






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Macro's for Programmable Logic 

FIFO Example Function Table 

SYSTEM DESIGN SPECIFICATION CLK OC SI IR D(7 .. 0) F(3) 0(37 .. 0) 
FIFOO01 J. BIRKNER 8/4/81 F(2) 0(27 .. 0) F(1) 0(1 7 .. 0) F(O) 
OCTAL FIFO, 4-WORD DEEP 0(0 7 .. 0) SO OR 
MONOLITHIC MEMORIES SUNNYVALE, CA ;C 
CLK IIR lSI D(0 .. 7) 10C 0(7 .. 0) lOR ISO ;L 0 S I 3 2 1 0 S 0 
F(3 .. 0) 0(3 . . 0,7 .. 0) ;K C I R D FO FO FO FO 0 0 R 
F(I=0 .. 3) := F(I) */SO*/SI ;HOLD C H L HXX LXX XXX XXX XXX XX H X INT1 

+ F(I) */SO* SI ;HOLD C H L HXX LXX LXX XXX XXX XX H C INT2 
+ F(I-1) */SO* SI ;SHIFT C H L HXX LXX LXX LXX XXX XX H X INT3 
+ F(I+1) */SO*/SI ;SHIFT CHLHXX LXX LXX LXX LXX XX H H INT4 

O( 1=0 .. 3 J=0 .. 7):= CHHH44 LXX LXX LXX H44 44 L H SI44 
0(1 J) */SO*/SI CHHH55 LXX LXX H55 H4444 L H SI44 

+ 0(1 J) */SO* SI* F(I) CHHH66 LXX H66 H55 H44 44 L H SI66 
+ D(J) */SO* SI*/F(I) CHHH77 LXX H77 H66 H55 55 H H SISO 
+ D(J) * SO* SI*/F(I+1) CHHL88 H88 H77 H66 H55 55 L H SI88 
+ 0(1+1 J) * SO* SI* F(I+1) CHHL99 H88 H77 H66 H55 55 L H SI?? 
+ 0(1+1 J) * SO*/SI CHLHXX LXX H88 H77 H66 66 H H SO 

IF( OC) CHLHXX LXX LXX H88 H77 77 H H SO 
0(1 =0 .. 7) = 0(1) ;Three state enable CHLHXX LXX LXX LXX H88 88 H H SO 

CHLHXX LXX LXX LXX LXX XX H L SO?? 
CLLHXX XXX XXX XXX XXX ZZ H L HI-Z 

Description 
THE OCTAL 4-WORD DEEP FIFO IS A SYNCHRONOUS 
SHIFT REGISTER OF VARIABLE LENGTH DEPENDING 
ON INPUTIOUTPUT SHIFT RATES. 
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PAL: Quick Turnaround Alternative 
to Gate Arrays 

Shlomo Waser 

Abstract 
The first part of the paper will describe the PAL family including 
the second generation to be introduced shortly, and the HAL, 
which is a gate array with fusible prototype. 

The second part will address the PAL software support tools 
with emphasis on HDL (Hardware Description Language), 
design verification via function tables, simulation and automatic 
test vector generation. 

Introduction 

The Part Number Problem 
As the capability of the semiconductor industry to integrate 
more and more logic into a single chip, a unique problem has 
arisen; how to define a common chip that will have enough 
volume to justify the tremendous design costs associated with 
high degree of integration. Let us illustrate this with an example: 
Back in the '60s when the integration capability was below 10 
gates per chip, we made quad NAND gates and similar SSI. 
Everybody that made digital systems could use a quad NAND 
so there was no volume problem. But in the '80s, we can put 
thousands of gates per chip and the design cost is measured in 
millions of dollars. As long as we provide memories and 
microprocessors, there are always enough customers that have 
common requirements to request large volume. So in the '80s, 
we don't have a problem with memories and microprocessors, 
but we do have a problem with what to do with the rest of the 
required components. Especially the components that are 
unique to special systems and there is no chance that there will 
be enough volume generated to justify the large design cost. 

The SSI/MSI Solution 
One solution to the above problem is to use SSI gates and 
construct the desired function. This is an undesirable solution 
since it does not take advantage of the increased integration 
available nowadays. 

The Custom Solution 
If the special function has enough volume, a custom deSign is 
justified economically, provided the long design cycle associated 
with custom is acceptable. 

The Programmable Solution 
There is a big void between the undesirable SSI solutions and 
the uneconomical custom. This void is now being addressed by 
semi-custom approaches. Three semi-custom approaches are 
generally available (in increasing order with gate densities): 

1. Fuse programmable logic (PAL, FPLA, and PROM) 

2. Gate Arrays 

3. Standard Cells 

It is estimated that by 1990, half of the semiconductor market 
will be made of programmable system components. This paper 
will focus on only the PAL approach to semi-custom, but will 
compare the PAL to other alternatives. 

The PAL Family 
The First Generation: PAL20 
The PAL is an abbreviation for Programmable Array Logic. 
The PAL was invented and patented by John Birkner of 
Monolithic Memories, Inc. The family is made of 15 different 
parts. All are housed in 20-pin DIP, and are fuse programmable 
by the user. Of the 15 different parts, 9 are combinatorial and 6 
are registered for sequential operations. Figure 1 illustrates the 
use of a combinatorial PAL to perform address decoding in a 
typical microprocessor system. 

Each PAL is made of one or more of the following cells: 

• AND-OR/NOR cell used for combinatorial logic (Figure 2) 

• Registered cell with internal feedback. Used to implement 
sequential logiC (Figure 3). 

• Programmable I/O cells enable the user to dynamically 
change the pin function from input to output and vice 
versa. This feature is very useful for bidirectional 
communication (Figure 4). 

Figure 5 is a general block diagram of a state machine. The state 
of the machine is determined by the contents of the output 
register while the next state is a function of the present state and 
some input variables. Figure 6 depicts the implementation of 
this classic structure by a registered PAL. Note that the present 
state information is fed back to the combinatorial network via 
the internal feedback, thus conserving the use of precious pins. 
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Figure 1. Using PAL to Replace Random Logic In 6800 Microprocessor Bus 
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The Second Generation: PAL24 
The PAL24 is an evolution of the PAL20 and similarly has 
combinatorial and registered parts. However, in the combinatorial 
circuits, it is now possible to decode simultaneously up to 20 
inputs. The registered parts now have as many as 10 outputs, 
but the important thing to note about the architecture of the 
registered part is the addition of a new cell: "AND-OR-EXOR" as 
illustrated in Figure 7. The significance of the cell is for 
implementing various types of counters. Figure 8 shows the 
logic diagram for the PAL20X8 that can be easily programmed 
to implement an octal counter. 

PAL Performance: Present and Future 
The most critical parameter for the PAL performance is the 
propagation delay for the combinatorial cells and the set-up 
time for the registered cells. These two parameters are equal in 
the PAL family and are listed below as function of time: 

1979 1981 1982 1983 

tpD = tsu 40 ns 35 ns 25 ns 15 ns 

These numbers are worst case for commercial temperature and 
supply ranges. Add 5 ns to get the worst case numbers for 
military temperature and supply. 

