


































































































































DEVELOPING THE CONTROL AND DATA 
TRANSFER INTERFACE 
Designing the control interface to allow mixing 8- and 16-bit 
peripherals requires an analysis of the data and control flow. 
The data flow automatically defines the data path design (see 
Figures 5-3.1.1 & 5-3.1 .2). The bus master operation by the 
peripheral is relatively straightforward. During a write opera­
tion, the data is written out sequentially: the lower byte first and 
then the upper byte (or vice-versa). During a read operation, 
the data is fetched sequentially. The byte fetched first is 
latched, to hold the data until the peripheral can read it. In the 
second byte read cycle, the remaining byte is fetched, the 
16-bit word is assembled from the two bytes, and the 16-bit 
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word is loaded into the peripheral. Similarly, WAIT is asserted 
until the second byte read cycle can be terminated. 

The slave mode of operation works almost identically to the 
peripheral bus master mode. The master read cycle is similar 
to the slave write cycle, and the master write cycle is similar to 
the slave read cycle. In general, if the peripheral puts data on 
the narrower system bus, the peripheral can keep the data 
active in both sequential system bus cycles. On the other hand, 
if data is loaded into the peripheral, the interface logic has to 
latch the data of the first fetch cycle, whereas the data of the 
second cycle can be loaded directly into the peripheral (no 
latching required). 
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Figure 5-3.1.2 Bus Master Read or Slave Write Operation 

5-3 



When defining the interface, the designer must make a con­
scious choice of which byte (upper or lower) to latch during 
peripheral read operations (or conversely, slave peripheral 
write operations), Once this decision has been made, the CPU 
must always access the latched data byte first (during a slave 
write) and then access the non-latched byte to complete the 
transfer, This restriction is a minor one with no extra software 
overhead; yet it could affect the ease of the programmer's 
coding if not handled properly. For example, if the programmer 
uses a compiler to generate the software for the system, extra 
care may be necessary to ensure that the compiler generates 
the correct addressing sequence. An alternative to this solution 
would be to latch both the upper and lower data bytes. In that 
case, the cost of the interface would be increased, as would 
the complexity, with no gain in performance. 

The state diagram (Figure 5-3.1.3) illustrates the control se­
quence implemented in the 8/16-bit bus control logic. It also 
depicts how uninterrupted word transfers will occur and how 
the addresses for upper and lower bytes are generated. In 
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addition, the specific bus timing of the peripheral and the data 
bus must be examined to quantify the state control flow and 
provide information on data latching, read/write control 
strobes, and addressing to and from the peripheral. The state 
control flow is broken down into three parts bus master read, 
slave read, and slave write operations. 

The three control signals that must be generated by the 8/16-
bit control unit are: Address bit a (Ao), peripheral hold (WA IT), 
and bus read (RD). The Ao line is generated by the control 
logic to indicate which byte is to be transferred in bus master 
modes only. Otherwise, the Ao generated by the system is 
used to indicate which byte is being accessed. The WAIT line 
holds up the peripheral during transfers. The RD line is re­
quired to indicate successive transfer cycles on the bus. The 
peripheral's control signals strobe active only once, because 
the two-cycle transfer must be kept hidden from the peripheral. 

The slave transfer flow is almost identical, except that the CPU 
is generating the bus signals and the transfer directions are 
reversed, that is, a bus write goes into the peripheral. 

COMMENTS 

WAIT TILL PERIPHERAL TAKES BUS; 
MAKE SURE MEMORV ACKNOWLEDGE IS 
NOT ASSERTED. 

READ IN UPPER BVTE; Ao=1; 
WAIT FOR MEMORV ACKNOWLEDGE; 
ISSUE RD STROBE. 

WAIT FOR MEMORV ACKNOWLEDGE 
TO GO AWAV. 

READ IN THE LOWER BVTE; Ao=O; 
WAIT FOR MEMORV ACKNOWLEDGE; 
ISSUE RD STROBE. 

STROBE IN DATA TO PERIPHERAL; 
DEASSERT WAIT; 
WAIT FOR SUCCESSFUL READ. 
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Figure 5-3.1.3 Bus Master Read State Flow-Control 
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The conceptual logic for the 16- to 8-bit data flow example is 
shown in Figure 5-3.1.4. The data on the upper byte is latched 
when data is being read (as a bus master) and read or written 
(as a bus slave). Although this interface must latch data com­
ing from the 8-bit data bus into the peripheral, it also needs to 
act as transceiver when the peripheral is sending data out to 
the system. The ideal part to accomplish such an interface 
would be one that has a three-stated output, with an 8-bit wide 
latch, in one direction and a three-stated driver in the other 
direction. The Am2952 8-bit bidirectional 1/0 port combines the 
upper data bus latch and upper data driver chips into one IC. It 
provides two 8-bit clocked 1/0 ports, each with three-state out­
put controls and individual clocks and clock enables. An 
Am2949 bidirectional bus transceiver completes the logic re­
quired to buffer the data path. 

The state flow control requires logic capable of sequentially 
moving from state to state, holding in a particular state, and 
being reset or initialized back to a predefined state. This design 
integrates the state machine generator and the control signal 
logic into the same Programmable Array Logic (PAL) device. 

A considerable amount of logic is required to generate the 
data-path flow logic and the bus control signals. This is espe­
cially true if the peripherals and CPUs have different signal 
conventions (for example, AS, DS, and Rm versus ALE, RD, 
and WR). Conversion between different signal conventions, 
signal polarity changes, and extra functions (such as generat­
ing Ao) requires quite a bit of logic and design effort. If the 
peripheral has bus master capability, additional information, 
such as bus arbitration controls, must be fed into the next state 
determination logic to decide what control sequence to follow. 
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MACHINE , ...... ;.-------- CS 

os .. .. BUS • ... Ao 
CONTROL 

Riw .. .. TRANSLATION .. ... RD 
LOGIC 

& • WR 
WAIT FUNNEL LOGIC 

CONTROL .. MEM ACK 

CONTROL 
LINES 

8 

PERIPHERAL DATA 
CPU 

FUNNEL 
SIDE 

LOGIC 
SIDE 

021BBA-4B 

Figure 5-3.1.4 Conceptual 16/S-Bit Conversion Logie 
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Figure 5-3.1.5 shows a typical 8/1S-bit control interface which 
combines all the individual components discussed above. The 
state machine and the bus and latch controls have to be tightly 
coupled in order to transfer data between the 8-bit and lS-bit 
buses. The generalized machine is designed under the as­
sumption that the peripheral has bus master capability. If this is 
not the case, the design can be greatly simplified. 

Since the CRTC does not modify system memory, no provision 
for a bus master write operation is required. This is important 
because it eliminates the need to generate a system write 
control signal (WR). In addition, the control and display infor­
mation will always be aligned on word boundaries. This 
relieves the 8/1S-bit control logic from worrying about funneling 
the bytes and performing odd/even byte transfers. It also saves 
control inputs from the Am8052 because all transfers are 
words; there is no need for upper and lower data strobes or 
byte high enable inputs/outputs. 

The slave accesses by the CPU are either pointer writes (to 
select the desired control/status register) or lS-bit data 
read/write operations. The pointer write operation is really an 
8-bit operation because only the lower 8 bits of the data form 
the register address. The three different transfer timings are 
shown in Figures 5-3.1.S, 5-3.1.7, and 5-3.1.8. 

Two special conditions have been incorporated into the state 
flow diagrams whenever a transfer is first initiated. Before a 
new transfer cycle is attempted (that is, while the state ma­
chine is waiting in SO), the memory acknowledge must be 
inactive. This prevents any interference from the last transfer. 
The second special condition occurs when the Am8052 
asserts the RiW line to indicate a write operation. Whenever 
the Am8052 updates the upper 8 bits of the 24-bit address 
latch, the RiW line indicates a write operation (in conjunction 
with AS). The Am8052 is not actually performing a system data 
write, only an address latch update. Hence, the state flow 
reflects this fact by not starting a sequence if the RiW line is 
active Low from the Am8052. 
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Figure 5-3.1.5 Data Funnel Logic 
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Figure 5-3.1.6 Bus Master Read Timing Diagram 
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Figure 5-3.1.7 Slave Read Timing Diagram 
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Figure 5-3.1,8 Slave Write Timing Diagram 

These simplifications make it possible to combine the Am8052 
to an 8-bit CPU control interface in a single AmPAL22V10 
device (Figure 5-3.1.9) which also converts the bus control 
signals from AS, DS, and RiW to RD and WR. Figure 5-3.1.9 
shows the assembled control and data transfer logic for this 
interface. The minimum AmB052 and bus control signals that 
have to be generated are RD, Ao, DS, RiW. Although DS and 
RiW are used as inputs during a bus master operation by the 
Am8052, the AmPAL22V1 0 must convert the CPU R D and W R 
signals to DS and RiW for slave I/O operations. The signals Ao 
and R D are generated by the control logic when the Am8052 is 
performing a read access to the system. The WAIT (or not 
READY) signal to the Am8052 also needs to be generated by 
the control logic. Additionally, the four control signals of the 
bidirectional port and transceiver are generated. 
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TRADE-OFFS AND LIMITATIONS 
In a design dramatically affecting the I/O of the system, a 
number of trade-offs and limitations should be noted. The most 
obvious limitation in using l6-bit peripherals on an 8-bit bus is 
that the l6-bit peripheral will be under-utilized. The speed of all 
I/O operations will be cut by 50%. Consequently, the bus 
utilization percentage will go up if the l6-bit peripheral 
represents a significant factor of the bus usage. A CRT control­
ler like the Am8052 might use 5% to 10% of the bus bandwidth 
for display information when using l6-bit I/O. Converting to 
8-bit I/O would double bus usage to 10% or 20%. 
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Figure 5-3.1.9 Am8052 8-Bit Interface 

Another factor that might affect the bus usage is the efficiency 
of the 8- to 16-bit conversion control logic. If the state machine 
designed to perform the 8/16-bit conversion (or 16/32-bit) is 
improperly designed, then extra transfer overhead may be in­
troduced. This could mean that a sequential transfer of two 8-
bit values takes longer than two single 16-bit transfers. The 
system designer must weight the cost of the extra overhead on 
a case-by-case basis. Most interfaces outside a system's im­
mediate family require some kind of extra interface logic 
anyway. Therefore, by optimizing the control signals and incor­
porating them into programmable logic devices such as the 
AmPAL22V10, the IC count can be dramatically reduced. 

5.3.2 8088 AND AmZ8068 DATA 
CIPHERING PROCESSOR INTERFACE 
Figure 5-3.2a shows the CPU-DMA interface. The CPU is op­
erating in Maximum Mode. The bus arbitration handshake of 
the DMA controller (HREQ and HACK) must be translated into 
the Bus Request/Grant handshake of the 8088 CPU. 

If the CPU is programmed to operate in Minimum Mode, both 
devices have the same bus arbitration handshake. The HREQ 
and HACK of the DMA controller can be connected directly to 
the corresponding pins of the CPU (HREQ to HACK). 
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The central part of this interface is a PAL device, which has 
been programmed for the 8088 CPU timing. The PAL equation 
for this interface is shown at the end of this section. The Chip 
Select 2 (C S2) input of the PAL device must be stable during 
the entire I/O transfer. This is guaranteed by decoding CS2 
from the latched address/data bus of the 8088 (Ao-A15 in Fig­
ure 5-3.2a). 
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NOTE 1: See Section 4-3 Figure 4-3.6 a and d 

Master Port Read/Write is latched in the D Flip-Flop. It is 
clocked in an output operation with CS3 active. One of the data 
lines is latched in to define the status on the MR!W input. This 
is necessary because the DCP requires a set-up time of 100 ns 
of MR/W to the Data Strobe. Generation of MR/W for each 
cycle of a high-speed data transfer session of the DMA control­
ler would extend each cycle and slow down the maximum 
throughput. This logic cannot be integrated into the PAL device 
because of the flip-flop's asynchronous clock. 
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Figure 5-3.2a 8088-Am9517-AmZ8068 Interface 
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Before executing an access to the DCP, the CPU must latch 
the MRiW. The transfer itself is evaluated in a two-cycle opera­
tion. 

Master Port Address Strobe (MAS) is only generated if the 
CPU executes an output instruction to a specific 1/0 address 
(CS2 active, Ao=Low) (Figure 53.2b) Address Latch Enable 
of the CPU (ALE) cannot be used for the generation of MAS 

because the CPU must set up the DCP for data transfer before 
a DMA transfer session is started. The DCP is set up by putting 
out a OOH (data register address) to the 1/0 address mentioned 
above. 

Figures 5-3.2c and 5-3.2d show data read and write cycles. 
Figure 5-3.2e shows DMA data read and writes cycles. 

ADDRESS ____ ~X~ __ V_Al_ID __ ~X~ ____________________________ __ 

: -~----+---C?~'+-_-_-_-_ -_ -_ -_ -_ -_ ~_1_---,9== 
DMAClK, 
DCP ClK 

R/W 

Ao (lATCHED) 

READY 
(ASYNCHRONOUS TO CPU) 

------------~-r------------~~----------~~-----

\ ...... - ...... / 
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Figure 5-3.2b Address Latch Cycle Timing (CPU-DCP) 
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Figure 5-3.2c Data Write Cycle Timing (CPU-DCP) 
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Figure 5-3.2d Data Read Cycle Timing 
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PAL16R4 
DCP049 
8088- AM9517 (DMA)- AMZ8068 (DCP) 
ADVANCED MICRO DEVICES 

PAL DESIGN SPECIFICATION 
JUERGEN STELBRINK 8-12-83 

INTERFACE DEVICE 

CLK1 CLK2 jCS JIOR JIOW AO 
JOE jMDS READY jQ1 jQ2 jQ3 

MAS := IOW*jIOR*CS*jAO*jQ3*jMAS 

Q1 ,- CS*IOR*jIOW*RW*jQ2 + 
CS*IOW*jIOR*jRW*jQ3 + 
DACK*IOR*jIOW*RW*jQ2 + 
DACK*IOW*jIOR*jRW*jQ3 

Q2 := CS*IOR*jIOW*RW*Q1 + 
CS*IOR*jIOW*RW*Q2 + 
DACK*IOR*jIOW*RW*Q1 + 
DACK*IOR*jIOW*RW*Q2 

Q3 := CS*IOW*jIOR*jRW*Q1 + 
CS*IOW*jIOR*jRW*Q2 + 
DACK*IOW*jIOR*jRW*Q1 + 
DACK*IOW*jIOR*jRW*Q2 

MDS CS*AO*IOR*jIOW*RW + 
DACK*IOR*jIOW*RW + 
Q2*AO + 
CS*AO*IOW*jIOR*jRW*jQ3+ 
DACK*IOW*jIOR*jRW*jQ3 

jREADY CS*jAO*IOW*jIOR*jRW*jQ3+ 
CS*AO*IOW*jIOR*jRW*jQ3 + 
CS*AO*IOR*jIOW*RW*jQ2 

jCLK CLI<'2 

FUNCTION TABLE 

CLK1 CLK2 jCS JIOR JIOW jD~CK AO RW 

j 
C C j j D j j 
L L j I I A C M M 
K K C 0 0 C A R L A D 
1 2 S R W K 0 W K S S 

RW 
jMAS 

jDACK NC GND 
NC CLK VCC 

; ~~STER PORT ADDRESS STROBE 

MASTER PORT READ 

MASTER PORT WRITE 

ADDRESS LATCH CYCLE 
DATA WRITE CYCLE 

DCP CLOCK 

CLK jMAS jMDS READY jQl jQ2 

R 
E 
A j j j 
D Q Q Q 
Y 1 2 3 COMMENT 

-------------------------------------------------------------
CLOCK GENERATION 
X L X X X X X X H X X X X X X 
X H X X X X X X L X X X X X X 

ADDRESS LATCH 
C X H H H H L L X H H H H H H CPU 
X X L H L H L L X H H L H H H 
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C X L H L H L L X L H L L H H 
C X L H L H L L X H H H L H L 
C X H H H H L L X H H H H H H 
READ DATA 
X X H H H H H H X H H H H H H CPU 
X X L L H H H H X H L L H H H 
C X L L H H H H X H L L L H H 
C X L L H H H H X H L H L L H 
C X L L H H H H X H L H H L H 
C X H H H H H H X H H H H H H 
X X H L H L X H X H L H H H H CYCLE S3 (DMA) 
C X H L H L X H X H L H L H H 
C X H L H L X H X H L H L L H CYCLE S4 
C X H H H H X H X H H H H H H CYCLE S2 
WRITE DATA 
X X L H L H H L X H L L H H H CPU 
C X L H L H H L X H L L L H H 
C X L H L H H L X H H H L H L 
C X H H H H H L X H H H H H H 
X X H H L L H L X H L H H H H CYCLE S3 (DMA) 
C X H H L L H L X H L H L H H 
C X H H L L H L X H H H L H L CYCLE S4 
C X H H H H H L X H H H H H H CYCLE S2 
INVALID CYCLES 
X X L L L H H H X H H H H H H 
X X L L H H H L X H H H H H H 
X X L H L H H H X H H H H H H 

----------------------------------------------------------------

DESCRIPTION: 

THIS PAL GENERATES ALL NECESSARY BUS CONTROL SIGNALS, TO 
INTERFACE A 8088 CPU AND A AM9517 DMA CONTROLLER TO THE AMZ8068 
DATA CIPHERING PROCESSOR. THE MAXIMUM SYSTEM CLOCK FOR THE DMA 
CONTROLLER AND THE DCP IS 4 MHZ, THE SYSTEM CLOCK OF THE CPU CAN 
BE UP TO 8 MHZ. THE DEVICES ARE WORKING ASYNCHRONOUSLY. 

INPUT SIGNALS: 

CLKl, DMA CLOCK 
CLK2 

/CS CHIP SELECT FOR THE DCP, GENERATED BY A DECODER LOGIC 

/IOR INPUT/ OUTPUT READ 

/IOW INPUT/ OUTPUT WRITE 

AD LEAST SIGNIFICANT BIT OF THE Z80 ADDRESS BUS TO SELECT 
THE TYPE OF OPERATION: 
AO LOW SELECT DCP REGISTER FOR NEX'i' DATA CYCLES 

(ADDRESS LATCH) 
AD = HIGH READ OR WRITE INTERNAL REGISTER 
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/DACK 

(DATA TRANSFER TO CONTROL, MODE, INPUT OR 
OUTPUT REGISTER) 

DMA ACKNOWLEDGE FROM DMA CONTROLLER, TREATED AS /CS=LOW 
AND AO=HIGH 

RW READ/ WRITE SIGNAL STORED IN A EXTERNAL LATCH, TO ALLOW 
A DMA OPERATION WITHOUT WAIT STATES. THIS SOLVES THE 
PROBLEM OF THE SETUP TIME OF MR/W OF THE MASTER PORT TO 
MDS GOING ACTIVE. THE STATUS OF THIS SIGNAL MUST AGREE 
WITH /IOR OR /IOW OR THE PAL GENERATES NO STROBES. 

