the multiple memory accesses required by chaining. Although 
the channel must have bus control to perform Base-to-Current 
reloading, the complete reloading operation occurs in four clock 
cycles (i.e., TAU1 through TAU4). Note that if the channel had to 
relinquish the bus because two unacknowledged interrupts were 
queued, it will have to regain bus control to perform any Base­
to-Current reloading (or chaining, for that matter). In this case it 
acquires the system bus once an interrupt acknowledge is 
received, even if it immediately afterward will relinquish the bus 
because no hardware software request is present. 

Chaining 
if the channel is programmed to chain at the end of a DMA oper­
ation,it will use the Chain Address register to point to a Chain 
Control Table in memory. The first word in the table is a Reload 
word, specifying the register(s) to be loaded. Following the 
Reload word are the data values to be transferred into the, 
register(s). Chaining is described in detail in the "Channel. 
Initialization" section. 

Because chaining occurs after Base-to-Current reloading, it is 
possible to reset the Current Address registers A and B and the 
Current Operation Count register to the values used for previous 
DMA operations and then chain reload one or two of these 
registers to some special value to be used perhaps for this DMA 
operation only. If the Base values are not reloaded during 
chaining, the channel can revert back, to the Base values at a 
later cycle. 

If an all zero Reload word is fetched during chaining, the chain 
operation will not reload any registers but in all other respects it 
will perform like any other chaining operation. Thus, the Chain 
Address will be incremented by 2 to point to the next word in 
memory and at the end of the all Zero-Reload word chain oper­
ation, the channel will be ready to perform a DMA operation. All 
zero Reload words are useful as "Stubs" to start or terminate 
linked lists of DMA operations traversed by chaining. On the 
other hcmd, care must be taken in their use since the channel 
may perform an erroneous operation if it is unintentionally started 
after the chaining operation. 
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COMMAND DESCRIPTIONS 
Figure 19 shows a list of UDC commands. The commands are 
executed immediately after being written by the host CPU into 
the UDC's Command register (Figure 20). A description of each 
command follows. 

Reset (00) 
This command causes the UDC to be set to the same state gen­
erated by a Hardware Reset. The Master Mode register is set to 
all zeros, the CIE, IP and SIP bits are cleared, the NAC and CA 
bits in each channel's Status register are set and the channel 
activity is forbidden. The Chain Address must be programmed 
since its state may be indeterminate after a Reset. The lockout 
preventing channel activity is cleared by issuing a Start Chain 
command. 

Am9516 

Start Chain Channel1/Channel2 (Ao/A1) 
This command causes the selected channel to clear the No 
Auto-Reload or Chain (NAC) bit in the channel's Status register, 
and to start a chain reload operation of the channel's registers, 
as described in the "Channel Initialization" section. These 
effects will take place even if the Reload word fetched is all 
zeros. This command will only be honored if the Chain Abort 
(CA) bit and Second Interrupt Pending (SIP) bit in the Channel's 
Status register are clear. If either the CA or SIP bit is set, this 
command is disregarded. 

When the Waiting For Bus (WFB) bit of Status Register is set, if 
the "Start Chain" command is issued, the channel will honor the 

Figure 19. UDC Command Summary 

Opcode Bits 
Example 

Command 7654 3210 Code HEX 

Reset OOOX XXXX 00 
Start Chain Channel 1 101X XXXO AO 
Start Chain Channel 2 101X XXX1 A1 

- Set Software Request Channel 1 010X XX10 42 
Set Software Request Channel 2 010X XX11 43 
Clear Software Request Channel 1 010X XXOO 40 
Clear Software Request Channel 2 010X XX01 41 

Set Hardware Mask Channel 1 100X XX10 82 
Set Hardware Mask Channel 2 100X XX11 83 
Clear Hardware Mask Channel 1 100X XXOO 80 
Clear Hardware Mask Channel 2 100X XX01 81 

Set CIE, or, IP Channel 1 001E XP10 32' 
Set CIE, or, IP Channel 2 001E XP11 33' 
Clear CIE, or, IP Channel 1 001E XPOO 30' 
Clear CIE, or, IP Channel 2 001E XP01 31' 

Set Flip Bit Channel 1 011X XX10 62 
Set Flip Bit Channel 2 011X XX11 63 
Clear Flip Bit Channel 1 011X XXOO 60 
Clear Flip Bit Channel 2 011X XX01 61 

'Notes: 1. E = Set to 1 to perform set/clear on CIE; Clear to 0 for no effect on CIE 
2. P = Set to 1 to perform set/clear on IP; Clear to 0 for no effect on IP 
3. X = "don't care" bit. This bit is not decoded and may be 0 or 1 

FUNCTION FIELD ~ 
000 Reset 
001 Interrupt Control 
010 Software Request 
011 Flip Bit 
100 Hardware Mask 
101 Start Chain 
110 Not Recognized 
111 Not Recognized 

Figure 20. Command Register 

I L Channel 2/Cha~nel' 1 

~set/clear 
L...-_____ Interrupt Pending 

L...-_______ Don't Care 

L...-_________ Channel Interrupt Enable 

032429-29 
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command after one DMA iteration. It is nearly impossibie for 
the CPU to issue a command when WFB = 1 and the UDC 
is enabled. 

Software Request Channel 1/Channel 2 
(Set: 42/43, Clear: 40/41) . 
This command sets or clears the software request bit 1n the 
selected channel's'Mode register. If the Second Interrupt Pending 
(SIP) bit and No Auto-Reload or Chain (NAC) bit in the channel's 
Status register are both cleared, the channel will start executing 
the programmed DMA operation. If either the SIP or NAC bit is 
set, the channel will not start executing a DMA operation until 
both bits are cleared. The SIP bit will clear when the channel. 
receives an interrupt acknowledge. One way to clear the NAC bit 
is to issue a Start Chain command to the channel. If the fetched 
Reload Word is all zeros, the channel's registers will remain 
unchanged and the software request bit, if set earlier by com­
mand, will cause the programmed DMA operation to' start 
immediately. If during chaining new information is loaded into 
the Channel Mode register this new information will, of course, 
overwrite the software request bit. 

Set/Clear Hardware Mask 1/Mask 2 
(Set: 82/83; Clear: 80/81) 
This command sets or clears the Hardware Mask bit in the 
seiected channel'S Mode register. This command always takes 
effect. The Hardware Mask bit inhibits recognition of an active 
signal on the channel's DREQ input; this bit does not affect 
recognition of a software request. If the channel is in single 
transfer mode, it performs DMA operations upon receipt of a 
transition on DREQ rather than in response to a DREQ level. 
Transitions occurring while the Hardware Mask bit is set will be 
stored and serviced when the Hardware Mask is cleared, 
assuming the Channel has riot chained. The UDC will request 

the system bus 1 1/2 to 2 clocks after the receipt of any DREQ, 
after which a minimum of one DMA iteration is unavoidable. 
DREQ transitions are only stored for the current DMA operation. 
If the channel performs a chain operation of single transfer 
mode, any DREQ transition stored for later service is cleared. 

Timing Diagrams 1 and 2 show the minimum times when a new 
DREQ can be applied if it is to be serviced by the new DMA 
operation. Note in Diagram 1 the notation of First iteration and 
Last iteration. This means for example, DREQ may be asserted 
during the write cycle T1 of a Flowthru transaction, but may never 
be asserted during T1 of a Flyby transaction since Flyby is done in 
one iteration. 

Set/Clear CIE, and IP Channel1/Channel 2 (see Figure 19) 
This command allows the user to either set or clear any com­
bination of the CIE, and IP bits in the selected channel's Status 
register. These bits control the operation of the channel's inter­
rupt structure and are described in detail in the "Interrupts" 
section. Setting the IP bit causes the Interrupt Save register to 
be loaded with the current Vector and Status. The IP bit is 
cleared to facilitate an efficient conclusion to the processing of 
an interrupt. 

Set/Clear Flip Bit Channel1/Channel 2 
(Set: 62/63; Clear: 60/61) 
The Flip Bit in the selected channel's Mode register can be 
cleared and set by this command. This allows the user to 
reverse the source and destination and thereby reverse the data 
transfer direction without reprogramming the channel. This 
command will be most useful when repetitive DMA operations 
are being performed by the channel, using Base-to-Current 
reloading for channel reinitialization and using this command to 
control the direction of transfer. Chaining new, information into 
the Channel Mode register will, of course, overwrite the Flip bit. 

TIMING DIAGRAM 8. AC Timing when UDC is a Bus Slave 
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TIMING DIAGRAM 9. AC Timing when UDC is a Bus Master 
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CLOCK 

iiREQ 

BREa 

BACK 

B/W,R/W, } 
M/iO,N/S 

ADo- AD15 } 
A16- A23 

iNT 

CLOCK 

BACK 

R/'fj,B/E. 
N/S,M/IO 

DS 

TIMING DIAGRAM 11. Bus Exchange Timing 
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TIMING DIAGRAM 12. Reset Timing 
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TIMING DIAGRAM 13. Clock Waveform 
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TIMING DIAGRAM 14. Timing During Chaining 
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APPLICATION INFORMATION 
Figures 21(a) and 21(b) show the configuration of an Am9516 
UDC and an Am8086 microprocessor on the same board. 
Figure 22 shows a configuration for them when the Am9516 
UDC is on a different board. The configuration of an Am9516 
UDC to 68000 CPU interface is shown in Figure 23. An example 
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of an Am8086 initialization program is shown in Figure 24. Fi­
gure 25 shows the reload table for chaining. The details of the 
Programmable Array Logic (PAL*) for those interfaces are de­
scribed in Appendix B. 



Am9516 

HOLD 
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DT/R 
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0006 
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It 

Figure 21(a). Am9516 UDC to 8086 CpU Interface (Minimum Mode) 
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I 
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DT/R 
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ALE(D) ALE' Am9516 
ALE(P) 

SEL I-
AmPAL16LO 

AO' r--ADo 

- B/W B/W 
RD os os 
WR R/W R/W 

ALE 

MIlO 

0 
I 

V ~7 
G 

I I 
I-

LATCH I T TRANSCEIVER 
Am25LS373 R Am2949 

- --MilO RD WR 

AmPAL 16L8 PALASM FILE 

PAL16L8 
Pat 001 
Am9516 to 8086 min mode interface chip 
Advanced Micro Devices 

NC ALED ALEP HLDA BW ADo DT /DEN /SEL GND 
NC /ABEN /AD ALE AO /AW /DS /WA /TBEN Vee 
If (lHLDA) DS = AD + WA 

If (/HLDA) AW = DT 

If (/HLDA) TBEN = /DP/SEL*DEN 

If (/HLDA) RBEN = DP/SE~ * DEN 

If (HLDA) AD = /AW * DS 

If (HLDA) WA = AW * DS 

ALE = /ALEP * /ALED 

Ao = /ADo*/BW*HLDA*ALED + 
ADo*BW*HLDA*ALED + 
/ADo*/HLDA*ALEP + Ao*/ALEP + Ao */ALED 

DESCRIPTION 

I 

This PAL converts the control signals to interface the 8086 in 
min mode to the Am9516 DMA controller. Another example 
shows how this is done in max mode. 

·PAL is a trademark of Monolithic Memories, Inc. 7-254 
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Figure 21 (b). Am9516 UDC to 8086 CPU Interface (Maximum Mode) 

CLOCK 
..... 

I 
...... 

I 
ClK 74lS03 ClK .- c;- HOLD BREQ 

HlOA BACK ~ 
RO;GT ~ R1 - Cs 

R2 - pic 

RQ;GT 4MHz- ClK 

11 

r OE 

8086 AmPAl16R4 

t CEN 

lOB AEN ~p- HlOA 

~ ClK 
R/W R/W 

Am9516 

52 52 8288 ~ MROC liS os 
51 51 ~ MWTC M/iO M/iO 

so so 10RC 10RC 

10WC 10WC 

AmPAl16R6 _ 
I-_ OE 

ROY 

r CLOCK AS f----
elK ClK R/W 

L.-.- SO os 
L:-- 51 lACK iNTACK 

52 

032426-38 

7-255 



Am9516 

Timing Diagram of AmPAL16R6 

8284 CLOCK 

AmPAL16R6 PALASM FILE 

AmPAL16R6 
PAT003 
8086 to 85XX Peripheral Interface 
Advanced Micro Devices 

CLOCK RESET ClK ISo /S1 /S2 NC NC NC GND 
/OE/AS/P1 /RW /DS/PO/IACK/RDYClKDVc,c 

Po := /RESET*So*/PO*/P1 + 
/RESET*S1*/PO*/P1 + 
/RESET* S2* /PO* /P1 + 
/RESET*SO*P1 + 
/RESET*S1*P1 + 
/RESET*S2*P1 

P1 := /RESET*PO*/P1 + 
/RESET*P1*SO + 
/RESET*P1*S1 + 
/RESET*P1*S2 

DS :=/IACK*/PO*P1*SO*/S1*S2 + 
/IACK*/PO*P1*/SO*S1*S2 + 
IACK*SO*S1*S2 + 
DS*PO*P1 

032429·39 

RW:= SO*/S1 

lACK := /RESET*So*Sf*S2 + IACK*Po*P1*/DS + 
IACK*/Po*/P1 

RDY:= /RESET*So*/S1*S2*PO*P1 + 
/RESET*/SO*S1*S2*PO*P1 + 
/RESET*DS*RDY*PO*P1 

/ClKD = ClK 

AS = /ClKD*Po*/P1*/IACK*ClK 

DESCRIPTION 

This PAL translates 8086 bus signals into compatible signals for 
the 9516. It is also applicable to 85XX peripherals by altering 
/RW and /DS to /RD and /WR.One flip flop is available to give 
the necessary delay to the falling edge of /WR. 

Note: The ClK signal must be externally' inverted for this 
design. 
A> 
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AmPAL 16R4 Timing 

AmPAL 16R4 PALASM FILE 

B > Type Am9516 PAL 
PAL16R4 

8086 to Am9516 interface 
. Advanced Micro Devices 
CLK /RQGT HOLD NC NC NC /RW /DS Mia GND 
JOE /MWTC /MRDC HLDA /D2 /R2 /R1 /IOWC /IORC Vee 
If (HLDA) IORC = /MIO*DS*/RW 
If (HLDA) IOWC = (MIO*DS*RW 
If (HLDA) MRDC = MIO*DS*/RW 
If (HLDA)· MWTC = MIO*DS*RW 

R1:= HOLD 

R2 :=/R1 

D2:= R1 

/HLDA:= /R1 + /D2*/HLDA +/RQGP/HLDA 

DESCRIPTION 

This device converts the min mode signals HOLD and HLDA to 
the max mode /RQGT protocol. Additionally it generates the 
8288 equivalent control outputs /MRDC, /MWTC, /lORC, and 
/IOWC. This PAL was used to connect the Am9516 to the 8086 
in max mode. 

B> 
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Figure 22. Am9516 UDC to Multibus System Interface Configuration 
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Figure 23. Am9516 UDC to 68000 CPU Interface Configuration 
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AmPAL 16L8 PALASM FILE 

PAL16L8 
Pat 001 
68000 to Am9516 interface PAL 
Advanced Micro Devices 

NC BACK NC ALE ICS RW FCo FC1 Ao GND 
FC2 ITB IINTA IDS IBW lAS ILDS IUDS IRB Vee 
If (BACK) UDS = DS*/Ao*BW + DS*/BW 

If, (BACK) LDS = DS*Ao*BW + DS*/BW 

If (BACK) AS = IALE 

If (/BACK) DS = UDS + LDS 

If (I BACK) BW = UDS * LDS 

If (/BACK) TB = CS*RW*LDS + CS*RW*UDS + 
TB*DSD*/RW + CS*/RW*UDS 

If (/BACK) RB = CS*/RW + RB*DSD 

INTA = FCO*FC1 *FC2 

DESCRIPTION 

This PAL provides the necessary bidirectional buffering as well 
as translating signals as appropriate. The first four equations 
apply when the Am9516 is bus master the others apply when it 
is a slave. Note that the IRW terms of TB latch the data to meet 
the Am9516 data hold time requirement. 

Figure 24. Initialization Program for 8086 CPU 

BO 38 MOV AL,38H ;LOADING POINTER OF MASTER 

E6 12 OUT 12H ;MODE REGISTER 

B8 07 00 MOV AX,007H ;LOADING MMR CODE 

E7 10 OUTW 10H 

B026 MOV AL,26H ;LOADING POINTER OF CHAIN 

E6 12 OUT 12H ;ADDRESS REGISTER'S SEGMENT 

B8 00 00 MOV AX,OOOOH ;LOADING SEGMENT OF CAR-1 

E7 10 OUTW 10H 

BO 22 MOV AL,22H ;LOADING POINTER OF CHAIN 

E6 12 OUT 12H ;ADDRESS REGISTER'S OFFSET 

B8 20 10 MOV AX,1020H ;LOADING OFFSET OF CAR-1 

E7 10 OUTW 10H 

BO 2C MOV AL,2CH ;LOADING POINTER OF COMMAND 

E6 12 OUT 12H ;REGISTER 

BO AO MOV AL,AOH ;LOADING "START CHAIN" COMMAND 

E6 10 OUT 10H ;ISSUING "START CHAIN" COMMAND 

Notes: The p/5 input is connected to A1 line; es is decoded from A7 through A4 (all 0). 

Figure 25. Reload Table for Chaining 



Address 

Address 

Fast Readable 
Writeable 

A7 

x 0 1 

X 0 1 

X 0 1 

X 0 1 

X 1 0 

X 1 0 

X 1 0 

X 1 0 

Chain Loadable 

Writeable 

APPENDIX A 
UDC REGISTER SUMMARY 

A7 

x 

1 

1 

1 

1 

0 

0 

0 

0 

Master Mode Register 

o o 

Chip Enable 

CPU Interleave 
Enable 

Walt Line Enable 

No Vector on 
Interrupt 

AO 

o x 

03242B-43 

Miscellaneous Registers 

AO 

0 0 1 X Current Operation Count 

0 0 0 X Current Operation Count 

0 1 1 X Base Operation Count 

0 1 0 X Base Operation Count 

1 0 1 X Pattern 

1 0 0 X Pattern 

1 1 1 X Mask 

1 1 0 X Mask 

Pattern and Mask - Slow Readable 

Operation Count - Fast Readable 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

03242B-44 

Chain Control Register 

Chain Loadable Only 

,.-------------- Current ARA (2 Words) 

,.------------- Current ARB (2 Words) 

,.------------ Current Op-Count (1 Word) 

..----------- Base ARA (2 Words) 

.--------- Base ARB (2 WordS) 

....------- Base Op-Count (1 Word) 

,------ Pattern and Mask (2 Words) 

,.----- Interrupt Vector (1 Word) 

7-261 

Channel Mode (2 Words) 

Chain Address (2 Words) 

03242B-45 
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Address 

Writeable Only 

000 Reset 
001 Interrupt 

A7 

x 
x 

Command Register 

o o 
o o 

AO 

x 
0' X 

Channel 2/Channel 1 

Set/Clear 
L-_____ Interrupt Pending 

CH1 

CH2 

010 Software Request 
011 Flip Bit 
100 Hardware Mask 
101 Start Chain 

1--_________ Channel Interrupt Enable 

110 Not Recognized 
111 Not Recognized 

Status Register 

A7 AO 

032429-46 

Address X 0 0 X CH1 
~-------------------------------~ 

X 0 0 0 X CH2 

Fast Readable 

STATUS RESERVED INTERFACE 

~
UDC IHARDWARE 

INTERRUPT '. I STATUS [ COMPLETION 
STATUS ~ .-l- STATUS 

CIE 

RESERVED 
IP ____ -l 

CA --------

NAC -----------

WFB-------------l 

SIP -----------

MCl------l 

MC-------­

EOP------------~ 

TC-------------~ 
032429-47 

Interrupt Save Register 

A7 AO 

Address X 0 0 0 X I CHi 
X 0 0 0 0 X CH2 

Fast Readable 

\15\14\13\12\11 \10 \ 9 \ 8 \ 7 \ 6\ 5 \ 4 \ 3 \ 2 \1 \ 0 \ 

7-262 

Lvector 
Channel Numb er 

2) (O=ch.l, 1 =ch. 