PAL - Industry Standard 
The PAL has been accepted as an industry standard and is 
being manufactured under license by National Semiconductor 
(NSC) and Advanced Micro Devices (AMD). In addition, it was 
announced by Texas Instrument (TI). It is very significant to 
note that TI and NSC, who are the leaders in the TTL market 
have recognized that PAL will eventually replace the present 
TTL. The PAL20 was adopted by the JEDEC 42.1 Committee as 
a de facto standard and it further proposed that the PAL24 be 
also adopted. 

HAL - Hard Array Logic 
The HAL to a PAL is the same as a ROM to a PROM. Instead of 
having a fuse mask, a metal mask is used. This technique 
reduces the PAL price almost by a factor of two. The HAL is 
similar to a gate array. Both are customized in the last 
fabrication stage by applying a unique metal mask to otherwise 
standard wafer. However, the HAL is the only gate array in the 
market with a fusible prototype. 

INPUTS, FEEDBACK AND I/O 

PAL20X8 

Figure 8. PAL20X8 

PAL vs Other Alternatives 

PAL Advantages Over SSI/MSI 
The PAL can replace from 4-10 SSI/MSI and consequently it 
reduces the board space required for a function. It also 
increases reliability by moving the interconnections from the 
less reliable PC solder connections to the silicon chip. Since the 
PAL is programmable, it expedites the prototyping and debugging 
process as compared to conventional SSI/MSI. Last but not 
least, is the PAL security fuse which makes it impossible to copy 
the contents of a PAL. 

PAL vs Gate Arrays 
Gate arrays typically have higher gate density than a PAL. 
However, they have several drawbacks. The turn-around time 
for gate array is 2-4 months for the first silicon and typically two 
iterations are required to get a completely functional unit. Thus, 
the actual turn-around time is 4-8 months. By contrast, a PAL 
can be programmed in a few minutes and if several iterations 
are required, the total turn-around time is still measured in 
hours, not in months. Even if a customer selects to go with HAL 
(which has a turn-around time similar to gate arrays), he still 
does not lose time since he can use the PAL as his fusible 
prototype to build the first systems. 

,~lllllllllllllllllllt"lllllllllllllllllllr~· 
Figure 7. Registered Cell Using XOR Gate 
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Gate array development cost is estimated to be $20-$50K per 
circuit, this compared with less than $1 K for HAL mask charges 
or nothing if only PAL is used. 

Finally, at the time of writing this paper, the PAL is multi­
sourced while gate arrays are single sourced. 

PAL vs FPLA 
Both approaches use AND array followed by OR array. In the 
FPLA, both arrays are programmable while in the PAL, only the 
AND array is programmable. The FPLA approach is academically 
more fleXible but in practicality this fleXibility costs time delay 
and power dissipation. The PAL with its programmable AND 
array is an engineering trade-off, since the majority of the TTL 
applications can be implemented by the Single programmable 
array while increasing speed and saving power dissipation. 

PROMs Complements the PAL 
In few applications, we find that the PAL does not have sufficient 
product-terms to implement a certain function (especially 
arithmetic functions). In cases like this, the PROM has a clear 
advantage since it has all possible product-terms for a given 
number of inputs. For example: to build a 4x4 multiplier, only 8 
inputs and 8 outputs are required; but the number of product 
terms is more than the 8 available in PAL. Thus, a 256x8 PROM 
can be used to implement this multiplier (since a 256 words 
PROM has 8 address lines). 

PAL Design Specifications 
Motivation 
The PAL design specifications serve two functions which are 
very critical to any user who customizes his own chip: 

(a) Documenting the customized function on a com­
puterized data sheet form so that retrieving and updating 
are easily accomplished. 

(b) Automating the design process, i.e., only logic equations 
are necessary in specifying a new function. The transla­
tion of these logic-equations to physcial fuse pattern 
should be transparent to the user. 

The Specifications 
The following items constitute the total specs: 

• PAL part number 

• Heading on user and function 

• Pin list 

• Logic equations 

• Function table (optional) 

• Description (optional) 

Let us illustrate these specs by going though an example of a 
24-pin PAL which is customized as an octal counter. This octal 
synchronous counter can perform 4 operations. Each operation 
is selected by a two bit code: 

11 10 

0 0 Clear 

0 1 Hold 

1 0 Load 

1 1 Increment 

The counter has 8 data outputs which are called, "00" through 
"07" and 8 data inputs which are called "DO" through "07", 
where "DO" is the LSB. 

So now we are ready to go through the detailed specifications. 
The first 4 lines are specified in the following way: 

PAL20XB 
74LS461 
OCTAL COUNTER 

• Line 1 specifies that the device is PAL20X8 

• Line 2 specifies user part number 

• Line 3 is the device application name 

• Line 4 is the user's company name, city and state 

PAL DESIGN SPECIFICATION 
BIRKNER/KAZMI/BLASCO 02/10/B1 

MMI SUNNYVALE, CALIFORNIA 
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• Line 5 is the beginning of the pin list. In our case there are 
24-pins: 

Pin 1 is the clock pin called "elK" 

Pin 2 is a select line called "10" 

Pin 3 is the lSB of the input called "DO," and so forth. 

CLK 10 DO 01 02 03 04 05 06 07 I1 GND 
/oe /CO Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO /CI vec 

logic-equations follow the pin list: 

/QO := /I1*/IO ~CLEAR LSB 
+ 10 * /QO ~COUNT/HOLO 

:+: I1*/IO * /00 ~LOAD DO (LSB) 
+ I1* 10 * CI ~COUNT 

/Q1 := /I1*/IO ~CLEAR 
+ 10 * /Q1 ~COUNT/HOLO 

:+: I1*/IO * /01 ~LOAO 01 
+ I1* 10 * CI*QO ~COUNT 

/Q2 := /I1*/IO ~CLEAR 
+ 10 * /Q2 ~COUNT/HOLO 

:+: I1*/IO * /02 ~LOAO 02 
+ I1* 10 * CI*QO*Q1 ~COUNT 

/Q3 := /I1*/IO ~CLEAR 
+ 10 * /Q3 ~COUNT/HOLO 

:+: I1*/IO * /03 ~LOAD 03 
+ I1* 10 * CI*QO*Q1*Q2 ~COUNT 

/Q4 := /I1*/IO ~CLEAR 
+ 10 * /Q4 ~COUNT/HOLO 

:+: I1*/IO * /04 ~LOAO 04 
+ I1* 10 * CI*QO*Q1*Q2*Q3 ~COUNT 

/Q5 := /I1*/IO ~CLEAR 
+ 10 * /Q5 ~COUNT/HOLO 

:+: I1*/IO * /05 ~LOAD 05 
+ I1* 10 * CI*QO*Q1*Q2*Q3*Q4 ~COUNT 

/Q6 := /I1*/IO ~CLEAR 
+ 10 * /Q6 ~COUNT/HOLO 

:+: I1*/IO * /06 ~LOAD 06 
+ 11* 10 * CI*QO*Q1*Q2*Q3*Q4*Q5 ~COUNT 

/Q7 := /I1*/IO ~CLEAR MSB 
+ 1'0 * /Q7 ~COUNT/HOLO 

:+: I1*/IO * /07 ~LOAD 07 (MSB) 
+ I1* 10 * CI*QO*Q1*Q2*Q3*Q4*Q5*Q6 ~COUNT 

IF (VCC) CO = CI*QO*Q1*Q2*Q3*Q4*Q5*Q6*Q7 ~CARRY OUT 
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Following the logic equations, a FUNCTION TABLE is given. 
Note that the FUNCTION TABLE includes some basic test 
information: 