OUTPUT SIGNALS: 

CLK INVERTED DMA CLOCK FOR THE DCP 

/MAS MASTER PORT ADDRESS LATCH ENABLE, ACTIVE DURING ADDRESS 
LATCH CYCLES TO LATCH THE REGISTER ADDRESS ON MPl AND MP2 
(2 LINES OF THE MASTER PORT BUS) AND THE STATE OF /MCS 
IN. THE DCP STORES INTERNALLY THE ADDRESS AND CHIP SELECT 
TO THE NEXT ADDRESS LATCH CYCLE 

/MDS MASTER PORT DATA STROBE, TO TIME DCP DATA TRANSFERS 

/Ql, INTERNAL USED STATE SIGNALS (DO NOT CONNECT). Ql IS ACTIVE 2 
/Q2, CLOCK CYCLES IN ALL CYCLES. IT IS USED TO GENERATE THE DELAYED 
/Q3 Q2 AND Q3. Q2 IS ACTIVE IN A DATA READ CYCLE. IT ALLOWS /MDS 

TO BE ACTIVE UNTIL /IOR HAS GONE INACTIVE. Q3 IS ACTIVE IN AN 
ADDRESS LATCH OR DATA WRITE CYCLE. Q3 DISABLES READY AND /MDS 
IN THE SECOND HALF OF THE CYCLE. 

~8 



5.3.3 8088 AND Am9513A SYSTEM 
TIMING CONTROLLER 
This interface is very similar to the 8086 to Am9513A interface 
except that the Data bus is 8-bit wide instead of 16-bit wide. 
Figure 5-3.3a shows the block diagram for this interface. The 
dip-switch at the B-port of the Am29809 allows the designer to 
decode any I/O address for the application. If a fixed address 
decode is required, the B port lines can be selectively 
grounded or left open, (as the part has internal pull-up). Note 
that Word Writes should not be used for this interface as they 
will violate Am9513A recovery time specification. 

5.3.4 8088 TO Am9516 UDC 
INTERFACE 
Figure 5-3.4a shows the Data bus and Control Interface be­
tween an 8088 microprocessor and an Am9516. This interface 
is accomplished by using an AmPAL22V10, a 74LS161 
counter, an Am2952 bidirectional I/O port, and an Am2949 
bidirectional transceiver. Figures 5-3.4c and 5-3.4d show the 
PAL device timing for both the Bus Master and the Bus Slave 
cases. 

In this design, certain simplifying constraints have been made. 
Word operations are only allowed during command chaining 
operations when the Am9516 is Bus Master. During Slave 
Write operations, the first byte output to the Am9516 must have 
an odd address, and the following second' byte an even ad­
dress. Conversely, during a Slave Read cycle, the first byte 
read from the Am9515 must be at an even address and the 
second at the next higher odd address. Furthermore, for both 
slave and master operations, the system must use the latched 
Ao (LAo) from the AmPAL22V10 as its sole Ao. That is, this 
LAo must circumvent any address latching to memory and so 
is to be used directly. 

As can be seen from the figures, the AmPAL22V10 manip­
ulates the control signals to the transceivers and latches so 
that bytes can be funneled into words during Am9516 Com­
mand Chaining operations and Slave Writes, and words can be 
funneled into bytes during Am9516 Slave Reads. Also, LAO is 
alternately toggled in order to provide the dual address (16-
bits) during chaining operations. 

Figure 5-3.4e shows the PLPL equations and resulting sum-of­
products equations for the design (PLPL is a higher level "C­
like" language for PAL devices). For those not familiar with "c" 
or Pascal, the intermediate sum-of-products form shows the 
equations in Boolean form. 

AO-A15 ADDR 

+5V 
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MN/MX 

8088 
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AM2956 
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DEVICE _8088_9516 (pa122VIO) 

"This is a PLPL file to implement an interface between the 8-bit 
8088 and the 16-bit Am9516. This design assumes that the Am9516 
is programmed for byte operations and so only accesses 16-bit 
words during chaining. -James Williamson" 

PIN 

CK 1 IRD 23 
S[0:2J 2:4 IWR 22 
AO 5 LAO 21 
ISEL 6 IDS 20 
ALE 7 IRW 19 
HLDA 8 IWAIT 18 
IBW 9 IA 17 
READY 10 IB 16 
RESET 11 Ic 15 

BEGIN 
ID 14; 

IF (RESET) THEN ARESET(); 
II ============================================================== II 
"This section defines the wiggles when the Am9516 is Bus Master" 
II ============================================================== II 

IF (HLDA) THEN ENABLE(); 
IF (/s[2J * HLDA) THEN BEGIN 

IF (/S[lJ * Is[OJ) THEN 
LAO ICK * BW + IBW * AO * ALE + 

IBW * LAO * IALE 
ELSE 

LAO BW + IBW * AO * ALE + 
IBW * LAO * IALE 

END; 
IF (HLDA) THEN 

CASE (S[2:0J) 
BEGIN 
1) BEGIN 

RD 

END; 

A 
WR 
C 
WAIT 

2) BEGIN 
RD 

END; 

B 
A 
WR 
C 
WAIT 

IRW * DS 
IBW * IRW * ICK 
IBW * RW * DS 
IBW * RW 
1 

IRW * DS 
BW 
IBW * IRW 
IBW * RW * DS 
IBW * RW 
BW 

Figure 4-3.4e 
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3) BEGIN 
RD /RW * DS * B 
B BW * CK 
A /BW * RD 
WR /BW * RW * DS 
C /BW * RW 
WAIT BW 

END: 

5) BEGIN 
RD /RW * DS 
A /BW * /CK 
WAIT BW 

END: 

6) BEGIN 
RD /RW * DS 
A BW 

END: 

7) BEGIN 
RD /RW * DS 
A /RD 

END: 

END: 

n=================!::=============================================11 
"This section defines the wiggles when the 8088 is Bus Master" 
11========::::========================================================11 

BEGIN 

LAO AO * ALE * SEL + 
LAO * /ALE * SEL 

B LAO * WR * SEL 
A /LAO * WR * SEL 
DS A + 

/LAO * RD * SEL 
C /LAO * RD * SEL 
D LAO * RD * SEL 

END: 

END. 
Figure 4-3.4e (continued) 

5.3.5 8088 TO Am9517A INTERFACE 
This interface assumes the Am9517A to be closely coupled to 
the 8088 (i.e. on the same board). Additional buffers may be 
necessary for larger systems. The upper address latch is really 
a page register, which the CPU loads. This provides the upper 
address when the Am9517A is bus master. This page register 
is necessary since the Am9517A only supplies 16 bits of ad­
dress compared to the 8088's 20 bits. 

Diagrams in Figures 5-3.5a and 5-3.5b show the 8088 to 
Am9517A interface in both Max. and Min. modes. When oper­
ating the 8088 in Max. mode, the 8288 can be used to produce 
MRDC, MWTC, IORC, and IOWC without the addi­
tional logiC required in the Min. mode. A problem with Max. 

mode operation is the need to convert HREQ and HACK into 
the RQ/GT protocol. Figure 5-3.5c shows the PAL equation for 
the PAL16R4 used in the Max. mode. 

Note that even if both the 8088 and Am9517 A are 5 MHz parts, 
a common clock cannot be used since the 8088 clocks duty 
cycle does not meet Am9517A requirements. Sometimes add­
ing another oscillator can be saved, as in the case of an 8 MHz 
CPU. By dividing the clock by 2, the DMA can be operated at 
4 MHz. 

5.3.6 8088 AND Am9519A INTERRUPT 
CONTROLLER INTERFACE 
See Chapter 4 
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Type Am9517 PAL 
PAl16R4 

8088 to Am9517A Interface 

ClK IRQGT HOLD NC NC NC INC INC INC GND 
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Figure 5-3.5c 
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6.0 INTERFACING TO THE 68000 

6.1 68000 OVERVIEW 
The 68000 has an asynchronous, 16-bit, bidirectional, data 
bus. Data types supported by the 68000 are: bit data, integer 
data of 8, 16, or 32 bit, 32 bit addresses and binary coded 
decimal data. It can transfer and accept data in either words or 
byles. The DTACK input indicates the completion of a data 
transfer. When the processor recognizes DT ACK during a read 
cycle, the data is latched and the bus cycle terminates. When 
DT ACK is recognized during a write cycle, the bus cycle also 
terminates. An active transition of DT ACK indicates the ter­
mination of a data transfer on the bus. All control and data lines 
are sampled during the 68000's clock high time. The clock is 
internally buffered, which results in some slight differences in 
the sampling and recognition of various signals. The 68000 
mask sets prior to CCI and allows DTACK to be recognized as 
early as S2, and all devices allow BERR or DTACK to be 
recognized in S4,S6, etc., which terminates the cycle. If the 
required setup time is met during S4, DT ACK will be 
recognized during S5 and S6, and data will be captured during 
S6. DTACK signal is internally synchronized to allow for valid 
operation in an asynchronous system. If an asysnchronous 
control signal does not meet the required setup time, it is possi­
ble that it may not be recognized during that cycle. Because of 
this, synchronous systems must not allow DTACK to precede 
data by more than 40 to 240 nanoseconds, depending on the 
speed of the particular processor. 1/0 is memory-mapped, i.e., 
there are no special 1/0 control signals, any peripheral is 
treated as a memory location. 

DMA: This Bus is requested by activating the BR input of the 
68000. Bus Arbitration is started by the BG output going active. 
The Bus is available when AS becomes inactive. The request­
ing device must acknowledge bus mastership by activating the 
BGACK input to the CPU. 

The 23-bit address (At ... A23) is on a unidirectional, three-state 
bus, and can address 8 M words (16 M byles) of memory or 
1/0. It provides the address for bus operation during all cycles, 
except the interrupt cycles. During interrupt cycles, address 
lines AI, A2 and A3 provide information about the level of 
interrupt being serviced. Instead of Ao and BYTEIWORD, 
there are two separate data strobe lines for the two byles in a 
word. A note of caution here, the 68000 treats the MSB of the 
lower byle as an even byle, or word address. The same goes 
with processors such as the Z8000. Processors such as the 
8086 treats the lower byte as the odd byle. 

Interrupt is requested by activating any combination of the in­
terrupt inputs to the 68000 (IPLO ... 2), indicating the encoded 
priority level of the interrupt requester (inputs at or below the 
current processor priority are ignored). The 68000 automati­
cally saves the status register, switches to supervisor mode, 
fetches a vector number from the interrupting device, and dis­
plays the interrupt level on the address bus. For interfacing 
with old 68000 peripherals, the 68000 issues an Enable signal 
at one-tenth of the processor clock frequency. There are a 
number of AMD proprietary third generation peripherals that 
can be interfaced to the 68000 CPU, to improve system perfor­
mance. This chapter deals mainly with the interfacing of the 
68000 and some of the AMD proprietary peripherals. 
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6.2.0 THE 68000 AND AmZ85XX 
PERIPHERALS 
The Am8500 series of peripherals, as well as others, require 
C S to be valid before R D goes LOW. The timing of the 68000 
does not guarantee this; therefore, it is necessary to delay the 
falling edge of LDS to meet this requirement. We are using the 
AmZ8530 here to illustrate the interface between the 68000 
and an AmZ85XX device. The AmZ8530 Serial Communica­
tion Controller is an 1/0 device that offers user-programmable 
features for high end applications. It supports all advanced 
protocols: HDLC, SDLC, and IBM Bisync. It has a transmit rate 
of up to 1.5 Mbps. It has a programmable baud-rate generator 
which reduces chip count and cuts down on board real estate. 
Other features include built-in digital phase-lock-loop, auto 
echo, and local loopback. 

The Am29809 Comparator and the Am29806 Com­
parator/Decoder provides high-speed address selection as 
well as an open collector acknowledge driver. This allows 
memories and peripherals to be conveniently wire ORed to the 
processor's DT ACK pin. This interface does not provide a 
hardware reset therefore, it is necessary to do a dummy read 
to the control port before issuing a software reset. This insures 
the internal state machine is in the proper state to sequence 
through the Address Cycle and then the Data Cycle. 

6.2.1 THE 68000 AND AmZ8530 
WITHOUT INTERRUPTS 
Implementation of an interface without interrupt is straightfor­
ward. INTACK must be tied High when not in use and the shift 
register provides a means for inserting Wait States. 

Figure 6-2.1 shows the interface between the 68000 and the 
AmZ8530. The AmZ8530 SCC is the fastest available serial 
I/O in the market today. It supports all advanced protocols and 
has a number of user programmable features that provide 
design flexibility. 

The data bus between the 68000 and AmZ8530 are directly 
linked together. The Am29806 decodes the address and gen­
erates CS for the peripheral and produces AN Y E, which is 
used by the 74LS164, to generate Wait States. The 74LS164 
controls the number of wait states by the '''(5"'' input which in 
turn controls the DTACK signal to the CPU. This allows RD 
and WR to obtain the required 400 ns width. At generates the 
cill input to the AmZ8530 while the remaining address lines 
are connected to the Am29809 address comparator. 

The Am29809 Comparator and the Am29806 Com­
parator/Decoder provides high-speed address selection as 
well as an open collector acknowledge driver. This allows 
memories and peripherals to be conveniently wire-ORed to the 
processor's DT ACK pin. This interface does not provide a 
hardware reset; therefore, it is necessary to do a dummy read 
to the control port before issuing a software reset. 
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Figure 6-2.1 

6.2.2 THE 68000 AND AmZ8530 WITH 
INTERRUPTS 
This example addresses the problems of interfacing the 68000 
and AmZ8530 with interrupts. The circuit configuration is basi­
cally the same as the design without interrupts. 

The 74LS148 and the two 74LS138s assume there are other 
interrupting devices which are not compatible with the interrupt 
daisy-chain of the 85XX Family. The 74LS148 and one of the 
74LS138 can be eliminated if this is not the case. 

The first 74LS138 acts as a status decoder; it is gated with AS 
to de-glitch the outputs. The second 74LS138 decodes the 
Interrupt Acknowledge priority level, allowing a two­
dimensional priority scheme. Daisy-chain can be used to 
resolve priority at any given priority level while the CPU 
resolves priority between levels. 

6-2 

The 74LS164 is added to generate the correct timing during an 
Interrupt Acknowledge cycle. It allows 5 CPU clocks for the 
daisy-chain to settle before it generates R D to put the vector 
onto the bus. The daisy-chain is implemented by using the lEI, 
lEO pins (not shown in the diagram) on the 8500 peripherals. 
The time allowed for the daisy-chain to settle is a function of 
the number of devices in the chain; thus, the allowance of 5 
clocks used here is arbitrary. The 74LS164 also generates 
DT ACK. A block diagram of this interface is shown in Figure 
6-2.2a. Timing diagram is followed in Figure 6-2.2b. It is more 
straightforward to use the Am9519A Interrupt Controller in­
stead of the on-Chip interrupt features. However, this approach 
does not allow the programmer to take advantage of some of 
the 85XX family's time-saving features. 
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6.2_3 THE 68000 AND AmZ8530 WITH 
INTERRUPTS VIA A PAL DEVICE 
This example shows how a Programmable Array Logic (PAL) 
device simplifies the task of interrupt generation compared to 
the MSI implementation. The block diagram for the interface 
via a PAL device is shown in Figure 6-2.3a. The timing diagram 
(Figure 6-2.3b) illustrates the Interrupt Acknowledge cycle. As 
in the other designs, R D is generated during Interrupt Acknowl­
edge to place the vector on the bus. 
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The timing during register programming is not shown. The PAL 
device allows selection of one or two Wait States by making 
Wo High or Low respectively. The table below shows the ap­
propriate number of Wait States as a function of CPU speed. 

Part CPU Speed Wait States 

85XX 4 MHz 1 
85XX 6 MHz 2 
85XXA 8 MHz 2 
85XXA 10 MHz 2 

PAL device equations are shown in Figure 6-2.3c. 
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PAL16R4 PAL DESIGN SPEC 
PAT 002 JOE BRCICH 9 SEPT 83 
68000 TO 8500 OR 9500 PERIPHERALS 
ADVANCED MICRO DEVICES 

CLOCK ICS RW I LOS IWO lAS FCO FCl FC2 GND 
10E IINTA lACK IC IB IA 'IDLOS lRO IWR VCC 

A :- A*/B + B *C + lAS 

B :- A*/C + IA*C + 
lAS 

C :- IA*/B*AS + B*C*AS 

DLOS :- LOS 

RD - LOS*DLOS*RW*/INTA + A*C*INTA*AS + A*/B*INTA*AS 

WR - LOS * IRW 

INTA - FCO*FC1*FC2*AS 

ACK - /INTA*/A*/B*/C*/WO + /INTA*/A*/B*C*WO + 
INTA*/B*A + ACK * LOS 

DESCRIPTION 
THIS PAL DEVICE INTERFACES 85XX TYPE PERIPHERALS TO THE 

68000 MICRO PROCESSOR. IT INSERTS 1 OR 2 WAIT STATES AS 
SELECTED BY IWO-O IS ONE AND IWO-l IS TWO WAIT STATES. FOUR 
WAIT STATES ARE INSERTED DURING INTERRUPT ACKNOWLEDGE CYCLES. 
ALSO THE RD OUTPUT GENERATED DURING INTA IS A FUNCTION OF THE 
INTERNAL STATE MACHINE AND NOT A FUNCTION OF LOS. OE CAN BE 
LEFT OPEN SINCE THE FLIP FLOP OUTPUTS ARE NOT USED DIRECTLY. 
THE FALLING EDGE OF RO IS DELAYED IN ORDER TO GUARENTEE 
THE CS TO RD SETUP TIME REQUIREMENTS. 

Figure 6-2.3c 

6.3.0 68000 AND AMD PROPRIETARY 
PERIPHERALS INTERFACE 
AMD manufactures a large number of microprocessor periph­
erals, and they can be interfaced with a number of CPU types, 
the user is advised to verify that the interface specification is 
met. Two of the important parameters are set-up and hold 
times to insure that peripherals will work with both fast and 
slow CPU's. In some cases the insertion of a Wait State is all 
that is required. In the following sections, the interface between 
a number of the AMD proprietary peripheral products with the 
68000 are discussed. 
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The Am29809 Comparator and the Am29806 Com­
parator/Decoder provide high-speed address selection as well 
as an open collector acknowledge driver. This allows 
memories and peripherals to be conveniently wire ORed to the 
processor's DTACK pin. 

6.3.1 68000 AND Am7990 LANCE 
INTERFACE 
The design of the LANCE has made it easier for the user to 
interface the device with demultiplexed buses. The example 
shown here is an interface to be compatible with an 8 MHz or 
faster 68000 (Figure 6-3.1 a). The two flip-flops are needed to 
adapt the LANCE bus request handshake to the 68000. 
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Autovectoring is used since the Am7990 does not return a 
vector during interrupt acknowledge cycles. The BYTE and 
DAS signals of LANCE are used to generate the UDS and LDS 
when LANCE is in Bus Master mode; the UDS and LDS is used 
to generate the DAS when LANCE is in Bus Slave mode. It 
takes two latches to demultiplex the LANCE address/data lines 
to adapt to the 68000 address bus. The flip-flops can be 
replaced by an Am22V10 to minimize parts count. Equations 
for the AmPAL16L8 are shown in Figure 6-3.1b. 

6.3.2. 68000 AND Am8052 CRT 
CONTROLLER INTERFACE 
One of the deSigner's most challenging tasks is to interface two 
generically different Bus Masters. An example would be the 
68000 microprocessor and the Am8052 CRT Controller. The 
Am8052 CRT Controller is a general purpose interface device 
for raster scan CRT displays. The CRTC provides efficient 
manipulation of complex character formats and screen 
structures to allow sophisticated text display without undue 

CPU overhead. The diagram for the 68000 and Am8052 inter­
face is shown in Figure 6-3.2a. Both Bus Masters support a 
16-bit-wide data bus and a 24-bit linear addressing space (if 
the Linear/Segmented bit in the Am8052 Mode Register 1 is 
set to "1 "). The control bus signals of the Am8052, however, 
differ from that of the 68000's and need to be translated 
bidirectionally. An easier approach (not shown here) is to con­
vert the 68000 signals to Am8052 signals. Since the 68000 is 
never a slave, the logic is simple. This approach is feasible 
only if most are not 68000 peripherals. 