TC 

EOP 

MC 

Chain Aborted 

MCl 

MCH 

Hardware Requ est 032429'48 



Channel Mode Register 

A7 

X 1 0 1 

X 1 0 1 

X 1 0 1 

X 1 0 1 

Chain Loadable 

Writable (Lower 16 bits) 

Slow Readable 

5ACK CONTROL 

0 1 

0 1 

0 0 

0 0 

HARrNVARE MASK ----------, 

SOFTWARE REQUEST ------, 

TC MC EOP TC MC EOP TC MC EOP -.---.---.-
CHAIN B-C RELOAD INTERRUPT 

1 

0 

1 

0 

AO 

X 

X 

X 

X 

High CH1 

High CH2 

LowCH1 

LowCH2 

MATCH CONTROL FIELD 

00 Stop on No Match 
Ot Stop on No Match 
10 Stop on Word Match 
11 Stop on Byte Match 

ENABLE ENABLE ENABLE DATA OPERATION FIELD 

COMPLETION FIELD 

TRANSFER TYPE FIELD ___ ---J 

Code Transfer Type 

00 Single Transfer 
01 Demand Dedicated/Bus Hold 
10 Demand Dedicated/Bus Release 
11 Demand Interleave 

FLIP BIT ------------' 

o - ARA = SRC, ARB = DEST 
1 - ARA = DEST, ARB = SRC 

Code/Operation 

Transfer 

0001 
100X 
0000 
0011 
0010 

Transfer-
and-Search 
0101 
110X 
0100 
0111 
0110 

Search 

1111 
1110 
101X 

Chain Address Register 

A7 

Operand Size 

ARA ARB 

Byte Byte 
Byte Word 
Word Word 
Byte Byte 
Word Word 

Byte Byte 
Byte Word 
Word Word 
Byte Byte 
Word Word 

Byte Byte 
Word Word 

Illegal 

AO 

Transaction 

Type 

Flowthru 
Flow1hru 
Flow1hru 
Flyby 
Flyby 

Flow1hru 
Flow1hru 
Flow1hru 
Flyby 
Flyby 

N/A 
N/A 

03242B-49 

Address X 0 1 0 

X 0 1 0 

X 0 1 0 

X 0 1 0 

0 1 

0 1 

0 0 

0 0 

1 

0 

1 

0 

X 

X 

X 

X 

Up-Addr CH1 

Up-Addr CH2 

Low-Addr CH1 

Low-Addr CH2 

PROGRAMMABLE WAIT FIELD 

00 = 0 Wait States l 
01 = 1 Wait States 
10 = 2 Wait States 
11 = 4 Wait States 

15 87 32 10 p--------------------

u3~ ... 2B-5v 
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Address Registers 

A7 

Address x 0 0 1 1 0 

X 0 0 1 1 0 

X 0 0 0 1 0 

X 0 0 0 1 0 

X 0 0 t 0 0 

X 0 0 1 0 0 

X 0 0 0 0 0 

X 0 0 0 0 0 

X 0 0 1 1 1 

X 0 0 1 1 1 

X 0 0 0 1 1 

X 0 0 0 1 ' 1 

X 0 0 

X 0 0 

X 0 0 

X 0 0 

Chain Loadable 

FastAeadable and Writeable 

1 

1 

0 

0 

ADDRESS REFERENCE FIELD 

0 

0 

0 

0 

MEMORY/(I/O):-==-l 

NORMAL/SYSTEM I I 

1 

1 

1 

1 ' 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

15 7 6 5 4 

UP-ADDR 1"':':".1 
LOWER ADDRESS 
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AO 

X Current ARA Up-Addr/Tag 

X Current ARA Up-Addr/Tag 

X Current ARA Low-Addr 

X Current ARA Low-Addr 

X Current ARB Up-Addr/Tag 

X Current ARB Up-Addr/Tag 

X Current ARB Low-Addr 

X Current ARB Low-Addr 

X Base ARA Up-Addr/Tag 

X Base ARA Up-Addr/Tag 

X Base ARA Low-Addr 

X Base ARA Low-Addr 

X Base ARB Up-Addr/Tag 

X Base ARB Up-Addr/Tag 

X Base ARB Low-Addr 

X Base ARB Low-Addr 

r------ ADDRESS CONTROL FIELD 

00 = Increment Address 
01 = Decremenl Address 
IX = Hold Address 

r PROGRAMMABLE WAIT FIELD 
00 = 0 Wall Slates 
01 = 1 Wall Slate 
10 = 2 Wall Slates 
11 = 4 Wall Slates . 

2 1 0 

TAG 

032429-51 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 

CH1 

CH2 1 
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APPENDIX B 
(1) Flow Charts of DMA Operations: 

Figure 8-1 shows the basic DMA operations with· software 
or hardware request. The Demand Interleave operations are 
shown in Figure 8-2. 

(2) Designs of PAL for UDC Interface: 
Figure 8-3 is the PAL for 6800 CPU to Am9516 UDC 
interface. Figure 8-4 and 8-5 are for the interface between 
UDC and Multibus". 

Figure B·1 .. Basic DMA Operations of Am9516 UDC 

032426·52 

a) Single Operation 

OTHER 
CHANNEL 

OR . 
RELEASE BUS 

INTERRUPT 
BTOCLOAD 

CHAINING 

b) Demand Operation when Software Requesting 

032428-54 

··Multibus is a trademark of Intel Corp. 

INTERRUPT 
BTOCLOAD 

CHAINING 

OTHER 
CHANNEL 

OR 
RELEASE BUS 

7-265 

c) Demand Dedicated with Bus Release 
(Hardware Request) 

INTERRUPT 
BTOCLOAD 

CHAINING 

OTHER 
CHANNEL 

OR 
RELEASE BUS 

032426-53 

d) Demand. Dedicated with Bus Hold 
(Hardware Request) 

INTERRUPT 
BTOCLOAD 

CHAINING 

OTHER 
CHANNEL 

OR 
RELEASE BUS 

032428-55 
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Figure 8-2. Demand Interleave Operations of Am9516 UDC 

CH·l: INTERLEAVE 
CH·2: INTERLEAVE 
CPU: INTERLEAVE 

CH·l: DEMAND INTERLEAVE 
CH·2: DEMAND/BUS RELEASE 
CPU: NO INTERLEAVE 

CH·l: INTE.RLEAVE 
CH·2: INTERLEAVE 
CPU: NO INTERLEAVE 

CH·l: INTERLEAVE 
CH·2: SOFTWARE DEMAND 
CPU: INTERLEAVE 

CH·l: DEMAND INTERLEAVE 
CH·2: DEMAND/BUS HOLD 
CPU: NO INTERLEAVE 

7-266 

CH·l: DEMAND INTERLEAVE 
CH·2: DEMAND/BUS RELEASE 
CPU: INTERLEAVE 

DREQI 
ACTIVE 

CH·l: DEMAND INTERLEAVE 
CH·2: DEMAND/BUS HOLD OR BUS RELEASE 
CPU: INTERLEAVE 

03242B·56 



Am9516 

APPENDIXC 

Am9516 STATE DIAGRAM 

1------------- CHAINING ------------1 

ACKNOWLEDGE I-UPPER ADDRESS UPDATING --J...-- TRANSFER/SEARCH -t-SETUP I I IDLE -I 

Am9516 INTERNAL OPERATION ROUTINES 

1. "Start Chain" command issued or start updating routine" 
after an interrupt has been served .. " 

2. Normal DMA operation. 
3. Demand with Bus hold while DREQ is inactive. 
4. DREQ is active while bus held. 
5. Single transfer, CPU interleave enabled, or demand with 

bus release while current DREQ is inactive and no DMA 
request is pending. 

6. Single Transfer or Demand/Bus release while current 
DREQ is inactive, but the other DMA request is pending. 

7. TC, MC or EOP termination occurs. 
8. One DMA or chain transaction is done and the upper 

address is not changed. 
9. One DMA or chain transaction is done and the upper 

address is changed. 

7-267 

10. Base-to-current auto-reloading is enabled. 
1.1. Base-to-current auto-reloading is disabled. 
12. Chaining is enabled. 

032428·57 

13. Chaining is disabled and another DMA request is pending. 
14. Chaining is disabled and no DMA request is pending. 
15. Chaining ends and another DMA request is pending. 
16. Chaining ends and no DMA request is pending. 
17. EOP termination of Bus Hold. 

"Updating routine includes base-to-current auto-reloading and 
chaining. 

"When a second interrupt is to be issued before the first interrupt is 
acknowledged, the SIP bit of a Status Register is set and the channel 
relinquishes the bus until the first interrupt has been served. If the 
channel was to perform the updating routine, once the SIP bit is 
cleared, DTC will re-acquire the bus and perform the appropriate 
operation (i.e., 1). 
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Appendix D. 

SWITCHING CHARACTERISTICS 
TIMING FOR UDC AS BUS MASTER 
S TIMING DIAGRAMS 2 240) ( ee startmg on page -

Number Parameter Description 

1 TcC Clock Cycle Time 

2 TwCh Clock Width (HIGH) 

3 TwCI Clock 'vVidth (LOW) 

4 TfC Clock Fall Time 

5 TrC Clock Rise Time 

6 TdC(AUv) Clock RE to Upper Address (A16-A23) Valid Delay 

7 ThC(AUv) Clock RE to Upper Address Valid Hold Time 

8 TdC(ST) Clock RE to R/W and B/W Valid Delay 

9 TdC(A) Clock RE to Lower Address (Ao-A1s) Valid Delay 

10 TdC(Az) Clock RE to Lower Address (Ao-A1S) Float Delay 

11 TdC(ALr) Clock RE to ALE RE Delay 

12 TdC(AL) . Clock FE to ALE FE Delay 

13 TdC(DS) Clock RE to DS (Read) FE Delay 

14 TdC(DSf) Clock FE to DS (Write) FE Delay 

15 TdC(DSr) Clock FE to DS RE Delay 

16 TdC(DO) Clock RE to Data Out Valid Delay 

17 TsDI(C) Data In to Clock FE Setup Time 

18 TdA(AL) Address Valid to ALE FE Delay 

19 ThAL(A) ALE FE to Lower Address Valid Hold Time 

20 TwAL ALE Width (HIGH) 

21 TdAz(DS) Lower Address Float to DS FE Delay 

22 TdAL(DS) ALE FE to DS (Read) FE Delay 

23 TdAL(DI) ALE FE to Data In Required Valid Delay 

24 TdA(DI) Address Valid to Data In Required Valid Delay· 

25 TdDS(A) OS RE to Address Active Delay 

26 TdDS(AL) OS RE to ALE RE Delay 

27 TdA(DS) Address Valid to DS (Read) FE Delay 

28 TdDO(DSr) . Data Out Valid to DS RE Delay 

29 TdDO(DSf) Data Out Valid to DS FE Delay . 
30 ThDS(DO) OS RE to Data Out Valid Hold Time 

31 TdDS(DI) OS (Read) FE to Data In Required Valid Delay 

33 ThDI(DS) DS RE to Data In Hold Time 
I 

34 TwDSmw DS (Write) Width (LOW) 

35 TwOSmr DS (Read) Width (LOW) 

36 TdC(RBr) Clock FE to RBEN RE Delay· 

37 ThDS(ST) OS RE to B/W, N/S, R/W and MIlO Valid Hold Time 

38 TdC(TRf) Clock RE to TBEN or RBEN FE Delay 

39 TdC(TRr) Clock RE to TBEN RE Delay 

40 TdC(ST) Clock RE to MIlO and N/S Valid Delay 

41 TdS(AL) R/W, MIlO, B/W and N/S Valid to ALE FE Delay 

42 TsWT(C) WAIT to Clock FE Setup Time 

·These must not occur simultaneously. 

7-268 

4MHz 5MHz 

Min Max Min Max Units 

250 2000 200 ns 

105 69· ns 

105 85· ns 

20 10 or 15 ns 

20 100r 15 ns 

90 85 ns 

20 10 ns 

110 100 ns 

90 85 ns 

60 60 ns 

70 70 ns 

70 70 ns 

60 60 ns 

60 60 ns 

60 60 ns 

90 85 ns 

20 20 ns 

50 40 ns 

60 50 ns 

80 twCh-15 ns i 
0 0 ns I 

75 60 ns 

300 250 ns 

410 350 ns 

80 60 ns 

75 60 ns 

160 150 ns 

230 215 ns 

55 45 ns 

85 65 ns 

205 180 ns 

0 0 ns 

185 150 ns 

275 250 ns 

70 65 ns 

75 60 ns 

60 60 ns 

60 60 ns 

90 80 ns 

60 45 ns 

20 20 ns 
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WITCHING CHARACTERISTICS 
MING FOR UDC AS BUS MASTER (Cont.) 

umber Parameter Description 

43 ThWT(C) WAIT to Clock FE Hold Time 

44 TwDRQ DREQ Pulse Width (Single Transfer Mode)' 

45 TsDRQ(C) DREQ Valid to Clock RE Setup Time 

46 ThDRQ(C) Clock RE to DREQ Valid Hold Time 

47 TdC(INTf) Clock FE to INT FE Delay 

"his parameter is slower than parameter 15, 

ote: RE = rising edge 
FE = falling edge 

;WITCHING CHARACTERISTICS 
IDC AS BUS SLAVE BUS EXCHANGE 

lumber Parameter Description 

61 TdIN(DO) INTACK FE to Data Output Valid Delay 

62 TdIN(DOz) INTACK RE to Data Output Float Delay 

63 TdDS(DO) DS FE (lOR) to Data Output Driven Delay 

64 TdDS(DOz) DS RE (lOR) to Data Output Float Delay 

65 TsDI(DS) Data Valid to DS RE (lOW) Setup Time 

66 ThDS(DI) DS RE (lOW) to Data Valid Hold Time 

67 TwDS DSlowWidth 

68 TwiN INTACK low Width 

69 ThDS(CS) DS RE to CS Valid Hold Time. 

70 ThDS(PD) DS RE to P/D Valid Hold Time 

P/D Valid to DS FE Setup Time (lOR) 
71 TsPD(DS) 

P/D Valid to DS FE Setup Time (lOW) 

72 TsCS(DS) CS Valid to DS FE Setup Time 

73 TrDS DS RE to DS FE Recovery Time (for Commands Only) 

74 TwRST RESET low Width 

75 TdC(BROf) Clock RE to BREQ RE Delay 

76 TdC(BRQr) Clock FE to BREQ FE Delay 

77 TdBRQ(CTRz) BREQ FE to Control Bus Float Delay 

78 TdBRQ(ADz) BREQ FE to AD Bus Float Delay 

79 TdBRQ(BAK) BREQ RE to BACK RE Required Delay 

80 TsBAK(C) BACK Valid to Clock RE Setup Time 

81 TdBAK(ADz) BACK FE to A and AD Buses Float Delay (Reset) 

82 TdBAK(CTRz) BACK FE to Control Bus Float Delay (Reset) 

83 TdBAK(DSz) BACK FE to DS Float Delay (Reset) 

84 TsRW(DS) R/W Valid to DS FE Setup Time (lOW) 

85 ThDS(RW) DS RE to R/W Valid Hold Time (lOW) 

86 TsRW(DS) R/W Valid to DS FE Setup Time (lOR) 11 

87 ThDS(RW) DS RE to R/W Valid Hold Time (lOR) 

"2000ns for slow readable registers (worst case) 

Noto: RE = rising edge 
FE = falling edge 
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4MHz 5MHz 

Min Max Min Max Units 

20 15 ns 

20 20 ' ns 

50 50 ns 

20 20 ns 

150 150 ns 

4MHz 5MHz 

Min Max Min Max Units 

135 135 ns 

75 75 ns 

135" 135" ns 

75 75 ns 

40 40 ns 

30 30 ns 

150" 150" ns 

150 150 ns 

20 20 ns 

20 20 ns 

10 10 
ns 

50 50 

30 30 ns 

4TcC 4TcC ns 

3TcC 3TcC ns 

150 
~ 

150 ns 

150 150 ns 

140 140 ns 

140 140 ns 

0 0 ns 

40 35 ns 

135 135 ns 

100 100 ns 

80 80 ns 

2 2 ns 

-10 -10 ns 

20 20 ns 

20 20 ns 
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SWITCHING CHARACTERISTICS 
~DC-PERIPHERAL INTERFACE 

Number Parameter 

90 TCHDL 

91 TCHDH 

92 TDSK 

93 TDAD 

94 TDAH 

95 TEIDL 

96 TEIDH 

97 TES 

98 TEW 

99 TES(BH) 

100 TEW(BI;I) 

Note: RE = rising edge 
FE = falling edge 

I Description 

Clock RE to Pulsed DACK FE Delay 
(Flyby Transactions Only) 

Clock RE to Pulsed DACK RE Delay 
(To Flyby Transactions Only) 

DS RE to Pulsed DACK RE Delay 
(FROM Flyby Transactions Only) 

Clock RE to Level DACK Valid Delay 

Clock FE to Level DACK Valid Hold Time 

Clock FE to Internal EOP LOW Delay 

Clock FE to Internal EOP RE Delay 

External EOP Valid to Clock FE Setup 
Time During Operation 

External EOP Pulse Width Required During Operation 

External EOP Valid to Clock FE Setup Time During Bus Hold 

External EOP Pulse Width Required During Bus Hold 
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4MHz 5MHz 

Min Max Min Max Units 

100 90 ns 

100 90 ns 

30 30 ns 

100 90 ns 

100 90 ns 

100 85 ns 

100 85 ns 

10 10 ns 

20 20 ns 

10 10 ns 

20 20 ns 
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Mulfimode DMA Controller 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Four independent DMA channels, each with separate reg­
isters for Mode Control, Current Address, Base Address, 
Current Word Count and Base Word Count. 

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-~o-memory transfer capability is also 
provided. The Am9517 A offers a wide variety of programmable 
control features to enhance data throughput and system opti­
mization and to allow dynamic reconfiguration under program 
control. 

• Transfer modes: Bltck, 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 DREQ and DACK signals 

The Am9517 A is designed to be used in conjunction with an ex­
ternal 8-bit address register such as the Am74LS373. 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 programmabil ity 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). 

• Compressed timing option speeds transfers - up to 2.5M 
bytes/second 

• +5 volt power supply 
• Advanced N-channel silicon gate MOS·technology 
• 40 pin Hermetic DIP package 
• New 9517 A-5 5MHz version for higher speed 

CPU compatability 

EO? 

RESET 

cs 
READY 

CLOCK 

AEN 

ADSTB 

MEMR 

MEMW 

iDA 

iOW 

HACK 

HREO 

DACKO·DACK3 

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 o'r compare 
operations using external comparators or for intelligent peri­
pherals to abort erroneous services. 

BLOCK DIAGRAM 

DBO·DB7 

030406-1 

ORDERING INFORMATION 

Package 
Maximum Clock Frequency 

Type Ambient Temperature 3MHz 4MHz 5MHz 

Hermetic DIP/ 
O°C ,,;;; TA";;; +70°C AM9517ADC/PC AM9517A-4DC/PC AM9517A-5DC/PC 

Molded DIP AM9517A-1DC/PC 
.-

AM9517ADI Hermetic DIP -40°C,,;;; TA ,,;;; +85°C AM9517A-1D1 AM9517A-4DI/PI 

Hermetic DIP -55°C,,;;; TA ,,;;; + 125°C AM9517ADMB 
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Figure 1. Connection Diagram 
D-40,P-40 

A7 

A6 

A5 

A4 

EOP 
A3 

A2 

A1 

MEMW 

(NOTE 11) 

READY 

HACK 

ADSTB 

AEN 

HREG 

cs 

9 32 

10 Am9517A 31 

AO 

VCC(+5V) 

ClK 

RESET 

DACK2 

DACK3 

DREG3 

DREG2 

DREG1 

DREGO 

(GND) VSS 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

DBO 

DB1 

DB2 

DB3 

DB4 

DACKO 

DACK1 

DB5 

DB6 

DB7 

Top View 
030408·2 

Pin 1 is marked for orientation. 

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, up to 4MHz for the Am9517A-4, and 
upto 5~Hz for the Am9517A-5. 

CS (Chip Select, Input) 

Chip Select is an active low input used to select the Am9517 A as 
an I/O device during an I/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 lOR or lOW 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 First/last Flip/Flop and sets the Mask register. Fol­
lowing 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 
I/O 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. 

DBO-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 I/O 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 I/O write, allowing the 
CPU to program the Am9517 A 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. 

lOR (I/O Read, Input/Output) 

I/O 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. 

lOW (I/O Write, Input/Output) 

I/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
mationinto 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 
lOW edge following each data byte transfer. It is not sufficient to 
hold the lOW pin low and toggle CS. I 

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 tocause 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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Juring memory-to-memory transfers, EOP will be output when 
he TC ,for channell occurs, EOP always applies to the channel 
Nith an active DACK; external EOPs are disregarded when 
)ACKO-DACK3 are all inactive if the DMA is in state SI. 

n situations where two or more Am9517A DMAs are cascaded 
:he EOP pins should be logically OR'ed (notwire-OR'ed). ' 

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 cannot sink the current passed by a 1 K 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 rpquest 
control of the system bus. Software requests or unmasked 
PREQs cause the Am9517A to issue HREQ. 

DACKO-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 110 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. 

Figure 2. Am9S17A Internal Registers. 

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 

I 
4 

Temporary Address Register 16 bits 1 
Te'mporary 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 1 

Am9517A 

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. 

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 Am9517 A 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 external 
control signals for the Am9517A. The Program Command Con­
trol block decodes the various commands given to the Am9517 A 
by the microprocessor prior to servicing a DMA Request. It also 
decodes each channel's Mode Control word. The Priority En­
coder block resolves priority contention among DMA channels 
requesting service simultaneously. 

The Timing Control block derives internal timing from tllO clock 
input. In Am9080A systems this input will usually bo tllO .,,2 TTL 
clock from an Am8224. However, any appropriate system clock 
will suffice. 