FUNCTION TABLE 

CLK 10C I1 IO D7 D6 D5 D4 D3 D2 D1 DO ICI ICO Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO 

~CONTROL 

~CLK 10C 

-INPUT-­
INSTR DDDDDDDD 
I1 IO 76543210 

CARRY 
ICI ICO 

-OUTPUT­
QQQQQQQQ 
76543210 

~BASIC LOAD TEST AND INCREMENT-WITH-CARRY TESTS 
C L H L LLLLLLLH X H LLLLLLLH 
C L H H XXXXXXXX L H LLLLLLHL 
C L H L LLLLLLHH X H LLLLLLHH 
C L H H XXXXXXXX L H LLLLLHLL 
C L H L LLLLLHHH X H LLLLLHHH 
C L H H XXXXXXXX L H LLLLHLLL 
C L H L LLLLHHHH X H LLLLHHHH 
C L H H XXXXXXXX L H LLLHLLLL 
C L 
C L 
C L 
C L 
C L 
C L 
C L 

H L LLLHHHHH 
H H XXXXXXXX 
H L LLHHHHHH 
H H XXXXXXXX 
H L LHHHHHHH 
H H XXXXXXXX 
H L HHHHHHHH 

C L H H XXXXXXXX 
~COMPLEMENT LOAD TESTS 

C L H L HHHHHHHH 
C L 
C L 
C L 
C L 
C L 
C L 
C L 
C L 

H L HHHHHHHL 
H L HHHHHHLH 
H L HHHHHLHH 
H L HHHHLHHH 
H L HHHLHHHH 
H L HHLHHHHH 
H L HLHHHHHH 
H L LHHHHHHH 

X H 
L H 
X H 
L H 
X H 
L H 
L L 
L H 

L L 
X H 
X H 
X H 
X H 
X H 
X H 
X H 
X H 

LLLHHHHH 
LLHLLLLL 
LLHHHHHH 
LHLLLLLL 
LHHHHHHH 
HLLLLLLL 
HHHHHHHH 
LLLLLLLL 

HHHHHHHH 
HHHHHHHL 
HHHHHHLH 
HHHHHLHH 
HHHHLHHH 
HHHLHHHH 
HHLHHHHH 
HLHHHHHH 
LHHHHHHH 

C L H L HHHHHHHH L L HHHHHHHH 
~SHORT COUNT SEQUENCE - CONSECUTIVE COUNTS 

C L L L XXXXXXXX X H LLLLLLLL 
C L H H XXXXXXXX L H LLLLLLLH 
C L H H XXXXXXXX L H LLLLLLHL 
C L H H XXXXXXXX L H LLLLLLHH 
C L H H XXXXXXXX L H 

~COUNT HOLD CHECK - CO GATING CHECK 
C L H L HHHHHHHL X H 
C L H H XXXXXXXX L L 
C L H H XXXXXXXX H H 

LLLLLHLL 

HHHHHHHL 
HHHHHHHH 
HHHHHHHH 

C L L H LLLLLLLL L L HHHHHHHH 
C L H H HHHHHHHH L H LLLLLLLL 

~TEST OUTPUT CONTROL (/OC) FOR THREE-STATE OUTPUTS 
X H X X XXXXXXXX X X ZZZZZZZZ 

COMMENTS 
(HEX VALUES) 

LOAD (01) 
INCREMENT 
LOAD (03) 
INCREMENT 
LOAD (07) 
INCREMENT 
LOAD (OF) 
INCREMENT 
LOAD (IF) 
INCREMENT 
LOAD (3F) 
INCREMENT 
LOAD (7F) 
INCREMENT 
LOAD (FF) 
INCREMENT (ROLL OVER) 

LOAD (FF) 
LOAD (FE) 
LOAD (FD) 
LOAD (FB) 
LOAD (F7) 
LOAD (EF) 
LOAD (DF) 
LOAD (BF) 
LOAD (7F) 
LOAD (FF) 

CLEAR 
INCREMENT TO (01) 
INCREMENT TO (02) 
INCREMENT TO (03) 
INCREMENT TO (04) 

LOAD (FE) 
INCREMENT TO (FF) ICO=L 
CI INHIBITS COUNT AND CO 
HOLD SEL INHIBITS COUNT ONLY 
INCREMENT TO (00) 

TEST HI-Z 
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Finally, it is highly recommended that a description be a part of 
this computerized data sheet. 

THIS IS AN a-BIT SYNCHRONOUS COUNTER WITH PARALLEL LOAD, CLEAR, AND HOLD 
CAPABILITY. THE LOAD OPERATION LOADS THE INPUTS (D7-DO) INTO THE OUTPUT 
REGISTER (Q7-QO). THE CLEAR OPERATION RESETS THE OUTPUT REGISTER TO ALL LOWS. 
THE HOLD OPERATION HOLDS THE PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS. 
THE INCREMENT OPERATION ADDS ONE TO THE OUTPUT REGISTER WHEN THE CARRY-IN IS 
TRUE (/CI=L), OTHERWISE THE OPERATION IS A HOLD. THE CARRY-OUT (/CO) IS TRUE 
(/CO=L) WHEN THE OUTPUT REGISTER (Q7-QO) IS ALL HIGHS, OTHERWISE FALSE (/CO=H). 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND SUMMARIZED IN THE 
OPERATIONS TABLE: 

loe CLK I1 10 ICI D7-DO Q7-QO OPERATION 
--------------------------------------------------

H X X X X X Z HI-Z 
L C L L X X L CLEAR 
L C L H X X Q HOLD 
L C H L X D D LOAD 
L C H H H X Q HOLD 
L C H H L X Q PLUS 1 INCREMENT 

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

CAD Software for PAL 

PALASM 
PALASM is a software which translates the LOGIC EQUATIONS 
to a fuse pattern. The output of the PALASM is in a format 
compatible with either a PAL or a PROM programmer. The user 
needs to specify only his "block-box" description and the 
programmer will blow the corresponding fuse pattern. 

PALASM also uses the FUNCTION TABLE to perform two 
critical operations for the semi-custom user: 

• Design Verification - Each entry of the FUNCTION 
TABLE is checked against the logic equations and any 
inconsistency is flagged as an error. 

• Test Vectors - Each entry of the FUNCTION TABLE is 
translated to a universal test vector, so there is a way of 
testing the customized PAL once it is fabricated 

PALASM is written in FORTRAN IV and it resides on an IBM 
370/168. Users can access the program by calling the NCSS 
time-share network. Additionally, Monolithic Memories makes 
the source code of PALASM available to users at no cost. 
PALASM is presently running on quite a few computers at 
customer sites. Several examples of such computers are the 
DEC PDP/11, DG NOVA, HP2100, MDSBOO, and many others. 