The Am8052 provides two basic slave modes: the latched 
mode for systems with multiplexed address/data buses and the 
unlatched mode for systems with demultiplexed address/data 
buses. In this interface application, the Am8052 operates in the 
unlatched mode because the address and data buses of the 
68000 are demultiplexed. In the unlatched slave mode, Ad­
dress Strobe (AS) is kept asserted throughout the entire bus 
cycle, making the internal latches for Chip Select (CS) and 
Control/Da ta (Cm) transparent. AS is driven Low by an open 
collector inverter connected to BAI. This forces AS to go Low 
whenever the Am8052 is not in control of the bus. 

PAL16L8 
PAT002 

JOE BRCICH 
2 FEB 84 

68000 TO LANCE INTERFACE 
ADVANCED MICRO DEVICES 

lAS RW BYTE IHOLD NC IBG AO NC IBGACK 
ICS ITB IUDS 

IF (lBGACK) RB 

IF (lBGACK) TB 

IF (BGACK) UDS 

IF (BGACK) LDS 

IF (lBGACK) CAS 

CLRl -IAS*BG 

CLR2 - BGACK 

IBR - IHOLD 

DESCRIP'l'ION 

IDAS ICLRl BR ICLR2 ILDS 

-CS*RW*UDS + CS*RW*LDS 

-CS*/RW 

-DAS*/AO*BYTE + IBYTE*DAS 

-DAS*AO*BYTE + IBYTE*DAS 

- UDS*LDS 

,DELAY 

GND 
IRB VCC 

THE GOAL OF THIS INTERFACE WAS TO BE COMPATIBLE 
WITH 8 MHZ AND FASTER 68000'S WHILE MINIMIZING PARTS COUNT. 
THE AM22V10 COULD BE USED TO ELIMINATE THE TWO FLIP-FLOPS 
SHOWN. AUTOVECTORING IS USED SINCE THE 7990 DOES NOT RETURN 
A VECTOR DURING INTERRUP'l' ACKNOWLEDGE CYCLES. 
NOTE PROGRAM BSWP, BCON TO 1 ,AND ACON TO 0 IN CSR3 REG. 

Figure 6-3.1 b 
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Figure 6-3.2a 6S000-AmS052 Interface 
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The Am8052 in slave mode can only be accessed as a 16-bit 
peripheral (word transfers only), This means that both Data 
Strobes of the 68000 (LOS and UOS) must be active simulta­
neously, It is only then that the OR gate asserts OS for the 
Am8052, The driver is enabled when the 68000 is Bus Master 
(BAI High), In Master Mode, both data strobes are driven by 
the Am8052 since the Am8052 does only word transfers, 

After the Am8052 is initialized and the display is enabled, the 
Am8052 asserts Bus Request (BREQ) to request the system 
bus, To avoid bus contention at the end of Bus Master read 
cycle, the data bus transceiver (not shown) must be turned off 
before the Am8052 starts driving the address for the next 
cycle, Timing Parameter 11 allows a turn-off time of 25 ns 
which is sufficient for the Am29863 transceiver, 

The 68000 CPU supports a three-wire bus arbitration mecha­
nism, A peripheral requesting bus mastership asserts a Bus 
Request (BR), see Figure 6-3,2b, The CPU, in response, 
asserts a Bus Grant (BG), At the end of the current bus cycle, 
the requesting peripheral goes on the bus, The end of the 
current CPU bus cycle is signaled by the Address Strobe going 
inactive, The combination of Bus Grant active and Address 
Strobe inactive asynchronously resets FF2 (see Figure 6-
3,2a), thereby asserting BAI for the Am8052 and Bus Grant 
Acknowledge (BGACK), Resetting FF2 also resets FF1 
asynchronously, which deactivates BA. In response to BR 
becoming inactive, the 68000 deactivates BG, Note that BR 
must be Low for at least 20 ns after BGACK to prevent rear­
bitration, The inverters and the delay through FF1 must meet 

this requirements, BGACK and BAI stay asserted until the 
Am8052 terminates its OMA burst and releases BREQ, At that 
time FF2 is asynchronously set and BGACK and BA I are deac­
tivated, and the 68000 resumes operation, 

The bus arbitration mechanism does not yet support OMA 
preemption, However, Am8052 OMA preemption by external 
devices can simply be supported by setting FF2 when preemp­
tion is desired, The preempting OMA can get the bus after the 
Am8052 has released the bus, This is indicated when the 
Am8052 deactivates BREQ, In this case, BAI being Low is no 
longer sufficient to flag that the Arn8052 has been granted the 
system bus, For proper OMA preemption support, the data 
strobe drivers and the open collector driver for AS must be 
controlled by a signal which flags that the Am8052 is on the 
bus, (Note: For the time between preernption (BAI High) and 
bus release (BREQ High), the Am8052 is still in control of the 
system bus, The Arn8052 supports vectored interrupts if the 
No Vector bit in Mode Register 2 is disabled (NV=O), The 
vector is put out in Interrupt Acknowledge cycles (INTACK 
Low, lEI High, and OS Low), 

All transactions to the Am8052 must be in words, All transac­
tions between the Am8052 and mernory are word operations; 
thus, the Am8052 does not have a Bm line and will always 
produce both an LOS anci UOS, Since the design goal of the 
Am8052 restricted the package to 68 pins, an external latch is 
required to get a full 24 bits of address, This latch is updated 
whenever a 64K boundary is crossed by a special write cycle, 

BRO
aos2 =tr-(l ---,---r--l?,:l ====~-:_/-+--__ 

BR68000 ) I . ~( ________________ -J 

)\ 

\'--_-oJ1 BG"aooo (( 
/ 

! 
AS68000 

?~\ 

) -; 
I 

PROCESSOR_I .... _-------Ama052 --------, ... I-PROCESSOR 

02188A-72 

Figure 6-3,2b Bus Exchange Timing 
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6.3.3 68000 TO AmZ8068 DATA 
CIPHERING PROCESSOR INTERFACE 
Figures 6-3.3a and 6-3.3b show the 68000-DCP interface and 
the interface timing. This interface provides a two-chip solution 
to add high speed data ciphering to a 68000 based system. 
About 500 kbyte/sec are possible in a CPU controlled transfer. 
The ciphering rate can be increased with a sophisticated DMA 
controller, or with several DCPs operating in parallel. The CPU 
operates at 8 MHz and the DCP operates synchronously at 
4 MHz. The Interface Controller, a PAL device, generates the 
Address and Data Strobes for the DCP and the Data Acknowl­
edge for the CPU. It also divides the CPU clock by two and 
synchronizes it to the Data Strobes. 

The main features of this interface are: 

- Multiplexed Control Mode 

- Demultiplexed address and data bus 

- Two-Cycle Operation 

D7 A 0 

0 

0 
~ 

Do 
9 

R/W 

A23 
~ PROM, 

0 COMPARATOR, 
0 

0 OR OTHER 

A2 r DECODER 

68000 

A1 
29 

AS 
6 
7 

UDS 

8 
LDS 

-r- Vcc 

DTACK 
10 

- Clock Synchronization with two Low Cycles after the Data 
Strobes 

- About 500 kbyte/sec Ciphering speed 

Data transfers between the CPU and the DCP are accom­
plished by a two-cycle operation. First the address of an inter­
nal register is latched in, then the data is transferred. This 
causes a small overhead in the initialization phase, but im­
proves the Ciphering rate in a high-speed data Ciphering ses­
sion. The rate of 500 kbyte/sec can be reached only if a 
high-speed peripheral device is connected to the Slave Port 
and the DCP is programmed for dual port configuration. 

The PAL device is programmed to allow only DCP transfers to 
the DCP. The PAL device equations are shown in Figure 6-
3.3e. Ao must be odd to make the CPU transfer the data on the 
Low byte of the data bus. A "0" on A1 indicates an Address 
Latch Cycle, whereas a "1" on A1 indicates a Data Transfer 
Cycle. Ao must be "1" in both cycles. 

L8 .1- MP7 
0 

f ~ 0 , r 0 

28 
MPo 

MR/W 

!6 
R/W 

2 14 14 
CS DCP ClK ClK 

AmPAL16R4 AmZ8068 

7 
A1 MAS 

12 27 
AS 

3 
AS 

4 
UDS 

5 13 26 
LDS MDS MDS 

19 
DTACK2 CLK1 

(OC) 

NC "!!.. DTACK1 CLK2 P 
15 8 

OE 
11 13 

C/K CLK CLK 

f 1 
MCS 

OSC 
8MHz 

021BBA-73 

Figure 6-3.3a ArnZ8068 to 68000 Connection Using a PAL 
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02188A-74 
Figure 6-3.3b 68000-AmZ8068 Address Latch Cycle (A1 = Low) 

An address decoder generates the Chip Select for the DCP. 
The Address Strobe indicates a valid address. The PAL device 
is only activated if the Lower Data Strobe becomes active while 
the Upper Data Strobe stays inactive. This means that data is 
transferred in MOVE.B instructions with an odd peripheral 
address. 

The PAL device provides two Data Acknowledge outputs. 
DTACK , is an active Low TTL output. DTACK 2 has the same 
timing as DTACK , , but is an Open Collector output. (The 
Open Collector output is realized by a three-state output which 
has only two states. Low or Floating.) 

ADDRESS LATCH CYCLE 
In this cycle only a Master Port Address Strobe (MAS) is 
generated. Master Port Chip Select (MCS) is tied to Low. LDS 
is sent to the MAS output. The minimum pulse width of LDS is 
115 ns; 80 ns are required for the AmZ8068. 

DTACK is activated with the falling edge of the CPU clock after 
cycle S2. The CPU inserts no Wait states. DT ACK is deac­
tivated with the first edge of CLK after AS becomes inactive. 

DATA READ CYCLE: (FIGURE 6-3.3c) 
The generation of MDS in a Data Read Cycle is similar to the 
Data Write Cycle. Because the CPU activates LDS one cycle 
earlier, there is no need for a Wait State. The minimum pulse 
width of LDS is 240 ns; the DCP requires 200 ns for a Status 
Register read. DTACK is activated using the same logical con­
dition as in the Data Write cycle. Because of the earlier activa­
tion of LDS, DT ACK becomes active earlier and the CPU 
inserts no Wait states. 

DATA WRITE CYCLE: (FIGURE 6-3.3d) 
A Data Write Cycle is performed when Ao is High, AS, CS and 
LDS are Low. The minimum pulse width of LDS is not sufficient 
for the DCP which requires at least 125 ns. One Wait state or a 
slower system clock will satisfy this parameter. In this interface, 
one Wait state is inserted by activating DTACK at the end 
of S4. 

The DCP clock is synchronized in Data Read or Write Cycles 
by forcing it Low when DTACK becomes active. This guaran­
tees that the DCP clock has a falling edge just before LDS 
(MDS) rises. The delay of the DCP clock to CLK is typically 8 
ns for a normal speed PAL device. The delay of LDS to MDS is 
typically 12 ns. The delay of LDS to the system clock is 0-70 ns 
for the 8 MHz version. This results in a delay of 4-74 ns of MDS 
to the DCP clock. The DCP requires 0-50 ns when operating at 
the maximum clock rate. 

This problem is solved by stretching the clock for one cycle. 
The DCP clock stays Low for two cycle in the end of a transfer 
cycle. This is done automatically by the PAL device (see 
Timing Diagram). 

A SAMPLE DATA CIPHERING SESSION 
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The interface was built on a Motorola 68000 evaluation board. 
The instructions are shown below. These instructions were 
executed with the "MACSBUG 1.32" evaluation board monitor. 

Address Register: 
Ao ................. Address Latch Address (A1 =O,Ao= 1) 
A1 .................. Data Transfer Address (A1 = 1 ,Ao= 1) 



So 

ClK 

R/W 

DCPClK 

DTACK1,2 ________________ -J 

02l88A-75 

Figure 6-3.3c 68000-AmZ8068 Data Read Cycle (Al = High) 

ClK 

R/W 

DCPClK 

DTACK1,2 ________________________ -J 

02188A-76 

Figure 6-3.3d 68000-AmZ8068 Data Write Cycle (Al = High) 
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PAL16R4 PAL DESIGN SPECIFICATION 
DCP044 JUERGEN STELBRINK 8-24-83 
68000 - ArnZ8068 (DCP) INTERFACE DEVICE 
ADVANCED MICRO DEVICES 

CLK2 
IOE 

ICS 
lMAS 

lAS 
IMDS 

IUDS ILDS 
DCPCLK NC 

RW 
NC 

Al 
IDTACKl 

CLK NC 
CLKl IDTACK2 

GND 
VCC 

ICLKl CLK INVERT CLOCK TO TRIGGER THE REGISTERED 
OUTPUTS WITH THE FALLING EDGE OF CLK 

MAS AS*LDS*/UDS*/RW*/A1*CS 

MDS AS*LDS*/UDS*Al*CS 

IDCPCLK .- DCPCLK + 
IDTACK1*CS*AS*LDS*/UDS + 
DTACK1*/AS*/LDS*/UDS 

DTACKl := AS*LDS*/UDS*Al*CS + 
AS*/RW*/A1*CS 

IF (DTACK1*AS*CS) DTACK2 DTACKl 

FUNCTION TABLE 

CLK2 CLK CLKl ICS lAS ILDS IUDS RW Al 
DCPCLK lMAS IMDS IDTACKl IDTACK2 

D 
C 

C C I I P I 
L C L I I L U C M 
K L K C A D D R A L A 
2 K 1 S S S S W 1 K S 

CLOCK INVERT 
X L H X X X X X X X X 
X H L X X X X X X X X 
DATA WRITE CYCLE 
C X X L H H H H H X H 
C X X L L H H L H X H 
C X X L L L H L H L H 
C X X L L L H L H H H 
C X X L L L H L H L H 
X X X L H H H L H L H 
C X X H H H H L X L H 
C X X H L X H X X H H 
DATA READ CYCLE 
C X X H H H H H H X H 
C X X L L L H H H L H 

I 
M 
D 
S 

X 
X 

H 
H 
L 
L 
L 
H 
H 
H 

H 
L 

Figure 6-3.3e 
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DIVIDE BY TWO 

TWO CLOCKS LOW IN 
THE END OF A DATA CYCLE 

DATA TRANSFER CYCLE 
ADDRESS LATCH CYCLE 

I I 
D D 
T T 
A A 
C C 
K K 
1 2 COMMENT 

X X 
X X 

H Z SO 
H Z S2 
L L S4 
L L SW (1 WAIT STATE) 
L L S6 
L Z S7 
H Z SO 
H Z S2 

H Z SO 
L L S2 



C x X L L L H H H H H L L L S4 
C X X L L L H H H L H L L L S6 
X X X L H H H H H L H H L Z S7 
C X X L H H H H H L H H H Z SO 
C x x X H H H H H H H H H Z S2 
ADDRESS LATCH CYCLE 
C X X L L H H L L X H H L L S2 
C X X L L L H L L X L H L L S4 
C X X L L L H L L X L H L L S6 
X X X L H H H L L X H H L Z S7 
C X X X H H H L L X H H H Z SO 

-------------------------------------------------------------------
DESCRIPTION: 

INPUT SIGNALS: 

CLK2 CLOCK FOR THE REGISTERED OUTPUTS OF THE PAL. IT IS 
CONNECTED TO CLKl 

CLK 8 MHZ 68000 SYSTEM CLOCK 

JCS CHIP SELECT FOR DCP (A2-A23 ARE RELEVANT) 

JAS ADDRESS STROBE 

jLDS LOWER DATA STROBE USED TO TIME THE MASTER PORT DATA STROBE 

JUDS UPPER DATA STROBE HAS TO BE INACTIVE DURING ALL TRANSFERS 

Al ADDRESS BIT 1 DISTINGUISHES BETWEEN ADDRESS LATCH AND 
DATA TRANSFER CYCLES 

Al=LOW 
Al=HIGH 

ADDRESS LATCH 
DATA TRANSFER 

RW READj WRITE CONTROL 

OUTPUT SIGNALS: 

jMAS MASTER PORT ADDRESS STROBE 

jMDS MASTER PORT DATA STROBE 

CLKl INVERTED CLOCK CLK 

jDTACKl LOW ACTIVE DATA ACKNOWLEDGE FOR 68000 
ONE WAIT STATE IS INSERTED IN A DATA WRITE CYCLE 

jDTACK2 LOW ACTIVE DATA ACKNOWLEDGE FOR 68000 (OPEN COLLECTOR) 

DCPCLK 4 MHZ DCP CLOCK, IT IS SYNCHRONIZED TO THE MASTER PORT 
DATA STROBE. IN A DATA TRANSFER CYCLE DCPCLK STAYS TWO 
CLK CYCLES LOW TO DELAY THE FIRST RISING EDGE OF THE 

Figure 6-3.3e (continued) 
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6.3.4 68000 AND Am9513A SYSTEM 
TIMING CONTROLLER INTERFACE 
The Am9513A System Timing Controller is an LSI circuit de­
signed to service many types of counting, sequencing and 
timing applications. It provides the capability for programmable 
frequency synthesis, high resolution programmable duty cycle 
waveforms, retriggerable digital one-shots, time-of-day clock­
ing, coincidence alarms, complex pulse generation, high 
resolution baud rate generation, frequency shift keying, stop­
watching timing, event count accumulation, waveform analysis 
and many more. A variety of programmable operating modes 
and control features allow the Am9513A to be personalized for 
particular applications as well as dynamically reconfigured un­
der program control. 

..... Ao. ... I 
Ii 

Am29101 

A:a 1" ... "!' 
A;. 

I -V A, I 

EOtJI 

0 Tvee I 8 OlACK 

G 
AU C 

A!o 
,I ..... ... 

f :-ex) A' -, , '- ... 
A. So 

Figure 6-3.4a shows the block diagram of the 68000-Am9513A 
interface. This interface was contributed by Carlos Manamer 
from Wang. The trick here is that CS is tied low and RD and 
W R is gated through only when the proper address is selected. 
This design inserts one Wait State for write and none for read. 
This design assumes the CPU to be an 8 MHz device. It should 
also work with 10 MHz and 12 MHz CPU's as well. The key 
thing to observe, when interfacing the Am9513A to the 68000, 
is C S setup time with respect to the falling edge of RD. 

Without tying CS low, the falling edge of R D would have to be 
delayed to meet this requirement. This technique is shown in 
the second interface (Figure 6-3.4b). The flip-flop does the 
delay while the OR gate prevents the rising edge from being 
delayed, as this may cause bus contention with other devices. 
Note that this second technique requires more Wait States 
than the first. 
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Figure 6-3.4a Am9513 to 68000 Connection Using SSI/MSI 
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Figure 6·3.4b Am9513 to 68000 Connection Using SSI/MSI 

6.3.5 68000 AND A SINGLE Am9516 
DMA CONTROLLER INTERFACE 
The Am9516 Universal DMA Controller (UDC) is a high perfor· 
mance peripheral interface circuit for 8086 and 68000 CPUs, 
The UDC was designed to interface with non-multiplexed ad­
dress and data bus systems, However, because it is basically a 
modified 8016, several incompatabilities remain, ALE is more 
like the 8086 than the 68000. Although the timing of ALE 
closely matches the AS of the 68000, it does not tristate when 
the 9516 is not the bus master. The major obstacle in this 
design was generating the proper Data Hold time for a slave 
write; the 8 MHz and 10 MHz CPU provides 30 ns and 20 ns, 
respectively, while the 9516 requires 40 ns. The newer, 8 and 
10 MHz versions only require 10 ns Hold time, thus simplifying 
the design. 