DM~ Operation 

The Am9517A is designed to operate in two major cycles. These 
are called Idle and Active cycles. Each device cycle is made up 
of a number of states. The Am9517A can assume seven sepa­
rate states, each composed of one full clock period. State I (SI) 
is the inactive state. It is entered when the Am9517A has no 
valid DMA requests pending. While in SI, the DMA controller is 
inactive but may be in the Program Condition, being program­
med by the processor. State 0 (SO) is the first state of a DMA 
service. The Am9517A has requested a hold but the processor 
has not yet returned an acknowledge. An acknowledge from the 
CPU will signal that transfers may begin. Sl, 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 before S4 by the use of the Ready 
line on the Am9517A. 

Memory-to-memory transfers require a read-from and a 
write-to-memory to complete each transfer. The states, which 
resemble the normal working states, use two digit numbers for 
identification. Eight states are required for each complete' 
transfer. The first four states (Sll, S12, S13, 814) are used for 
the read-from-memory half and the ,last four states (S21 , S22, 
S23 and S24) for the write-to-memory half of the transfer. The 
Temporary Data register is used for intermediate storage of the 
memory byte. 

IDLE Cycle 

When no channel is requesting service, the Am9517A will enter' 
the Idle cycle and perform "SI" states. In this cycle the 
Am9517A will sample the DREQ lines every clock cycle to de­
termine if any channel is requesting a DMA service. The device 
will also sample CS, looking for an attempt by the microproces­
sor to write or read the internal registers of the Am9517A. When 
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CS is low and HACK is low the Am9517A enters the Program 
Condition. The CPU can now establish, change or inspect the 
internal definition of the part by reading from or writing to the 
internal registers. Address lines AO-A3 are inputs to the device 
and select which registers will be read or written. The lOR and 
lOW lines are used to select and time reads or writes. Due to the 
number imd size of the internal registers, an internal fliplflop 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 fliplflop is reset by Master Clear or 
Reset. A separate software command can also reset this flip/ 
flop. 

Special software commands can be ex~cuted by the Am9517A 
in the Program Condition. These commands are decoded as 
sets of addresses when both CS and lOW 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 I 

service will take place; in one of four modes: 

Single Transfer Mode: In Single Transfer mode, the Am9517 A 
will make a one-byte transfer during each HREQ/HACK hand­
shake. Wh~n 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 8080Al9080A 
systems this will ensure one full machine cycle of execution 
between DMA transfers. Details of timing between the Am9517 A 
arict 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 se·rvices 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 for 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. 

Figure 3. Cascaded Am9517As .. 
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HREO DREO 

HOLDACK 
HACK DACK 
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J 

TRANSFER. TYPES 

r---

2ND LEVEL 

Am9517A 

HREO 

HACK 

HREO 

HACK 

Am9517A 

ADDITIONAL 
DEVICES 

03040B-3 

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 I/O device to the memory by 
activating lOR and MEMW. Read transfers move data from 
memory to an I/O device by activating MEMR and lOW. 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 o. 
Block Transfer Mode should be used for memory-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. 
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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 Am9517Awili 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. 

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, O. 

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 anyone channel from monopolizing the 
system. \ 

1st Service 2nd Service 3rd Service 

highest o 2 _ service~3 ---- service 
1 - service~ 3 - request 0 
2 ,,0 1 
3 1 2 lowest 

The priority encoder selects the highest priority channel re­
questing service on each active-going HACK edge. Onte a 
channel is started, its operation will not be suspended if are­
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. 

Am9517A 

Extended Write: For Flyby Transactions late write is normally 
used, as this allows sufficient time for the lOR signal to get data 
from the peripheral onto the bus before MEMW is activated. In 
some systems, performance can be improved by starting the 
write cycle earlier. This is especially true for memory-to-memory 
transactions. 

Address Generation: In order to reduce pin count, the 
Am9517A 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 3-state 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 AO-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 sp~ed 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 tho address 
used during DMA transfers. The address is automatically in­
cremented or decremented after each transfer and the inter­
mediate values of the addres·s 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 a DMA 
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 value~ 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. 
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Command Register: This a-bit register controls 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. 

6 5 4 3 2 o - Bit Number 

o Memory-to-memory disable 

1 Memory-to-memory enable 

0 Channel 0 address hold disable 

Channel 0 address hold enable 

X IfbitO=O 

0 Controller enable 

Controller disable 

0 Normal timing 

Compressed timing 

X If bit 0 = 1 

0 Fixed Priority 

Rotating Priority 

0 Late write selection 

Extended write selection 

X If bit 3 = 1 

0 DREQ sense active high 

DREQ sense active low 

0 DACK sense active low 

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. 

6 5 4 3 2 o --Bit Number 

Channel 0 select 

Channel 1 select 

Channel 2 select 

Channel 3 select 

00 Verify transfer 

01 Write transfer 

10 Re~d transfer 

11 Illegal 

XX If bits 6 and 7 = 11 

0 Autoinitialize disable 

Autoinitialize enable 

0 Address increment select 

Address decrement select 

00 Demand mode select 

01 Single mode select 

10 Block mode select 

11 Cascade mode select 

Request Register: The Am9517A can respond to requests for 
DMA service which are initiated by software 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. 

6 5 4 3 o -- Bit Number 

Select channel 0 

Select channel 1 

Select channel 2 

Select channel 3 

o Reset request bit 

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. 

6 5 4 3 2 o -- Bit Number 

Select channel 0 mask bit 

Select channel 1 mask bit 

Select channel 2 mask bit 

Select channel 3 mask bit 

o Clear mask bit 

Set mask bit 

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

6 5 4 3 2 o -Bit,Number 

0 Clear Channel 0 mask bit 

Set Channel 0 mask bit 

0 Chiar Channel 1 mask bit 

Set Channel 1 mask bit 

0 Clear Channel 2 mask bit 

Set Channel 2 mask bit 

0 Clear Channel 3 mask bit 

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. 

6 5 4 3 2 o - Bit Number 

I I I I I I I I I 

'--

'-----

Channel 0 has reached TC 

Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 

Channel 0 request 

Channel 1 request 
Channel 2 request 
Channel 3 request 

Am9S17A 

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
mation. This initializes the Flip/Flop to a known state so that 
subsequent accesses to register contents by the micro­
processor will address lower and upper bytes in the correct 
sequence. When the Flip/Flop is cleared it addresses the 
lower byte and when set it addresses the upper byte. 

Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
Temporary and Internal First/Last Flip/Flop registers are 
cleared and the Mask register is set. The Am9517A will enter 
the Idle cycle. 

Figure 4 lists the address codes for the software command's. 

/ 

Figure 4. Register and Function Addressing. 

Interface Signals 

A3 A2 A1 AO lOR lOW Operation 

1 0 0 0 0 1 Read Status Register 

1 0 0 0 1 0 Write Command Register 

1 0 0 1 0 1 Illegal 

1 0 0 1 1 0 Write Request Register 

1 0 1 0 0 1 Illegal 

1 O' 1 0 1 0 Write Single Mask Register Bit 

1 0 1 1 0 1 Illegal 

1 0 1 1 1 0 Write Mode Register 

1 1 0 0 0 1 Illegal 

1 1 0 0 1 ·0 Clear Byte Pointer Flip/Flop 

1 1 0 1 0 1 Read Temporary Register 

1 1 0 1 1 0 Master Clear 

1 1 1 0 0 1 Illegal 

1 1 1 0 1 0 Illegal 

1 1 1 1 0 1 Illegal 

1 1 1 1 1 0 Write All Mask Register Bits 
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Figure 5. Word Count and Address Register Command Codes. 

Channel Register Operation 
Signals Internal Data Bus 

CS lOR lOW A3 A2 A1 AO Flip/Flop DBO-DB7 

Base & Current 0 1 0 0 0 0 0 0 AO-A7 
0 Write 

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

Current 0 0 1 0 0 0 0 0 AO-A7 
Address 

Read 
0 0 1 0 0 0 0 1 'A8-A15 

Base & Current 0 1 0 0 0 0 1 0 WO-W7 
Word Count Write 

0 1 0 0 0 0 1 1 W8-W15 

Current 0 0 1 0 0 0 1 0 WO-W7 
Word Count 

Read 
0 0 1 0 0 0 1 1 W8-W15 

i 

Base & Current 0 1 0 0 0 1 0 0 AO-A7 
\ 1 Write 

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

Current 0 0 1 0 0 1 0 0 AO-A7 
Read 

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

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

Word Count 0 1 0 0 0 1 1 1 W8-W15 

Current 0 0 1 0 0 1 1 0 WO-W7 
Read 

Word Count 0 0 1 0 0 1 1 1 W8-W15 

Base & Current 0 1 0 0 1 0 0 0 AO-A7 
2 Address Write 

0 1 0 0 1 0 0 1 A8-A15 

Current 
Read 

0 0 1 0 1 0 0 0 AO-A7 
Address 0 0 1 0 1 0 0 1 A8-A15 

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

Word Count 0 1 0 0 1 0 1 1 W8-W15 

Current 0 0 1 0 1 0 1 0 WO-W7 
Word' Count Read 

0 0 1 0 1 0 1 1 W8-W15 

3 Base & Current Write 
0 1 0 0 1 1 O. 0 AO-A7 

Address 0 1 0 0 1 1 0 1 A8-A15 , 
Current 0 0 1 0 1 1 0 0 AO-A7 
-Address 

Read 
0 0 1 0 1 1 0 1 A8-A15 

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

Word Count 0 1 0 0 1 1 1 1 W8-W15 

Current 0 0 1 0 1 1 1 0 WO-W7 
Word Count 

Read 
0 0 1 0 1 1 1 1 W8-W15 
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.VlAXIMUM RATINGS above which useful life may be impaired 

3torage Temperature -65 to + 150°C 

ICC with Respect to VSS -0.5to +7.0V 

~II Signal Voltages with Respect to VSS -0.5Vto +7.0V 

:Jower Dissipation (Package Limitation) 1.5W 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
:;tatic charge. It is suggested, nevertheless; that conventional precautions be observed during storage, handling and use in order to avoid 
3xposure to excessive voltages. 

OPERATING RANGE 
Part Number 

Am9517ADC/PC Oto +70°C 

Am9517 A-1DC/PC Oto +70°C 

Am9517A-4DC/PC Oto +70°C 

Am9517A-5DC/PC Oto +70°C 

Am9517ADI -40 to +85°C 

Am9517A-1D1 -40 to +85°C 

Am9517A-4DI -40to +85°C 

Am9517ADMB -55 to +125°C 

Vee 
5.0V±5% 

5.0V±5% 

5.0V±5% 

5.0V±5% 

5.0V ±10% 

5.0V ±10% 

5.0V ±10% 

5.0V±10% 

ELECTRICAL CHARACTERISTICS over operating range (Note 1) 

Parameter Description Test Conditions Min Typ Max Unit 

IOH = -200",A 2.4 
·VOH Output HIC;>H Voltage Volts 

10H = -100J,lA, (HREQ Only) 3.3 

VOL Output LOW Voltage 10L = 3.2mA 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 

IIX Input Load Current VSS';;; VI.;;; VCC 

102 Output Leakage Current VCC .;;; VO .;;; VSS+.40 

TA = +25°C 

ICC VCC Supply Current TA = O°C 

TA = -55°C 

CO Output Capacitance 

CI I nput Capacitance fc = 1.0MHz, Inputs = OV 

CIO I/O Capacitance 

NOTES: 

1. Typical values are for T A = 25°C, nominal supply voltage 
and nominal processing parameters. 

2. Input timing parameters assume transition times of 20ns or 
less. Waveform measurement points for both input and out­
put signals are 2.0V for High and O.BV for Low, unless 
otherwise noted. 

3. Output loading is 1 Standard TTL gate plus 50pF capaci­
tance unless noted otherwise. 

4. The new lOW or MEMW pulse width for normal write will be 
TCY-100ns and for extended write will be 2TCY -1 OOns. The 
net lOR or MEMR pulse width for normal read will be 
2TCY-50ns and for compressed read will be TCY-50ns. 

5. TOO is specified for two different output HIGH levels. TD01 
is measured at 2.0V. TD02 is measured at 3.3V. The value 
for TD02 assumes an external 3.3kO pull-up resistor con­
nected from HREO to VCC. 

6. DREQ should be held active until DACK is returned. 
7. DREO and DACK signals may be active high or active low. 

Timing diagrams assume the active high mode. 
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0.45 Volts 

2.0 VCCiO.5 Volts 

-0.5 O.B Volts 

-10 +10 ",A 

-10 +10 ",A 

65 130 

75 150 rnA 

175 

4 8 pF 

8 15 pF 

10 18 pF 

B. Output loading on the data bus is 1 Standard TTL gate plus 
15pF for the minimum value and 1 Standard TTL gate plus 
100pF for the maximum value. 

9. Successive read and/or write operations by the external 
processor to program or ·examine the controller must be 
timed to allow at least 600ns for the Am9517A or 
Am9517A-1, at least 450ns for the Am9517A-4 and 400ns 
for the Am9517 A~5 as recovery time between active read or 
write pulses. 

10. Parameters are listed in alphabetical order. 
11. Pin 5 is an input that should always be at a logic high level. 

An internal pull-up resistor will establish a logic high when 
the pin is left floating. Alternatively, pin 5 may be tied 
toVCC. 

12. Signals READ and WRITE refer to lOR and MEMW respec­
tively for pe~ral-to-memory DMA operations and to 
MEMR and lOW respectively for memory-to-peripheral 
DMA operations. 

13. If N wait states are added during the write-to-memory half of 
a memory-to-memory transfer, this parameter will increase 
byN (TCY). 
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SWITCHING CHARACTERISTICS 
ACTIVE CYCLE (Notes 2, 3,10,11 and 12) 

Parameters Description 

TAEL AEN HIGH from CLK LOW (S1) Delay Time 

TAET AEN LOW from CLK HIGH (S1) Delay Time 

TAFAB ADR Active to Float Delay from CLK HIGH 

TAFC READ or WRITE Float from CLK HIGH 

TAFDB DB Active to Float Delay from CLK HIGH 

TAHR ADR from READ HIGH Hold Time 

TAHS DB from ADSTB LOW Hold Time 

TAHW ADR from WRITE HIGH Hold Time 

DACK Valid from CLK LOW Delay Time 

TAK EOP HIGH from CLK HIGH Delay Time 

EOP LOW to CLK HIGH Delay Time 

TASM ADR Stable from CLK HIGH 

TASS DB to ADSTB LOW Setup Time 

TCH Clock High Time (Transitions.;:; iOns) 

TCL Clock Low Time (Transitions.;:; iOns) 

TCY CLK Cycle Time 

TOCL 
CLK HIGH to READ or WRITE L?W Delay 
(Note 4) 

TOCTR 
Read HIGH from CLK HIGH (S4) 
Delay Time (Note 4) 

TDCTW 
WRITE HIGH from CLK HIGH (S4) 
Delay Time (Note 4) 

TOO1 HREO Valid from CLK HIGH Delay Time 

T002 (Note 5) 

TEPS EOP LOW from CLK LOW Setup Time 

TEPW EOP Pulse Width 

TFAAB ADR Float to Active Delay from CLK HIGH 

TFAC READ or WRITE Active from CLK HIGH 

TFADB DB Float to Active Delay from CLK HIGH 

THS HACK Valid to CLK HIGH Setup Time 

TIDH Input Data from MEMR HIGH Hold Time 

TIDS Input Data to MEMR HIGH Setup Time 

TODH Output Data from MEMW HIGH Hold Time 

TODV Output Data Valid to MEMW HIGH (Note 13) 

TaS DR EO to CLK LOW (~1, S4) Setup Time 

TRH CLK to READY LOW Hold Time 

TRS READY to CLK LOW Setup Time 

TSTL ADSTB HIGH from CLK HIGH Delay Time 

TSTT ADSTB LOW from CLK HIGH Delay Time 

TQH DREO from DACK Valid Hold Time 

TROHA H REO to HACK Delay Time 

Am9517A 
Min Max 

300 

200 

150 

150 

250 

TCY-100 

50 

TCY-50 

280 

250 

250 

250 

100 

120 

150 

320 

270 

270 

200 

160 

250 

60 

300 

250 

200 

300 

100 

0 

250 

20 

200 

120 

20 

1<10 

200 

140 

0 

1 
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Am9517A-1 Am9S17A-4 Am9S17A-5 
Min Max Min Max Min Max Units 

300 225 200 ns 

200 150 130 ns 

150 120 90 ns 

150 120 120 ns 

250 190 170 ns 

TCY-100 TCY-100 TCY-100 ns 

50 . 40 30 ns 

TCY-50 TCY-50 TCY-50 ns 

280 220 170 ns 

250 190 170 ns 

250 190 100 ns 

250 190 170 ns 

100 100 100 ns 

120 100 80 ns 

150 110 68 ns 

320 250 200 ns 

270 200 190 ns 

270 210 190 ns 

200 150 130 ns 

160 120 120 ns 

250 190 120 ns 

60 45 40 ns 

300 225 220 ns 

250 190 170 ns 

200 150 150 ns 

300 225 200 ns 

100 75 75 ns 

0 0 0 ns 

250 190 170 ns 

20 20 10 ns 

200 125 125 ns 

0 0 0, ns 

20 20 20 ns 

100 60 60 ns 

200 150 130 ns 

140 110 90 ns 

0 0 0 ns 

1 1 1 elk 
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SWITCHING WAVEFORMS 

Timing Diagram 1. Active Cycle Timing Diagram 

OREQ.~ J \ 
TDO 

TCH M
I SISO 

ClK 

mr 
so 51 S2 S3 S4 '52 53 S4 SI SI 

HREQ 

I I 

HACK ------\\1'1--1 _----J ~~TST--.,;.T _______ I_T~T___.T2t\\\\\ 
AOSTB 

DBO-DB7 -----II------~----.-l;'----~-~-...,..--~-T-AF-AB---

AO-A7 ----~I__------.;____< 

OACK 

HAC 

READ ----~~---___'I 

WRITE ----~I__---___JJ 

INTEOP ----~~----+__------.;...---~ 

J TEPS, bEPW TAK 

~~\ /~7~V~7~V~7~V~7~7------EXTEOP ------\'\ 

Note: EOP must precede AEN in single transfer mode. 030408-4 

INPUT WAVEFORMS FOR AC TESTS 

2.4 

2.0 \ I 2.0 

TEST POINTS 

0.8 --.J' ~ 0.8 

0.45 

030408-5 
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SWITCHING WAVEFORMS (Cont.) 

Timing Diagram 2. Memory-to-Memory 

ClK 

ADSTB 

AO-A7 ~----'~---~I ----:...-{ 

DBO-DB7 

INT EoP 

EXT EoP aEpw 

TEPS 
. TEPW 

---'T"'\Sr-T'S~\\~\T"T\\"T""\\r-T'S~\S~ST"T\\"T""\\r-T'S~~/"""'Z~7Z"""II""""Z'7""7/1""7""7"""---
030408-6 

Timing Diagram 3. Ready Timing Timing Diagram 4.' Compressed Timing 

eLK 

AO-A7 

WRITE I II 
TRH t- TRH-:-HI-

READY~~_ 
030408-7 030408-8 

Timing Diagram 5. Reset Timing 

030408-9 

vce --.llf-__ TRSTD __ --l~:i' 
rl-----TRSrw----'-l 

RESET _________ 'Jf"'----------..", . 

-----------------------------------------'.~~~. iORORIOW 
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SWITCHING CHARACTERISTICS 
PROGRAM CONDITION (IDLE CYCLE) 
(Notes 2, 3,10, and 11) 

Am9S17A 

Am9517A Am9517A-1 Am9517A-4 Am9517A-5 
Parameters 

TAR 

TAW 

TCW 

TOW 

TRA 

TRDE 

TRDF 

TRSTD 

TRSTS 

TRSTW 

TRW 

TWA 

TWC 

TWD 

TWWS 

Description Min Max Min Max Min 

ADR Valid or CS LOW to READ LOW 50 50 50 

ADR Valid to WRITE HIGH Setup Time 200 200 150 

CS LOW to WRITE HIGH Setup Time 200 200 150 

Data Valid to WRITE HIGH Setup Time 200 200 150 

ADR or CS Hold from READ HIGH 0 0 0 

Data Access from READ LOW (Note 8) 300 200 

DB Float Delay from READ HIGH 20 150 20 100 20 

Power Supply HIGH to RESET LOW 
500 500 500 

Setup Time 

RESET to First IOWR 2TCY 2TCY 2TCY 

RESET Pulse Width 300 300 300 

READ Width 300 300 250 

ADR from WRITE HIGH Hold Time 20 20 20 

CS HIGH from WRITE HIGH Hold Time 20 20 20 

Data from WRITE HIGH Hold Time 30 30 30 

Write Width 200 200 200 

SWITCHING WAVEFORMS (Cont.) 