An example of the test-vectors generated from the FUNCTION 
TABLE of the octal counter is given at right: 
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1 COIOOOOOOOIXOHI,LLLLLLHXl 
2 CIXXXXXXXXIXOHLLLLLLHLOI 
3 COIIOOOOOOIXOHLLLLLLHHXl 
4 CIXXXXXXXXIXOHLLLLLHLLOI 
5 COIIIOOOOOIXOHLLLLLHHHXl 
6 CIXXXXXXXXIXOHLLLLHLLLOI 
7 COIIIIOOOOIXOHLLLLHHHHXl 
a CIXXXXXXXXIXOHLLLHLLLLOI 
9 COIIIIIOOOIXOHLLLHHHHHXl 

10 CIXXXXXXXXIXOHLLHLLLLLOI 
11 COIIIIIIOOIXOHLLHHHHHHXl 
12 CIXXXXXXXXIXOHLHLLLLLLOI 
13 COIIIIIIIOIXOHLHHHHHHHXl 
14 CIXXXXXXXXIXOHHLLLLLLLOI 
15 COIIIIIIIIIXOLHHHHHHHHOI 
16 CIXXXXXXXXIXOHLLLLLLLLOI 
17 COIIIIIIIIIXOLHHHHHHHHOI 
18 COOIIIIIIIIXOHHHHHHHHLXl 
19 COIOIIIIIIIXOHHHHHHHLHXl 
20 COIIOIIIIIIXOHHHHHHLHHXl 
21 COIIIOIIIIIXOHHHHHLHHHXl 
22 COIIIIOIIIIXOHHHHLHHHHXl 
23 COIIIIIOIIIXOHHHLHHHHHXl 
24 COIIIIIIOIIXOHHLHHHHHHXl 
25 COIIIIIIIOIXOHLHHHHHHHXl 
26 COIIIIIIIIIXOLHHHHHHHHOI 
27 COXXXXXXXXOXOHLLLLLLLLXl 
28 CIXXXXXXXXIXOHLLLLLLLHOI 
29 CIXXXXXXXXIXOHLLLLLLHLOI 
30 CIXXXXXXXXIXOHLLLLLLHHOI 
31 CIXXXXXXXXIXOHLLLLLHLLOI 
32 COOIIIIIIIIXOHHHHHHHHLXl 
33 CIXXXXXXXXIXOLHHHHHHHHOI 
34 CIXXXXXXXXIXOHHHHHHHHHII 
35 CIOOOOOOOOOXOLHHHHHHHHOI 
36 CIIIIIIIIIIXOHLLLLLLLLOI 
37 XXXXXXXXXXXXIXZZZZZZZZXl 
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Testability 
The test vectors which resulted from the FUNCTION TABLE are 
referred to as basic test vector and they indeed guarantee that 
the part is functioning according to each entry in the FUNCTION 
TABLE. However, to increase the confidence level that the 
device will not "misbehave" (when unspecified inputs are 
applied) it is necessary to insure that all nodes are toggled 
during the testing. Monolithic Memories has an automatic test­
vector generation program which is used to test HAL, the 
software uses the basic test-vectors as seed vector and from 
there it iteratively adds more test vectors until all nodes have 
been toggled. 

It is important to note that for testability it is always necessary to 
have an initiallization mechanism, e.g., in the octal counter when 
10 = 11 = 0, the counter is cleared to all zeros. 

HMSI: Dedicated HAL Functions 
In general, the PAL and HAL are programmed according to user 
specifications. However, as an aid to customers, we make 
certain dedicated 24-pin HAL. For example: 

• Octal Counter 

• 10-Bit Counter 

• 16:1 MUX and several other "new" TTL functions 

PAL and the Military 
Bipolar Technology 
The PALs are fabricated using bipolar Schottky technology 
which has been proven to be much more reliable at extreme 
temperatures than the MOS technology. The PAL is being 
programmed by blowing TiW fusible links which has proven 
reliability on PROMs. The fusible link technique is much more 
reliable than the EPROM or EEPROM which use a stored 
charge that leaks with time and has a questionable operation at 
the military temperature range. 

Low-Volume 
Low-volume requirement has been a continuous problem to the 
military market place, but with PALs obviously the low-volume 
requirement can be satisfied by customizing as little as one chip 
at a time. 

Obsolete SSI/MSI 
Anytime the demand for ICs exceeds the available supply, the 
semiconductor manufacturer stops producing the least profitable 
ICs. As the labor cost increases and the silicon cost decreases, 
SSI/MSI devices (which are labor intensive) are the first to 
become obsolete. With the fast turn-around time of the PAL. 
These TTL devices can be quickly reduced by PAL. 

Leadless Packages 
The PAL is also available in the space saving lead less chip 
carriers (LLC). These carriers are made according to JEDEC 
outline (Type B) with 50 mil centers and 75 mil package 
thickness. The 20-pin LCC is 350x350 mils and occupies only 
40% of the space required by the equivalent of 20-pin DIP. 

Military Processing 
PALs, like all other Monolithic Memories' products, can be 
processed to meet the HI-REL requirements of MIL-STD-883B. 
This processing is available for both LCC and DIP packages 
and also for dice where they are visually inspected by method 
2010B and are shipped in a standard waffle pack. 

Summary 
The PAL family is already a valuable semi-custom approach in 
the commercial market place. It will even be more valuable to 
the military market that has been looking for a solution to the 
problem of low-volume requirement. 

The PAL, which is implemented in bipolar technology, presents 
a high reliability programmable solution to the demanding 
needs of the military market. 
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Programmable Array Logic Leads to 
Flexible Application of 8-Bit 
Wide Memories 
Bernard Brafman 

Introduction 

The flexible application of memory devices in small micro­
processor based systems have been enhanced by the introduction 
of B-bit wide static random access memories. These devices 
have pinouts and operating characteristics that are similar to 
those of read only and programmable read only memories. 
Thus, the configuration of both read/write and read only 
memories can be simplified to meet changing system require­
ments. For example, this flexibility allows a single printed circuit 
board to be used in several different product configurations, 
from fixed program intensive (large read only memory require­
ments) to data intensive (large read/write memory require­
ments). Using programmable logic technology in conjunction 
with B-bit wide memory devices adds even more flexibility and 
helps to reduce parts count. 
To provide for the simple substitution of parts, a printed circuit 
(PC) board must be developed that allows interchangeability 
among the memory sockets of Bk-, 16k-, and 64k-memory 
devices, both random access memory (RAM) and program­
mable read only memory (P/ROM), or read only memory 
(ROM). A method must be created also to define flexibly the 
addressing of these parts to accommodate varying address 
space requirements. The first task is physical - e.g., some 64k 
devices have 2B pins while others have 24 pins. To be most 
flexible, the PC board will have a 2B-pin socket with jumpers to 
allow the use of either 24- or 2B-pin devices. Socket inter­
changeability also necessitates an examination of the timing 
requirements of the target memory devices and microprocessor, 
since differences exist in setup or prechange or hold times for 
address and data, and control signal interactions. Some 
systems will need additional gating or delays to ensure 
flexibility. Such timing information is easily found in application 
notes published by both microprocessor and memory 
manufacturers. 

The second task is to implement decoding schemes for the 
selection of the appropriate devices in the memory array. One 
method uses hardwired discrete logiC. This alternative is not 
viable because high configurability requires an excessive use of 
space consuming jumpers and also results in unused logic on 
the PC board. Programmable logic, on the other hand, 
implements the requisite configurably in fuses on silicon, not 
on the PC board, and consolidates several integrated circuit 
(IC) packages into one. 