The interface design shown here (Figure 6-3.5a) uses an AM­
PAL16R4 to insert a Wait State and truncate DS to the 9516 
early. PAL device equations are shown in Figure 6-3.5b. In this 
case the shqrtened DS strobes data into the 9516 while the 
CPU holds data valid for almost 1 clock cycle afterwards. This 
Wait State is inserted only during slave write. This Wait State is 
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actually a small penalty to pay, because most of the registers 
are being loaded by the UDC itself by means of a linked-list 
control structure. This results in very few writes being done 
directly to the UDC. 

Another interface problem to be addressed is the bus ex­
change protocol. The BREQ and BACK handshake of the UDC 
is converted to the three-wire handshake of the 68000 by the 
PA.L device and a 7403 package (open collector NAND Gate). 
This IS done by a state machine internal to the PAL device. The 
state aSSignment was done to minimize external logic. This is 
very different from the discrete deSign in the Am9516 data 
sheet because the PAL doesn't have preset and clear on its 
flip-flops. 

The UDC can support the bus error function by means of its 
EOP pin. If a bus error occurs during a DMA transfe[ an EOP 
will cause the DMA operation to stop and interrupt 'the CPU. 
The CPU can read status, address, word count, or anything 
else It may need to take corrective action. The UDC may then 
be restarted or reprogrammed appropriately. 

The control signals LDS and UDS are generated by the PAL 
device when the UDC is the bus master. This is a straightfor­
ward combination of DS, AO, and Bm. 
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Figure 6-3.5a The Am9516 UDC to 68000 CPU Interface 
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Note that the address latch and data transceiver, along with the 
address decode logic, are present in any case. The 68450 and 
68440 also multiplex address and data, thus the PAL device is 
the only extra component required to make the 9516 a low cost 
alternative. Additionally, the 6 MHz 9516 has the same data 
throughput as the 8 MHz 68450. 

For those wary of or unfamiliar with PAL devices, these in­
terfaces can be built with standard gates and flip-flops. The 
PAL device is simply a convenient means to collapse many 881 
packages into one and conserve board space. 
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PAL DESIGN SPECIFICATION 
JOE BRCICH 9/01/83 

PAL16R4 
PAT006 
68000 TO 
ADVANCED 

Am9516 INTERFACE WITH DATA HOLD CORRECTION 
MICRO DEVICES 

CLK RW AO BREQ IBG IDSI lAS IBW Ics GND 
10E ILDS IUDS DSO Ic BACK IBR ITB IRB VCC 

IF (/BACK) RB Ics * RW * UDS + 
Ics * RW * LOS 

IF(/BACK) TB Ics * IRW 

IF(BACK) UDS DSI * lAO * IBW + 
BW * DSI 

IF(BACK) LOS = DSI * AO * IBw + 
BW * DSI 

BR := BREQ * BG * BR * AS + 
BREQ * IBG * IBACK 

I BACK := IBREQ + 
IBREQ * IBG + 

IBREQ * AS + 
IBREQ * IBACK + 
IBG * IBACK + 
AS * IBACK 

C := UDS * IBAcK + 
LOS * IBAcK 

IDSO := BACK + 
IBACK * IRW * C 

DESCRIPTION 
IF BREQ*BACK IS TRUE THE Am9516 HAS THE BUS, OTHERWISE THE 68000 
HAS THE BUS. THIS PAL CONNECTS THE Am9516 TO THE 68000 WITH ONE 
WAIT STATE DURING WRITES WHILE SHORTENING IDS TO ACHIEVE PROPER 
DATA HOLD TIME. IT ALSO CONVERTS THE BUS EXCHANGE PROTOCOL INTO 
68000 FORMAT. THIS DESIGN ASSUMES NO OTHER BUS MASTERS IN THE 
SYSTEM. IRB AND ITB CONTROL THE TRANSCEIVERS WHEN CPU IS BUS 
MASTER. Ics MUST BE A FUNCTION OF ALL DEVICES CONNECTED TO THE 
CPU BUS NOT JUST THE Am9516 Ics AS SHOWN HERE. 

The Ics to IDS se~~~ time of 30 ns is met in the following ways: --- -rr DurIng a-reaa cycle-rhe-onIy-efIect~rom-not meeting-this 
set-up time is that the data valid access time from the Am9516 
will be delayed by a proportional amount. Since the minimum IDS 
Low width from the 10-MHz 68000 (during a read) is 193 ns and the 
minimum IDS Low width to the Am9516 is 150 ns, we have 43 ns 
margin not counting gate delays which will further increase this 
margin. 

2) During a write cycle this is not an issue since the IDS 
comes later and is stretched longer due to the Wait state. 

Figure 6-3.5b 
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6.3.6 68000 AND DUAL Am9516 DMA 
CONTROLLERS INTERFACE 
There has been interest shown in connecting two Am9516 
DMA Controllers to obtain four channels. The example here 
shows that such a system can be built by incorporating one 
PAL device, AMD's new 22V10 (Figure 6-3.6a). Address and 
data buses are not shown as they are straightforward and 
require no explanation. The PAL device, designated 68K16D2, 
converts the two DREQs into the 68000 three-wire handshake, 

DTACK 

I 

I 29863 
TR~SCE~VER 

T R 

~ 
80R 

10 MHz 

-[::>0- ClK 
ITB IRB 

ClK ALE, 

IBW 
BREQ, 

BACK, 

68000 AmPAL22V10 
ICS 

68K16D2 

TO 

IC 

prioritizes the request, and converts the control signals appro­
priately. Equations for the PAL device are shown in Figure 
6-3.6b. 

The key parameters are: 1) data hold with respect to the rising 
edge of DS during a write, and 2) DTACK set-up time. Control 
for a data bus transceiver is shown because it will be required 
in most systems. The PAL device provides these signals when 
the CPU is bus master; the Am9516 generates these control 
signals directly when it is bus master. 
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Figure 6-3.6a Dual Am9516 UDCs to 68000 CPU Interface 
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PAL 22V10 
PAT 001 
68000 TO DUAL 9516 INTERFACE 
ADVANCED MICRO DEVICE~ 

CLK RW AO 
/CS /LDS 

BREQl BREQ2 
IUDS /DS /C 

/BG 
/AS 

JOE BRCICH 
5 APRIL 83 

NC 
/BR 

ALE 1 /BW ALE 2 /BGACK 
BACK2 BACKl /TB /RB 

GND 
VCC 

BR - BREQ1*/BGACK + BREQ1*BG + 
BREQ2*/BGACK + BREQ2*BG 

BACK! BREQ1*BG*/AS + /BG*BGACK 

BACK2 -BREQ2*/BREQ1*BG*/AS + /BG*BGACK 

IF (lBGACK) RB CS*RW*UDS + CS*RW*LDS 

IF (I BGAS K) TB -CS*/RW 

IF (/BGACK*AS) OS :- AS*/C*/RW + AS*RW 

IF (BGACK) AS ALEl + ALE2 

IF (BGACK) UDS -DS*/AO*/BW + BW*DS 

IF (BGACK) LOS -DS*AO*/BW + BW*DS 

IF (AS) C :- UDS*BGACK + LDS* BGACK 

DESCRIPTION 
THE GOAL IN THIS DESIGN WAS TO BE COMPATIBLE WITH 

8 MHZ AND FASTER 68000'S. BECAUSE THE EQUATIONS FOR OS AND 
C WOULD EXTEND INTO THE NEXT CYCLE, THE OUTPUTS WERE TRI­
STATED TO TERMINATE THESE SIGNALS EARLIER. THIS REQUIRES THAT 
PULL UP RESISTORS BE PLACED ON THESE OUTPUTS. THE INVERTED 
CLOCK WAS USED TO PROVIDE MORE SETUP TIME FOR DTACK IN THESE 
HIGH SPEED SYSTEMS. AT 8MHZ THE EQUATIONS CAN BE MODIFIED AND 
THE PULL UP RESISTORS ELIMINATED. THIS EXAMPLE IMPLEMENTS 
FIXED PRIORITY WHERE BREQl IS HIGHEST. NOTE THAT /AS SHOULD 
NOT BE INCLUDED IN THE ADDRESS DECODER. 

Figure 6-3.6b 

The Am9516s are shown with independent clocks. The clocks 
may be divided from the CPU clock or may be generated inde­
pendently of the CPU. Because WAIT must meet the set-up 
and hold times, DTACK may need synchronization by the use 
of a flip-flop, as shown. This flip-flop may be eliminated in 
synchronous systems. 

The clock is inverted to the PAL device to meet DT ACK set-up 
time in systems of 10 MHz or faster. This inverter may be 
deleted in slower systems, if appropriate changes to the PAL 
device equations are made. This PAL device implements fixed 
priority between the Am9516s. BREQ1 is the highest priority. 
Rotating priority can be implemented by adding another PAL 
device. 

EOP s are pulled up separately, but could be tied together 
since they affect a channel only if it is active. The bus error 
function can be supported by connecting BERR and EOP 

If a bus error occurs, EOP will stop the current transfer and 
interrupt the CPU. The Interrupt Service routine can read the 
status to determine if EOP caused the interrupt or if termina­
tion was normal. If EOP caused the interrupt, the Address 
Register can be read to determine where the bus error oc­
curred. After the problem is corrected, the CPU can program 
the Am9516 to complete the transfer or do an alternate trans­
fer, as appropriate. 

When operating the DMA in interleave mode, an external EOP 
should be gated with DACK to prevent affecting the wrong 
channel. This is unnecessary if interleave is not used, since the 
UDC releases the bus. 
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This arbiter design supports both serial and parallel expansion 
techniques and is therefore compatible with VME bus protocol. 
Bus grant out was implemented with an external gate due to a 
shortage of pins. The VME/BCLR function was not imple­
mented because the Am9516 does not support preemption. 



6.3.7 68000 AND Am9519A 
INTERRUPT CONTROLLER INTERFACE 
Figure 6-3.7 shows the 68000 to Am9519A interface. This in­
terface for the Am9519A will work for the 4 MHz and 6 MHz 
68000s. It will also work with faster CPUs, if Wait States are 
inserted during programming. RIP will automatically insert the 
appropriate number of Wait States during the Interrupt Ac­
knowledge cycle. Further decoding the upper Address bits will 
reduce the address space occupied by this part. Appropriate 
decoding of the address bits should generate an I/O space 

LOS --..<iI 
RjW ~2 

r74LS~ 

separated from the memory address space. This will prevent 
spurious glitches on Chip Select and meet the Am9519J1:s re­
quirement that Chip Select be High for at least 100 ns prior to 
an Interrupt Acknowledge cycle. If there are no other interrupt­
ing devices in the system, GINT can be connected directly to 
one of the TPL pins, as shown. 

AS is used to de-glitch the 74LS138's output, giving a clean 
INTA . Note that the Am9519A must be connected to the lower 
Data Bus and AS must not be used to de-glitch CS. 

One last thing to consider is the recovery time. Do not use the 
MOVEP instruction to program the Am9519A. 

WR 

~ jjjj 

~;ru;2 LAo 
WR 

A23 A YO es 
A22 B <C At; C 25lS2548 

0 
AS E, en Ao E2 

0 A3 E3 u; A2 
E4 ACK l 

Tvee A Tvee 0 Am25LS2548 

CO DTACK RIP en 
DC" 

E CD AS 
J, 

74LS07 

G2B 
FC2 C c:c Fe, B 138 

FCo A Y7 lACK 
74LS138 

~ Vee 

IPL, --1 
1PL1 I------' 7~ 
IPLo t 

A /8 
......... GINT 

'7 • D!37 

Do '1 / V 0.80 

02188A-81 

Figure 6-3.7 68000 to Am9519A Interface 

6-23 





SECTION C 
8-BIT PROCESSORS· 

7.0 INTERFACING TO THE zao 
7.1.0 OVERVIEW OF THE Z80 
The ZBO is an B-bit microprocessor which is software­
compatible with the BOBO. In addition, it has some additional 
instructions and registers which improve its processing capa­
bility. The dual-register set of the lBO CPU allows high-speed 
context switching and efficient interrupt processing. In particu­
lar, the Z-BO provides a refresh signal to interface with dynamic 
memory devices. The four traditional functions of a microcom­
puter system (parallel 110, serial 110, counting/timing, and 
direct memory access) are easily implemented by the ZBO 
CPU. 

The ZBO and the associated family of peripheral controllers are 
linked by a vectored interrupt system. This system may be 
daisy-chained to allow implementation of a priority interrupt 
scheme. Little, if any, additional logic is required for daisy­
chaining. Two other modes of interrupt are programmable; one 

A7 

A6 

A5 

A3 

A2 

Al 

AO 
ZBO 

A 
D().D7 

V 
CLK q, 
RESET REID lORD 

,--c iNT AD 

r-< WAIT 
WR 

G1 

to be used with non-BOBO/ZBO systems, and the other compati­
ble with the BOBO system. The CPU services interrupts by sam­
pling NMI and INT signals at the rising edge of the last clock 
of an instruction. Further interrupt service processing depends 
upon the type of interrupt that was detected. 

7.1.1 Z80 TO Am9511A ARITHMETIC 
PROCESSOR INTERFACE 
Figure 7-1.1 illustrates a programmed 110 interface technique 
for Am9511A with a ZBO CPU. 

The Chip Select (CS) signal is a decode of ZBO address lines 
A1-A7. This assigns the Am9511A to two consecutive ad­
dresses, an even (Data) address, and the next higher odd 
(Command) address. Selection between the Data (even) and 
thE1 Command/Status (odd) ports is by the least significant ad­
dress bit A0. 
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Figure 7-1.1 zao to Am9511A Interface 
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The 10RO (InpuVOutput Request) from the Z80 is an enable 
input to the 74LS139 decoder. The WR and RD from the Z80 
are the two inputs to the decoder. The outputs Y1 and Y2 are 
tied to WR and RD of the the Am9511A. The PAUSE output of 
the Am9511 A is connected to the WA IT line of Z80. The 
Am9511A outputs a LOW on PAUSE 150 ns (MAX) after RD 
or WR has become active. The PAUSE remains LOW for 3.5 
TCY + 50 ns (MIN) for data read and is LOW for 1.5 TCY + 50 
ns (MIN) for status read from Am9511A where TCY is the clock 
period at which Am9511A is running. Therefore, the Z80 will 
insert one to two extra WAIT states. The Am9511A PAUSE 
output responds to a data read, data write, or command write 
request received while the Am9511A is still busy (executing a 
previous command) by pulling the PAUSE output Law. Since 
PAUSE and WAIT are tied together, as soon as the Z80 tries to 
interfere with APU execution, Z80 enters the WAIT state. 

iii 
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ClK 
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~ 1> 

RESET 
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r----C iNT AD 
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A 74LS04 
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r-.... 74LS04 

-V 
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G1 

7.1.2 zao TO Am9S12 ARITHMETIC 
PROCESSOR INTERFACE 
Block diagram for this interface is shown in Figure 7-1.2. The 
Am9512 interface to Z80 requires two more gates than the 
Am9511 A interface to Z80. An inverter is added to the interrupt 
request line because the sense of the END/ERR signals are 
different. The 74LS32 is added in the WAIT line because the 
Am9512 PAUSE will go LOW whenever chip select on the 
Am9512 goes Law. In Figure 7-1.2 the chip-select input can 
go LOW during second or third cycles of an instruction when 
the memory address matches the Am9512 1/0 address. If the 
74LS32 OR-gate is omitted, the WA IT input on the Z80 will to 
LOW and the system will be deadlocked. Strobing the chip­
select decoder will not work because this would cause a nega­
tive chip select to RD or WR time on the Am9512. 

The chip select decoder in this example is strobed with M1. 
This accomplishes a dual purpose. It not only guarantees a 
chip select transition on every 1/0 cycle, it also prevents the 
chip select from going LOW during an interrupt acknowledge 
cycle. This is vital because 10RO is also LOW during that 
cycle. Without the M1 strobe, CS might go LOW and cause 
PAUSE to go LOW which will again cause the system to dead­
lock. 
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Figure 7-1.2 zao to Zm9512 Interface 
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7.1.3 zao AND Am9513A SYSTEM 
TIMING CONTROLLER 
Interfacing the Z80 and the Am9513A requires careful ex­
amination of timing parameters of both devices. The Am9513A 
data sheet specifies the timing requirements for CS, cm, R D, 
WR, and DATA signals. Figure 7-1.3a shows timing relation­
ship requirements for the Am9513A during a Read cycle. The 
CS to RD setup time is 20 ns. This timing specification will not 
be met, with the Z80, because the CPU generates R D signal at 
a maximum of 10 ns after lORa; lORa is the "enable" for the 
Am29806, Figure 7-1.3g, which produces the CS signal for the 
Am9513A. During the Write cycle (Figure 7-1.3b), WR to CS 
Hold time is 20 ns. This again will not be compatible for both 
devices because the Z80 specifies lORa will go inactive at the 
same time WR goes inactive. Generally, violation of these 
timing parameters is not a serious problem. In most data 
sheets, C Sand R D or W R are specified as in Figure 7-1 .3c. 
Designers often have difficulties meeting these requirements. 

cs 

RD 

DATA 

Since CS and RD orWR are actually ANDed inside the device, 
the specification must be interpreted with some common 
sense. T pw only describes the shortest R D or WR pulse. There 
is nothing wrong with it starting earlier (Figure 7-1.3d). There is 
also nothing wrong with RD or WR lasting longer (Figure 7-
1.3e). The Write Data Hold time is then related to the end of CS 
and its value is increased by T s. 

There are many possible combinations to accomplish the 
desired effect. Figure 7-1 .3f shows a model that ascertains the 
legal operating conditions. The delay box represents the setup 
time of C S with respect to R D or W R. It also should be clear 
that this time needs to be added to the Data Hold time since the 
internal W R will be delayed by this amount. This time must also 
be added to the Read Access time because the internal R D is 
also delayed by the same amount. 

Figure 7-1 .3g shows the interface between the Z80 and the 
Am9513A System Timing Controller, along with the 
comparator-decoder Am29806 and a dip-switch. 

Figure 7-1.3a 02188A-84 
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Figure 7-1.3b 
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Figure 7-1_3c 
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Figure 7-1_3d 
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Figure 7-1_3e 
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Figure 7-1.3f 
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Figure 7-1.3g 
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7.1.4 zao AND Am9517A DMA 
CONTROLLER 
The circuit diagram in Figure 7-1.4a shows the interface involv­
ing the Am9517A with the Z8D microprocessor. The high order 
A8-A15 memory address is latched by an 8-bit Am74LS373 
latch, while the lOR, lOW, MEMR and MEMW signals are 
decoded from appropriate Z8D outputs. 