, 

Timing Diagram 6: Program Condition Write Timing (Note 9) 

f--------TCW-----_J 

f--------TWWS-------~1--------

~-----TAW-----_J 

AO·A3 CJL.:\Qj'+-_________ I_NP_UT __ VA_L_ID ________ -4-+~:lQ~ 

~-----.,.TDW -----_1 

INPUT VALID DBO-DB7 

~~------------------~~~ 

Timing Diagram 7. Program Condition Read Cycle (Note 9) 

-/ 

Max Min 

50 

130 

130 

130 

0 

200 

100 0 

500 

2TCY 

300 

200 

20 

20 

30 

160 

AO·A3 X Jl X Jl X JI ADDRESS MUST BE VALID It. X'X x x x x x x x x ~ 

-TARj ~ _TRA 

lOR ----"'lit:, =--=--=--TR-DE_TRW==-:-t ------lL""=:j 
DBO-DB7 ( DATA OUT VALID")=--
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Max Units 

ns 

ns 

ns 

ns 

ns 

140 ns 

70 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

03040B-10 

03040B-11 



Am9S17A 

APPLICATION INFORMATION 
Figure 6 shows a convenient method for configuring a DMA 
system with the Am9517A Controller and a microprocessor 
system. The Multimode DMA Controller issues a Hold Request 
to the processor whenever there is at least one valid DMA Re­
quest from a peripheral device. When the processor replies with 
a Hold Acknowledge signal, the Am9517A takes control of the 
Address Bus, the Data Bus and the Control Bus. The address for 
the first transfer dperation comes out in two bytes - the least 
significant eight bits on the eight Address outputs and the most 

significant eight bits on the Data Bus. The contents of the Data 
Bus are then latched into the Am74LS373 register to complete 
the full 16 bits of the Address Bus. The Am74LS373 is a high 
speed, low power, 8-bit, 3-state register in a 20-pin package. 
After the initial transfer takes place, the register is updated only 
after a carry or borrow is generated in the least significant ad­
dress byte. Four DMA channels are provided when one 
Am9517A is used. 

Figure 6. Basic DMA Configuration. 

ADDRESS BUS AO-A1S 

1:> /). ~~ 

AB-A1S 

r-- BE 

1 
..... Am74LS373 

CP 

"\./ J 8·BIT LATCH 
r----

~ AO-A1S 
f- 74LS74 AEN AO-A3 A4-A7 CS ADSTB 

BUSEN 

vt HLDA t--- 0 Q I-- HACK ~ Am9S17A 
M M DBO-

r- CP I 

~ DB7 ~ ~ .... 

I~ I~ 12 I~ ~ i.--

d 
w 
en 

HLDRQ HREQ w « 
a: c c 

CPU 

t t 41 41 CLOCK 

RESET 

MEMR 

MEMW } '"'''' iOR ;BUS 

lOW 

, 
DBO-DB7 \ 

~~ SYSTEM DATA BUS 

V 

03040B·12 
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Am9519A 
Universal Interrupt Controller 

DISTINCTIVE CHARACTERISTICS 

• Eight individually maskable interrupt inputs reduce 
CPU overhead 

• Unlimited interrupt channel expansion with no extra 
hardware 

• Programmable 1-to 4i byte response provides vector 
address and message protocol for 8-bit CPUs 

• Rotating and fixed priority resolution logic 
• Software interrupt request capability 
• Common vector and polled mode options 
• Automatic hardware clear of in-service interrupts 

reduces software overhead 
• Polarity control of interrupt inputs and outputs 
• Reset minimizes software initialization by 

automatically generating CALL to location zero 

GENERAL DESCRIPTION 

The Am9519A Universal Interrupt Controller is a processor 
support circuit that provides a powerful interrupt structure to 
increase the efficiency and versatility of microcomputer­
based systems. A single Am9519A manages up to eight 
maskable interrupt request inputs, resolves priorities and 
supplies up to four bytes of fully programmable response for 
each interrupt. It uses a simple expansion structure that 
allows many units to be cascaded for control of large num­
bers of interrupts. Several programmable control features 
are provided to enhance system flexibility and optimization. 

The Universal Interrupt Controller is designed with a gen­
eral purpose interface to facilitate its use with a wide range 
of digital systems, including most popular 8-bit micro­
processors. Since the response bytes are fully program­
mable, any instruction or vectoring protocol appropriate for 
the host processor may be used. 

When the Am9519A controller receives an unmasked Inter­
rupt Request, it issues a Group Interrupt output to the CPU. 
When the interrupt is acknowledged, the controller outputs 
the one-to-four byte response associated with the highest 
priority unmasked interrupt request. The ability of the CPU 
to set interrupt requests under softytare control permits 
hardware prioritization of software tasks and aids 'system 
diagnostic and maintenance procedures. 

BLOCK DIAGRAM 

EO 

BYTE 
CONTROL 
MEMORY 

8X2 RESPONSE 
MEMORY 

8 X 32 
RIW RAM 

IRR 

L.. 
_____ --r _____ --It---------i I~~~~~~~T 

REGISTER 

GINT _________________ --' 

ORDERING INFORMATION 

Package Ambient 
Type Temperature Timing Options 

Molded DIP 
O°C ~ TA ~ +70°C 

Am9519APC Am9519A-1PC 

Hermetic DIP Am9519ADC Am9519A-1DC 

Hermetic DIP -AO°C ~ T A ~ +85°C Am9519ADI 

Hermetic DIP -55°C ~ TA ~ +125°C Am9519ADMB 
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Am9519A 

CONNECTION DIAGRAM - Top View 
D-28,P-28 

vee (+5V) 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DBl 

DBa 

EI 

(GND) vss 

Top View 

Pin 1 is marked for orientation. 

INTERFACE SIGNAL DESCRIPTION 

VCC: +5 Volt Power Supply 
VSS: Ground 

DBO - D~7 (Data Bus, Input/Output) 

elD 

IRE07 

IRE06 

IREQ5 

IRE04 

IRE03 

IRE02 

IREOl 

IREOO 

GINT 

EO 

oo147B·2 

The eight bidirectional data bus signals are used to trans­
fer information between the Am9519A and the system data 
bus. The direction of transfer is controlled by the lACK, 
WR and RD input signals. Programming and control in­
formation are written into the device; status and response 
data are output by it. 

CS (Chip Select, Input) 

The active low Chip Select input enables read and write 
operations on the- data bus. Interrupt acknowledge re­
sponses are not conditioned by CS. 

RD (Read, Input) 

The active low Read signal is conditioned by CS and indi­
cates that information is to be transferred from the 
Am9519A to the data bus. 

WR (Write, Input) 

The active low Write signal is conditioned by CS and indi­
cates that data bus information is to be transferred from 
the data bus to a location within the Am9519A. 

CIO (Control/Data, Input) 

The C/O control signal selects source and destination loca­
tions for data bus read and write operations. Data read or 
write transfers are made to or from preselected internal 
registers or memory locations. Control write operations 
load the command register and control read operations 
output the status register. 

IREQO -IREQ7 (Interrupt Request, Input) 

The Interrupt Request signals are used by external de­
vices to indicate that service by the host CPU is desired. 
IREO inputs are accepted asynchronously and they may 
be programmed for either a high-to-Iow or low-to-high 

edge transition. Active inputs are latched internally in the 
Interrupt Request Register. After the IRR bit is cleared, an 
IREO transition of the programmed polarity must occur to 
initiate another req':lest. 

RIP (Response In Process, Input/Output) 

Response In Process is a bidirectional signal used when 
two or more Am9519A circuits are cascaded. It permits 
multibyte response transfers to be completed without in­
terference from higher priority interrupts. An Am9519A that 
is responding to an acknowledged interrupt will treat RIP 
as an output and hold it low until the acknowledge re­
sponse is finished. An Am9519A without an acknowledged 
interrupt will treat RIP as an input and will ignore lACK 
pulses as long as RIP is low. The RIP output is open drain 
and requires an external pullup resistor to VCC. 

lACK (Interrupt Acknowledge, Input) 

The active low Interrupt Acknowledge line indicates that 
tl'\8 external system is asking for interrupt response in­
formation. Depending on the programmed state of the 
Am9519A, it will accept 1, 2, 3 or 4 lACK pulses; one re­
sponse byte is transferred per pulse. The first lACK pulse 
causes selection of the highest priority unmasked pending 
interrupt request and generates a RIP output signal. 

PAUSE (Pause, Output) 

The active-low Pause signal is used to coordinate, interrupt 
responses with data bus and control timing. Pause goes 
low when the first lACK is received and remains low until 
Ri'P goes low. The external system can use Pause to stretch 
the acknowledge cycle and allow the control timing to au­
tomatically adjust to the actual priority resolution delays in 
the interrupt system. Second, third and fourth response 
bytes do nqt cause Pause to go low. Pause is an open drain 
output and requires an external pullup resistor to VCC. 

EO (Enable Out, Output) 

The active high EO signal is used to -implement daisy­
chained cascading of several Am9519A circuits. EO is con­
nected to the EI input of the next lower priority chip. On 
receipt of an interrupt acknowledge, each EO will go inactive 
until it has been determined that no valid interrupt request is 
pending on that chip. If an active request is present, EO 
remains low. EO is also held low when the master mask bit is 
active, thus disabling all lower priority chips. 

EI (Enable In, Input) 

The active high EI signal is used to implement daisy­
chained cascading of several Am9519A circuits. EI is con­
nected to EO of the next higher priority chip. It may also be 
used as a hardware disable input for the interrupt system. 
When EI is low lACK inputs will not affect ISR, however. 
PAUSE will go low until RIP goes low. EI is internally pulled 
up to VCC so that no external pullup is needed when EI is 
not used. 

GINT (Group Interrupt, Output) 

The Group Interrupt output signal indicates that at least one 
unmasked interrupt request is pending. It may be pro­
grammed for active high or active low polarity. When active 
low, the output is open drain and requires an external pull 
up resistor to VCC. Since a glitch on GINT occurs approxi­
mately 100nsec after the last lACK pulse this pin should not 
be connected to edge sensitive devices. 
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REGISTER DESCRIPTION 

Interrupt Request Register (lRR): The 8-bit IRR is used to 
store pending interrupt requests. A bit in the IRR is set 
whenever the corresponding IREa input goes active. Bits 
may also be set under program control from the CPU, 
thus permitting software generated interrupts. IRR bits 
may be cleared under program control. An IRR bit is au­
tomatically cleared when its interrupt is acknowledged. All 
IRR bits are cleared by a reset function. 

Interrupt Service Register (lSR): The 8-bit ISR contains 
one bit for each IREa input. It is used to indicate that a 
pending interrupt has been acknowledged and to mask all 
lower priority interrupts. When a bit is set by the acknow­
ledge logic in the ISR, the corresponding IRR bit is 
cleared. If an acknowledged interrupt is not programmed 
to be automatically cleared, its ISR bit must be cleared by 
the CPU under program control when it is desired to 
permit interrupts from lower priority devices. When the 
interrupt is programmed for automatic clearing, the ISR 
bit is automatically reset during the acknowledge se­
quence. All ISR bits are cleared by a reset function. 

Interrupt Mask Register (lMR): The 8-bit IMR is used to 
enable or disable the individual interrupt inputs. The IMR 
bit's correspond to the IREa inputs and all eight may be 
loaded, set or cleared in parallel under program control. In 
addition, individual IMR bits may be set or cleared by the 
CPU. Care must be taken therefore when disabling a specific 
channel by setting its IMR bit. If that bit is causing the GINT 
pin to be active a lock-up condition can occur if the CPU 
recognizes the interrupt and then the Am9519A removes the 
request. During the lACK cycle PAUSE will go low and stay 
low. The solution is to disable CPU interrupts prior to writ­
ing to the IMR and then re-enable them. A reset function will 
set all eight mask bits, disabling all requests. A mask bit that 
is set does not disable the IRR; and an IREa that arrives 

• while a corresponding mask bit is set will cause an interrupt 
later when the mask bit is cleared. Only unmasked interrupt 
,inputs can generate a Group Interrupt output. 

Response Memory: An 8 x 32 read/write response mem­
ory is included in the Am9519A. It is used to store up to 
four bytes of response information for each of the eight 
interrupt request in'puts. All bits in the memory are pro­
grammable, allowing any desired vector, opcode, instruc­
tion or other data to be entered. The Am9519A transfers 
the interrupt response information for the highest priority 
upm~sked interrupt from the memory to the data bus 
when the lACK input is active. 

Am9519A 

Auto Clear Register: The 8-bit Auto Clear register contains 
one bit for each IREa input and specifies the operating 
mode for each of the ISR bits. When an auto clear bit is off, 
the corresponding ISR bit is set when that interrupt is 
acknowledged and is cleared by software command. When 
an auto clear bit is on, the corresponding ISR bit is cleared 
by the hardware by the rising edge of the last acknowledge 
pulse. A reset function clears all auto clear bits. 

Status Register: The 8-bit Status register contains infor­
mation concerning the internal state of the chip. It is 
especially useful when operating in the polled mode in 
order to identify interrupting devices. Figure 1 shows the' 
status register bit assignments. The polarity of the GINT 
bit 7 is not affected by the GINT polarity control (Mode bit 
status register bit assignments. Bits SO-S2 are set asyn-

. chronously to a status register read operation. It is recom­
mended to read the register twice and to compare the binary 
vectors for equality prior to the proceeding with device ser­
vice in polled mode. The polarity of the GINT bit 7 is not 
affected by the GINT polarity control (Mode bit 3). The Status 
register is read by executing a read operation (CS = 0, RS = 0) 
with the control location selected (C/O = 1). 

Mode Register: The 8-bit Mode register controls the 
operating options of the Am9519A. Figure 2 shows the bit 
assignments for the Mode register. The five low order 
mode bits (0 through 4) are loaded in parallel by com­
mand. Bits 5, 6 and 7 are controlled by separato commands. 
(See Figure 4.) The Mode register cannot bo rood out dl· 
rectly to the data bus, but Mode bits 0, 2 and 7 oro availablo 
as part of the Status register. 

Command Register: The 8-bit Command register stores 
the last command entered. Depending upon the com­
mand opcode, it may initiate internal actions or precondi­
tion the part for subsequent data bus transfers. Tile 
Command register is loaded by executing a write opera­
tion (WR = 0) with the control location selected (CiD = 1), 
as shown in Figure 3. 

Byte Count Register: The length in bytes of the response 
associated with each interrupt is independently program­
med so that different interrupts may have different length 
responses. The byte count for each response is stored in 
eight 2-bit Byte Count registers. For a given interrupt the 
Am9519A will expect to receive a number of lACK pulses 
that equals the corresponding byte count, and will hold RIP 
low until the count is satisfied. 

7-287 



Am9519A 

1 s71 s61 s51 s41 s31 s21 S1 1 so J 

--c: Binary vector indicating the 
number of the highest priority 
unmasked bit that is set in IRR. 
Valid only when S7 = O. 

Master Mask Bit 
o Chip disarmed 
1 Chip armed 

Interrupt Mode 
o Interrupt 
1 Polled 

Priority Mode 
o Fixed 
1 Rotating 

Enable Input 
o Chip disabled 
1 Chip enabled 

Group Interrupt 
1 No unmasked 

IRR bit set 
o At least one unmasked 

IRR bitset 

Figure 1. Status Register Bit Assignments. 001478-3 

FUNCTIONAL DESCRIPTION 

Interrupts are used to improve system throughput and re­
sponse time by eliminating heavy dependence on 
software polling procedures. Interrupts allow external de­
vices to asynchronously modify the instruction sequence 
of a program being executed. In systems with multiple in­
terrupts, vectoring can further improve performance by al­
lowing direct identification of the interrupting device and 
its associated service routine. The Am9519A Universal Inter­
rupt Controller contains, on one chip, all of the circuitry 
necessary to detect, prioritize and manage eight vectored 
interrupts. It includes many options and operating modes 
that permit the design of sophisticated interrupt systems. 

Reset 

The reset function is accomplished ~y software command 
or automatically during power-up. The reset command 
may be issued by the CPU at any time. Internal power up 
circuitry is triggered when VCC reaches a predetermined 
threshold, causing a brief internal res.et pulse. In both 
cases, the resulting internal state of the machine is that all 
registers are cleared except the Mask register which is 
set. Thus no Group Interrupt will be generated and no in­
terrupt requests will be recognized. The response memory 
and Byte Count registers are not affected by reset. Their 
contents after power-up are unpredictable and must be 
established by the host CPU during initialization. 

Operating Sequence 

A brief description of a typical sequence of events in an 
operating interrupt system will illustrate the general interac­
tions among the host CPU, the interrupt controller and the 
interrupting peripheral. 

1. The Am9519A controller is initialized by the CPU in 
order to customize its configuration and operation for 
the application at hand. Both the controller and the 
CPU are then enabled to accept interrupts. 

Priority Mode 
o Fixed 
1 Rotating 

Vector Selection 
o Individual vector 
1 Common vector 

'--___ Interrupt Mode 
o Interrupt 
1 Polled 

L-_____ GINTPoiarity 

o Active low 
1 Active high 

L.-_______ IREO Polarity 

o Active low 
1 Active high 

L-_________ Register Preselection 

00 Interrupt service register 
01 Interrupt mask register 
10 Interrupt request register 
11 Auto clear register 

L.-___________ Master Mask Bit· 

o Chip disarmed 
1 Chip armed 

Figure 2. Mode Register Bit Assignments. 001478-4 

2. One (or more) of the interrupt request inputs to the 
controller becomes active indicating that peripheral 
equipment is asking for service. The controller asyn­
chronously accepts and latches the request(s). 

3. If the request is masked, no further action takes place. 
If the request is not masked, a Group Interrupt output 
is generated by the controller. 

4. The GINT signal is recognized by the CPU which nor­
mally will complete the execution of the current in-' 
struction, insert an interrupt acknowledge sequence 
into its instruction execution stream, and disable its 
internal interrupt structure. The controller expects to 
receive one or more lACK signals from the CPU during 
the acknowledge sequence. 

5. When the controller receives the lACK signal, it brings 
PAUSE low and selects the highest priority unmasked 
pending request. When selection is complete, the RIP 
output is brought low and the first byte in the response 
memory associated with the selected request is output 

. on the data bus. PAUSE stays low until RIP goes low. RIP 
stays low until the last byte of the response has been 
'transferred. 

6. During the acknowledg.e sequence, the IRR bit corre­
sponding to the selected request is automatically 
cleared, and the corresponding ISR bit is set by the fail­
ing edge of lACK. When the ISR bit is set, the Group 
Interrupt output is disabled until a higher priority request 
arrives or the ISR bit is cleared. The ISR bit will be cleared 
by either hardware or. software. 

7. If a higher priority request arrives while the current re­
quest is being serviced, GINT will be output by the con­
troller, but will be recognized and acknowledged only if 
the CPU has its interrupt input enabled. If acknowledged, 
the corresponding higher priority ISR bit will be set and 
the requests nested. 
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Information Transfers 

Figure 3 shows the control signal configurations for all 
information transfer operations between the Am9519 and 
the data bus. The following conventio~ a~ssume~: ~D 
and WR active are mutually exclusive; RD, WR and C/D have 
no meaning unless CS is low; active lACK pulses occur only 
when CS is high. 

For reading; the Status register is selected directly by the 
C/D control input. Other internal registers are read by pre­
selecting the desired register with mode bits 5 and 6, and 
then executing a data read. The response memory can be 
read only with lACK pulses. For writing, the Command 
register is selected directly by the C/O control input. The 
Mask and Auto Clear registers are loaded following 
specific commands to that effect. To load each level of the 
response memory, the response preselect command is is­
sued to select the desired level. An appropriate number of 
data write operations are then executed to load that level. 

CONTROL INPUT 
DATA BUS 

CS C/D RD WR lACK OPERATION 

Transfer contents of 
0 0 0 1 1 preselected data register 

to data bus 

0 0 1 
Transfer contents of data bus 

0 1 
to preselected data register 

1 0 1 1 
Transfer contents of status 

0 
register to data bus 

0 1 1 0 1 
Transfer contents of data 
bus to command register 

r-
Transfer contents of selected 

1 X X X 0 response memory location 
to data bus 

1 X X X 1 No information transferred 

Figure 3. Summary of Data Bus Transfers. 

The Pause output may be used by the host CPU to ensure that 
proper timing relationships are maintained with the Am9519A 
when lACK is active. The lACK pulse width required depends 
on several variables, including: operating temperature, in­
ternal logic delays, number of interrupt controllers chained 
together, and the priority level ofthe interrupt being acknow­
ledged. When delays in these variables combine to delay 
selection of a request following the falling edge of the first 
lACK, the Pause output may be used to extend the lACK 
pulse, if necessary. Pause will remain low until a request 
has been selected, as indicated by the falling edge of RIP. 
Typically, the internal interrupt selection process is quite 
fast, especially for systems with a single Am9519A and Pause 
will consequently remain low for only a very brief interval 
and will not cause extension of the lACK timing. 

Operating Options 

The Mode register specifies the various combinations of 
operating options that may be selected by the CPU. It is 
cleared by power-up or by a reset command. 