Design Tradeoffs 
The choices in programmable logic are programmable logic 
arrays (PLAs), P/PROMs, and programmable array logic (PAL®). 
PLAs must be ruled out since their 2-fuse array structure, while 
awarding some versatility, uses up too much board space. PLAs 
are implemented in 0.6 in. (1.5 cm), 2B-pin packages; the job can 
be done with smaller 0.3 in. (O.B cm), 16- or 20-pin packages 
when P/ROMs or PALs are used. 
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While P/ROMs are frequently employed in such applications, 
there are compelling reasons to consider the use of PAL. First, 
any P/ROM with an adequate number of input and output pins 
to replace the required external logic consumes more power 
than a comparable PAL. For example, providing control signals 
for four memory devices requires four chip enables and at least 
one output enable signal. These signals must be derived from at 
least six address lines and generally three and often four control 
signals. In such a case, the programmable logic device must 
have ten inputs and five outputs. For a PROM, this would be 
an BK, 20 or 24-pin device, organized as 1 KxB. Typically, a 
commercial BK bipolar PROM has an ICC of 190 mA over 
temperature, as compared with 90 mA for a 10-input, B-output 
PAL. Even if external logic were employed, so that a 1 K PROM, 
organized as 256x4 were used, the ICC would by typically 
130 mA over temperature. 

PALs are not susceptible to the "glitching" characteristics of 
PROMs during 'the access time from address. To combat 
glitching, the PROM must be used with registers or, if the 
control signals are active low only, open collector with pullup 
resistors for the outputs. Generally, a processor control signal 
or its derivative serves as the clock for the register or output 
enable to the PROM, an example of increasing parts count and 
costs in an attempt to overcome an implementation detail. While 
the technique usually employed to generate the fuse pattern, or 
programming, for PROMs is manual, a useful and uniform 
design tool exists for configuring PALs. A FORTRAN IV 
program called PALASM (for PAL assembler) is available on the 
National CSS timeshare network or as source code at no charge 
for any machine that supports a FORTRAN environment. 
PALASM converts logic equations describing the function of the 
target device directly into a fuse pattern format that is 
compatible with the several PROM programmers which sup­
port PAL programming. This assembler allows simple, rapid, 
and complete design and documentation of PAL configurations 
in a format useful for communication between engineers. 
Finally, like PROMs, PAls have a masked counterpart, hard 
array logic (HAL). HALs are plug compatible with the cor­
responding PAL, and offer significant cost reductions for high 
volume applications. 

Implementation Example 
A typical design with memory device interchangeability, is 
the 6B02 microprocessor based instrument required to have 
four sockets capable of accepting 2kxB static RAMs, 2kxB 
erasable programmable read only memories (EPROMs), or 4kxB 
EPROMs. The four chip enable signals (CE1' CE 2, CE 3 ' 
and CE4 ), the commo~ output enable (OE), and the common 
read/write control (R/W) are compatible with the devices 
selected so that no special gating is needed. The programmable 
logiC device will have as inputs the five high order address bitsA11 
through A15 and the control ~nals VMA (valid memory ad­
dress) and E (enable). While R/W may be used directly for write 
enable (WE), it is needed to generate DE. (See Fig. 1.). 
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ADDRESS (DDRESS 15 ,12 (AO TO A11) 
R/W 

5 (A11 TO A15) 

6802 r---

• WE 2kx8 RAM 
PAL10L8 OR 

VMA r--- ~ 2kx8 EPROM 

Er---'-- ~ (CE1 TO CE4) CE 

OR 
4kx8 EPROM 

tDATA DATA /8 

Fig. 1. 6802 based system. Block diagram outlines system's 
capability to accept 2kx8 static RAMs, 2kx8 EPROMs, or 4kx8 
EPROMs. 

The programmable logic device requires eight inputs and five 
outputs. PAL 10L8 and PAL 12L6 meet both the input and output 
pin requirements. The PAL10L8 has been selected for this 
discussion because the three outputs are left unused and are 
available for logic replacement. (See Fig. 2.). Internally, the 
PAL 10L8 generates eight 2-term OR sums, each sum composed 
of two 10-term AND products. Each of the products may be 
connected to any of the input signals or its complement. 

PAL10L8 

VCC 

NC 

NC 

NC 

OE 

CE1 

CE2 

RiW CEa 

CE4 

GND = GROUND 
NC = NOT CONNECTED 

Fig. 2. PAL10LS pinout. Device generates eight 2-term OR 
sums, each composed of two 10-term AND products. 

While there are 81 unique combinations of the three memory 
devices in the four sockets, there are only 16 distinct decoding 
schemes implementing either a 2k- or 4k-deep device in any of 
the four sockets; these 16 schemes are set forth in "Address 
Ranges of 16 Device Combinations." See "PAL Design Speci­
fications," which can also include a function or truth table, for a 
description of the arbitrary pinout shown in Fig. 2; this pinout 
may be altered Simply by switching the elements of the pin list 
on line 5 on both design specifications. Notice that the chip 
enables and output enable are inverted in the pin list and true in 
the equations. This is to keep expressions in the sum-of­
products form for PALASM, which expects equations summed 
at the node before the inversion for active low PALs. Also, there 
are two unused inputs and three unused outputs that may be 
applied to reduce logic elsewhere in the system 

ADDRESS RANGES FOR 16 COMBINATIONS OF DEVICES 

eEl CE, CEJ CEo CONfiGURATION 

OOOIJ.D7ff 0801J.I1ff l001J.17fF 180IJ.IFFf 2~ 2k. 2~ 2k 
OOOIJ.07Ff 0801J.I1FF 1001J.17FF 1801J.27fF 2k. 2k, 2k, 4k 
OOOIJ.07ff 0801J.I1ff 100IJ.IFFF 200lJ.27fF 2k, 21, 4k, 2k 
OOOlJ.07ff 0801J.I1FF l00lJ.lfff 200lJ.2fFf 2~ 2~ 4k, 41 
OOOlJ.07ff 0801J.17fF 1801J.1ffF 2001J.27ff 2~ 41, 2~ 21 
OOOIJ.07ff 0801J.l7ff 1801J.1fff 2001J.2ffF 2k, 41, 21, 41 
OOOIJ.07ff 080017ff 180027fF 2801J.2ffF 2~ 4~ 4~ 21 
OOOIJ.C7ff 0801J.17ff 1801J.27FF 2801J.37fF 2k, 4k, 4k, 4k 
OOOlJ.l1fF 1001J.17FF 1801J.1fFF 2001J.27ff 4k, 2k, 2k, 2k 
OOOOl1ff 100lJ.17ff 1801J.lfFF 2001J.2fFF 4~ 2k, 2~ 4k 
OOOlJ.l1fF 1001J.l7fF 1801J.27ff 2801J.2ffF 4k, 2k, 4k, 2k 
OOOlJ.l1Ff 100lJ.17ff 1801J.27Ff 2801J.37fF 4k, 2~ 4k, 4k 
OOOOI1Ff lOOlJ.lfff 2001J.27ff 2801J.2ffF 4k, 4k, 2k, 2k 
OOOOl1fF 100IJ.IFFf 2001J.27ff 2801J.37ff 4k, 4~ 2k, 4k 
OOOlJ.l1Ff 1 OOIJ.lffF 2001J.2FFF 3001J.37FF 4k, 4~ 4k, 2k 
OOOlJ.l1ff 1 OOIJ. lFfF 2001J.2fff 300lJ.3FFf 4~ 4k, 4~ 4k 