~ 

A8-A15 

'----

r---

2.45MHz I----CLOCK 

Since the Am9517A can be cascaded to provide multiple con­
trollers in a system, Figure 7-1.4b shows some possibilities of 
latch hookups for both single and double controller configura­
tions. Figure 7-1.4c shows the general expansion scheme of 
the Am9517A and Figure 7-1.4d shows the interconnections 
for interfacing a single DMA controller to a microprocessor. 
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Figure 7-1.4a Z80 to Am9S17A Interface 
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Figure 7-1.4d Basic DMA Configuration 

7.1.5 Z80 AND Am9568 DATA 
CIPHERING PROCESSOR WITH THE 
Am9517 DMA CONTROLLER 
This application design shows how to operate the ciphering 
throughput up to 890 Kbyte/s by using the advanced 8-bit DMA 
Controller Am9517A-5 (also called the 8237-5). The host CPU 
is a Z80A. (Figure 7-1 .5a) 

The CPU sets up a data block in memory and programs the 
DMA controller to transfer this data block to the DCP via the 
Master Port. The DCP encrypts the data. A high-speed periph­
eral device can read out the ciphered data from the Slave Port. 
This dual-port configuration allows data input and output simul­
taneously and increases the throughput, compared to a single­
port configuration, by a factor of two. In the single-port 
configuration, only the Master Port is used for data transfer; it 
handles both the clear and ciphered data. 
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The multiplexed addressldata bus of the DCP is simulated in a 
two-cycle operation. For output operation to an even address, 
the PAL interface timing controller generates a Master Port 
Address Strobe (MAS) to select one of the internal registers. 
Subsequent liD operations to an odd address (Ao=HIGH) 
transfer data to or frorn the preselected DCP register. During 
liD operations to an odd address, the PAL device generates 
Master Port Data Strobes (MRD or MWR). Before the DMA 
block transfer starts, the CPU rnust preselect the DCP data 
register. The register address of the data register is DOH. 

The DMA controller operates in "flyby" mode. Data is trans­
ferred on the system data bus one byte at a time from rnemory 
to the DCP, or vice versa, without going through a DMA regis­
ter. An liD Read (lOR) and Memory Write (MEMW) or liD 
Write (lOW) and Memory Read (MEMR) are active at the 
same time. The DCP is selected by DMA Acknowledge 
(DACK). The PAL device treats DACK as CS active and 
Ao=HIGH. In this design the DMA controller can only execute 
data transfer cycles; it is not able to change the internal register 
address of the DCP. 
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Figure 7-1.5a Z80 and Am9568 DCP Interface 
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The DMA controller is set up for Demand Transfer Mode. It 
releases the bus when the data request input goes inactive. 
The Master Port Flag (MFLG) is wired to the data request 
input. The flag output goes active when the DCP is ready to 
accept data, or the output data is ready to be read out. After 
transferring one block of data (8 bytes), this flag goes inactive 
until a new block can be put in or read out. The inactive time 
depends on the response time of the peripheral logic at the 
Slave Port. This flag is inactive for a minimum of five clocks. 

SPEED 
The DMA controller needs three clock cycles to transfer one 
byte. After each block transfer (8 bytes), the DMA controller 
releases the bus and requests it back if M FLG goes active 
again. This time is assumed to be 12 clocks. The ciphering of 
one block is done concurrently with the input of the next block; 
the internal operation is pipelined. The maximum throughput 
can be calculated as: 

T = 8/ (8 • 3 + 12) • 4 MHz = 0.89 Mbyte/s 

The Compressed Transfer mode of the DMA controller cannot 
be used, because the PAL synchronization logic needs normal 
timing to synchronize the Data Strobes to the DCP clock. 

INITIALIZATION 
The Multiplexed Control Mode C/K =LOW) of the DCP is 
selected to enable access to the internal registers. The CPU 
first programs the Mode Register to reset the DCP and to set 
up the port configuration and ciphering mode. After that, the 
keys and initial vectors can be loaded. To initialize the DCP for 
DMA transfer, the CPU executes one Address Latch Cycle, to 
pre-select the data register. 

The DMA controller must be programmed such that DREQ and 
DACK are active LOW. 

TIMING 
The PAL device simulates the multiplexed address/data bus of 
the DCP assuming a two-cycle operation mode. In the first 
cycle the CPU latches the address of the internal register into 
the DCP; subsequent cycles transfer data to or from the se­
lected register. Address Ao distinguishes the two cycles 
(Figure 7-1.5b). An I/O instruction with Ao= LOW generates an 
address latch cycle; an I/O instruction with Ao= HIGH gener­
ates a data transfer cycle. 
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The DMA controller must be initialized for "extended" I/O write 
in order to have a similar I/O bus timing to the Z80A CPU. A 
"late" I/O write delays the Master Port Write Strobe (MWR) to 
the DCP by one clock cycle. If a late write is used, the data bus 
will not be valid at the time data is latched. 

To execute a DCP-to-memory transfer, the DMA does an I/O 
read and memory write. The DMA controller can be 
programmed for an "extended" or "late" write, depending on 
the memory design. 

In "flyby" mode the DMA controller generates no I/O address, 
so the CPU has to preselect the data Input or Output Register. 
A DMA Acknowledge (DACK) enables MRD or MWR to con­
trol the data transfer. 

Figure 7-1.5b shows the DMA-DCP data transfer timing. When 
the DMA Controller has transferred one block of data, the data 
transfer has to be stopped until the DCP is ready for the next 
block transfer. The DCP makes the DMA Controller stop the 
transfer by deactivating MFLG. If MFLG is LOW, data may be 
transferred; if MFLG is HIGH, the DCP does not accept data 
transferred. The timing of the M FLG to DREQ path is the most 
critical in this application. If MFLG is deactivated too late, the 
DMA Controller will issue another data transfer which will be 
disregarded by the DCP. The critical signal path will be 
analyzed below. 

To prevent the DMA from issuing another cycle the Data Re­
quest input has to go inactive by the falling edge of the DMA 
clock at the end of cycle S3. The DMA controller samples the 
input at this time and instigates another cycle if the request is 
still active. The setup time of DREQ is 0 ns. The Master Port 
Flag which is connected to the DREQ input goes inactive in the 
eighth cycle with a maximum delay time of 150 ns after the 
Data Strobes. The Data Strobe itself has a maximum delay 
time of 190 ns (Am9517A-5) after the rising edge of the clock in 
cycle S2. That gives a time window of 375 ns of which 340 ns 
are already used for the two delays (190 ns + 150 ns). The 
propagation delay of a fast PAL device is 25 ns. This leaves 
10 ns for other delays in the signal path. 

The PAL design assumes that the system memory needs no 
Wait States. 

The peripheral logic at the Slave Port can use the Slave Port 
Flag (SFLG) to time the transfer. If SFLG is active LOW, data 
can be written to or read from the data register. 
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PALl6R4 PAL DESIGN SPECIFICATION 
DCP048 JUERGEN STELBRINK 8-9-83 
Z80A- AM95l7(DMA)- AM9568(DCP) INTERFACE DEVICE 
ADVANCED MICRO DEVICES 

CLKl CLK2 ICS JIOR JIOW AO jMFLG jDACK NC GND 
JOE jMWR jMRD jQl jQ2 jQ3 MALE NC CLK VCC 

jMALE := jIOW+IOR+jCS+AO+MALE ; MASTER PORT ADDRESS STROBE 

Ql := CS*AO*IOR*jIOW*jQ2 + 
CS*AO*IOW*jIOR*jQ3 + 
DACK*IOR*jIOW*jQ2 + 
DACK*IOW*jIOR*jQ3 

Q2 := CS*AO*IOR*jIOW*Ql + 
CS*AO*IOR*jIOW*Q2 + 
DACK*IOR*jIOW*Ql + 
DACK*IOR*jIOW*Q2 

Q3 := CS*AO*IOW*jIOR*Ql + 
CS*AO*IOW*jIOR*Q2 + 
DACK*IOW*jIOR*Ql + 
DACK*IOW*jIOR*Q2 

MRD CS*AO*IOR*jIOW + MASTER PORT READ 
DACK*IOR*jIOW + 
Q2 

MWR CS*AO*IOW*jIOR*jQ3 + MASTER PORT WRITE 
DACK*IOW*jIOR*jQ3 

jCLK CLK2 DCP CLOCK 

FUNCTION TABLE 

CLKl CLK2 JCS JIOR JIOW jDACK AO CLK MALE jMRD jMWR jQl jQ2 jQ3 

j 
C C j j 0 M j j 
L L j I I A C A M M j j j 
K K C 0 0 C A L L R W Q Q Q 
1 2 S R W K 0 K E 0 R 1 2 3 COMMENT 

---------------------------------------------------------
CLOCK GENERATION 
X L X X X X X H X X X X X X 
X H X X X X X L X X X X X X 

ADDRESS LATCH 
C X H H H H L X L H H H H H CYCLE T2 (CPU) 
C X L H L H L X H H H H H H CYCLE TW 
C X L H L H L X L H H H H H CYCLE T3 
C X H H H H L X L H H H H H CYCLE Tl 
READ DATA 

X X H H H H H X L H H H H H CYCLE TW (CPU) 
X X L L H H H X L L H H H H 
C X L L H H H X L L H L H H 
C X L L H H H X L L H L L H CYCLE TW (EXTRA WAIT STATE) 
C X L L H H H X L L H H L H CYCLE T3 
C X H H H H H X L H H H H H CYCLE Tl 
X X H L H L X X L L H H H H CYCLE S3 (DMA) 
C X H L H L X X L L H L H H 
C X H L H L X X L L H L L H CYCLE S4 
C X H H H H X X L H H H H H CYCLE S2 
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WRITE DATA 
X X L H L H H X L H L H H H CYCLE TW (CPU) 
C X L H L H H X L H L L H H 
C X L H L H H X L H H L H L CYCLE T3 
C X H H H H H X L H H H H H CYCLE Tl 
X X H H L L H X L H L H H H CYCLE S3 (DMA) 
C X H H L L H X L H L L H H 
C X H H L L H X L H H L H L CYCLE S4 
C X H H H H H X L H H H H H CYCLE S2 

----------------------------------------------------------------
DESCRIPTION: 

THIS PAL GENERATES ALL NECESSARY BUS CONTROL SIGNALS, TO 
INTERFACE A Z80A CPU AND A AM9517 DMA CONTROLLER TO THE AM9568 
DATA CIPHERING PROCESSOR. THE MAXIMUM SYSTEM CLOCK FOR ALL PARTS 
IS 4 MHZ. 

1 INPUT AND 3 INPUT/ OUTPUT PINS ARE NOT USED. 

INPUT SIGNALS: 

CLK1, 
CLK2 

/CS 

/IOR 

/IOW 

Z80 SYSTEM CLOCK 

CHIP SELECT FOR THE DCP, GENERATED BY A DECODER LOGIC 

INPUT/OUTPUT READ 

INPUT/OUTPUT WRJTE 

AO LEAST SIGNIFICANT BIT OF THE Z80 ADDRESS BUS TO SELECT 
THE TYPE OF OPERATION: 

/OACK 

AO LOW SELECT DCP REGISTER FOR NEXT DATA CYCLES 
(ADDRESS LATCH) 

AO = HIGH READ OR WRITE INTERNAL REGISTER 
(DATA TRANSFER TO CONTROL, MODE, INPUT OR 
OUTPUT REGISTER) 

DMA ACKNOWLEDGE FROM DMA CONTROLLER, TREATED AS /CS=LOW 
AND AO=HIGH 

OUTPUT SIGNALS: 

CLK 

MALE 

/MRD 

/~R 

/Ql, 
/Q2, 
/Q3 

INVERTED SYSTEM CLOCK FOR THE DCP 

MASTER PORT ADDRESS LATCH ENABLE, ACTIVE DURING ADDRESS 
LATCH CYCLES TO LATCH THE REGISTER ADDRESS ON MPl AND MP2 
(2 LINES OF THE MASTER PORT BUS) AND THE STATE OF /MCS 
IN. THE DCP STORES INTERNALLY THE ADDRESS AND CHIP SELECT 
TO THE NEXT ADDRESS LATCH CYCLE 

MASTER PORT READ, TO ENABLE REGISTER READ OPERATIONS 

MASTER PORT WRITE, TO ENABLE REGISTER WRITE OPERATIONS 

INTERNAL USED STATE SIGNALS (DO NOT CONNECT). Ql IS ACTIVE 2 
CLOCK CYCLES IN EACH DATA TRANSFER OR DMA ACKNOWLEDGE CYCLE. 
IT IS USED TO GENERATE THE DELAYED Q2 AND Q3. Q2 IS USED TO 
HOLD /MRD ACTIVE UNTIL /IOR IS GONE INACTIVE. Q3 MASKS /~R 
OFF. 
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7.1.6 Z80 TO Am9518/Am9568 DCP 
This chapter shows, in two examples, how the Data Ciphering 
Processor (DCP) can be interfaced to a Z80 (Z80A, Z80S) 
CPU (Figure 7-1.6a). All interface control signals are 
generated by one PAL device. 

In CPU transfer mode,ciphering speed can reach up to 280 
Kbyte/s. A Z80A DMA controller can double this value, and a 
zaO-DMA-DCP hookup can increase the speed to 1.1 Mbyte/s. 

The multiplexed address/data bus of the DCP is simulated 
using a two-cycle operation mode. An output instruction to an 
even address (Ao=LOW) selects one of the internal registers 
of the DCP. In all subsequent 1/0 operations with Ao=HIGH, 
the CPU can transfer data to or from DCP registers. The regis­
ter address stays latched in the chip until the next Address 
Strobe latches in a new address. The Address Latch Cycle 
does not represent significant overhead in an encryption or 
decryption session because, once the DCP is initialized and 
the data register is selected, no further Address Latch Cycle is 
needed. 

ClK 

AODR '>I DECODER r Ao-A7 

,.'L 
Vcc 

T 
WAIT 1 

ZSO IORQ 
ZSOA 

Ao ZSOB 

WR 

A 
Do-D7 ., 

1/0 addresses: XXXX XXX0 - Address Latch Cycle 
XXXX XXXI - Data Transfer Cycle 

X - User definable 

The AmPAL 16R4 device controls the interface timing. It gener­
ates the synchronized strobe signals for the DCP and the Wait 
for the CPU to extend the cycles. 

The PAL device is programmed to allow two operation modes. 
In Mode A the DCP works with the same clock rate as the CPU. 
Mode S increases the ciphering speed by allowing higher than 
4-MHz system clock rates for the CPU. In this mode, the PAL 
device provides half the system clock rate for the DCP. 

A system with a Z80S at 6 MHz and an AmZ8068 at 3 MHz 
increases the ciphering speed compared to a system where 
both the CPU and the DCP clock are 4 MHz; the limiting factor 
is the data transfer capability of the CPU. 

The key requirement in interfacing the DCP to a zao CPU is to 
meet the timing relationship between the Master Port Data 
Strobe (MDS) and the DCP clock. The rising edge of MDS 
must be synchronous to the falling edge of the clock. 

l OSC J 
1 
-.l ... ~ 

ClK1 ClK2 
cs ClK r-+ ClK 

AmPAL16R4 MCS r---+ MCS 

MAS r---+ MAS 

WAIT MDS r---+ MDS 
IORQ Am95181 
Ao 

ClKB I- AmZ8068 
WR Q t-

OE AlB 

V NO~E1 
MR/W 

~ 
MPo-MP7 

,. C/K 

Note 1: AlB = HIGH: Z80·9518/Z80A·8068 (MODE AI ~ -AlB = lOW: Z80B·8068 (MODE BI 

02188A-97 

Figure 7-1.6a Z80-0CP Interface 
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THE OPERATION MODES 
Mode A: 80th the l80 CPU and the DCP are operating 

synchronously at the same frequency. The DCP 
clock is inverted. This mode can be used with system 
clocks up to 4 MHz. No extra Wait States are 
inserted. 

Mode 8: To get higher ciphering throughput, the data transfer 
speed of the l80 bus should be increased by using a 
higher system clock rate. In Mode 8 the PAL device 
divides the system clock by two to generate the OCP 
clock. The DCP clock is synchronized to the M OS by 
delaying the clock one half cycle if they are not in 
phase (Figures 7-1.6d and 7-1.6e). During a Data 
Write Cycle, one extra Wait State is inserted. An 
Aml8068 must be used in this mode, even at a OCP 
clock rate of 3 MHz, because of its faster register 
access time. 

Figure 7-1.6a shows the interface. The Ais input of the PAL 
device is wired HIGH to select Mode A or LOW to select 
Mode 8. 

THE INTERFACE TIMING 

ADDRESS LATCH CYCLE: (FIGURES 7-1.Sb 
AND 7-1.Sc) 
Master Port Chip Select (MCS) is active when lORa and CS 
are active LOW and Ao=LOW (even address). Master Port 
Address Strobe (MAS) is strobed LOW for one system clock 
cycle during the l80's automatically inserted Wait cycle Tw to 
meet the hold time requirement of MAS HIGH to MCS HIGH 
(parameter 35). 

System Clk DCP Clk CPU 

DATA READ CYCLE: (FIGURES 7-1_Sb AND 
7-1.Sc) 
A Data Read Cycle reads the register whose address was 
latched in the previous Address Latch Cycle. MCS and MAS 
are inactive the whole cycle. MOS is active during the last two 
clock cycles, T wand T 3. In both A and 8 Modes, no Wait State 
is inserted. WR and Ao must be HIGH. In Mode 8 the DCP 
clock is set HIGH in the beginning of T 3 using an internal signal 
Q to synchronize the falling edge of the DCP clock to the rising 
edge of MDS. Q is only active in Mode 8 during Wait State Tw. 
This interface meets the data hold time of the l80, because the 
data is stable to the beginning of T 1 of the next machine cycle. 

DATA WRITE CYCLE 
In this cycle, the CPU can write one byte into the addressed 
register. MCS and MAS are inactive. WR is active and Ao is 
HIGH. 

Mode A (Figure 7-1.6a) 

MOS is strobed LOW for Tw. The OCP reads the data in at the 
beginning of T 3. No Wait State is inserted. 

Mode 8 (Figure 7-1 .6d) 

MDS is strobed LOW for the Wait cycle Tw and the additional 
Wait cycle T w to meet the minimum data strobe active time 
(parameter 44) of the DCP. The DCP reads the data in at the 
begin of T3' 

DATA CIPHERING SPEED 
The byte transfer capability of the l80 system bus limits the 
data ciphering throughput of the DCP. A l80 DMA controller 
doubles the maximum throughput compared to a CPU­
controlled transfer as indicated in the following table: 

DCP Mode N T 

6 MHz 3 MHz l808 Aml8068 8 168/176 0.28/0.27 
4 MHz 4 MHz Z80A Aml8068 A 168 0.19 
2.5 MHz 2.5 MHz l80 Am9518 A 168 0.14 

N - Number of OCP clock cycles to transfer and cipher 8 
bytes of data. In CPU-controlled modes the use of the 
l80 block transfer commands like INIR, INDR, OTIR or 
OTDR is assumed. 