Mode bit 0 specifies the rotating/fixed priority mode (see 
Figure 2). In the fixed mode, priority is assigned to the re­
quest inputs based upon their physical location at the 
chip interface, with IREOO the highest and IRE07 the low­
est. In the rotating mode, relative priority is the same as 

Am9519A 

for the fixed mode and the most recently serviced request 
is assigned the lowest priority. In the fixed mode, a lower 
priority request might never receive service if enough 
higher priority requests are active. In the rotating mode, 
any request .will receive service within a maximum of 
seven other service cycles no matter what pattern the re­
quest inpl!ts follow. 

Mode bit 1 selects the individuall common vector .option. 
Individual vectoring provides a unique location in the re­
sponse memory for each interrupt request. The common 
vector option always supplies the response associated 
with IREOO no matter which request is being acknow­
ledged. 

Mode bit 2 specifies interrupt or polled operation. In the 
polled mode the G roup Interrupt output is disabled. The CPU 
may read the Status register to determine if a request is 
pending. Since lACK pulses are not normally supplied in 
polled mode, the IRR bit is not automatically cleared, but may 
be cleared by command. With no lACK input the ISR and the 
response memory are not used. An Am9519A in the polled 
mode has EI connected to EO so that in multichip interrupt 
systems the polled chip is functionally removed from the 
priority hierarchy. 

Mode bit 3 specifies the sense of the GINT output. When 
active high polarity is selected the output is a two-state 
configuration. For active low polarity, the output is open 
drain and requires an external pull-up resistor to provide 
the high logic level. The open drain output allows wired­
or configurations with other similar output signals. 

Mode bit 4 specifies the sense of the IREO inputs. When 
active low polarity is selected, the IRR responds to falling 
edges on the request inputs. When active high is selected, 
the .IRR responds to rising edges. 

Mode bits 5 and 6 specify the register that will be read on 
subsequent data read operations (C/O = 0, RD = 0). This 
preselection remains valid until changed by a reset or a 
command. 

Mode bit 7 is the master mask bit that disables all request 
inputs. It is used to disable all interrupts without modify­
ing the IMR sO that the previous IMR contents are valid 
when interrupts are re-enabled. When the master mask bit 
is low, it causes the. EO line to remain disabled (low). 
Thus, for multiple-chip interrupt systems, one master 
mask bit can disable the whole interrupt structure. Alter­
natively, portions of the structure may be disabled. The 
state of the master mask bit is available as bit S3 of the 
Status register. 

Programming 

After reset, the Am9519A must be initialized by the CPU in 
order to perform useful work. At a minimum, the master 
mask bit and at least one of the IMR bits should be enabled. 
If vectoring is to be used, the response memory must be 
loaded; if not, the mode must be changed to a non-vectored 
configuration. Normally, the first step will be to modify the 
Mode register and the Auto clear register in order to estab­
lish the configuration desired for the application. Then the 
response memory and byte count will be loaded for those 
request levels that will be in use. The response memory for 
every channel must be written even if the channel is not 
used. Every byte need not be written only those specified by 
the byte count. Finally, the master mask bit and at least 
portions of the IMR will be enabled to allow interrupt pro­
cessing to proceed. 
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\. 

Commands 

The host CPU configures, changes and inspects the internal 
condition of the Am9519A using the set of commands shown 
in Figure 4. An "X" entry in the table indicates a. "don't 
care" state. All commands are entered by directly loading 
the Command register as shown in Figure 3'(C/D = 1, WR 
= 0). Figure 5 shows the coding assignments for the Byte 
Count registers. A detailed description of each command is 
contained in the Am9519A Application Note AMPUB-071. 

COMMAND CODE 

7 6 5 4 3 2 1 

0 0 0 0 0 0 0 

0 0 0 1 0 X X 

0 0 0 1 1 B2 B1 

0 0 1 0 0 X X 

0 0 1 0 1 B2 81 

0 0 1 1 0 X X 

0 0 1 1 1 82 81 

0 1 0 0 0 X X 

0 1 0 0 1 82 81 

0 1 0 1 0 X X 
0 1 0 1 1 82 81 

0 1 1 0 X X X 

0 1 1 1 0 X X 
0 1 1 1 1 82 B1 

1 0 0 M4 M3 M2 M1 

1 0 1 0 M6 M5 0 

1 0 1 0 M6 M5 0 

1 0 1 0 M6 M5 1 

.1 0 1 1 X X X 

, 1 0 0 X X X 

1 , , 
BY' 8YO L2 L1 

BV1 evo COUNT 

0 0 1 

0 1 2 

1 0 3 
1 1 4 

Figure 5. Byte Count Coding. 

COMMAND 
0 DESCRIPTION 

0 Reset 
X Clear all IRR and all IMR bits 

BO Clear IRR and IMR bit specified by 82,81,80 

X Clear all IMR bits 

80 Clear IMR bit specified by 82, B1, 80 

X Set all IMR bits 

80 Set IMR bit specified by 82, 81, 80 

X Clear all IRR bits 

80 Clear IRR bit specified by 82, B1, 80 

X Set all IRR bits 

80 Set IRR bit specified by 82, 81, 80 

X Clear highest priority ISR bit 

X Clear all ISR bits 

80 Clear ISR bit specified by 82, B1, 80 

MO Load Mode register bits 0-4 with specified pattern 

0 Load Mode register bits 5, 6 with specified pattern 

1 Load Mode register bits 5, 6 and set mode bit 7 

0 Load Mode register bits 5, 6 and clear mode bit 7 

X 
Preselect IMR for subsequent loading from data 
bus 

X 
Preselect Auto Clear register for subsequent 
loading from data bus 

Load BY1, 8VO into byte count register and 
LO . preselect response memory level specified by L2, 

L1; LO for subsequent loading from data bus· 

Figure 4. Am9519A Command Summary. 
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XIMUM RATINGS above which useful life maybe impaired 

ito rage Temperature 

~l11bient Temperature Under Bias 

ICC with Respect to VSS -O.5V to +7.0V 

~II Signal Voltages with Respect to VSS -O.5V to +7.0V 

lower Dissipation (Package Limitation) 1.5W 

, products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
ic charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
osure to excessive voltages. 

'ERATING RANGE 

rtNumber 

\m9519APC, Am9519ADC 

\m9519A-1 PC, Am9519A-1DC 

~m9519ADI 

~m9519ADMB 

Ambient Temperature Vee 

O°C.:; TA':; 70°C 
5.0V::!:5% 

-40°C.:; TA':; 85°C 5.0V::!:10% 

-55°C.:; TA':; 125°C 5.0V::!:10% 

)C CHARACTERISTICS Over Operating Range (Note 1) 

Vss 
OV 

OV 

OV 

)arameter Description Test Conditions 

VOH Output High Voltage (Note 12) 
10H = -2OOILA 

10H = -100ILA (EO only) 

VOL Output Low Voltage 
10L = 3.2mA 

10L = 1.0mA (EO only) 

VIH Input High Voltage 

VIL Input Low Voltage 

IIX Input Load Current VSS .:; VIN .:; VCC I Ellnput 

I Other Inputs 

10Z Output Leakage Current VSS .:; VOUT .:; VCC, Output Off 

TA = +25°C 

ICC VCC Supply Current TA = O°C 

TA = -55°C 

CO Output Capacitance fq= 1.0MHz 

CI Input Capacitance TA = 25°C 

CIO I/O Capacitance All pinsatOV 

AC TESTING INPUT, OUTPUT WAVEFORM 
. Input/Output 

Min 

2.4 

2.4 

2.0 

-0.5 

-60 

-10 

-10 

2.4 ------..... X2,0 __ TEST ____ 2.0X 

0.45 _______ . _ 0.8 _____ POINTS_ 0.8 _. '-. _____ _ 
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Typ Max Units 

Volts 

_ .. 

0.'1 
Volt:; 

004 
.. _- -----. 

vec Volts 

0.8 Volts 

10 
ILA 

10 

10 ILA 

80 125 

100 145 mA 

200 

15 

10 pF 

20 

001476-5 
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AC CHARACTERISTICS Over Operating Range (Notes 2, 3, 4, 5) 

Am9519A Am9519A-1 
Parameters Description Min Max Min Max Units 

TAVRl C/o Valid and CS lOW to Read lOW 0 O· ns 

TAVWl C/O Valid and CS lOW to Write lOW 0 0 ns 

TClPH RIP lOW to PAUSE HIGH (Note 6) 75 375 75 375 ns 

TelQV RIP lOW to Data Out Valid (Note 7) 50 40 ns 

TDVWH Data In Valid to Write HIGH 250 200 ns 

TEHCl Enable in HIGH to RIP lOW (Notes 8,9) 30 300 30 300 ns 

TIVGV Interrupt Request Valid to Group Interrupt Valid 100 800 650 .ns 

TIVIX 
Interrupt Request Valid to Interrupt Request Don't Care 

250 250 ns (IREQ Pulse Duration) 

TKHCH lACK HIGH to RIP HIGH (Note 8) 450 350 ns 

TKHKl lACK HIGH to lACK lOW (lACK Recovery) 500 300 ns 

TKHNH lACK HIGH to EO HIGH (Notes 10, 11) 975 750 ns 

TKHQX lACK HIGH to Data Out Invalid 20 200 20 100 ns 

COM'l 75 600 75 450 ns 

TKlCl lACK lOW to RIP LOW (Note 8, 13) IND 75 600 ns 

Mil 75 650 ns 

TKlKH lACK LOW to lACK HIGH.(1st lACK) (Note 13) 975 800 ns 

TKlNl lACK lOW to EO lOW (Notes 10, 11, 13) 125 100 ns 

TKlPl lACK lOW to PAUSE lOW (Note 13) 25 175 25 125 ns 

TKlQV lACK lOW to Data Out Valid (Note 7, 13) 25 300 25 200 ns 

TKlQV1 1 st lACK lOW to Data Out Valid (Note 13) 75 650 75 490 ns 

TPHKH PAUSE HIGH to lACK HIGH 0 0 ns 

TRHAX Read HIGH to C/O and CS Don't Care 0 0 ns 

TRHQX Read HIGH to Data Out Invalid 20 200 20 100 ns 

TRlQV Read lOW to Data Out Valid 300 200 ns 

TRlQX Read lOW to Data Out Unknown 50 50 ns 

TRlRH Read lOW to Read HIGH (RD Pulse Duration) 300 250 ns 

TWHAX Write HIGH to C/O and CS Don't Care 25 25 ns 

TWHDX Write HIGH to Data In Don't Care 25 25 ns 

TWHRW Write HIGH to Read or Write lOW (Write Recovery) 600 400 ns 

TWlWH Write lOW to Write HIGH (WR Pulse Duration) 300 250 ns 

NOTES: selected. RIP cannot be pulled low until EI is high following an internal 
delay. TKlCl will govern the falling edge of RIP when EI is always 

1. Typical values for TA = 25°C, nominal supply voltage and nominal high or is high early in the acknowledge cycle. TEHCl will govern 
processing parameters. when EI goes high later in the cycle. The rising edge of EI will be 

2. Test conditions assume transition times of 20ns or less, timing refer- determined by the length of the preceding priority resolution chain. 
ence levels of 0.8V and 2.0V and output loading of one TTL gate plus RIP remains low until after the rising edge of the lACK pulse that 
100pF, unless otherwise noted. transfers the la~t response byte for the selected IREQ. 

3. Transition abbreviations used for the switching parameter symbols 9. Test conditions for the Elline assume timing reference levels of 0.8V 
include: H = High, l = low, V = Valid, X = unknown or don't care, Z and 2.0V with transition times of 10ns or less. 
= high impedance. 10. Test conditions for the 1:0 line assume output loading of two lS TTL 

4. Signal abbreviations used for the switching parameter symbols gates plus 30pF and timing reference levels of 0.8V and 2.0V. Since 
include: R = Read, W = Write, Q = Data Out, 0 = Data In, EO normally only drives EI of another Am9519A, higher speed opera-
A = Address (CS and C/O), K = Interrupt Acknowledge, tion can be specified with this more realistic test condition. 
N = Enable Out, E = Enable In, P = Pause, C = RIP. 11. The arrival of lACK will cause EO to go low, disabling additional 

5. Switching parameters are listed in alphabetical order. circuits that may be connected to EO. If no valid interrupt is pending, 
6. During the first lACK pulse, PAUSE will be low long enough to allow EO will return high when EI is high. If a pending request is selected. 

for priority resolution and will not go high until after RIP goes low EO will stay low until after the last lACK pulse for that interrupt is 
(TClPH). complete and RIP goes high. 

7. TKlQV applies only to second, third and fourth lACK pulses while 12. VOH specifications do not apply to RIP or to GINT when active-low. 
RIP is low. During the first lACK pulse, Data Out will be valid following These outputs are open-drain and VOH levels will be determined by 
the falling edge of RIP (TClQV). external circuitry. 

8. RIP is pulled low to indicate that an interrupt request has been 13. CS must be High for at least 1 OOns prior to lACK going low. 
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SWITCHING WAVEFORMS 

IREO =9;;:
IVIX 

---"\ .,.--~ r--

-""'=t: e---~-----= ~:= GINT 

""~-# 
------------------------------~------7_----------------~I~-------------------------------

EI 

TKLNL=ft''--...1 ---- r---__ ILTKHNH ------------ I (Not. 11) 

'~--~-----~II 

,,~,~ ~F" 
I 

EO 

TKHOX 
DB 

Interrupt Operations 001470·6 

\ 
'--

DB----------~X 

Data Bus Transfers 001478-7 
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APPLICATIONS 

" ADDRESS BUS 

I 
V 

+ 

AO-A15 

CS C/O 

iOR Ri5 tffII 

lOW WR 
Am9519A 

f--+-IRE 
CPU 

INT GINT a 

INTA lACK 

ROY PAUSE 

DB 

DBO-DB7 

1'1" 
+ 

~ SYSTEM DATA BUS 

Figure 6. Base Interrupt System Configuration. oo147B-8 

"-
AO-A15 ¥ f ADDRESS BUS 

~ 
V 

'n 

B ~ Y2 P----
HLDA G ~ Y3 P-

INT 1 ""p-."-----

rXDL~ 
AmBOBOAI 

TANK 
Am90BOA 

~ ~ - HLDA 

INTA 
WR ~ WR 

~1 r--- ~1 iOW 

RESIN ~2r--- ~2 
DBIN r--- DBIN 

fOR - RDY r--- ROY 

RESET r--- RESET 

~ 
AmB22B l/L-SYNC I- SYNC + 

RDYIN N-

L~ 
+ .----

STSTB STSTB 

J 
TAl:R RO WR CS lACK C/D RO WR CS C/O 

AmB224 '---- - -
GINT L-( GINT 

Am9519A RiP 1m' Am9519A 
+ 

_EI EO EI 

--
PAUSE IRED PAUSE IREQ 

lr B l~ 8,V 

~~ 
INTERRUPT 

~7 
INTERRUPT 

REQUESTS REQUESTS 

"-
. SYSTEM DATA BUS (OBO-OB7) 

-v 

Figure 7. Expanded Interrupt System Configuration. oo147B-9 
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ABSTRACT 

This paper describes an interface technique that permits all 
speed versions of the 68000 CPU to communicate with all 
Z8000 peripherals. Further, the microprogrammable nature of 
this interface allows intermixing of various speed peripherals on 
the same Z-Bus by dynamically modifying the bus translator's 
timing characteristics on a cycle by cycle basis. Included are a 
circuit description, PROM programs, PAL equations and a dis· 
cussion on a typical systems architecture. 

BUS TRANSLATOR CIRCUIT DESCRIPTION 
(Figures 1 and 2) 

The bus multiplexer contains one 8 bit bus buffer (Am29827) and 
two bus transceivers (Am29863). These components accept the 
separate address and data buses of the 68000 and using 
three-state techniques, multiplexes them together to form the 
Z-Bus address/data path (AD Bus). Only six address lines are 
required to directly address all control and data registers in the 
Z8000 peripherals. The timing sequence of this multiplexing 
operation is derived from the state ,sequencer and the trans­
lator logic. 

The translator logic contains hard-wire~gic elements that ac­
cept 68000 bus control signals (CLK, AS, OS, R/W) as inputs 
and in conjunction with the state sequencer inputs (T 1.!J 2, T3, 
T4, Ts), produces Z-Bus control signals (AS, OS, Ao,R/W, B/W), 
68000 DTACK, and the bus multiplexer control signals. 

In addition, a Z8000 peripheral inhibit input (ZINH) is provided to 
prevent the bus translator from responding to 68000 bus opera­
tions when none of the Z8000 peripherals are being accessed 
(Le., a 68000 instruction fetch). Also, a translator output enable 
(TOE) is provided, so that control of the Z-Bus can be relin­
quished to another master, such as a DMA Controller, if required 
(see Figure 9). Both TOE and ZINH are generated by an ex­
ternal chip select decoder (see systems architecture section). 
This translator logic can easily be implemented utilizing a PAL 
(Am PAL 16R4) as shown in Figure 3. The fuse map for this PAL 
is detailed in Figure 4 and the design equations are: 

AOE = /T2· MAS 
ZAS = /T1 • MAS 
DOE:= T3· MUDS + T3· MLDS 
ZDS:= T4· MUDS + T4· MLDS 
ZB/W:= /MUDS :+:/MLDS 
MDTACK: = T5· MUDS + T5· MLDS 
/ZAo + MLDS 
;when TOE is LOW I 

The state sequencer, shown in Figure 2, is a registered PROM 
(Am27S35) which provides microprogramming ability for the bus 
translator. The registered PROM contains a fusible-link PBOM 
memory array, an output register, and a (user-programmable) 
initialize word (Figure 5). When INIT is pulled LOW, the contents 
of the initialize word is sent to the output, regardless of the state 
of the clock or the address inputs. In this application, the in­
itialize word is programmed to OOH. Outputs 00 through 04 
generate timing signals T1 through T5, which are used as gating 
inputs by the translator logiC. These gating signals along with the 
68000 control signals determine when the Z-Bus control signals 
will be activated and the duration of these signals. The program 
sequences stored in this PROM are user definable and are a 
function of the CPU and peripheral types and speeds im­
plemented in the system. 

The next address to be accessed is determined by the· clock 
strobed data outputs, 00 through 07. In order for this to work 
properly, a unique and non-redundant output word must exist for 
every clock cycle. Since there will be instances where T 1 

M ADDRESS ----I 

MDATA ----I 

MCONTROL 

BUS 
MUX 

lCONTROI. 

Figure 1. 

lOBUS 
(AD BUS) 

04193A-1 

through T 5 will not change for many clock cycles, a "counter" 
function must be included via 05, 06 and 07. This counter func­
tion allows up to 8 idle states (83.3ns per idle state) to be 
inserted between T 1 through T5 transitions. Address lines As 
and Ag provide the ability to dynamically select up to 4 individual 
sequences. Figure 6 is a PROM program required to generate 
the read and write cycles shown in Figure 8. When As is LOW, a 
read cycle is selected, with As in the HIGH state, a write cycle is 
selected; with As LOW and Ag HIGH, a "read interrupt" cycle is 
selected. Other possible sequences would support intermixing 
of 4 and 6MHz peripherals on a cycle by cycle basis. 

This state ,. sequencer design assumes that a minimum chip 
count is preferred and that PROM space is inexpensive. In the 
example of Figure 6, only 29 locations out of 1,00g are used. If 
smaller memories are, preferred and chip count is not critical, 
then the state sequencer in Figure 7 can be SUbstituted. In this 
example a hardware counter is provided so that no "counter" 
function is required in the PROM. Also, the PROM array need 
only be 64 words deep. This approach also allows more se­
quences to be added without drastically increasing the PROM 
array size. For instance, a separate read and write cycle for 4 
and 6MHz peripherals, a separate read interrupt vector for 4 and 
6MHz peripherals, and a two speed CPU cycle would require 
only 256 words of PROM space. 

It should be noted that the address inputs, used to select the 
'sequence to be enabled, are generated by the same external 
chip select decoder that generates ZINH. 