PALlOLS 
PNlOOl B. BRAFMAN l2/l0/BO 
ADDRESS DECODER (EXAMPLE 1) 
MMI SUNNYVALE. CALIFORNIA 
VMA E All A12 A13 Al4 AlS RW NC GND 
NC ICE4 ICE3 ICE2 ICEI IOE NC NC NC vec 

} ~ N LIST Of SYMBOLIC NAMES 

CEI s IAlS • IAl4 • IAl3 • IA12 • VMA • E I 
CE2 = IAlS • IAl4 • IAl3' Al2' VMA • E 
CE3 = IAlS • IAl4' Al3' IA12 • VMA • E lOGIC EQUATIONS 
CE4 = IAlS '* /A14 '* Al3" A12 '* VMA '* E 
OE =E*RW 

DESCRIPTION 
THIS PART GENERATES CHIP ENABLES AND OUTPUT ENABLE FOR 
TWO 4k x S PROMS AND TWO 2k x S STATIC RAMS AS FOLLOWS: 

CEl--OOOO-OFFF 
CE2--l000-lFFF 
CE3--2000-27FF 
CE4--2S00-2FFF 

OPERATION 

PALlOLS 
PNl002 B. BRAFMAN l2/l0/S0 
ADDRESS DECODER (EXAMPLE 2) 
MMI SUNNYVALE. CALIFORNIA 

~ I~E~~c~2 I~i~ ~c!:l A~~E ":c N;C ~ vec } PIN LIST Of SYMSOLIC NAMES 

CEI = IAlS • IAl4 • IAl3 • IAl2 • IAll • VMA • E I 
CE2 • IAlS • IAl4 • IA13 • IAl2' All' VMA • E 
CE3 = IAlS • IAl4 • IAl3' Al2' IAll • VMA • E lOGIC EQUATIONS 
CE4 = IAlS • IA14 • IAl3' Al2' All' VMA • E 

+ IAlS • IA14' Al3' IAl2' All' VMA • E 
OE =B*RW 

DESCRIPTION 
THIS PART GENERATES CHIP ENABLES AND OUTPUT ENABLE FOR 1 
THREE 2k X B STATIC RAMS AND ONE 4k X S PROM AS FOLLOI'IS: 

CEl--0000-07FF OPERATION 
CE2--S000-0FFF 
CE3--l000-l7FF 
CE4--lS00-27FF 

Summary 
The combination of 8-bit wide memory devices and program­
mable array logic allows designers to implement highly flexible 
microprocessor based designs with minimal chip count and 
reduced overall costs, PALASM serves as a useful tool for 
expediting prototype cycles and documenting PAL designs; this 
can reduce future problems when changes must be made by 
designers unfamiliar with the original design, Finally, products 
with high volume in a specific configuration may switch over to 
mask programmable array logic, HAL, to reduce costs further. 
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PAL bumps eight chips 
from ~P interface 

The PAL, or programmable array logic device, can 
indeed be a good friend to the logic designer who 
is short on PC-board space for the eight or so SSI 
and MSI TTL logic chips that usually connect a 
single-board computer to its memory devices, 110 
port adapters, and timer module. The example shown 
in the figure uses just a single P AL20LIO device to 
interface an MC6800 microprocessor-based board 
with its system components. 

A fuse-programmable device, the PAL requires 
PAL assembler source code (see the listing) to 
assemble a fuse plot that is compatible with PAL 
and PROM programmers. Once programmed, the 
logic array decodes addresses, selects memory or 110 
ports, and generates a RESET signal. In addition, 
it controls the buffer that interfaces the data bus 
with other boards in a system. 

In the circuit shown, only the address lines All 
through A'5 are significant. More complete decoding 
can be achieved by specifying additional address 
inputs to the PAL. 

Any unique address can be fully decoded if the 
logic equation for that address is written so that the 

Ao-Al$ ~16 __ -+~~<-;-; 

Reset 

MC6600 
microprocessor 

.2r--r-----~ 
VMAr--r----~~ 

11 LSSs 

product term will be true when the correct address 
appears. The active low outputs provide the proper 
polarity fo'r chip-select lines. 

Because PALs supply true and complement innput 
polarities and because any address can be decoded 
by writing the appropriate equation, system compo­
nents can be moved through the address space by 
editing the equations. Also, if all of the listed 
memory or 110 devices are not required or desired, 
address space can be freed by a minor equation 
change, In an upgraded version, pin 6'can be used 
for additional address decoding. 

The PAL determines the presence of a system reset 
request either sent automatically by the system or 
by checking the status of its pushbutton-actuated 
reset pin, pin 8. A reset condition inhibits memory 
and 110 chip-select lines. 

The Valid Unit Address line (VUA), which controls 
the buffer, is decoded when a memory or I/O line 
has been successfully selected. 

Vincent J. Coli, Applications Engineer, Monolithic 
Memories Inc., 1165 E. Arques Ave., Sunnyvale, 
Calif 94086, 

16·kbyto PROMs and RAMs 

A.-A" 
PROM 1 0 0-0" 

CS 

Ao-A,o 
PROM 2 00-01 

CS 

Ao-A,o 
RAM 1 00-01 

CS 

Ao-A,o 
Do-Dr RAM 2 

CS 

Ao-A,o 
RAM 3 

0 0-07 
CS 

Ao-A,o 
RAM 1 

CS 

CS 1/0 adapters 

0 0-0, r----------;f--------------------' 
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Properly programmed, the programmable array logic device, or PAL, replaces the handful of TTL chips that 
are usually required to link a microprocessor to Its memory and 1/0 devices. 
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De.lgn specification 

A1S A14 A13 A12 A11 NC IS IR PH2 VMA IAR GNO 
ENIN EN 10 IRAM4 IRAM3 IRAM2 IRAM1 IPROM2 IPROM1 IRESET VUA VCC 

IF (VCC) PROM1 = A1S" A14' A13" A12 VMA' PH2'IRESET ;PROM1, FOOO-FFFF 
IF (VCC) PROM2 = A1S" A14' A13' IA12 VMA' PH2'IRESET ;PROM2, EOOO-EFFF 
IF (VCC) RAM1 = IA1S' IA14' IA13' IA12' IA11' VMA' PH2'IRESET ;RAM1, 0OOO-o7FF 
IF (VCC) RAM2 = M1F M1~ M1r M1r A11' VMA' PH2'IRESET ,RAM2, 0800-0FFF 
IF (VCC) RAM3 = IA1S' lAW IA13' A12' IA11' VMA' PH2'IRESET ;RAM3, 1000-17FF 
IF (VCC)· RAM4 = lAW IA14' 1A13' A12' A11' VMA' PH2'IRESET ;RAM4, 1800-1FFF 
IF (VCC) 10 = A1S' A14' IA13' A12' A11' VMA' PH2'IRESET ;1/0, D800-DFFF 
IF (VCC) NUA = ENIN ;VUA SIGNAL 
IF (VCC) RESET = S + IR' RESET + IAR' RESET ;RESET SIGNAL 
IF (VCC) lEN = IPROM1'/PROM2'IRAM1"RAM2' IRAM3"RAM4"IO' VMA'IRESET ;EN=NUA 