T - Throughput in Mbytels 

The formula for calculating the throughput is: 

T = (8 * f) I (N + m) Mbytels 

f - DCP clock in MHz 

8 - 8 bytes per block 

m - Number of extra DCP clock cycles to get a minimum 
delay time of five clocks between transferring the last 
byte of one block and the first byte of the next block. In 
CPU controlled transfers m=O can be assumed, be­
cause the CPU has to evaluate instruction fetches and 
memory data transfers between two 1/0 accesses. 
M FLG indicates if the DCP accepts data transfer. 
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Ao 

DCP ClK 

\ ....... _______ 1 

* AUTOMATICAllY INSERTED BY THE zao CPU, 
(NO MORE WAIT'S ARE AllOWED) 

WRITE 
DATA 
CYCLE 

READ 
DATA 
CYCLE 

Figure 7-1.6b Z8D-Am95181Z80A-AmZ8068 Timing Diagram (Mode A) 
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DCP CLK (1) 

OR 

DCP CLK (2) 

02188A-99 

Figure 7-1_6c Address Latch Cycle (Mode B) 
(No Clock Synchronization) 
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Ao 

DCP CLK(1) 

OR 

DCP CLK(2) 

* AUTOMATICALLY INSERTED WAIT STATE 

02188A-100 

Figure 7-1_6d Data Read Cycle (Mode B) 



Tw Tw 
T2 (NOTE 1) (NOTE 2) T3 

CPU CLK 

Ao 

WAIT ------~ 
(NOTE 3) 

DCPCLK(1) 

OR 

DCP CLK(2) 

NOTE: 1. AUTOMATICALLY INSERTED WAIT STATE 
2. EXTRA WAIT STATE 
3. OPEN COLLECTOR OUTPUT 

Figure 7-1.6e Data Write Cycle (Mode B) 

MODE A 

CLK1,CLK2~ 

AB 

MODEB 

CLK: ______ ' I_ ..... ~~_-_....J __ -..: sr------
CLK --.JLSL 1 .... _----' 
CLK~-l 

Figure 7-1.6f Clock Timing Diagram (Mode A and B) 
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PALl6R4 
DCP046 

PAL DESIGN SPECIFICATION 
JUERGEN STELBRINK 5/2/83 

Z80- AM95l8/AMZ8068 INTERFACE 
ADVANCED MICRO DEVICES 

CONTROLLER 

CLKl CLK2 /CS /IORQ AO /WR AB NC NC GND 
IOE NC /WAIT /CLKB /Q /MDS /MAS IMCS CLK VCC 

MCS IORQ*CS*/AO MASTER PORT CHIP SELECT 

MAS := IORQ*CS*/AO*WR*/MAS MASTER PORT ADDRESS STROBE 

MDS := IORQ*CS*WR*/MDS*AO*AB + WRITE DATA STROBE (MODE A) 
IORQ*CS*WR*AO*/MDS*/Q*/AB + WRITE DATA STROBE (MODE B) 
IORQ*CS*WR*AO*MDS*Q*/AB + ; WRITE DATA STROBE (MODE B) 
IORQ*CS*/WR*AO READ DATA STROBE (MODE A+B) 

CLKB := /CLKB*/Q*/AB CLOCK FOR MODE B 

ICLK CLK2*AB + (MODE A) 
CLKB (MODE B) 

Q := IORQ*CS*/MDS*/Q*AO*/AB USED TO GENERATE MDS AND WAIT 

IF (Q*WR) WAIT Q*WR WAIT TO Z80 

FUNCTION TABLE 

CLKl CLK2 AB /CS /IORQ AO /WR CLK /MCS /MAS /MDS /WAIT IQ /CLKB 

/ / 
C C I / I / W C 
L L / 0 / C M M M A L 
K K A C R A W L C A D I / K 
1 2 B S Q 0 R K S S S T Q B COMMENT 

--------------------------------------------------------------------------

MODE A: Z80- AM95l8 OR Z80A- AMZ8068 INTERFACE 
(DCP CLOCK = CPU CLOCK) 

CLOCK GENERATION 

X L H X X X X H X X X Z H H 
X H H X X X X L X X X Z H H 

ADDRESS LATCH 

H X H H H X H X H H H Z H H MACHINE CYCLE Tl 
L X H L H L H X H H H Z H H 
C X H L H L H X H H H Z H H 
H X H L L L L X L H H Z H H CYCLE T2 
C X H L L L L X L L H Z H H 
C X H L L L L X L H H Z H H CYCLE TW 
H X H L H L H X H H H Z H H CYCLE T3 
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C X H L H L H X H H H Z H H 

WRITE DATA OPERATION 

C X H L H H H X H H H Z H H CYCLE Tl 
C X H L L H L X H H L Z H H CYCLE T2 
C X H L L H L X H H H Z H H CYCLE TW 
C X H L H H H X H H H Z H H CYCLE T3 

READ DATA OPERATION 

C X H L H H H X H H H Z H H CYCLE Tl 
C X H L L H H X H H L Z H H CYCLE T2 
C X H L L H H X H H L Z H H CYCLE TW 
C X H L H H H X H H H Z H H CYCLE T3 

INVALID OPERATION (READ IN ADDRESS LATCH) 

C X H L L L H X L H H Z H H NO /MAS 

/ / 
C C I / / / W C 
L L / 0 / C M M M A L 
K K A C R A W L C A D I / K 
1 2 B S Q 0 R K S S S T Q B COMMENT 

;-------------------------------------------------------------------------

MODE B: Z80B- AMZ8068 INTERFACE 
(DCP CLOCK = CPU CLOCK/2) 

WRITE DATA OPERATION 

C X L H H H H L H H H Z H L CYCLE Tl 
C X L H H H H H H H H Z H H CYCLE T2 
C X L L L H L L H H L L L L FIRST WAIT CYCLE (CLK=L) 
C X L L L H L H H H L Z H H SECOND WAIT CYCLE 
C X L L L H L L H H H Z H L CYCLE T3 

C X L L L H L H H H L L L H FIRST WAIT CYCLE (CLK=H) 
C X L L L H L H H H L Z H H SECOND WAIT CYCLE (SYNC ! ) 
C X L L L H L L H H H Z H L CYCLE T3 

READ DATA OPERATION 

C X L H H H H H H H H Z H H CYCLE Tl 
C X L H H H H L H H H Z H L CYCLE T2 
C X L L L H H H H H L Z L H WAIT CYCLE 
C X L L L H H H H H L Z H H CYCLE T3 (SYNC! ) 
C X L L H H H L H H H Z H L NEXT CYCLE 

--------------------------------------------------------------------------
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DESCRIPTION: 

THIS PAL GENERATES ALL NECESSARY BUS CONTROL SIGNALS, TO INTERFACE 
THE AM95l8 OR AMZ8068 TO THE Z80 CPU WITH A SYSTEM CLOCK UP TO 6 MHZ. 

2 INPUT AND 1 INPUT/ OUTPUT PINS ARE NOT USED, SO THAT FOR EXAMPLE 
A DATA BUS TRANSCEIVER CONTROL LOGIC CAN BE ADDED. 

IN SYSTEMS WITH A CLOCK UP TO 4 MHZ, THE DCP RUNS DIRECTLY AT THIS 
FREQUENCY (MODE A, INPUT AB = HIGH) . 
IF THE FREQUENCY IS HIGHER, THE DCP IS DIVIDED BY TWO FROM THE 
SYSTEM CLOCK (MODE B, AB = LOW). 

INPUT PINS: 

CLKl, 
CLK2 

/CS 

/IORQ 

AD 

/WR 

AB 

CLKl IS THE CLOCK INPUT FOR THE FOUR INTERNAL D-FLIP-FLOPS. 
THEY ARE CLOCKED BY THE RISING EDGE OF CLKl. THE DCP DATA 
STROBE MUST BE SYNCHRONOUS TO THE FALLING EDGE OF THE CLOCK; 
THE INVERTED CLK2 IS THEREFORE SENT TO THE OUTPUT CLK. 
IN MODE B CLK2 IS SYNCHRONIZED BEFORE IT APPEARS ON THE CLK 
OUTPUT. BOTH INPUTS ARE CONNECTED TO THE Z80 SYSTEM CLOCK. 

CHIP SELECT GENERATED BY AN ADDRESS DECODER LOGIC 
(ACTIVE LOW). IF /CS IS ONLY ACTIVE IN I/O CYCLES, 
THE /IORQ INPUT CAN BE WIRED LOW. 

INPUT/ OUTPUT REQUEST OF THE Z80 (LOW ACTIVE) 

LEAST SIGNIFICANT BIT OF THE Z80 ADDRESS BUS 
TO SELECT TYPE OF OPERATION: 
AO= LOW SELECT REGISTER FOR NEXT DATA CYCLES 

(ADDRESS LATCH) 
AO= HIGH READ OR WRITE INTERNAL REGISTER 

(DATA TRANSFER TO CONTROL, MODE, INPUT 
OR OUTPUT REGISTER) 

WRITE SIGNAL OF THE Z80, DEFINES DATA TRANSFER DIRECTION 

AB= HIGH 
AB= LOW 

MODE A 
MODE B 

OUTPUT SIGNALS: 

/WAIT 

jMCS 

/MAS 

/MDS 

CLK 

JCLKB 

/Q 

ACTIVE LOW DURING FIRST WAIT CYCLE IN WRITE DATA 
OPERATION IN MODE B, TO GENERATE AN EXTRA WAIT STATE. 
THE OTHER TIME /WAIT IS IN THREE STATE. 

MASTER PORT CHIP SELECT, ONLY ACTIVE IN ADDRESS LATCH 
CYCLES 

MASTER PORT ADDRESS STROBE, ACTIVE IN ADDRESS CYCLES 
TO LATCH THE REGISTER ADDRESS AND /MCS IN. THE DCP 
STORES INTERNALLY THE ADDRESS AND THE CHIP SELECT 

TO THE NEXT ADDRESS LATCH CYCLE 
MASTER PORT DATA STROBE TO ENABLE DATA TRANSFER TO THE 
INTERNAL REGISTERS OF THE DCP 

DCP CLOCK, IN MODE B SYNCHRONIZED TO THE MASTER PORT DATA 
STROBE (/MDS) 

DCP CLOCK OUTPUT INTERNALLY USED FOR MODE B (NOT CONNECT) 

INTERNAL STATUS SIGNAL (NOT CONNECT) 
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7.1.7 THE zao AND Am9519A 
INTERRUPT CONTROLLER 
The Am9519A is an Universal Interrupt Controller, a processor 
support device designed to enhance the interrupt handling ca­
pability of a wide variety of processors. A single Am9519A can 
manage the masking, priority resolution and vectoring of up to 
eight interrupts, and it may be easily expanded by the addition 
of other Am9519A chips to handle a nearly unlimited set of 
interrupt inputs. It offers many programmable operating op­
tions to improve both the efficiency and versatility of the host 
system operations. The diagram in figure 7-1.7a shows the 
interface between the l80 and the Am9519A. 

The Am9519A can be configured as the sole interrupting 
device to the l80 or in conjunction with other devices (such as 
the DIO,CIO,CTC, etc.) in a daisy chain interrupt scheme. 

AO-A15 

;>-

1 
INT A1 

A 
A2 

B 
A3 

C 

74LS138 

t----
AO-A1S 

----l 
G1 

J= G2B YO 

zao 
~ 00-07 

'" " 
AD 

~ 
WR 

r------L-/ 
10RO Ii --Mi' I -WAIT 1> 

~ 0 01 

C 

When the Am9519A is part of a daisy-chain, it must be the 
lowest priority device because the Am9519A activates its 
Enable Out (EO) output after receipt of the interrupt acknowl­
edge signal (lORa, MT) from the microprocessor, while the 
lilog parts require their lEI (Interrupt Enable In) signal to setup 
at least 200 nsec (2.5 MHz l80) prior to the Interrupt Acknowl­
edge going active. Earlier design examples decoded lORa 
and M 1 to determine an interrupt acknowledge cycle. Such an 
approach has the disadvantage of making the lACK to occur 
late in the cycles. The new approach decodes M REO and M 1 
instead. The flip-flop ensures glitches that result from a false 
decoding, during other cycles, do not affect the 9519A. This 
allows the 9519A sufficient time to assert PAUSE and, in most 
cases, additional Wait States may not be necessary. 

..r-' ::u-
I AO 

...l'\ 

V 

0 02 

I C QQ 

I 
GINT 

C/O RiP r---

cs EI t----
Am9519A 

DBO-DB? 

AD 

WR 
IREQO-IREQ7 r4-

lACK 

PAUSE 

4.7K 

-0 +5V 

4.7K 

FROM lEO OUTPUT 
OF ZILOG PERIPHERAL 

INTERRUPT 
INPUTS 

CLOCK 

\) 
~ 

-
02188A-103 

Figure 7·1.7a 
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8.0 INTERFACING TO THE 8085 The 8085A-2 is a faster version of the 8085A. The 8085AH is a 
3 MHz CPU with 10% supply tolerances and lower power con-

8.1 OVERVIEW OF THE 8085 sumption. 

The 8085A is a complete 8-bit parallel central processing unit 8.1.1 THE 8085 AND Am9511A 
(CPU). Its instruction set is 100% software compatible with the INTERFACE 8080A microprocessor. The 8085A reduces the parts count of 
8080A system while increasing the speed. Essentially, it inte- The system clock rate is 3 MHz in a typical8085A system. The 

grates the 8080A, the 8224, and the 8228 into a single Chip. floating point processor to be used in this kind of interface 

The 8085A uses a multiplexed Data Bus. The address is split 
should be the Am9511-1 because of its 3 MHz maximum clock 
rate. The Am8085A has an earlier Ready setup window 

between the 8-bit Address Bus and the 8-bit Data Bus. Only 8 
compared with the Am9080A. If the PAUSE signal is con-

bits of address is used for liD operations. The on-chip address 
nected directly 0 the READY input of the Am8085A, the ready 

latches of 8155/8355 memory products allow a direct interface 
line will be pulled down too late for the Am8085A to go into the 

with 8085A. 8085A components, including various timing com-
WAIT state. The 74LS74 is used for forcing one WAIT state 

patible support chips, allow system speed optimization. 
when the Am9511-1 is accessed. After the first WAIT state, the 

The 8080/8085 processors duplicate the liD address on the 74LS74 Q output is reset to HIGH and the PAUSE of the 
upper 8 bits as well as the lower 8 bits of the Address Bus. The Am9511-1 controls any additional wait states if necessary. The 
upper address bus is used in the following examples because chip-select decoder is gated with 101M signal to prevent the 
they are latched. Am9511-1 from responding to memory accesses when bits 9 

to 15 of the memory address coinCides with Am9511-1 liD 
address. Figure 8-1.1 shows the Am80B5A to 9511-1 interface . 

.A 

74l~ 
101M G1 

T - RST5.5 A15 G2A 

A14 G2B 4.7K 

All C Am25LS138 

A10 B 

&: 
X1 A9 A Y CS 

Am8085A AS C/O END p-
'T.- A 1\ 

X2 
ADO-AD7 080-087 

" V Am9511A·l 

RD RD 
\VA \VA 

RESET OUT RESET 

eLK OUT ClK 
READY ALE 

+5V L 
+5V f 1 l 10K 

EACK 
1K PAUSE PS PS 

0 Q 0 

74LS74 74lS74 74LS02 

CK '-- CK a ~ '17 74lS04 
CR CR 

~ 1 
I 

~ -

021 BBA-1 04 

Figure 8-1.1 Am8085A to Am9511A-1 Intenace 
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8.1.2 Am8085A TO Am9512-1 
INTERFACE 
The Am9512 is designed specifically to interface to the 
Am8085A. The interface is straightforward and no additional 
logic is required. The Am9512-1 is used here, instead of the 
Am9512, because the typical Am8085A system runs at 3 MHz. 

IO/M Gl 

A15 G2A 
A14 G2B 

The ERR output and END output are connected to separate 
interrupt inputs so that the CPU can identify the source of 
interrupt without reading t~e status register of the ~m9512-1. 
Since the Chip Select decoder is gated by the 101M Signal, a 
transition is guaranteed with each 1/0 operation without the 
concem of insufficient address decode. The diagram in Figure 
8-1.2 shows the Am8085A to Am9512-1 interface. 

All C Am25lS138 

Al0 B 

A9 A Y cs 

Xl 

z~ A8 C/O 

Am8085A 
;11 ~ L ADO-AD7 

./ 
DBG-DB7 

X2 " 

6MH 

Am9512-1 
AD AD 

WR WR 

RST6.5 ClKOUT ClK ERR 

RST5.5 RESET OUT RESET END 
10K - READY +5V "" EACK PAUSE ~ 

02188A-105 

Figure 8·1.2 Am8085A to Am9512·1 Interface 
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8.1.3 THE 8085 AND Am9513A 
SYSTEM TIMING CONTROLLER 
The Am9513A is designed to interface easily to both the 8-bit 
and the 16-bit family of CPUs. Master Mode register bit MM13 
allows the user to program the Am9513A data bus for either an 
8-bit or 16-bit width, allowing the Am9513A's data bus to be 
tailored to match that of the host CPU. Figure 8-1.3 shows an 

RD 
WR 

101M Gl 

G2A 
G2Ei 

interface between the Am9513A and an Am8085A CPU. The 
Am9513A is configured to appear in the CPU's 1/0 space; 
connecting the 101M output of the CPU to the G2A input of the 
decoder and tying G1 high will memory-map the Am9513A. 
The Am9513A operates with an 8-bit data bus. Master Mode 
register bit MM13 should be 0 and data bus pins OB13-0B15 
should be tied high. 
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B.1.4 THE BOB5A AND Am9517 A 
INTERFACE 
This interface incorporates the Am9517A DMA into the 8085 
microprocessor system. The multimode DMA controller issues 
a Hold Request whenever there is at least one valid DMA 
Request from a peripheral device. When the processor replies 
with a Hold Acknowledge signal, the Am9517A takes control of 
the address, data, and control buses. The 25LS2539 dual one­
of-four decoder with three-state outputs easily decodes the I/O 
and MEM space control lines from the processor, and also 

A12 A13 .,4 A15 

6 f 
• 

r"8-A15 1 AD-A7 

QO-Q7 G'. 

isolates the 8085A processor when DMA operations are in 
process. The address for the first transfer operation comes out 
of the DMA controller 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 con­
veniently latched into the Am25LS373 register to complete the 
full 16 bits of the address bus. After the initial transfer takes 
place, the register is updated only after a carry or borrow is 
generated in the least-significant address byte. Figure 8-1.4 
shows the block diagram for this particular interface. 
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------~-------- -- -- ----

8.1.5 8085 TO Am9518 DATA 
CIPHERING PROCESSOR INTERFACE 
Figure 8-1.5 shows the interface diagram between the 8085 
microprocessor and the Am9518 Data Encryption device. The 
DCP and the CPU operate synchronously at a maximum clock 
rate of 2.2 MHz. considerably simplifying the interface require­
ments. The 8-bit address/data bus of the CPU is directly con­
nected to the Master Port of the DCP. The Master Port Data 
Strobe is driven by RD or WR. The MRIW input of the DCP is 
connected to the status line S1 of the 8085. This line is High 
whenever the CPU executes a read instruction. The Master 
Port Address Strobe (MAS) is the inverted Address Latch 
Enable (ALE). A decoded address and M/I 0= Low produces an 
active Low Master Port Chip Select. It is latched by MAS. The 
DCP can operate with the inverted CPU clock. if the clock is 
slowed down to satisfy the minimum High time requirement of 
the DCP. The 8085A data sheet gives a formula to determine 
the minimum clock High and Low times for slower clocks. 

Minimum High time: 0.5. T - 8 ns (T=clock cycle width) 

ADo-AD7 ~IIIIIiJl 

Aa-A16 

8085 RD 

WR 

SI 

ALE 

ClK 
Xl X2 

~20PF 

The minimum High time must be at least 150 nsfor an Am9518 
and 115 ns for an AmZ8068. resulting in a maximum clock rate 
of 2.2 MHz and 2.5 MHz respectively. 

Minimum Low time: 0.5· T - 4 ns 

The minimum Low time is 190 ns at 2.2 MHz. 

The DCP requires that the MDS is synchronous to the clock. 
The range is 0 - TWL - 100 ns for the Am9518. TWL is the real 
Low time of the clock. 

Since the 8085 timing specification does not specify a timing 
relationship between the clock and R D or W R. it is up to the 
designer to do the verification. 

A more sophisticated interface can avoid missing the timing 
specification and allows interfacing to a faster CPU. Ideas can 
be found in the iSBX Bus Interface or 68000 Interface. The first 
shows a totally asynchronous operation of the DCP and the 
CPU; the second shows how to delay the rising edge of the 
clock following MDS. 