BUS TRANSLATOR TIMING ANALYSIS 

Figure 8 illustrates the timing, relationships between a 12MHz 
68000 and all 4MHz Z8000 peripherals. The Signals shown are 
the 68000 control, address and data inputs to the busttranslator 
of Figure 2 and the corresponding Z-Bus control, address and 
data outputs. The following discussion assumes that the 68000 
CPU, bus translator and Z8000 peripherals are physically lo­
cated on the same circuit board. If a backplane is used, its 
propagation delays must also be conSidered, however the setup 
and hold times in this illustration will be sufficient for most sys­
tem architectures. 
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During So the read/write line from the 68K will be set HIGH to 
indicate a read operation. MR/W puts the transceivers in the 
receive mode and is used by the Z-8us as ZR/W. In a read 
operation, the 68K address will become valid sometime during 

, S1, and the external chip select decoder will read this address 
and determine whether a Z8000 I/O operation is being started. If 
it is a Z8000 I/O operation, ZINH,' As,and Ag will be appro­
priately set. MAS will be assert~during S2. This action: 1) 
releases the state sequencer via INIT and begins the Tx state on 

E----"----' 

04193A·5 

128 X 64 
PROGRAMMABLE 

ARRAY 

Figure 5. Am27S35 Block Diagram 

ADDRINPUT 

INIT CLOCK Ao A1 A2 A3 A4 As At; A7 As Ag HEX Po 
0 X 0 0 0 0 0 0 0 0 0 0 000 0 
1 01 0 0 0 0 0 1 0 0 0 0 020 1 
1 02 OW 1 0 0 0 0 0 0 0 0 0 001 1 
1 03 <...I 1 1 0 1 0 0 0 0 0 0 OOB 1 
1 04 ~~ 1 1 0 1 0 1 0 0 0 0 02B 1 
1 05 1 1 0 1 1 0 0 0 0 0 01B 1 
1 06 1 1 1 1 1 0 0 0 0 0 01F 1 
0 X 0 0 0 0 0 0 0 0 1 0 100 0 
1 01 0 0 0 0 0 1 0 0 1 0 120 1 
1 02 1 0 0 0 0 0 0 0 ,1 0 101 1 
1 03 1 1 1 0 0 0 0 0 1 0 107 1 
1 ,04 ww 1 1 1 1 0 0 0 0 1 0 10F 1 
1 05 1-...1 1 1 1 1 0 1 0 0 1 0 12F 1 -0 
1 06 a:> 1 1 1 1 0 0 1 0 1 0 14F 1 
1 07 

:=0 1 1 1 1 0 1 1 0 1 0 1SF 1 
1 Os 1 1 1 1 1 0 0 0 1 0 11F 1 
1 09 1 1 1 0 1 0 0 0 1 0 117 1 
0 X 0 0 0 0 0 0 0 0 0 1 200 0 
1 01 0 0 0 0 0 1 0 0 0 1 220 1 
1 O2 1 0 0 0 0 0 0 0 0 1 201 1 
1 03 1 1 0 0 0 0 0 0 0 1 203 1 
1 04 Ii::~ 1 1 0 0 0 1 0 0 0 1 223 1 
1 05 ~~ 1 1 0 0 0 0 1 0 0 1 243 1 
1 06 150 1 1 0 0 0 1 1 0 0 1 263 1 
1 '07 I-a: 1 1 0 0 0 0 0 1 0 1 283 1 
1 Os ~I=! 1 1 0 0 0 1 0 1 0 1 2A3 1 
1 09 00 1 1 0 0 0 0 1 1 0 1 2C3 1 <w 
1 010 ~> 1 1 0 0 0 1 1 1 0 1 2E3 1 
1 011 1 1 0 1 0 0 0 0 0 1 20B 1 
1 012 1 1 0 1 0 1 0 0 0 1 22B 1 
1 013 1 1 0 1 1 0 0 0 0 1 21B 1 

P1 

0 
0 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

the next positive edge of MCLK (shown as 01), 2) causes AOE 
to go active, thus driving the AD bus with the address, and 3) 
asserts ZAS. MUDS and/or MLDS are also asserted, in S2, and 
causes ZAo and Z8/W to be appropriately set. At 02 the state 
sequencer asserts T 1, causing ZAS to be negated. This phase 
was chosen to meet the required 70ns (min) ZAS pulse width 
(TwAS), and 30ns (min) address to ZAS setup time (TsA (AS)). 
At 03 the state sequencer asserts T2 and T4. T2 causes the 
AOE line to negate which removes the address and three-states 
the AD bus. This meets the required SOns (min) address to ZAS 
hold time (ThA (AS)). T 4 causes the ZDS to be asserted on 
the negative edge of 03. This meets the ZAS to ZDS delay of 
60ns (min). 

On the falling edge of ZDS the peripheral will drive the AD bus 
and data on the AD bus will be valid 250ns later (an exception to 
this occurs in the Z8030 which requires 520ns from rising edge 
of ZAS to valid read data). At 05 the sequencer sets T 5, which in 
turn causes MDTACK to be asserted on the negative edge of 05. 
The 68K samples this line on the negative edge of 06 and ac­
cepts the input data on the negative edge of 07. At 06 the T31ine 
is asserted, which activates DOE on the negative edge of 06. 
This enables AD bus data to the 68K data bus. T 3 may be set to 
occur anytime before the negative edge of 07. During S7 the 68K 
will negate MAS, MUDS, and MLDS. This action causes the 
sequencer to reset (via INIT), and on the negative edge of Os 
ZDS, MDTACK, and DOE will be negated to end the read cycle. 
Note that the peripheral provides the zero data hold time re­
quired by the 68000. It should also be noted that DTACK is used 
to insert wait states (2 wait states = 1 MCLK). The assertion of 
DTACK via T5 is a function of the minimum required ZDS pulse 
width (in this case 390ns), and the minimum time required for 
the peripheral to provide valid data to the AD bus. Therefore, in 
using the Z8030, T 5 would not occur (this is accomplished by 
inserting 2 idle states in the sequencer) until 07, and the rest of 
the read cycle would be proportionately extended. 

PROM OUTPUT REG. OUTPUT 

P2 P3 P4 Ps P6 P7 HEX 0 0 °1 °2 03 °4 Os °6 ~ HEX 

0 0 0 1 0 0 20 0 0 0 0 0 0 0 0 00 
0 0 0 0 0 0 01 0 0 0 0 0 1 0 0 20 
0 1 0 0 0 0 OB 1, 0 0 0 0 0 0 0 01 
0 1 0 1 0 0 2B 1 1 0 1 0 0 0 0 OB 
0 1 1 0 0 0 1B 1 1 0 1 0 1 0 0 2B 
1 1 1 0 0 0 IF 1 1 0 1 1 0 0 0 1B 
1 1 1 0 0 0 1F 1 1 1 1 1 0 0 0 1F 
0 0 0 1 0 0 20 0 0 0 0 0 0 0 0 00 
0 0 0 0 0 0 01 0 0 0 0 0 1 0 0 20 
1 0 0 0 0 0 07 1 0 0 0 0 0 0 0 01 
1 1 0 0 0 0 OF 1 '1 1 0 0 0 0 0 07 
1 1 0 1 0 0 2F 1 1 1 1 0 0 0 0 OF 
1 1 0 0 1 0 4F 1 1 1 '1 0 1 0 0 2F 
1 1 o ' 1 1 0 SF 1 1 1 1 0 0 1 0 4F 
1 1 1 0 0 0 1F 1 1 1 1 0 1 1 0 SF 
1 0 1 0 0 0 17 1 1 1 1 1 0 0 0 IF 
1 0 1 0 0 0 17 1 1 1 0 1 0 0 0 17 
0 0 0 1 0 0 20 0 0 0 0 0 0 0 0 00 
0 0 0 0 0 0 01 0 0 0 0 0 1 0 0 20 
0 0 0 0 0 0 03 1 0 0 0 0 0 0 0 01 
0 0 0 1 0 0 23 1 1 0 0 0 0 0 0 03 
0 0 0 0 1 0 43 1 1 0 0 0 1 0 0 23 
0 0 0 1 1 0 63 1 1 0 0 0 0 1 0 43 
0 0 0 0 0 1 83 1 1 0 0 0 1 1 0 63 
0 0 0 1 0 1 A3 1 1 0 0 0 0 0 1 83 
0 0 0 0 1 1 C3 1 1 0 0 0 1 0 1 A3 
0 0 0 1 1 1 E3 1 1 0 0 0 0 1 1 C3 
0 1 0 0 0 0 OB 1 1 0 0 0 1 1 1 E3 
0 1 0 1 0 0 2B 1 1 0 1 0 0 0 0 OB 
0 1 1 0 0 0 1B 1 1 0 j 0 1 0 0 2B 
1 1 1 0 0 0 1F 1 1 0 1 1 '0 0 0 1B 

04193A·6 

FigureS. 
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The write cycle operates in a similar manner with two excep­
tions. First, there is a required data setup time of 30ns with 
respect to the falling edge of ZDS (TsDW (DSF)). Therefore, one 
sequencer idle state is required between T 2 and T 4. Secondly, 
there is a required data hold time of 30ns with respect to the 
rising edge of ZOS (ThDW(DS)). Therefore T 5 is asserted at 08 
while T 4 is negated at 09: If bidirectional registers are substi­
tuted for the data transceivers, four wait states can be eliminated 
from the write cycle. 

TIMING PARAMETERS 

During a read interrupt vector cycle, timing parameters are the 
same as a normal read operation with the exception of the ZAS 
to ZDS delay. In a normal read this parameter is 60ns. However, 
during an interrupt this parameter (TdDCST) must be equal to or 
greater than the interrupt daisy chain settling time. When five 
Z8000 peripherals are in this chain, this parameter is approxi­
mately 710ns. To accommodate this requirement, 8 idle states 
must be inserted between T 2 and T 4 by the state sequencer. 
The state sequencer detects an interrupt operation via Ag (ref­
erence Figure 6). 

SYSTEM ARCHITECTURE 

Figure 9 illustrates an architecture that allows the 68K to perform 
other tasks while an I/O operation is in progress. The ZI/O chip 
select decoder accepts: 

1) CPU Status - indicates an interrupt read cycle is required. 
This activates RIV (Read Interrupt Vector). 

2) R/W - indicates that the current cycle is a read or a write. 
This activates I/ORNi. 

3) MAn - A user-definable number of address lines (6 lines 
minimum) that identifies which per!Eberal is being 
addressed. This activates the appropriate CS line, ZI/O REO, 
ZINH and 4/SMHz. ' 

The ZI/O bus arbiter is used to determine who has I/O bus 
control and is only required if a DMA controller is part of the Z 
peripheral chain. 

It accepts 

1) ZI/O REO - indicates the CPU is requesting the I/O bus. 
2) DMA BUS REO - indicates the DMA controller is requesting 

the I/O bus. 
3) M BUS REO - Allowsthe 68K to request the I/O bus before 

the I/O cycle is started. 

and generates 

1) ZBUS ERR - flags the S8K when the CPU starts a ZI/O 
operation and t~e I/O bus is busy. 

2) ZI/O BUS BUSY - A Z-bus status line that can be polled by 
the CPU. 

3) DMA BUS ACO - grants control of the ZI/O bus to the 'DMA 
controller. 

4) TOE - grants control of the ZI/O bus to the Bus Translator. 

,: 
<, 
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This type of architecture is useful in I/O intonsivo npplicntiom; 
where the data must be operated on concurrontly by tllo CPU 
(Le., PBX systems, disk controllers, etc.): Data Is rocolvod and 
transmitted by this system via the OMA controllor. Trun~;ll1ittod 
data is loaded into the Buffer Memory by tllo CPU und Is tllon 
transmitted via a DMA operation. Receivod data is loadod Into 
the Buffer Memory via a DMA operation and is tllOn road by ttlO 
CPU. In extreme cases this Buffer Memory can bo dual portod 
so that true concurrent operation between CPU and I/O is 
achieved. In single ported Buffer Memory architectures, a Bus 
Arbiter is required. to grant ZI/O bus control to CPU or DMA 
controller. In this example, the CPU can-poll the arbiter for ZI/O 
bus control and lock out the DMA controller until the CPU has 
completed its I/O operation. Alternately, the CPU can start a 
ZI/O bus operation, and if the bus is busy, a bus error is gener­
ated. The operation of this arbiter is straightforward and can be 
constructed using a minimal number of gates and flip-flops. 

The I/O chip select decoder is a combination chip selector and 
memory mapper. Note that the 4MHz/SMHi signal is used by 
the bus translator to allo~ intermixing of slow and fast periph­
eral chips. 

The DMA controller is a Z8016 which utilizes "link-lists" to up­
date its control registers. This further reduces the need for CPU 
intervention, thus increasing system performance. 
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Figure 9. 

CONCLUSIONS 

This circuit is a highly efficient and flexible. bus translator that 
allows Z8000 peripherals and a 68000 CPU to intercommuni-
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cate in a uniform manner; the same technique is also applicable 
to other CPU's such as iAPX86, LSI-11 and N16000. 



Interface Standards for Peripherals 

Advanced Micro Devices 

04195A-MMP 
8-10 



INTRODUCTION 

AMD manufactures a large number of microprocessor peripher­
als, and because of the large number of CPU types available it is 
desirable to have a standard bus interface specification. 

Since it is impossible for our designers to know the characteristic 
of every processor and its subtleties, this document is intended 
to provide guide lines based on a study of the 8086, Z8000, and 
68000. One of the goals has been to specify setup and hold 
times such that peripherals will work with both fast and slow 
CPU's. The only requirement is the insertion of a wait state in 
some cases. 

PIN DESCRIPTIONS (Not all will be used in all devices) 

ADo-ADN (Data Bus, Input/Output) 

The bidirectional Data Bus lines are used for information ex­
changes with the host processor. HIGH on a Data Bus line cor­
responds to one and LOW corresponds to zero. When operating 
in the slave mode these lines act as inputs when WR and CS are 
active and as outputs when RD and CS are active. When CS is 
inactive, these pins are placed in a high-impedance state. For 
Bus Masters, data is driven onto these lines when WR is active 

. and read from .these lines when RD is active. 

CS (Chip Select, Input) 

The active-LOW Chip Select input enables Read and Write op­
erations to the peripheral. When Chip Select is HIGH, the Read 
and Write inputs are ignored. The circuit should be designed so 
that CS may be tied LOW. This input is ignored when the 
peripher~1 is in control of the Bus (i .e. Bus Master). 

C/O (Control/Data, Input) 

The Control-Data signal selects destination locations for Read 
.and Write operations to the peripheral. Control Write operations 
load the Command register and the Data Pointer, while Control 
Read operations make the Status register output available. Data 

c/o 

is 

Interface Standards for Peripherals 

Read and Data Write transfers communicate with all other inter­
nal registers. Indirect addressing at the data port is controlled 
internally by the Data Pointer register. It is important to make the 
Data Pointer readable as this simplifies interrupt service routines 
(see FiQure 2). 

ClK (Clock/Input) 

This input is required on all Bus Masters and is optional on Bus' 
Slaves. It controls the internal operations of the device and its 
rate of data transfers. 

RESET (Reset, Input) 

Reset is an asynchronous active LOW input which initializes the 
registers and state machine internally to a state at which it can 
respond to CPU commands. This signal is optional on slave 
peripherals but is required on Bus Masters. All peripherals 
should also have a software reset command, capable of reset­
ting the peripheral even if no hardware reset occurs. 

TBEN ---~f>o~--- DT/R 

RD:3=D I~ ~----DEN 

WR 
04195A-1 

Figure 2b. Implementing DT/R' and DEN 

,. 
DATA 

REGISTERS 

04195A-2 

Figure 2a. C/O Operation 
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AS: Address Strobe (Input), (Output), or (Input, Output) 

LOW on this pin indicates the bus contains address information. 
The address information is stable by the time of the LOW-to­
HIGH transition of the AS output (see timing diagrams). This is 
driven by the peripheral when it is a Bus Master to indicate when 
the address is on the bus. When in the slave mode this signal is 
a don't care. A Bus Master which does not useAS as an input 
now has the option £!.programming its"polarity~nother possible 
variation is to use AS to latch CS, C/O, or R/W, which reduces 
external logic in systems with multiplexed buses. When not used 
in multiplexed address data systems, this pin can be grounded 
to make RNi, C/O and CS transparent. See Figure 2a. 

OS: Data Strobe (Input, Output) 

LOW on this pin indicates that the AD bu~ is bein!Ulsed for data 
transf~r. When operating as Bus Master the R/W output indi­
cates the direction of data transfer ~ Read (or in) means data 
into the peripheral an"d Write (or out) means data from the 
peripheral. During a read operation, data can be gated on to the 
bus when OS goes LOW. A LOW-to-HIGH transition on the OS 
output indicates that the peripheral has accepted the,data (see 
timing diagram). During a write operation, LOW on the OS out­
put indicates that data is setup on the bus. Data will be removed 
sometime after the LOW-to-HIGH transition of the OS output 
(see timing diagram). When operating as Bus Slave, Read (or 
out) means the peripheral gates data onto the data bus whe'n OS 
is LOW. Write (or in) means the peripheral will accept data from 
the bus on the LOW-to-HIGH transition of Data Strobe. 

R/W: Read/Write (Input, Output) 

When the peripheral is Bus Master, this output indicates the 
direction of data flow on the AD bus. HIGH indicates a read 
operation while LOW,indicates a write. This output is activated at 
the same time as AS goes LOW and remains stable for the 
duration of the whole transaction (see timing diagram). When 

BUSREQ 

I 
DMAREQ, 

BUSACK DMAACKI, DMAACKO, 

CPU 

BUS MASTER 

CLOCK 1 t 

l 

the peripheral is a slave, HIGH indicates data out of the 
peripheral and a LOW indicates data into the peripheral. 

RBEN Receive Buffer Enable (Output, Open Drain) 

When the peripheral is Bus Master, RBEN is driven LOW when 
doing a read and it is inactive when dOing a write. The purpose 
of this signal is to eliminate bus contention. When the peripheral 
Is a slave, RBEN will be inactive. See timi~gdiagram. 

TBEN Transmit Buffer Enable (Output, Open Drain) 

When the peripheral is Bus Master, TBEN is driven LOW when 
doing a write. It is inactive during reads. This signal is also used 
to eliminate bus contention and EMI. See timing diagram. 

RBEN and TBEN provide control of all transceivers in the sys­
tem in such a way that no bus contention occurs. In some sys­
tems, contention results as a result of propagation delays in a 
cable or through the buffers/transceivers control logic. 

Note that TBEN is generated early so that it can function as a 
RJW indication as well as buffer' control. Although TBEN goes 
LOW during the address portion of the cycle in the LANCE Chip, 
it is not required in general as only the 8030 and 8036 require 
addresses to be available during the first part of the cycle. TB-Ef\i 
cannot be used to generate DT/R in the case of the LANCE 
Chip. Another reason for not perpetuating this form of TBEN is 
that our address period and ALE (AS) are too short for easy 
interfacing when buffer delays and skews are accounted for. 

When the peripheral is a slave and CS is active, TBEN will be 
LOW when the CPU is reading from the peripheral. See timing 
diagram. 

IRA1-IRAK Internal Register Address 

These optional address pins may provide for direct addressing 
of registers in a peripheral in lieu of using C/O' and setting a data 
pOinter. This is always the more desirable approach but due to 
pin limitations is less often implemented. 

I I 
DMAREQ2 DMAREQ3 

Di.inCKi2 DMAACK02 DMAACKI3 ~ r--

BUS MASTER 

1 t 
0419SA·3 

Figure3a. 
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Figure 3b. Bus Exchange Protocol 

B/W: Byte/Word Output Optional 

This output, present on Bus Masters only, indicates the tYpe of 
data transferred on the ADo-AD15 bus. HIGH indicates byte 
(a-bit) and '--OW indicates word (16-bit) transfer. This output is 
activated at the same time as AS'" goes LOW and remains valid 
for the duration of the whole transaction (see timing diagram). 
The address generated by the peripheral is always a byte ad­
dress, however the memory is organized as 16-bit words. All 
instructions and word operands are word aligned and are ad­
dressed by even addresses. Thus, for all word transactions with 
the memory the least significant address bit will be zero. When 
addressing the memory for byte transactions, the least signifi­
cant address bit determines which byte of the memory word is 
needed; an even address specifies the most significant byte and 
an odd address specifies the least significant byte. When possi­
ble, the bus interface should contain Byte Swap Logic to make 
the even address' be the least significant byte and odd ad­
dress be the most significant byte to be more compatible with 
Intel parts. 

Note: The Bus exchange protocol described here although 
slanted towards the zaooo can be used with HOLD, HLDA pro­
tocol simply by adding two inverters. Thus the added advantage 
of being able to daisy chain parts with no external logic! 

DMAREQ: Bus Request (Input/Output, Open Drain) 

On Bus Masters only, a LOW on this output indicates to the CPU 
that the peripheral is requesting to take control of the bus. The. Figure 3c. Preemptive Bus Request Protocol 
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peripheral samples DMAREQ to see if it is LOW before driving it 
active. The DMAREQ output can be driven LOW anytime with 
respect to the CPU since the CPU synchronizes this input inter­
nally. Figure 3a shows how Bus Masters are connected. Figure 
3b shows conventional bus exchange timing. 

The CPU responds by activating the DMAACK output LOW to 
indicate that the bus has been relinquished. The peripheral 
should control the bus in an identical fashion to the CPU to 
accomplish transactions. The DMAREQ input must remain LOW 
as long as needed to perform all the transactions, and the CPU 
will keep the DMAACK output LOW. After completing the trans­
actions, the peripheral device must disable driving the bus and 
stop driving the DMAREQ input LOW. The CPU will make 

f5MAACR output HIGH sometime later and resume bus control. 
The DMA device must not reassert DMAREQ until DMAACK 
has gone inactive and 2 clock cycles have elapsed. 