Function table 

A1S A14 A13 A12 A11 IS IR IAR IRESET PH2 VMA IPROM1 IPROM2 IRAM1 IRAM2 IRAM3 
IRAM4 110 EN ENIN VUA 

;ADDR1 S-R IRE PROM .. RAM .. ENABLE 
;54321 IS IR IAR SET PH2 VMA 1 2 1 234 I/O OUT Ito! VUA COMMENT 
-------.--------.----------------------------------------.---.-----._------------------- ----------------------------------------------------------------------
HHHHX L H L L L H H ,H H H H H H H H L RESET (lS=L) 
HHHHX H L H L L H H H H H H H H H H L AUTO-RESET 
HHHHX H L L H L H H H H H H H H L L H NO SELECT PH2=L 
HHHHX H L L H H L H H H H H H H H H L NO SELECT VMA=L 
HHHHX H L L H H H L H H H H H H H H L SELECT PROM1 
HHHLX H L L H H H H L H H H H. H H H L SELECT PROM2 
LLLLL H L L H H H H H L H H H H H H L SELECT RAM1 
LLLLH H L L H H H H H H L H H H H H L SELECT RAM2 
LLLHL H L L H H H H H H H L H H H H L SELECT RAM3 
LLLHH H L L H H H H H H H H L H H H L SELECT RAM4 
HHLHH H L L H H H H H H H H H L H H L SELECT I/O PORT 
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PAL chip hinders software copying 

Keith A Miller 
Data 110, Redmond, WA 

An inexpensive programmable-array-logic (PAL) 
device, added to each hardware system you sell, can 
discourage purchasers from using unauthorized cop­
ies of your software: You just add some special code 
to your software that renders it inoperable unless 
the PAL, containing an encrypted key, is present. A 
different PAL program in each system, matched to 
software sold specifically for that system, prevents 
moving software to systems that aren't authorized to 
run it. Deciphering and modifying the software to 
circumvent the security usually requires more effort 
than an unauthorized user is willing to expend. 

• ClK Vee PAL1$R6 

(Ao) 
(Do) 

(A,) I, 

(A,) I, 

NOTE: E AND ~ ARE SYSTEM BUS SIGNALS 

Fig I-A programmable-array-Ioglc devlca (PAL) can store a 
Boolean-expression key that allOWS specially prepared SOftware 
to run on a system containing the device. Systems that don't 
contain a properly programmed PAL can't run the software. 
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INPUT 
00 
01 
02 
03 
04 
05 

FUNCTION 
~clU~t~~J~~T OUTPUTS TO ZERcn 

lOGICAL SHIFT RIGHT 
ARITHMETIC SHIFT lEFT 
LOGICAL AND WITH INPUT 
LOGICAL OR WITH INPUT 

(a) All OTHERS FORCE ALL OUTPUTS TO ONE 

101: = 111 *112*113*114 
+11 *llhI13*1I4*01 
+111 *12*113*1I4*/Q2 
+IHI2*113*1I4 
+111 *112*13*114 

102: = IlhI12*113*1I4' 

(b) 

+11 *112*/13*/14*02 
+/11 * Ih/13*/14*/03 
+11 *IHllh/14*101 
+/IH/12*13*1I4 
+IHllhI3*IIHI02 

103: = /11 */12*113*/14 
+lh/lh/13*1I4*03 
+IIHlh/13*1I4*IQ4 
+11 *lh/13*1I4*/02 
+111 *112*13*114*/03 

104: = IIhllh1l3*1I4 
+IHII2*1I3*1I4*04 
+IIHI2*1I3*1I4 
+ 11 *12*113*114*/03 
+IIHII2*13*1I4 
+11 *112* 13*114*104 

IF(VCC)/07: 2 /10*117 

Fig 2-By using s logic programmer to atore function. (e) In • 
PAL, you can create keys for accessing the functions' carre. 
spondlng sum-at-products expressions (b). 

The key contained in the PAL is actually an 
implementation of a sum-of-products Boolean ex­
pression that you choose and program into the PAL. 
Once programmed, the PAL applies its input signals 
to the expression and places the results on its output 
lines. Your specially prepared software need only 
apply occasional inputs to the PAL and verify that 
the PAL's output values are the expected ones. You 
can program the software to halt with an error 
message if the wrong values appear. 

A logic diagram for a PAL (the PAL16R6 from 
Monolithic Memories Inc) appears in Fig 1. This 
particular device allows you to implement a sum-of­
products expression with as many as eight inputs 
(although only four are used in this example) plus 
previous-state feedback. You convert the expression 
to a fuse map, using Monolithic Memories's 
PALASM, program, and then transfer the map into 
the PAL using a logic programmer such as the Data 
110 LogicPak. Blowing the PAL's last fuse (a device 
that when not blown permits PAL-logic verification) 
prevents anyone from reading the program. 

In the Fig 1 example, the PAL occupies 16 bytes of 
address space. The lower four address lines (Ao 
through Aa) serve as inputs, and the PAL's outputs 
appear on the corresponding data lines (Do through 
Da). A chip-select signal, ORed with system-bus 
signal E, clocks the input with its rising edge and 
enables the output when it goes LOW. Because the 
signal provides LOW -going pulses, outputs are 
actually responses to previous inputs. 
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0800 
0800 108E 
0804 8E 
0807 CE 
080A 86 
080C A7 
080E 80 
0810 A7 
0812 A7 
0814 80 
0816 A7 
0818 4C 
0819' A7 

081B SF 
081C B7 
081F A6 
0821 6F 
0823 30 
0825 A6 
0827 84 
0829 Al 
082B 26 
0820 5C 
082E C 1 
0830 27 
0832 8E 
0835 20 

0837 8E 
083A AD 
083E 7E 

0841 8E 
0844 AD 
0848 7E 

OFFO 
E800 
F814 
F80C 

OFFO 
E800 
088F 
05 
A4 
02 
21 
22 
02 
23 

24 

E800 
A4 
AO 
86 
84 
OF 
CO 
Oil. 

06 
OF 
E800 
E8 

084B 
9F F80C 
F814 

086D 
9F F80C 
F814 

084B 53 41<' 46 54 
086C 04 
086D 53 4F 46 54 
088E 04 

.. * * * •• * * * * .. * * .. * * .. * * * * .. 'II"''' * * * 'II"'" * * 'It * * 'II" * 'II" * * * 'II'" * .. * * * * * * * * * * 
* SOFTWARE LOCK ROUTINE 
*.** ****** •• ***** *****. * ••• *** •• * ***. ***** * *. ****. 'II'll *.* * ** 
*DESTROYS:A,B,X AND Y REGISTERS 
*I/O :OUTPUT ADDRESS TO PAL AND INPUT DATA FROM PAL 
*DESCRIPTION: 
*THIS ROUTINE SIMPLY DEMONSTRATES THE ACCESS OF THE 
*SOFTWARE LOCK, A FIVE VECTOR INPUT BUFFER IS LOADED 
*AND PRESENTED TO THE LOCK (PAL), THE RESPONSE IS 
·VERIFIED AND EITHER "SOFTWARE LOCK INSTALLED PROPERLY" 
·OR "SOFTWARE PROTECTION WAS VIOLATED" IS OUTPUT TO 
'liTHE TERMINAL. IN A REAL APPLICATION THIS ROUTINE WOULD. 
*BE SPREAD THROUGHOUT THE MAIN SOFTWARE TO PREVENT EASY 
'DECODING. 
* * '" * * * * * 'II •• * * * * * * * * * * * * * * * * * * * * * * * * * * * * *.,. * * * * * *. "" * * * * * * ** * 
BUFFER EQU 
PAL EQU 
MONITOR EQU 
PDATA EQU 