MPo-MP7 

MCS 
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AmZ8068 

MDS 
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ClK 
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8.1.6 THE 8085 AND Am9519A 
INTERRUPT CONTROLLER INTERFACE 
The Am9519A is a Universal Interrupt Controller, a processor 
support device designed to enhance the interrupt handling ca­
pability of a wide variety of processors. A single Am9519A can 
manage the masking, priority resolution and vectoring of up to 
eight interrupts, and it may be easily expanded by the addition 
of other Am9519A chips to handle a nearly unlimited set of 
interrupt inputs. It offers many programmable operating op­
tions to improve both the efficiency and versatility of the host 
system operations. The diagram in Figure 8-1.6 shows the 
interface between the Am8085 and the Am9519A. The two 
D-type flip-flops in conjunction with SO, S1 and 101M insert a 
Wait State to the Am8085A whenever the microprocessor ac­
knowledges an interrupt. The circuitry is required since the 

II ~ ~ '" .. .. 
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- C 

lo/iii 
74LS138 

G1 

rr G2B 

G2A YO 
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Q 

Am8085A samples a READY (WAIT) signal on the rising edge 
of ClK OUT during T2, and READY requires a 100 ns mini­
mum set up time prior to the rising edge of T2. The 3-input 
NAND gate decodes an early I NT ~ active signal using the two 
status outputs (SO,S1) and the 101M pin. This is required since 
the I NT A output from the Am8085A becomes valid too late to 
meet the 100 ns setup time of READY. The Am9519A's 
PAUSE output takes over control of the READY line following 
T2. Insertion of a Wait State during the read and write opera­
tion to the Am9519A with CS is required only when the 5MHz 
Am8085A-2 part is used. The Wait State is needed because 
the minimum R 0 and W R pulse width of the Am8085A-2 is 230 
ns, while the Am9519A-1, as example, requires 250 ns mini­
mum and the Am9519A, 300 ns minimum. 
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9.0 INTERFACING TO THE 
MC6809 

9-1 OVERVIEW OF THE MC6809 
This 8-bit microprocessor, with five internal 16-bit registers, is 
compatible with all 6800 bus-oriented supplementary circuits 
and peripherals. It is upward compatible with existing 6800 
software and can work with a number of peripherals to en­
hance system designs. The MC6809E uses external clocking 
to provide the flexibility required in a mUlti-processor system. 
Three of the AMD peripherals are introduced here to interface 
with this microprocessor. 

9-1.1 THE MC6809 AND Am9511A 
FLOATING POINT PROCESSOR 
Figure 9-1.1 a shows the interface between the MC6809 and 
the Am9511A. The MC6809 uses memory mapped 110, 
therefore, the Chip Select input of the Am9511 A needs to be 
derived from decoding address lines Al to A15. The cin input 
of the Am9511 A is generated from the address line Ao so that 

fIRQ ---" 
MRDY ---..... 

+5V ----, 
POL 

AO D1 

R/'J 

an even address selects the data port and an odd address 
selects the command or status port. The Am9511 A requires a 
60 ns Hold Time for CS or cin after WR goes High (inactive); 
this is accomplished by using the Am25lS2519. The RiW out­
put of the MC6809 is decoded by the complementary latch 
outputs and the RD and WR pulses are generated by gating 
these complementary outputs with the MC6809 timing signal 
E. The Am2956 octal latch is necessary to meet the Data Hold 
Time requirement during writes to the Am9511 A. An external 
timing source is connected to the Am9511 A ClK input since 
this clock input can be asynchronous to the R D and W R con­
trol signals from the MC6809. 

9-1.2 MC6809 TO Am9512 FLOATING 
POINT PROCESSOR 
The Am9512 Floating Point Processor can be added to a 
MC6809 based system to give throughput increase of an order 
of magnitude. Due to the peculiar timing characteristics of the 
MC6809 some additional interface circuitry is necessary. Fig­
ure 9-1.2a shows a circuit implementing this interface. Figure 
9-1.2b is a timing diagram of the signals involved. 
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- WR and RD pulses are generated from RIW status line 
gated with timing signal E. RIW is decoded by the comple­
mentary latch outputs. 

- The 25LS2519 is necessary to hold CS, cil) (and WR to 
LS373) after WR (at least 60 ns required). 

(Care should be taken to ensure CS decode meets setup 
time requirements) 

- The 25LS373 is necessary to meet Data Hold Time require­
ments during writes to the 9512. 

At the start of a Write cycle, data is available immediately to the 
Am9512 because the latch is bypassed and the latch outputs 

Ao ~ 
A7 

Ao 
A,. 

Dr 

DO " 

disabled. After the data is valid the latched outputs are ,en­
abled, thereby holding the written data after the CPU releases 
the data bus. On Read cycles, the 25LS373 is bypassed and 
disabled. 

9-1.3 THE MC6809 AND Am9517A 
DMA CONTROLLER 
This interface illustrates the connection of the 9517 A DMA 
controller to the MC6809 processor, Figure 9-1.3a. Many 
designs do not use multiplexers because they generate 
glitches when select changes. This particular design is an ex­
ception; no glitches can occur because E is always low when 
RIW switches. If a 68A09 or 68809 is used, a 9517 A-4 should 
also be used. 
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When the 9517A is a slave, it ignores MRDC and MWTC ,and 
it does not matter that this circuit generates IORC AND M RDC 
simultaneously, Because the MC6809 1/0 is memory-mapped, 
some interesting results can be achieved, For example, one 
block of memory may be connected to 10RC and 10WC while 
another block is connected to MRDC and MWTC . With some 
external hardware, this allows flyby transfers from memory-to­
memory, while peripheral-to-memory and memory-to­
peripheral are still possible. 

The input control signal, M RDY, shown in the MC6809 data 
sheet, allows stretching of E and Q to extend data access time. 
E and Q operate normally while M RDY is high. And M RDY 
must always be high, except when E is high. E and Q may be 

stretched in integral multiples of quarter (1/4) bus cycles, in 
order to allow interfacing to slower memories. 

The clock design illustrated in Figure 9-1.3b makes MRDY an 
active low signal, and is sampled at one 4x clock before the 
end of E. This allows various devices to be wire-OR'ed to 
control MRDY and, by making MRDY a "don't care" during 
other parts of the cycle, makes generating M RDY easier. Fig­
ure 9-1 .3c illustrates the timing relationships between E, Q and 
MRDY. 

In many systems, MRDY will be generated from the system 
clock; otherwise, a synchronizing flip-flop is added to prevent 
metastable states. 
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9-1.4 THE MC6809 AND Am9519A 
INTERRUPT CONTROLLER 
The Am9519A is an Universal Interrupt Controller, a processor 
support device designed to enhance the interrupt handling ca­
pability of a wide variety of processors. A single Am9519A can 
manage the masking, priority resolution and vectoring of up to 
eight interrupts, and it may be easily expanded by the addition 

(FIRQ) IRQ 
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6809 
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CLOCK 
CIRCUIT 

1 ROY 
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BA 

of other Am9519A chips to handle a nearly unlimited set of 
interrupt inputs. It offers many programmable operating op­
tions to improve both the efficiency and versatility of the host 
system operations. Figure 9-1.4a shows the interface between 
the MC6809 and the Am9519A; Figure 9-1.4b shows the timing 
relationships. Figure 9-1.4c shows how to generate MRDY. 03 
Insures MRDY remains High during the second lACK pulse. 
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10.0 

10.1 

INTERFACING TO THE 8051 

OVERVIEW OF THE 8051 
The 8051 is an 8-bit microcomputer with an internal 4K x 8 
ROM; 128 x 8 RAM; 32 I/O lines; two 16-bit timer/counters; a 
five-source, two-priority-Ievel, nested interrupt structure; a 
serial I/O port for either multiprocessor communications, I/O 
expansion, or full duplex UART; and on-chip oscillator and 
clock circuits. The 8051 can be expanded using standard TTL 
compatible memories and the byte oriented 8080 and 8085 
peripherals. The 8051 is efficient both as a controller and as a 
Boolean processor; it has extensive facilities for binary and 
BCD arithmetic and excels in bit-handling capabilities. The 
generic term "8051" is used to refer collectively to the 8051, 
8751, 9761, i8052, and 8031. The 8031 differs in that it lacks 
program memory. The 8751 has an EPROM while the 9761 
and the i8052 have double the memory. 

10.1.1 8051 TO Am9518 DCP 
INTERFACE 

8051 - Am9518/AmZ8068 
The 8031/805118751 Single-Component 8-Bit Microcomputer 
family can easily be interfaced to the DCP. Both devices, to­
gether with TTL logic, can form a stand-alone data ciphering 
system for low to medium-speed data communication net­
works. Clear and ciphered data is handled serially with a pro­
grammable handshake protocol. 
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Figure 10-1.1a shows the 8051-DCP interface. The 8051 must 
be programmed so that Port 0 provides a multiplexed ad­
dress/data bus. Port 0 is connected to the Master Port of the 
DCP. 

RD and WR are logically ORed to generate the Master Port 
Data Strobe. Port 1.X controls the Master Port Read/Write 
input (MRiW). This satisfies the set-up time requirement of 
MRiW to MOS. 

Master Port Chip Select can be tied Low if it is guaranteed that 
RD or WR only become active in a DCP access cycle. Other­
wise, it must be generated by an address decoder. 

The 9568 can be used instead of the 9518/8068. The Am9568 
eliminates the need of Port 1.X to control Master Port 
Read/Write. R 0 and W R can directly be connected to the cor­
responding inputs of the DCP (MRD and MWR). ALE does not 
have to be inverted when connected to MALE. 

CLOCK DIVIDER 
The DCP clock divider logic as shown in Figure 10-1.1 a divides 
the CPU clock by four or six, depending on the type of instruc­
tion the CPU executes (See the timing diagram in Figure 10-
1.1 b). If the CPU generates an ALE every sixth clock, the CPU 
clock is divided by six. This is the normal case, and the speed 
calculation of the DCP should be done for this clock rate. If the 
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CPU is to execute "MOVX" instructions, every second ALE is 
left out and the divide factor is four. For both cases the mini­
mum DCP clock High or Low width is two CPU clock periods, 
which guarantees that even a CPU clock of 12 MHz satisfies 
the minimum clock requirement for the Am9518 as well as the 
AmZ8068. 

The AmZ8068 gives a wider range for the Data Strobe to R 0 or 
WR delay. The typical value for the 8051 at room temperature 
with a full load at these outputs is 50 ns. At a CPU clock rate of 
10 MHz, this timing requirement is 0-100 ns (two clocks minus 
100 ns) for the Am9518 and 0-135 ns (two clocks minus 65 ns) 
for the AmZ8068. 

PROGRAMMING 
Port 1.X must be High for a Read access and Low for a Write 
access. Data is transferred using a "MOVX Ri,.A:' or "MOVX 
A,Ri" instruction. Ri is register Ro or R1. Only this instruction 
generates the interface timing needed for the DCP. The inter­
nal register address is loaded into Rn before executing this 
instruction. 

!Is S1 
Pt , P2 I Pt P2 I 

XTAL, 

00 - Data Input or Output Regster 

02 - Command or Status Register 

06 - Mode Register 

The Flags can be monitored by two input pins of the CPU, Port 
1.Y and 1 .Z. One Flag corresponds to the status of the Input 
Register, the other one to the status of the Output Register. 
They become active Low if the CPU can perform a data trans­
fer. In high-speed data ciphering applications, it might be too 
time consuming to toggle Port 1.x (MR/W). The toggling can 
be avoided by choosing the dual port configuration of the DCP. 
Both the Master and Slave Port are connected to Port 0 of the 
CPU. During data Ciphering session, one port operates as the 
data input port, the other port operates as the data output port. 
This means that during the whole session, the data flow direc­
tion does not have to be turned around; MR/W can stay Low or 
High for the whole session. MCS and SCS select the appropri­
ate port. 
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11.0 INTERFACING TO THE ZSOOO 

11.1.0 ZS001/S002 OVERVIEW 
This CPU has a 16-bit data multiplexed address/data bus (the 
Z8001 has 7 additional non-multiplexed address outputs, 
called segment bits, extending its memory address range to 8 
Mbyte). 

Z8001/8002 addresses are specified as bytes. In a 16-bit word 
the least significant byte has the higher address, the most 
significant byte has the lower address. This differs from the 
8080, 8085, 8086, and Z80. Moreover, 16-bit and 32-bit words 
must be aligned with an even address. 

The 8-bit peripherals should be connected to the lower half of 
the Z8001/2 data bus and must be addressed with odd ad­
dresses (non-contiguous addressing). 

The data bus is "asynchronous", i.e. the CPU machine cycle 
can be stretched without clock manipulation by inserting Wait 
States between T2 and T3 of a read or write cycle to accom­
modate slower memory or peripherals. 

Separate address space for I/O (64 kbytes) defined by Status 
Code 0010 on the four Status outputs and by the RiW output 
from the Z8001/2. Addresses are guaranteed valid before the 
rising edge of AS. 

Data from I/O must be valid before the rising edge of DS. Data 
to I/O is valid during DS. 

DMA: The bus is requested by activating the BUSRQ input to 
the Z8001/2. 
Bus Grant is confirmed by the BUS AK output from the 
za001l2. 

Interrupt is requested by activating either the NMI (non­
maskable), NVI (non-vectored interrupt), VI (vectored inter­
rupt), or SEGT (segment trap from the memory management 
unit). 

Interrupt is acknowledged by the STATUS code output from the 
za001/2. During the Interrupt Acknowledge Cycle the Z8001/2 
reads a 16-bit word containing an 8-bit jump vector for vectored 
interrupt. 

11.1.1 Z8001 TO Am7990 LANCE 
INTERFACE 
za001 interface to the LANCE is easily accomplished since the 
Z8000 also has a multiplexed bus and most of the control 
signals can directly be connected (Figure 11-1.1). This design 
also uses the PAL (Am PAL 16l8) to reduce parts count. I NTR 
pin of the LANCE is connected to NVI pin of the Z8001, since 
LANCE does not return a vector during the interrupt acknowl­
edge cycle. The PAL uses the status lines ST 3-ST 0 (when 
Z8000 is the bus master), or HlDA from LANCE (when 
LANCE is in bus master mode), to generate M, the memory 
request signal. The user should program the ACON, BCON, 
and BSWP to 1, prior to initializing the LANCE. When the 
LANCE is the bus master, DALI and DAl0 control the 
transceiver. When the CPU is the bus master, T and Rare 
generated from RiW and DS to control the transceiver. 

11.1.2 THE Z8000 AND AmZ8068 
DATA CIPHERING PROCESSOR 
INTERFACE 
The DCP is one of the state-of-the-art peripheral devices that 
works hand in hand with most of the popular microprocec;sors 
on the market. At the heart of the DCP is the Data Encryption 
Standard (DES) algorithm unit that encrypts blocks of clear text 
into corresponding blocks of cipher text using a 56-bit key. The 
DCP can hold three keys simultaneously: a Master Key to 
generate session keys, an Encryption Key, and a Decryption 
Key. The DCP's Input and Output registers can each transfer 
data to and from the Master or Slave Port, on the 8-bit in­
put/output buses. The dual ports, with separate internal buses 
and separate input and output registers, compose a highly 
pipelined data path that maximizes the throughput by allowing 
simultaneous input, ciphering, and output operations. 

Figure 11-1.2 shows an interface between a 4-MHz Z8001/2 
microprocessor and the AmZ8068. The CPU and the DCP can 
operate synchronously at a clock rate up to 3.5 MHz. All control 
and strobe signals can be connected directly to the DCP. 

The clock rate is reduced to 3.5 MHz to satisfy timing parame­
ter (Clock lOW to MDS HIGH). The delay time from clock 
falling to Data Strobe (DS) rising is specified at 0 to 70 ns for 
the Z8000; the DCP requires 0 to 50 ns at 4 MHz. By reducing 
the clock rate, this parameter becomes 0 to 70 ns at 3.5 MHz. 

The system can operate at 4 MHz, if a 10-MHz Z8001/2 is 
used. This faster version is specified for 0 to 45 ns. 

A sample program for testing the DCP is shown in Figure 
11-1.2b. The program is written in Z8000 (nonsegmented) as­
sembly language. The DCP must be initialized for multiplexed 
Control Mode and "Master Port only" configuration. The cipher­
ing mode can be ECB or CBC. The mode is defined by the 
varible "MODE". A one-cycle operation of the interface is 
assumed. For a two-cycle operation interface, instructions to 
latch the register address must be added. 

11.1.3 AmZ8002 TO Am9S11 A 
FLOATING POINT PROCESSOR 
INTERFACE 
The Am9511 A can be interfaced to a 16-bit microprocessor 
such as the AmZ8002. Since the data bus of the Am9511 A is 
only 8 bits wide, the operations performed must be byte­
oriented. 