DMAACKI: Bus Acknowledge (Input) 

LOW on this input indicates that the CPU has relinquished con­
trol of the bus in response to a bus request. The peripheral 
synchronizes the acknowledge then enables its drivers to as­
sume bus control. If DMAACKI is removed while the peripheral 
has control of the bus, it will release the bus after it completes 
the current transaction. DMAREQ will be driven HIGH, indicating 
to the higher priority device the bus was released. This allows 
preemptive DMA. The preempted device waits 2 clock periods 

HREQ ,,--,...-....... -------------------t HREQ1 

"lO--I----SQ 
CPU PREEMPTEE 

HACK I-~>CI--_I_--_ _L~ 

HREQ2 HACK2 

PREEMPTOR 

0419SA-6 

Figure 3d. Implementation of Preemptive DMA #1 
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and then reasserts DMAREQ. and on receipt of DMAACKI re­
sumes from where it left off. Figure 3c. show preemptive opera­
tion. The preemption protocol defined allows two types of 
preemption to be implemented. In Implementation #1 the 
preemptor and preemptee can exchange the bus with the CPU 
unaware of the exchange. Alternately in Implementation #2 the 
CPU is allowed to do one bus cycle. Preemption has also been 
called Control Override Sequence in previous documents. See 
Figures 3d through 3g for timing and implementation examples. 

WAIT or READY: Walt (Input, Output, Open Drain) 

When peripheral is a Bus Master a LOW on this input indicates 
to the peripheral that memory or I/O is not ready for the data 

DMA 1 TRANSFERS 
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transfer and hence the current transaction should be stretched. 
The WAIT input is sampled by the peripheral at certain iristances 
during the transaction (see timing diagram). If WAIT input is 
LOW at these instances. the peripheral will go into a wait state to 
prolong the transaction. The wait state will repeat until the WAIT 
input is HIGH at the sampling instant. This signal should be 
sampled as late in the cycle as possible. 

When operating as a slave this line indicates to the processor 
that the peripheral has accepted data during a write or that data 
is present on the AD Bus during a read. The time this Signal is 
asserted is determined by the slave. The mode register should 
never require a wait state during a write and the status register 
should never require a wait state during a read. 

DMA 2 TRANSFERS DMA 1 COMPLETE 

---<J:::[ 
HREQI 

HREQ 

HREQ2 

=r=r=i= "'''' 
~~. ~ ~ 

HREQ2 HACK2 04195A·7 

Figure 3e. Preemptive DMA Notes 
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ARBITRATION 
CLOCK 

HREOI 

HREO 

HACK 

HACKl 

HACK2 

HRE02 LOCKED OUT DURING THIS TIME 

HREOI 

HACKl 

HREO 

HACK 

HRE02 

HACK2 

~CPU TRANSFER-1 ~DMA 2 TRANSFER--1 

Figure 3f. Alternate Preemption Scheme 

NOTE 2 

DMA I TRANSFER 

04195A·8 

DMA 2 TRANSFER 
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Notes: 1. Arbiter must be designed such that if HREQ is active and HACK is inactive any other request that occurs is ignored. 
2. HREQ1 must go LOW before HACK goes LOW or bus contention could result. One way to ensure this is by gating HREQ2 with DS. 

This ensures the minumum amount of time between HACK1 going inactive and HREQ1 going inactive is met. 

Figure 3g. Implementation of Preemptive DMA #2 
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XACK Transfer Acknowledge 

This is preferred over READY/WAIT as it makes system design 
easier due to timing requirements. See Figure 4a for timing 
examples. 

ADRN - ADRK: Extended Address (Output, Three-State) 

The extended address lines may be used to extend the address 
space of the peripheral. This applies to Bus Masters only. If pin 
limitations do not allow for this a second address strobe may be 
added thus the upper address may be latched and then the 
lower address latched by the second strobe. This imposes a 
slight time penalty but only when a 64K boundary is crossed. 
See timing diagram Figure 5 for this option. 

INT: INTERRUPT (Output, Open Drain) 

This active Low output is used to interrupt the CPU. It may be 
connected to any of the CPU interrupt inputs, and may be wire­
ORed with other sources of interrupts. An external pull-up re­
sistor is required. 

OPTIONAL PINS 

ADRACK: Address Acknowledge (Input) 

This is an option 0(1 Bus Masters, used to extend the time the 
address is held on the bus. This is a valuable function in systems 
with a multi master multiplex back plane bus. It is also valuable in 
hierarchical bus structures where extra delays may be in the 
address path (see timing diagram Figure 4b for effe'ct of this pin). 
An additional advantage of including this function is that the 
wider address latch and additional address setup time is com­
patible with DEC's II Bus. 

M/iO: Memory/Input-Output (Output, Three-State) 

This pin is only used by Bus Masters to indicate when it is doing 
a me~ory or I/O transaction and is under the optional heading 
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because not all Bus Masters need this capability. For example, 
in a system with only memory mapped I/O it is not required. For 
parts such as the CRT or LAN the source on destination is 
always memory, hence it is not required. Indeed the only time it 
is required is when it makes sense to use a DMA to control data 
transfers one peripheral to another. A possible example would 
be dumping a disk file to a printer. 

LW: Long Word (Input, Output) 

This pin is required on any 32-bit peripheral. When HIGH it 
indicates a 16-bit operation; when LOW it indicates a 32-bit 
operation. 

INTA: Interrupt Acknowledge (Input) 

This pin is only required if it is desired to support vectored inter­
rupts without requiring an interrupt controller. It is used to gate 
the vector onto the bus. Otherwise the interrupt can be cleared 
by software. 

LEN: Latch Enable (Output) 

. This pin is only used by Bus Masters that multiplex both the 
HIGH and LOW addresses on the bus. This is done whenever a 

. 64K boundary is crossed, hence the extra overhead required is 
not excessive. This can be used to save package pin count. 
See Figure 5. 

lEI: Interrupt Enable In (Input) 

This signal is used to implement a daisy chain priority scheme. 
When HIGH the part responds to INTA. 

lEO: Interrupt Enable Out (Output) 

This signal is HIGH to indicate the next device has priority and 
no higher priority device is generating an interrupt. For further 
details of interrupt structure see the ZBUS specification. Note 
that this interrupt architecture is' compatible with Intel devices. 

BUS, MASTER READY/WAIT, XACK, TIMING 

READY/WAlT \\\ 0 11// \\\ 

BUS SLAVE READY/WAIT, XACK, TIMING 

READY/WAIT 

-----------------" ,.---
XACK '\~----------------~I' 04195A·10 

Figure4a. 
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04195A-ll 

Figure 4b. Effect of AD RACK 

ADA --------~<~ ____ A_16_--__ A_31_M_A_X_· __ _J)~----~(~ ______ ~ __ --__ Al_5 ____ -J~~\ ______ D_A_JA ______ ~)~--------

LEN ----.I \~---------------------------------------------------
\_-------_/ 

\'----__ ----J/ 

04195A-12 

Figure 5. Lens Option 
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APPENDIX A 

1) Slave Peripheral Interface 
2) DMA Peripheral Interface 
3) R/W and OS to RD, WR and vice/Versa 
4) 286 Bus Exchange 

.A "-
8.16.32 ) DATA BUS 

... V' 

f AS OPTIONAL FOR Z8000 COMPATIBIUTY 
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os 
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-- -- -- -- -- -- -- -- -
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-- -- -- -- -- -- -- -- -
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FOR INTERRUPT -- -- -- -- -- -- -- -- -
iEi OPTIONAL NOT REQUIRED 

FOR INTERRUPT 

iEo 
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-- -- -- -- -- -- -- -- -
AI OPTIONAL IF PIN COUNT 

· · ALLOWS REGISTERS SHOULD 
BE DIRECTLY ADDRESSABLE · · · · AN 

-- -- -- -- -- -- -- -- -
RESET WHEN REQUIRED 

04195A-i3 

Figure A~1. Slave Peripheral Interface 
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DMAACKI PREEMPTIVE 

- - - - - - - - - - - - - - - ~OPTIONAL - - - - - - - - - - - - - -
DMAACKO 

INT 

LEN 

B/W (REQUIRED BY 16·BIT PERIPHERAL) 

ADRACK 

M/io (PREEMPTOR CAPABILITY OPTIONAL) 

LW- (REQUIRED BY 32·BIT PERIPHERAL) 

IRA1 
} COULD BE MULTIPLEXED ON A16 - A23 IRAN 

INTACK 

iEf 
} OPTIONAL FOR INTERRUPTS iEO 

iNf 

04195A·14 

Figure A-2. Peripheral with DMA Interface 
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a} b) 

os ~~ Os 
INTA 

1 
AS 

INTA os 

AS INTA 

04195A-15 

a) In non-Z8000· applications, parallel prioritization or an inter-
rupt controller is required. In the case of parallel prioritization, 
the falling edge of INTA freezes the prioritization process. 
When using an interrupt controller, the interrupt pending bit is 
cleared by a software command. The OR gate shown is used 
for processors that do not generate OS or RO during interrupt 
acknowledge gates. 

b) To use serial prioritization, AS is required to indicate priority 
chain must be frozen. The INTA status combined with OS is 
then used to place the vector on the bus. 

FigureA-3. 

R/Vi 

I f>o 

c~: 
AD 0[)o os 

A B [ 
os WR R/Vi 

0419"A-16 04195A-17 

\ TIMING FOR "B" 

READ 

\"-_------11 
NVi -----------------------------------------

WRITE 

os \ ( ""--_____________ j NOTE NO HOLD TIME ON NW 

R/Vi \_ _ 

04195A-1B 

FigureA-4. 
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TC TC TI TH TH 

HOLD 

HLDA 

ADDRESS 

CONTROL 

DATA 

Figure A·5. iAPX286 Bus Exchange 

TH TH TH TH TS 

HOLD 

HLDA 

ADDRESS -----------------------------~ 

CONTROL---------------------------------~ 

DMA------------------------------------~ 

Figure A·6. iAPX286 Bus Exchange 
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APPENDIXB 

3 Cycle Bus Master and Slave Timing 

~--------(~~------~ 

Rfii.8/W 

04195A-21 

Min Max Min Max 

1 tpHL ClKt toASt 30 14 tpHl ClK! to RBEN ! 30 

2 tplH ClK! toASj 30 . 15 tpLH DSj to RBENj 0 

3 tpw AS PULSE WIDTH 45 16 tr, tf Rise and Fall Time 10 

4 ts Address to AS j 40 17 tpHl ClK j to TBEN ! 20 

5 th Address to AS j 40 18 tplH ClK j to TBEN j 30 

6 tpHL ClKj to OS! 30 19 tpw ClK HIGH PULSE WIDTH 45 

7 ts DATAtoClK! 10 20 tpw ClK lOW PULSE WIDTH 45 

8 th DATAtoDSj 0 40 tcyc Clock Period 125 

9 tplH ClK! toDSj· 30 

10 tpd ClKj to RIW. B/WVALID 30 
41 tAVDV 

Address VALID to DATA in 260 
Required VALID 

11 tpd ClKj to RIW, B/W NOT VALID 30 42 tASDV AS j to DATA VALID 205 

12 ts WAITtoClK! 10 43 tDSDV OS! to DATA VALID 150 

13 th WAITtoClK! 20 

Figure B-1. 8052 Bus Master Read 
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, II 
1\ I 

.fW-- @f-
'AS I 

v-

:=j@ 1-. - @I-
ADO-AD15 

~ 

25 - @f--
\ 

~ 
II 

1\ ) 

28 29 

V " j 1\ 

- @f- - @)f--, 1/ 
1\ ~ 

04195A-22 

Min Max 

21 ts cst toASj 0 

22 th CSj toASj 20 

23 ts C/O to ASj 0 

24 th C/DtoASj 20 

25 tpd cst to OS! 30 

26 tA OS! to DATA VALID 150 

27 th OSj to DATA NOT VAllO 15 

28 ts R/Wto OS! 0 

29 th R/Wto OS! 40 

30 tPHL OS! toTBEN! 30 

31 tpLH OSj toTBENj 30 

Figure B-2. 8052 Bus Slave Read Latched 
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ADDRE~S 

TBEN-------------------------------------------------------------------
04195A-23 

Min Max 

32 th DSj to DATA NOT VALID 0 

33 ts DATA VALID to DSj 80 

34 tpw DS J. to DSj Write 100 

35 tAP Recovery Time Read or Write 2tAP 

Figure B-3. 8052 Bus Slave Write 
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\ V 
1\ J 

I-®-
I----@I '\ 

-I 

f-®-
C/O 'V j VI 

JI\ \ 

I--®-
I--® ~ 26 

V 
~ J 

f-® 39 

V \ j 

f-€r-
'\ 

1\ 
04195A-24 

Min Max 

36 th DSj toCSj 5 

37 th DSj toC/D 5 

38 tz DSj to DATA NOT VALID 10 50 

39 tpw 5St to DSj Read 150 

44 ts C/Dto DSt 30 

Figure B-4. 8052 Bus Slave Read Unlatched 
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i----{52}__---i r---------------

AS __ i_' 
-------------~~-------------{51r_----------~r_------------

~---__{M}__---__t 
1._---+--"'\.1 

ADO-AD15 -----------+---------------+----------------<1 

lEI 

lEO 

04195A-25 

Min Max 

50 td INTACK to DS! Delay 200 

51 tpw DS! to DSf Acknowledge 150 

52 tpd DS! to DSf 200 

53 th INTACK to DSf Hold Time 0 

54 tA DS! to Vector VALID 150 

55 tpd DSf to Vector NOT VALID 0 

56 ts lEI to DS! 80 

57 th lEI to DSf 0 

58 tpd lEI to lEO 80 

59 tpd INTACK to lEO 150 

Figure B-S. Interrupt Acknowledge Timing 
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~----------------------~----~ 

rvW,BtW X X 
WAIT x==x 
RBEN 

TBEN \ / 
04195A·26 

Min Max 

60 tpHL CLKt toDSt 30 

61 ts DATA VALID to OS t 40 

62 tpw DSftoDSj 110 

63 tpd CLHj to DATA NOT VALID 30 

Figure B-6. Bus Master Write 
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04195A·27 

Min Max 

70 tpd CLKttoBREO 100 

71 tpz CLKt to Bus Float 100 

72 tzd CLKt to Bus Driven 100 

73 tpd BAIto BAO 40 

74 tpd BREO to BAI Delay . 0 

75 ts BAI to CLKt Setup 20 

Figure B-7. 8052 Bus Exchange 
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APPENDIXC 

4 Cycle Bus Master and Slave Timing 

ALE 

READYfWAIT,DTACK 

TBEN--------------------------------------------------~------------------
04195A·28 

Min Max 

1 tPLH ClKt to AlEt 30 

2 tpw ALE PULSE WIDTH 30 

3 ts Address to ALE t 40 

4 th ALE to Address V ALI 0 40 

5 ts DATA to ClKt 10 

6 th ClKt to DATA 10 

7 tpHL ClKt toROt 30 

8 tpLH GlKt to ROt 30 

9 tpd ClKt to B/WVALIO 30 

10 ts Ready to ClK t 20 

11 th ClK t to Ready 0 

12 tpHL ClKt to RBEN t 30 

13 tpLH ROt to RBENt 0 

14 tpw Clock HIGH 30 

15 tpw Clock lOW 30 

16 tcyc Clock Period 100 

17 th RO or WR to B/W 40 

Figure C-1. Bus Master Read (4 Cycles) 
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RBEN------4----------------------------------------------------------------------

04195A·29 

Min Max 

20 tpHL CLKt toWRt 30 

21 th WRtoDATA 40 

22 ts DATAtoWRt 40 

23 tpLH CLKt tOWRj 30 

24 tpLH CLKj to TBEN 30 

Figure C-2. Bus Master Write (4 Cycles) 
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~ 
\ I 
~ 1 

~ 
ADDRESS \V \/ 

/1\ 1\ 

~ 
I \ 
1\ 1 

DATA 

I-~ 34 ®--I-
\ V 

1\ J 
~ 

\ 
\ 

- @ I- - @ f- - @ -
READY -------'"" 

D~CK --------------------------~ 
04195A·30 

Min Max 

30 th ROt toCS 10 

31 th ROt to Address 10 

32 ts CSto ROt 10 

33 ts Address to RD t or WR 20 

34 tpd ROt to DATA VALID 150 

35 tpz ROt to DATA FLOAT 30 

36 ts B/WtoRDt 10 

37 tpZL cst to Ready 30 

38 tpd DATA VALID to Ready 0 

39 tpd ROt to Ready 30 

Figure C-3. Slave Read 

8-32 



Interface Standards for Peripherals 

cs \ / 
ADDRESS X X 

DATA 

WR 

ejw 

READY 

04195A-31 

Min Max 

40 ts DATAtoWRj 150 

41 th WRj to DATA 10 

42 tpd WRto Ready 100 

43 ts DATA to Ready 50 

44 tr Write Recovery Time 200 

Figure C-4. Slave Write 
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APPENOIXO 

Multiple Preemptive Arbiter 

ClK 

DEVICE 
REQUEST 

I 
V 

2Kx8 
REGISTERED 

PROM 

CPUACK 

CPUREQ 

A>S 

! 
3: 8 

('138) 

Figure 0-1. Priority Based Preemptive Arbiter (PROM Version) 

8 
(REQUEST) 

ClK 

CPUACK 

· 
· 
· 

200R 
24 PIN 
PAL 

·PAL is a trademark of Monolithic Memories, Inc. 

CPUREQ 
ACK 

A>S 

I 

Figure 0-2. Priority Based Preemptive Arbiter (PAL * Version) 
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DEVICE 
ACK 
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CPURE Q 

· 
® 

A>S · · 
S=A CPUACK 

t--

~ · · L....--.; 

'138 

· CD '--- ® EQUIV. · 
· · 

I-----

04195A· 

Figure 0-3. Multiple Priority Based Preemptive Arbiter Logic 
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"l---- CPUREQ 

r--~ __ ~----~ 

04195A-35 

Figure 0·4. 
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BIT 2 BIT1 BITO 

~ ~ 
-

"'7 
A> 5 CPUREQ A=S 

ARo · - 1-1' 
· 

t::D-
BITO · 

--' - tfJ-
I--' · 
I 

BIT 1 

~ 
~ 

'--------

~ __ A=S 

~ 
E[-)J .-----' - -----: 

.1--' ~ 

· 
BIT2 I 

FD-· ClK ' 

04195A-36 
I 

- r::r-
· 

AR7 
I 

Y) - 04195A-37 

Figure 0-5. Figure 0-6. 
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S2-0 
A7-0 000 

00000001 0 

0000001X 1 

000001XX ' 1 

00001XXX 1 

0001 XXXX 1 

001XXXXX 1 

01XXXXXX f 

1XXXXXXX 1 

S1 So 

-

~ 
r--- -
~7 ~7 

~ 

~ 

9.J 

0--r--

~ 

7 

b--J 
~ 

5)--

"'"-
~ 

3' 
.J 

Figure D-6a. 

001 010 011 100 101 110 111 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

1 0 0 0 0 0 0 

1 1 0 0 0 0 0 

1 1 1 0 0 0 0 

1 1 1 1 0 0 0 

1 1 1 1 1 0 0 

1 1 1 1 1 1 0 

Figure D-6b. A> S K-Map 

8-38 

~ 
'---

'"-

t-'" 

,----; 
..--

04195A·38 

o = lowest priority 
7 = highest priority 



Package Outlines 
H-8-1 

METAL CAN PACKAGES 
H-10-1 G-12-1 

.013 F:~ '033~'050 
~C{+- MAX. 

SEATING!: ---. 

PLANE / ~ no 0 00 T 
.015 :Ot9 A _--\---'-
.045 .016 .250 

.021 MIN . 

. 090 

.110 

.120 

.160 

Note. Standard lead finish is bright acid tin plate or gold plate. 

MOLDED DUAL IN-LINE PACKAGES 

P-8-1 

.1D5 
I 1 4 

:~~ -t-+-- . ---11- :~~ 

Tr--~:~~~--j £1 
.150 

200 -.l SEATING 
/"1.1 I PLANE 

,-" C.015 

+-1 1 "]i6cf .009 
I .011 

.125 L_----.-L ---ll--~ I--~--\. :;so ~ .022 .385 
.090 
-:mr 

P-14-1 

T~4 8 .240 
.260 
~ 1 7 

:~~ ~ -:j l-::~ 
~ r------ .745 -----l 

~·~~~~"'B 1 1 PLANE 

, ' t .009 

I 1 .090 .015 ~ .~~~ 
..llL -j f-TlO --j f-mo- I-- .385--1 
.150 

P-10-1 

fL]. 6 
.260 

L 1 5 

:~~ ---J 't- -J I- :~g 

:2el~ wml ~~ 1~'rMNG 
-PLANE -----r- .009 

! ! L.01S- --:orr 
.060 

II .015 1 __ I .090 /_.310_\ .:m.. -j j--:020 r-r-:no .385 
.150 

P-16-1 

i~::::] 
.055 _I ~ -II-- .010 
.065 .040 

I 
.745 -----l 

:;~ ~- .775 .015 
- - .060 

~ SEATING 

Ei ~,·~"9 
.150 I' 1 ~ ~-t-

..J L .090 _11_ .015 ,_' .310 _ \ 
-I iTfil "11.020 1:J85~ 

8·39 



PACKAGE OUTLINES (Cont.) 