The R D and W R inputs to the Am9511 A can obtained by 
demultiplexing the data strobe (DS) output of the AmZ8002. 
The data bus of the Am9511 A can be connected to either the 
upper 8 bits or the lower 8 bits of the AmZ8002 data bus. If the 
Am9511A data bus is connected to the upper 8 bits, (Figure 
11-1.3a) the 110 address of the Am9511 A is always even. If the 
Am9511A data bus is connected to the low 8 bits, the I/O 
address is always odd. The chip select is derived from a 
decode of A2 to A15' AI is used to select between data/status 
during READ and data/command during WRITE. 
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AIIPAL 16L8 
PATOOl 
File: Z8K90.PAL 

Z8001 TO LANCE INTERFACE 
ADVANCED MICRO DEVICES 

RASOUL 11. OSKOUY 
11ARCH 13. 1984 

lAS IHLDA READ ICS IDS IREADY ST3 ST2 STl GND 

STO IT IN IriAIT LE IR IIC tiC NC V CC 

IF I(HLDA) T = IREAD*/CS 

IF (lllLDA) R = READ*DS*/CS 

M = IHLDA*ST]*/ST2*/ST1*/STO + 

IHLDA*/ST2*/ST1*STO + 

IHLDA*ST3*ST2*/STl + 

HLDA 

wAIT IREADY 

ILE = AS 
Figure 11-1.1 b 
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MACR08000: 

0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
1000 
1000 
1020 
1040 
1048 
1050 
1051 
1052 
1054 
1056 
1058 
1058 
1058 
105C 
1060 
1064 
1068 
106A 
106A 
106A 
106C 
106E 
1072 
1076 
107A 
107A 
107A 
10lC 
107E 
1082 
1086 
108A 
108A 
108A 
10BC 
108E 
1092 
1096 
109A 
109E 
10A2 
10A6 
10AA 
10AE 
10B2 
10B6 
10BA 
lOBE 
10C2 
10C6 
10CA 
10CE 
10D2 
10D6 
10D6 
1006 
10D8 
10DA 
10DA 

00 

6103 1052 
6101 1054 
6102 1056 
600F 1050 
3E2F 

CFA5 
3E1F 
2108 0008 
2109 1040 
3A92 0830 

CFll 
3ElF 
2108 0008 
2109 1048 
3A92 0830 

CF41 
3ElF 
2108 0008 
2109 1020 
3A92 0830 
2108 0008 
3A92 0830 
2108 0008 
210A 1000 
3A30 08AO 
2108 0008 
3A92 0830 
2108 0008 
3A30 08AO 
2108 0008 
3A92 0830 
2108 0008 
3A30 08AO 
2108 0008 
3A30 08AO 

CFEO 
3E1F 

Version 2.0 9/19/80 Page 1 

i**********************************·«**********************.*.* •• * •• ** 
%* JS 3/12/84 * 
%* ENCRYPTION EXAMPLE FOR Z8000 * 
%* * 
%*************************************************************.******* 

PROGRAM DCP SHOW; 
ORIGIN /flOOO; 

DCP OUT: 
DCP-I N: 
Clvr: 
CE KEY: 
MODE: 

DATAREG: 
C SR EG : 
MODEREG: 

DCP SHOW: 
- LD 

LD 
LD 
LOB 
OUTB 

BYTE 
BYTE 
BYTE 
BYTE 
BYTE 

WORD 
WORD 
WORD 

(32) ; 

~ 32 ) ; 8l; 8 . 
( 1 ) ; 

( 1 ) ; 
( 1 ) ; 
(1) ; 

R3.DATAREG; 
R1.CSREG; 
R2.MODEREG; 
RL7.MODE; 
R2.RL7; 

% LOAD IVE REGISTER 

% LOAD 

LOB RL7.#A5; 
OUTB R1.RL7; 
LD R8.#8; 
LD R9. CIVE; 
OTIRB R3.R9 .R8; 

E KEY 
LOB 
OUTB 
LD 
LD 
OTIRB 

REGISTER 
RL7.#1l; 
R1.RL7; 
R8. #8; 
R9. CE KEY; 
R3,R9 -;-R8; 

% ENCRYPTION 
LOB 
OUTB 
LD 

SESSION 
RL7,#41; 
R1,RL7; 
R8,#8; 

LD 
OTIRB 
LD 
OTIRB 
LD 
LD 
I NIRB 
LD 
OTIRB 
LD 
INIRB 
LD 
OTIRB 
LD 
IN IRB 
LD 
IN IR B 

R9, DCP IN; 
R3,R9 ,R8; 
R8,#8; 
R3,R9 .R8; 
R8,#8; 
R10, DCP OUT; 
R10 ,R3,R8; 
R8,#8; 
R3.R9 .R8; 
R8.#8; 
R10 .R3.R8; 
R8.#8; 
R3.R9 .R8; 
R8.#8; 
R10 ,R3.R8; 
R8,#8; 
R10 .R3.R8; 

% TERMINATE CIPHERING SESSION 

% DCP OUTPUT STORAGE AREA 
% DCP INPUT STORAGE AREA 
% CLEAR IV STORAGE FOR CBC/CFB ENCRYPTION 
% CLEAR ENCRYPTION KEY 
% MODE VALUE 

% DATA REGISTER ADDRESS (MASTER PORT) 
% COMMAND/STATUS REGISTER ADDRESS 
% MODE REGISTER ADDRESS 

% LOAD DATA REGISTER ADDRESS 
% LOAD COMMAND/STATUS REGISTER ADDRESS 
% LOAD MODE REGISTER ADDRESS 
% LOAD MODE VALUE 
% SET MODE (INCLUDES SOFTWARE RESET) 

%IVE LOAD COMMAND 

% BYTE COUNTER 
% ADDRESS OF CLEAR IVE FIELD 
% STROBE 8 BYTE IV IN 

% LOAD E KEY COMMAND 

% BYTE COUNTER 
% ADDRESS OF CLEAR E KEY FIELD 
% STROBE 8 BYTES KEY IN 

% START ENCRYPTION COMMAND 

% BY TE COUNTER 
% DATA INPUT fiELD 
% TRANSFER FIRST BLOCK 
% BYTE COUNTER 
% TRANSFER SECONO BLOCK 
% BYTE COUNTER 
% DATA OUTPUT FIELD 
% READ FIRST CIPHERED BLOCK BACK 
% BYTE COUNTER 
% TRANSFER THIRD BLOCK 
% BYTE COUNTER 
% READ SECDND CIPHERED BLOCK BACK 
% BYTE COUNTER 
% TRANSFER FOURTH BLOCK 
% BYTE COUNTER 
% READ THIRD CIPHERED BLOCK BACK 
% BYTE COUNTER 
% READ FOURTH CIPHERED BLOCK BACK 

LDB RL7,#EO; % LOAD STOP COMMAND 
OUTB R1,RL7; % ISSUE STOP COMMAND 

END. 

Figure 11-1.2b 

11-4 



Am25LS130 

r B 

Vi lID 
R/W A Yo WR 

G 

t 
ADo-15 

OS 

~ 
AD3_15 

A00-15 / ) 080-7 

['.r- 8 V 

AmZ8002 AmZ8173 AmZ8121 Am9511A 

------J-. 
(2X) A2-A15 

J\., 
(2X) 

0 y / EOUT CS 
-V V ADDRESS CHIP 

14 SELECT 

" 
lATCH 

AS E 

:l 
DECODE 

"" EIN 
( 

A1 
4.7K: CI.D 

,Y 

r--<J NVI ST3 G RESET END p----. 
ST2 C 

0, 
j<l WAIT ST1 

B Am25lS138 
NIO 

ClK PAUSE p-
STO A Y2 

RESET ClK EACK 

RESET Y 74lS04 10K 1 ..... 
+5V~ 

I""" 
1K 

+5Y 

I l 1 I 
PS A B C 0 

- 0 Q L-c CR QD r--
74LS74 Am25LS195A 

ClK CK at-- '---- SIL 

CR J K ClK 

I 1 j 
1 ~ 

02188A-123 

Figure 11-1.3a AmZ8002 to Am9511A Interface 



Due to the long READ access time of the Am9511A, the 
AmZ8002 must be put in a WAIT state for each READ access 
to the Am9511 A. If the P A USE output of the Am9511 A is 
connected directly to the WAIT input of the AmZ8002, the 
PAUSE output will arrive too late to put the AmZ8002 into the 
WAIT state. The Am25LS195A 4-bit shift register is used to 
solve this problem. During each address strobe, the aD output 
will be forced LOW if chip select to the Am9511 A is present. 
The aD will remain LOW for two clock periods. If PAUSE is 
LOW during this period, the WA IT line will remain LOW be­
cause the Am25LS195A is held at the reset state. After the 
PAUSE returns to HIGH, the aD output will go HIGH after two 
clocks and the AmZ8002 can proceed with the current opera­
tion. 

+ B 

Am25LS139 Y1 

R/W A YO 
G 

OS 1 
~ 

ADO-A015 

'v-

11.1.4 AmZ8002 TO Am9S12 
FLOATING POINT PROCESSOR 
INTERFACE 
The AmZ8002 to Am9512 interface is similar to the AmZ8002 
to Am9511A interface, except the PAUSE output of the 
Am9512 can be connected directly to the WAIT input of the 
AmZ8002. This is because the PAUSE output of the Am9512 
follows the chip select instead of R D and W R and the 
AmZ8002 has sufficient time to go into the WAIT state. Figure 
11-1 .4 shows the interface block diagram. 
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Figure 11-1.4 AmZ8002 to Am9512 Interface 
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11.1.5 THE Z8000 AND Am9513A 
SYSTEM TIMING CONTROLLER 
INTERFACE 
In this interface the Am9513A is connected with an AmZ8001 
or AmZ8002 CPU (Figure 11-1.5a). The Am9513A appears in 
both Regular and Special I/O space, by virtue of the decoding 
of status lines ST1-ST3. Status line ST0 should be decoded 
also if it is necessary to separate the Regular and Special I/O 
spaces. The Am25LS2536 is a latched decoder which stores 
the address information on the rising edge of AS, providing the 
Am9513A with a stable CS for the duration of the transfer. The 
Am74LS158 multiplexer generates RD and WR from the 

IT Al A2 r---< 

B2 Bl r-
74LS158 

os G VI 

RIW S V2 

RESET 

1 
CLR 

AS CP Y7 

r:::f"')---c 
p-

AmzaOOl 
ST3 r-- Gi p-ST2 

OR - 25LS2536 ~ AmZaOO2 
ST1 G2 p-

AD13 
A ~ AD14 p-~ B 

p-r- C __ VO 

POL CE OE 

~ 

ADo-AD1S ~ 
'" ~ 

CPU's OS and RiW lines. For maximum data bandwidth be­
tween the CPU and the Am9513A, Master Mode register bit 
MM13 should be set to 1 to configure the Am9513A for a 16-bit 
data bus width. This can be accomplished by writing command 
opcode FFEF(hex) to the Am9513A following each reset and 
power up. 

Figures 11-1.5b, c, and d show various ways to drive the X1 
and X2 inputs. Figure 11-1.5d shows the Am9513A internal 
oscillator being driven by an external signal. The Am9513A 
Electrical Specification should be consulted for the voltage 
levels required on the X2 input to guarantee proper oscillator 
operation in this configuration. 

AmZ8001/2 Am9513 

OS R/W WR RD 
L L L H 
L H H L 
H L H H 
H H H H 

RESET 

AD 

WR 

CS 

Am9513A 

TO OTHER 
I/O DEVICES 

,-- 0 Qr- C/O 

Am74LS74 

J 
ADI "- DO-DIS 

-V 

02188A-125 

Figure 11-1.5a AmZS001/S002-Am9513 Interface 

11-7 



b c d (NO 
CONNECTION) 

X1 X1 Am9513 I X1 
.--_ ...... _-/r Am9513A 

I gTAt" 

''";~1 p~----, 
I "18PF 

CERAMIC 

R 

.-----c 

X2 

~ 

I C 

-= 

-------c Am9513 

+5V 

Rint 

l.SlI" X2 
r 
~ 

02188A-126 

"Note: The Am9513A oscillator was changed from the Am9513. The capacitor 
values in previous designs should be changed to the values shown. 

Figure 11-1.5b, c, d Driving the X1 and X2 Inputs 

11.1.6 THE Z8002 AND Am9519A 
INTERFACE 
The Am9519A Interrupt Controller is used in a system to 
relieve the CPU from the task of determining the sources of 
interrupts. It also serves to prioritize multiple interrupts. The 
interface block diagram is shown in Figure 11-1 .6a. The 
Am2956 latches and Am8304 bidirectional buffers are used to 
generate separate add;·ess and data buses from the CPU ad­
dress/data bus. The latched address is checked by two 
25LS2521 8-bit comparators which generate a Chip Select 
(CS) for the Am9519A. The addresses used here are 0021 H or 
0023H in normal I/O space. Latched address bit LADDR1 is 
not included in the comparison, but drives the c/o input to the 
Am9519A. This defines address 0021H as being the address 
for data transactions and address 0023H as being the address 
for command/status transaction. Note the I/O addresses are 
odd, since the 9519A is on the lower data bus. 

The lower half of the buffered data bus drives the bidirectional 
data bus of the Am9519A. The read and write commands re­
quired by the Am9519A are generated with half o~ 74LS139 
decoder. DS is applied to the enable input and RIW is applied 
to the least significant select line. The most significant select 

line is grounded. This is an alternative solution to the discrete 
gate implementation. The Am9519A makes a vectored inter­
rupt request to the CPU using the Group Interrupt line (GINT ) 
which should be a LOW active output from the AM9519A. 
GINT is reset by the CPU vectored Interrupt Acknowledge 
(VIACK). The latter is decoded from the status lines and 
strobed into a flip-flop on the trailing edge of AS. The inclusion 
of the flip-flop ensures that no spurious pulses from the status 
decode may erroneously cause an interrupt acknowledge. 

The Am9519A should be programmed to respond to a single 
interrupt acknowledge which in turn results in the transfer of 1 
by1e of interrupt status to the CPU. This is sufficient since the 
vectored interrupt mechanism in the CPU requires only 1 by1e 
of status to form the vector. Since the Am9519A returns unique 
vectors for each of the 8 possible interrupts it receives from the 
devices, the interrupt acknowledge cycle enables the CPU to 
determine the source of the interrupt without any further over­
head. The interrupt inputs to the Am9519A from the devices 
may be levels or pulses. If levels are employed, some form of 
request reset will have to be included. In the block diagram, 
pulsed interrupt requests are assumed and should be con­
nected to the IREO inputs of the Am9519A, which should be 
programmed for Low Active interrupt requests. 
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SECTION D 
BUS INTERFACING 

12.0 MISCELLANEOUS 

12.1 MULTIBUS '" TO Am9516 
INTERFACE 
This interface shows the Am9516 connected to the 
MULTIBUS' (Figure 12-1a). This is accomplished by two PAL 
device designs. The equations for the PAL devices are shown 
in Figures 12-1b and 12-1c. The first designated Am9516MBC 
does the MULTIBUS' arbitration as defined by the MULTIBUS' 
specification. Common bus request (CBRQ) was not imple­
mented in this design. Additionally this design holds the bus as 
long as BREQ is active. If the user wishes to release the bus 
after each transaction the Am9516 should be programmed for 
CPU interleave. 

12-1 

The second PAL device in this interface designated 9516MBC, 
converts the Am9516 signals into MULTIBUS' control signals. 
It also generates R D and W R for the 8530 so that flyby trans­
fers can be done. When not doing flyby, this part of the PAL 
device should be changed. There are several considerations 
when using the SCC with DMA not addressed here. These are 
covered in a separate application. This example will work for 
moderate serial data serial data rates. To operate the SCC at 
maximum speed, a local RAM should be used as bus arbitra­
tion overhead could cause problems. The main purpose here 
was to illustrate the versatility of PAL devices and how 
easy it is to interface apparently incompatible devices to the 
MULTIBUS '. 

The two PAL device shown are similar in function to the 8289 
and 8288 shown with the 8086 CPU. A similar design could be 
done for processors such as the 68000 or other bus masters 
such as the 8052 CRT controller which has its own DMA. 

• MULTIBUS is a registered trademark of Intel Corporation 
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PAL16L8 
PAT 002 
MULTIBUS CONTROL FOR 9516 
ADVANCE MICRO DEVICES 

PAL DESIGN SPECIFICATION 
JOE BRCICH 9 SEPT 82 

BACK MIO NC NC /DACK NC NC NC /CEN GND 
NC /RD /IORC /DS /MWTC /MRDC /IOWC /RW /WR VCC 

IF (BACK) IORC = /MIO*DS*/RW*CEN 

IF (BACK) IOWC = /MIO*DS*RW*CEN 

IF (BACK) MRDC .. MIO*DS*/RW*CEN 

IF (BACK) MWTC .. MIO*DS*RW*CEN 

RD - DACK*RW*BACK + IORC*/BACK 

WR" DACK*, ~W*BACK + IOWC */BACK 

IF (jBACK) OS = IORC + IOWC 

IF (jBACK) RW - IOWC 

DESCRIPTION 

THIS PAL CONVERTS MULTI BUS SIGNALS INTO 9516 COMPATIBLE SIGNALS AND 
VICE VERSA. IT ALSO SUPPORTS THE 8530 IN FLYBY MODE. 

Figure 12-1b 
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PAL16R4 
PAT 004 
MULTIBUS ARBITER FOR 9516 
ADVANCE MICRO DEVICES 

PAL DESIGN SPECIFICATION 
JOE BRCICH 30 JULY 84 

/BCLK /XACK BRQ /BSY /BPRN /DS NC /IORC /CS GND 
JOE /RBEN /TBEN BACK /CEN /BREQ /BUSY /BPRO /WAIT VCC 

IF (/BACK) TBEN - IORC * CS 

IF (/BACK) RBEN = /IORC * CS 

WAIT - /XACK * BACK 

BREQ :- BRQ 

BPRO - /BRQ * BPRN 

/BACK : - /BUSY 

BUSY:- BREQ * BPRN * /BSY * /BUSY + 
BREQ * BUSY * BPRN + DS * BUSY 

CEN :- BACK 

.DESCRIPTION 

/CEN DELAYS THE COMMANDS TO MEET THE MULTI BUS REQUIREMENT THAT ADDRESS 
AND DATA BE VALID AT LEAST 50 NS PRIOR TO CONTROL ACTIVE. IF WE DO 
NOT ALLOW PREEMPTION; REMOVE BPRN FROM THE SECOND EXPRESSION IN THE 
BUSY EQUEATION AND ELIMINATE THE THIRD EXPRESSION. 

Figure 12-1c 
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ADVANCED MICRO DEVICES 
DOMESTIC SALES OFFICES 

ALABAMA .......... . . . .. . . 
ARIZONA, Tempe . .. . ... . . .. . . . 

Tucson 
CALIFORNIA, EI Segundo . 

COLORADO . 

Newport Beach 
San Diego 
Sunnyvale . 
Woodland Hills . . 

CONNECTICUT, Southbury . 
FLORIDA, Altamonte Springs .. 

Clearwater ..... 
Ft. Lauderdale . 
Melbourne .. 

GEORGIA. .. . ....... . .. . . . . . 
ILLINOIS . . ..... . . . . . 
INDIANA ............. . . . . .. . ... . . . . 
KANSAS .. .. .. . . . . .. . 
MARYLAND. . .. . .. . . . . . .... . . . . . 
MASSACHUSETTS . 
MINNESOTA .. .......... . . . . .. . . . . 
NEW JERSEY .. 
NEW YORK, Liverpool. .. .. . ... . . . • . 

Poughkeepsie . 
Woodbury . 

NORTH CAROLINA, Charlotte .. 
Raleigh . 

OREGON . . . . ....... . 
OHIO, Columbus .. 
PENNSYLVANIA, Allentown . 

Willow Grove . 
TEXAS, Austin .. 

Dallas ...... . . . .. . . .. . . . 
Houston .. 

WASHINGTON . . . . .. ... . . . . . 
WiSCONSiN ......... .. ... . ..... . . 

Order #02188A 

(205) 882-9122 
(602) 242-4400 
(602) 792-1200 
(213) 640-3210 
(714) 752-6262 
(619) 560-7030 
(408) 720-8811 
(818) 992-4155 
(303) 691-5100 
(203) 264-7800 
(305) 834-3333 
(813) 530-0971 
(305) 484-8600 
(305) 254-2915 
(404) 449-7920 
(312) 773-4422 
(317) 244-7207 
(913) 451-3115 
(301) 796-9310 
(617) 273-3970 
(612) 938-0001 
(201) 399-0002 
(315) 457-5400 
(914) 471-8180 
(516) 364-8020 
(704) 525-1875 
(919) 847-8471 
(503) 245-0080 
(614) 891-6455 
(215) 398-8006 
(215) 657-3101 
(512) 346-7830 
(214) 934-9099 
(713) 785-9001 
(206) 455-3600 
(414) 782-7748 

ADVANCED MICRO DEVICES-CANADA 

ONTARIO, Ottawa 
Willowdale .... .. ..... .. . 

(613) 592-0060 
(416) 224-5193 

ADVANCED MICRO DEVICES 
INTERNATIONAL SALES OFFICES 

BELGIUM, Bruxelles ........... . . (02) 771-99 93 
(01) 687 36 66 

(089) 4114-0 
(071 1) 62 33 77 

(05143) 5055 

FRANCE, Rungis Cedex .... .. . . . . . 
GERMANY, Munich . 

Stuttgart ....... .. . .. . . 
Winsen/Aller .. 

HONG KONG, Kowloon . . . . . . .. . . (852) 3 695377 
(02) 3390541 

(03) 345-8241 
(08) 733 03 50 
(0925) 828008 
(04862) 22121 

ITALY, Milano . . . ........... .. . 
JAPAN , Tokyo . . ............ . . 
SWEDEN, Sundbyberg ........... . . 
UNITED KINGDOM, Warrington 

Woking ...... .. . 

ADVANCED 
MICRO 

DEVICES, INC. 
901 Thompson Place 

. p. 0. Box 3453 
Sunnyvale, 

California 94088 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34 6306 

TOLL FREE 
(800) 538-8450 

CBM-MU-5M-8/85-0 