MOLDED DUAL IN-LINE PACKAGES (Cont.) 

P-18-1 

fe:::::] 
-I I- .055 .030 --II--

.J.§.!L 'Jl6!) .895 .040 SEATING 

'2poo~o 
L 1 ~---=-+.~ 

090 .015 -H- f--~-1 
~ e. m .020 .015 .385 

.150 ~ 

, P-22-1 

P-20-1 

[r:::::::::1 
.025 ----ll -
.055 -II 

.150 I 1.010 I, SEATING 

ji
m 1.050 4-1015 PLANE 
-- . :ii6o 

", ~ 

.125 ~ ~ I I .009 ~WWMWW1 ~ 
----1 L.-~ ~ -----l 1_ ~ I--,ill--\ 
~ r- .020 .065 ----, r- .110 .385 

P-24-1 

[§:::::::::I rEJ ""'" 
--.j ~~ ~~I--- .:.....:.j I-- .035 PLANE 

~ . .065 1.080 .045 SEATING ~065 

200 I~' 1.i2o _ I .060 RPLANE 't170 

I ,1.240 I ,Q!l! 

E I! ~ ,.215 ~~ ~ ui--..-=.........-.~ .009 

I I T'
OO9 J:= ~ U -1-- 011 

.125 I I .090 II .015 I .410.

011 

I ::~~ .090 I I .055 II .015 L-~ ---I . 
. 160 --l I--- .110 --11--- .020 I- .480 -----l .110 --j r-- .065 ---jr.020 I - - \ 

P-28-1 P-40-1 

fe::::::::::::::::] 
.040 - -11_ 

. .070 ---j SEATING 

f e::::::::::] 
:..:JI-:m 

Note, Standard lead finish is tin plate or solder dip, 

8-40 



PACKAGE OUTLINES (Cent.) 

HERMETIC DUAL IN-LINE PACKAGES 

,~.1Z.Q..---I 
1 __ .400~ ~I .1D5 11 4 

0-8-1 

.090 I I I I .050 

-:TIO --j r-- ~ ~ -:070 Ir= ~ =i 
.320 

T~'015 P9 ~ ,060' 
.200 ~ 

~ I 

t ~-I t l .009 +- ---:ciT 

. :~~~ :~~~ -11__ __.004 MIN, -I ~ 

0-14-1 

f?::::::: I 
--1 ~:g~g ~ I-.Ol0MIN. 

r-oill. I 1--.1QQ.~ . 785 .320 

I~:g~~ R-.130 

,20. 0 ~ SEATING ~ 
...t 1 PLANE .011 

0::- I --l L- 016 =+- ! '-.,1 ~ 
-:no -11- :020 ~ 1 t-- 13 

,150 

,230 
,265 

0-14-3 

0-8-2 

r-=- ,sao -=H .540 

TO·5, I. 1 4' 

,005 
MIN, 

_1090 1__ __I 1_ ,040 SEATING 

J.QQ. .110 ¥F06S PLANE 

fBJiKKP-1 ~_ 
, .020 ~ ~-~ 
~ II ,060 ,290 

:;~~ - - :gi~' 1-T2if---j 

0-14-2 

r--,690~ 

F_~"",,, ~ . t= PLANE --~ L ,013. 

~ ~ I~ ::~~ I ~ 
..",m.. ~ _~. 1_ . ...1!1.Q... 
.160 .110 ,022 r-- .320 

Tlc:J4 8 

-.LJ .1 7 

--!i \--.020 MIN, 

r- .660 ----! ~ .290 ~ .785 .JQQ. T10 
J@. ,200 

t~ ""'" q l= '"'' } 1-~ ~ I I J L.§2. jL~ ,I ~ ,011 

,150 r ,070 ,023 I 
,090 
-:no 

8-41 



PACKAGE OUTLINES (Cont.) 

HERMETIC DUAL IN~LlNE PACKAGES (Cont.) 

0-16-1 0-16-2 

.-C 
.780.:1 .820-

SEATING 

~ mMm' -RPLANE 
.200 -------.L 

~ 
.008 

IL 
Ji13 

" I .020 

.:~~ .040 _ j I- .090 Jf----.m.§.. .060 I .290 I 

. .065 .110 .022 I-- T20 --l 

0-18-1 0-18-2 

1(::':::::1 . 
. 050 - I f-- I :OiO~ ---1 ~ .005 MIN. 

.100 
200 1 I--_.

S5°1 

.t-, ~~~SEATING ffi 
I PLANE t;- i [.~~ - -:~ 

~ :~~~ -.-j ~ --J 1-~ I-:;~~~ 

0-20-1 0-20-2 

.~~ f.:::::::::; I_~M" ~: :[ : : : : :[ : I] 
, 9503~~· 

Mll I :~~~ I rr :~~~ =J I 1.010 MSEATING .0220 .015 ~ .020 PLANE 
:000 .100 .060 

1 
ToO ~ 

I _~~~~IENG .125 ~ ~ . .008 '''~ I fnTH ~mwwm IE? ":~ IJ ~ U '" II"", ,?, I~../---;';-·"-+:: u~:: -~I-~ t:J 
.070 .110 --H-- .020 'I .320 

8-42 



PACKAGE OUTLINES (Cont.) 

HERMETIC DUAL IN-LINE PACKAGES (Cont.) 

0-22-1 

0-24-SLIM 

~~::::::::::: L su,w, 

.:~~I--~-,f---.~=:~·'~lpliRl~ 
c:. .015 II 3' .011 

~ ~-H-- .060 "/ I--" 13' 
.110 .020 

0-24-4* 

fC:::s::r ~="'m 
.150. ~ l-- .010 MIN. 

. 225 I ~:~~~ I r. :~~ =;1 

e~. JSEATIN0 PLANE 

I -[.015 :~ 
. 060 1 

. EQ. ~ 1 ~ ~~ ~~~" J 13' . 
. I 50 t"-] .065 .020 'I 

~ 
.110 

8·43 

0-22-2 

0-24-1 and 0-24-4 

tCJ4. 13 
.510 
.545 , 

SEATING L I 12 PLANE 

.g:~~ ~ .010~~ . I 1.230 MIN. • I .150 •. r------c .600 --j 
1.285 :n5 I r- ]2Q --, I 

:~:~l .I·~ II h 
t:- '\ -009 I ___ r--:on-

.015 3' . ~ .016 -l~ .060 "/ ~ 13' 
.110 .020 

0-24-2 

[24 D 13 1 
r~ 12 i 
~, ~~ ~f- ~~~ . 

,.100 I_l!2.Q. _I 
.200 1.200 'mB II SEATINGA ~ - PLANE 

::~~L . ~~ L~ ' . 
~-I 1- .030 _11_ .01. 5 I .590 -11- :g~~ 
.110 .060 .022 - .620 --I 



PACKAGE OUTLINES (Cent.) 

. HERMETIC DUAL IN· LINE PACKAGES (Cont.) 

. 0·28·1 0·28·2 

+C:::::::::::: I · [::[::]::~~~M" 
:.....:j I-- .005 MIN. .100 ; SEATING 

:}-e;~ ~~~:~~~-I ~~~'fn1 'mOO I :~ Ii ~' 1 
~ ~~ . ~~, .009_ _.008 

!. .060 .l... .011 .013 

I I .045 II .016 'I. I I II .015 I .590 
\. I 13' -l 

.120 ---j 'I :Os5 ---j I- ]j2Q .120 .C;-:~ ---1 ~ --1t--T22 r-- .620 

.150 .090 :T6O . .030 

ill. ~ 

0·28-3 

:::::
C:J~ TRANSPARENT 

f[;~ .M'_ 

::....::.j I-- .005 MIN . 
. 150 1.440 . r- .600 -----j 
E 1.500 ,I Ir:m"'

1 t,~~ ~ ~"Juuuuu,,*1~ II~-\- · hi .060 1 
.090 .045 .016 ~~ "'i 13' :no ':li65:020 

0·40·2 

fl:::::::::::::::::~ l~ :~:. . . Jt:::::I~I::::::1 . 
MIN. 600 '.005 --.J I 

• ! 2.020_1 r-TJo-----j MIN. I I SEATING 

. f=~j ~f"~"i~' Vr=...·~" ~+ 
.120 j l~ ~ ~ H ~~~~H ~ H ~ ~L~ ~ ~ ;160 I I .090 ~ _" _ ~ I ! ~ I 
.150 -j .110 .065 --, l:mf .060 11.022 r---- .620 ~ 

0·48·2 

f [::::::1:::::[:::::: I~ " .' 
.100 2370 , SEATING 

.200 '" 2:430 • ~ PINE..=-. . 
v~~~ LEO~ ~4 =V¥V¥TT¥.VVVVVmvvvvvvvvvvr .060 . I 

I I • 090 .030 _ II _ .015 I-- .590 ~ 
~, --J J-- :110 .060 11:li22 .620 
.160 

8-44 



PACKAGE OUTLINES (Cont.) 

F-l0-l 

~ .~~~ 1.055 
045 .300 --I-- 240 ~ M1IN. 

-:065 '370 I .260 I _ 

L. .1 ! 10 t===T 
! .230 

L j
6
t==== 

G15 
.019 

.045 
.010 
.040 

Jiijij' 1-.275 --l II MAX. I 
~ I I 

.500 I-'~~--'---l 
MIN. I . I , 

F-14-1 

t .1 141 

-L===l .2~0 t===::::lT 

:~ 7 :r5 

F=====~ 
t= I II I 

.055 
"Q42! f---- :~:g ___l 
~ ____ ~~_~.9~20~ _________ ~ 

:::.!g Lg:~ .980 

L I I 
L .004 

. 006 

F-16-1 

.015 ~:~~~ 

.019 .300 --I-- .245 ---l L . .370 I .285 I 

T .1 -- t 16 

'I~~ 

l 
.004 

i 
.020 
Ji4o' 

I 

FLAT PACKAGES 

.010 

.040 

L 

.045 

.080 

~ 

F-l0-2 

( . ) 
~ MAX. 

F-14-2 

.003 

i 

t l-- .280 :::J 
MAX . 1.003 

.006 

F-16-2 

.015 ~:~~~ I 

.019 .300 --I-- .245 ---l l .370 I .285 I 

T · 1 -- r61====:J1 
.370 .410 

T.t=:=:=:::::Jl 

t~~X'1 :g:~ .010 1. .040 

I~'- I 

.003 

T 
Note: Notch is pin 1 index on cerpack. 

F-20-1 

L~:~~-J :~:: 

:11].1 t2°1·015 

I I I·ot 
.490 --.l 

I 'sr 
~ 10 ~11 
f 

.005 
MIN. 

8-45 

F-22-1 

JL lllrrlf========== 
T .1221 1 
.045 I 
.055 .380 .440 i T lMAX. 

T 11121 

~==========~III~IL========= 

I ~ II-:~~g-I -I 

i---- :~. ----l .045 
JW!. I .920 I .090 .003 

.040 I .9BO I I 
l < >~--- ~ 
f T 



F-24-1 

F-28-1 

F-42-1 

.006 
I .660 I .012 -MAX. 

j 
I I I ! 

PACKAGE OUTLINES (Cont.) 

FLAT PACKAGES (Cont.) 

F-24-2 

-:065 

~ 

T 

F-24-3 

f ===i' ~ ~~~. 

L '2131~ 
'04S~ii[~:l;;il ~ 
T 

rnn 

,070 .020 Tro 

! I 

8-46 

D'S 
liW 

MAX. I-:~g II :!---ll 
~ 1 :~g ----'1-1--1 I 

~ < > T 
I L.M!.~ 

.090 .ooe 

F-28-2 and F-28-3 

:~~~ 1--.2-55--l---~:!~~ -------ll 
,.3051 

-.L 
T 
.017 
.023 

.'~~ 

.8110 

14 ,,~ 
.~~~ !--- .540 ---l I- .030 

. ~ . ~ . I .560 I I .060 ~ 

.~! IF ~ --. .060 1 .620 1 .k 
1--.660 ~ .012 

.700 
MAX 

F-48-2 

.070 
.006 :mr~ -:0;0 

~ 
.055 

. j 

\ ! f 



PACKAGE OUTLINES (Cont.) 

HERMETIC DUAL IN-LINE PACKAGES (Cont.) 

0-52-3 

---j r s = .098MAX 

. I[~:::::::=:::::::::~:::::::ls,.~,"," . 
f I ~= r::::::::::===: 

t 
.120 
.160 

0-64-3 

, ' --j r-s = .098 MAX 

I[:::::::::::::::::::::::::::::: I~ s, •• "",, 

iL~~~~~~~9~' ~ ... ~~~~~~~~~~~~~~~~~~~~~Tt[:~~~ ~~::=::::;;::):~ ~ ~::~ 
t .090 .030 _11_ .015 ~ .880 ~ 
.120 :110 .060 --11--- .022 Q" .920 _ .008 

.160 5° .013 

8-47 



L-20-1 

L-44-1 

o 

PACKAGE OUTLINES (Cont.) 
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PACKAGE OUTLINES (Cont.) 

RECTANGULAR CHIP CARRIER FAMILY 
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DICE POLICY 

Advanced Micro Devices, interface and linear products are all available in dice form. 

ELECTRICAL CHARACTERISTICS 

Each die is electrically tested to the commercial or military grade DC parameters to 
guardbanded limits at 25°C to ensure performance over the temperature range. 

QUALITY ASSURANCE 

All dice are glass passivated with only the bonding pads exposed to provide scratch 
protection. All dice are provided without gold backing. 

SHIPPING PACKAGES/ORDER INFORMATION 

All dice are packaged in containers with individual compartments which prevent 
damage to the die during shipping. 

Minimum order for AMD dice is10 pcs. 

SPECIAL CHIP PROCESSING 

If there is a need for additional testing or processing, contact AMD for detailed 
information. 

See following pages on ordering information for detail ordering number. 
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World-Wide 
Sales 
Offices 

Advanced 
Micro 
Devices 

Advanced Micro Devices maintains a network of representatives and distributors in the U.S. and 
around the world. For a sales agent nearest you, call one of the AMD offices listed below. 

U.S. AND CANADIAN SALES OFFICES 

SOUTHWEST AREA 

Advanced Micro Devices 
360 N. Sepulveda, Suite 2075 
EI Segundo, California 90245 
Tel: (213) 640-3210 

Advanced Micro Devices 
10050 N. 25th Street 
Suite 235 
Phoenix, Arizona 85021 
Tel: (602) 242-4400 

Advanced Micro Devices 
4000 MacArthur Boulevard 
Suite 5000 
Newport Beactl, California 92660 
Tel: (714) 752-6262 ' 

Advanced Micro Devices 
5955 De Soto Avenue, Suite 241 
Woodland Hills, California 91367 
Tel: (213) 992-4155 

Advanced Micro Devices 
9455 Ridgehaven Court 
Suite 230 . 
San Diego, California 92123 
Tel: (619) 560-7030 

NORTHWEST AREA 

Advanced Micro Devices 
2700 Augustine Drive, Suite 109 
Santa Clara, California 95051 
Tel: (408) 727-1300 ' 

Advanced Mf6ro Devices 
1873 South Bellaire Street 
Suite 920 
Denver, Colorado 80222 
Tel: (303) 691-5100 

NORTHWEST AREA (Cont.) 

Advanced Micro Devices 
One Lincoln Center, Suite 230 
10300 Southwest Greenburg Road 
Portland. Oregon 97223 
Tel: (503) 245-0080 

Advanced Micro Devices 
Honeywell Ctr" Suite 1002 
600 108th Avenue N.E. 
Bellevue, Washington 98004 
Tel: (206) 455-3600 

MID-AMERICA AREA 

Advanced Micro Devices 
500 Park Boulevard, Suite 940 
Itasca, Illinois 60143 
Tel: (312) 773-4422 

Advanced Micro Devices 
9900 Bren Road East, Suite 601 
Minnetonka, Minnesota 55343 
Tel: (612) 938-0001 

Advanced Micro Devices 
3592 Corporate Drive, Suite 108 
Columbus, Ohio 43229 
Tel: (614) 891-6455 

Advanced Micro Devices 
8240 MoPac Expressway 
Two Park North, Suite 385 
Austin, Texas 78759 
Tel: (512) 346-7830 

Advanced Micro Devices 
6750 LBJ Freeway, Suite 1160 
Dallas, Texas 75240 
Tel: (214) 934-9099 

INTERNATIONAL SALES OFFICES 

BELGIUM 
Advanced Micro Devices 
Overseas Corporation 
Avenue de Tervueren, 412, bte 9 
B-1150 Bruxelles 
Tel: (02) 771 9993 
TELEX: 61028 

FRANCE 
Advanced Micro Devices, S.A. 
Silic 314, Immeuble Helsinki 
74, rue d'Arcueil 
F-94588 Rungis Cedex 
Tel: (01) 687.36.66 
TELEX: 202053 

GERMANY 
Advanced Micro Devices GmbH 
Rosenheimer Str. 139 
0-8000 Muenchen 80 
Tel: (089) 401976 
TELEX: 05-23883 

Advanced Micro Devices GmbH 
Harthaeuser Hauptstrasse 4 
0-7024 Filderstadt 3 
Tel: (07158) 30 60 
TELEX: 07-21211 

Advanced Micro Devices GmbH 
ZurWorth 6 
0-3108 Winsen/Aller 
Tel: (05143) 53 62 
TELEX: 925287 

MID-ATLANTIC AREA 

Advanced Micro Devices 
40 Crossways Park Way 
Woodbury, New York 11797 
Tel: (516) 364-8020 

Advanced Micro Devices 
290 Elwood Davis Road 
Suite 316 
Liverpool, New York 13088 
Tel: (315) 457-5400 

Advanced Micro Devices 
2 Kilmer Road 
Edison, New Jersey 08817 
Tel: (201) 985-6800 

Advanced Micro Devices 
107 Lakeside Drive 
Horsham, Pennsylvania 19044 
Tel: (215) 441-8210 . 
TWX: 510-665-7572 

Advanced Micro Devices 
205 South Avenue 
Poughkeepsie, New York 12601 
Tel: (914) 471-8180 
TWX: 510-248-4219 

NORTHEAST AREA 

Advanced Micro Devices 
6 New England Executive Park 
Burlington, Massachusetts 01803 
Tel: (617) 273-3970 

SOUTHEAST AREA 

Advanced Micro Devices 
Parkway Center 
One Parkway Drive Building 
7257 Parkway Drive, Suite 204 
Dorsey, Maryland 21076 
Tel: (301) 796-9310 

Advanced Micro Devices 
7850 Ulmerton Road, Suite lA 
Largo, Florida 33541 
Tel: (813) 535-9811 

Advanced Micro Devices 
4740 North State Road #7 
Suite 102 
Ft. Lauderdale, Florida 33319 

• Tel: (305) 484-8600 

Advanced Micro Devices 
6755 Peachtree Industrial Boulevard 
Suite 104 
Atlanta, Georgia 30360 
Tel: (404) 449-7920 

Advanced Micro Devices 
8 Woodlawn Green, Suite 220 
Woodlawn Road 
Charlotte, North Carolina 28210 
Tel: (704) 525-1875 

Advanced Micro Devices (Canada) Ltd. 
2 Sheppard Avenue East 
Sui,te 1610 
Willowdale, Ontario 
Canada M2N5Y7 
Tel: (416) 224-5193 

HONG KONG 
Advanced Micro Devices 
1303 World Commerce Centre 
Harbour City 
11 Canton Road 
Tsimshatsui, Kowloon 
Tel: (852) 3 695377 
TELEX: 50426 
FAX: (852) 1234276 

ITALY 
Advanced Micro Devices S.R.L. 
Centro Direzionale 
Palazzo Vasari, 3° Piano 
1-20090 MI2 - Segrate (MI) 
Tel: (02) 2154913-4-5 
TELEX: 315286 

JAPAN 
Advanced Micro Devices, K.K. 
Dai 3 Hoya Building 
8-17, Kamilakaido 1 chome 
Suginami-ku, Tokyo 168 
Tel: (03) 329-2751 
TELEX: 2324064 
FAX: (03) 3260262 

8-51 

SWEDEN 
Advanced Micro Devices AB 
Box 7013 
5-17207 Sundbyberg 
Tel: (08) 98 1235 
TELEX: 11602 

UNITED KINGDOM 
Advanced Micro Devices (U.K.) Ltd: 
A,M,D, House, 
Goldsworth Road, 
Woking, 
Surrey GU21 lJT 
Tel: Woking (04862) 22121 
TELEX: 859103 
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ADVANCED 
MICRO 

DEVICES, INC. 
901 Thompson Place 

P.O. Box 3453 

Sunnyvale. 

California 94088 

(408) 732-2400 

TWX: 910-339-9280 

TELEX: 34-6306 

TOLL FREE 

(800) 538-8450 
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