ORG 
LDY 
LDX 
LDU 
LDA 
STA 
SUBA 
STA 
STA 
SUBA 
STA 
INCA 
STA 

CLRB 
STA 

Ll LDA 
CLR 
LEAX 
LDA 
ANDA 
CMPA 
BNE 
INCB 
CMPB 
BEQ 
LDX 
BRA 

ERROR LDX 
JSR 
JMP 

EXIT LDX 
JSR 
JMP 

ERRORMES FCC 
FCB 

OKAY FCC 
FCB 

$OFFO 
$E800 
$F814 
$F80C 

$0800 
#BUFFER 
#PAL 
iOUTPUT 
#$05 
0, Y 
#$02 
1,Y 
2, Y 
#$02 
3, Y 

4,Y 

PAL 
O,Y 
O,Y+ 
A,X 
O,X 
#$ OF 
0, U+ 
ERROR 

#$06 
EXIT 
#PAL 
Ll 

SET POINTER FOR INPUT VECTORS 
SET POINTER FOR LOCK 
SET POINTER FOR GOOD OUPUT DATA 
LOAD UP THE INPUT VECTOR BUFFER 

INITIALI ZE VECTOR COUNTER 
SEND OUT INITIALI ZE VECTOR TO LOCK 
GET INPUT VECTOR 
CLEAR INPUT VECTOR 
ADD VECTOR TO LOCK ADDRESS 
AQUIRE OUTPUT FOR LAST INPUT STIMULUS 
MASK OFF LOWER FOUR BITS 
COMPARE TO GOOD DATA 
NOT EQUAL ... PROTECTION VIOLA TED 
BUMP VECTOR COUNTER 
DONE WITH TEST? 
IF YES ••• PRINT OKAY MESSAGE 
RESTORE POINTER TO LOCK 
CHECK NEXT II/PUT 

#ERRORMES POINT TO ERROR MESSAGE 
[PDATA] OUTPUT MESSAGE 
MONITOR BACK TO THE MONITOR 

#OKAY 
(PDATA] 

MONITOR 

POINT TO OKAY MESSAGE 
OUTPUT MESSAGE 
BACK TO THE MONITOR 

"SOFTWARE PROTECTION WAS VIOLATED 
$04 
"SOFTWARE LOCK INSTALLED PROPERLY 
$04 

088F 00 05 Oil. 04 OUTPUT FCB $00,$05,$OA,$04,$OB,$05 VALID OUTPUT 

U ERROR (S) DETECTED 

SYMBOL TABLE: 

BUFFER OFFO ERROR 0837 ERRORM 084B EXIT 0841 Ll 081F 
MONITO F814 OKAY 086D OUTPUT 088F PAL E800 PDATA F8DC 

Fig 3-This simple routine, callable from your software, presents a stimulus to the PAL and checks for the expected response . . 
An inco"ect response halts the program and generates an error message. 
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INPUT OUTPUT 
EXAMPLE A3A2A1 AO 0 3 02 0 1 Do 

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

1 

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

0 

- ii ii 
1 1 
1 0 
0 1 
1 0 
0 1 

1 
1 
0 
0 
0 
0 

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

0 0 0 

Flg4-These PAL Inputs snd outputs represent stimuli and 
responses, respectively, for the Fig 2 functions. 
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Fig I's example is actually a state-machine 
implementation that performs functions on the 
previous outputs. Examples of functions you can 
choose appear in Fig 2a, and their corresponding 
sum-of-products expressions for programming the 
PAL appear in Fig 2b. 

Fig 3 contains a simple example of the software 
used to access the PAL. This routine loads a buffer of 
valid PAL addresses (which serve as input vectors), 
presents vectors to the PAL, verifies correct PAL 
output and displays a message indicating whether or 
not a correct PAL is installed in the system. Some 
example input vectors and the corresponding re­
sponses expected from the PAL appear in Fig 4. 

Some additional steps can make this approach 
even more secure against unauthorized software 
use; one method involves modifying the PAL input 
vectors at various points in the software. By making 
the last modification just before presenting a PAL 
input and then destroying the vectors immediately 
after their input, you can make the code quite 
difficult to break. Using a logic analyzer to break the 
code, for example, requires triggering within a 
narrow window to catch the valid input vectors. 
Having your software make dummy reads from the 
PAL could add still another dimension of 
complexity. EDN 
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Octal register links 
dissimilar a-d converters 
by K. Russell Peterman 
F/sdian Corp., Austin, Texas 

Many microprocessor-based systems use more than one 
type of analog-to-digital converter and thus require a 
circuit to compensate for the differences in output cod­
ing. Two of the more popular varieties-complementary-
2's complement for successive-approximation converters 
and sign-magnitude binary for integrating converters­
may use this design (see figure). The circuit matches 

INPUT { 

outputs by converting sign-magnitude-binary data into 
2's complement with only one multifunction octal regis­
ter chip and can be applied in all sign-magnitude-binary 
converters. 

When the sign bit is I, the converter inverts all bits 
except the sign bit, and when the sign bit is 0, no bits are 
inverted (see table). The binary code contains two Os (+ 
or -). However, the 2's-complement code does have an 
asymmetry about 0, thus eliminating the double zero.As 
a result, there is a I-bit discrepancy between the de 
voltages represented by the two codes for input values of 
o or negative. Higher resolution converters may be ob­
tained by adding a second 74LS380 chip to the circuit, 
and sign-magnitude, binary-coded-decimal converters re­
quire BCD-to-binary conversion preceeding the multifunc­
tion register. 0 

~----- START CONVERSION 
...----- END OF CONVERSION 

u. 
74LS380 

OCTAL REGISTER 
F-----+5V 

THREE-STATE CONTROL ---+--_---"'IIOC 
~~~~~~~~~ 

L.. ______ +-+--1_+-+-+_I-_______ 0, ~~Go~rFICANT BIT) 

CONVERTING SIGN MAGNITUDE BINARY TO 2', COMPLEMENT 

Sill!'-magnitude binary 2'5 complement 

Scale Mos. Least Scale lignlf· signif-
icant icant MSB 

Sign bit bit 

+FS-l LSB 1 1 1 1 1 1 1 1 +FS-l LSB 1 1 0 0 0 0 
+1 LSB 1 0 0 0 0 0 0 1 +1 LSB 1 1 1 1 1 1 
+0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 
-0 0 0 0 0 0 0 0 0 -1 LSB 0 0 0 0 0 0 
-1 LSB 0 0 0 0 0 0 0 1 -2 LSB 0 0 0 0 0 0 
-FS+l LSB 0 1 1 1 1 1 1 1 -FS 0 0 1 1 1 1 

Electronics/December 29, 1982 

L.. _______ Do ~i~~1ICANT BIT) 

LSB 

0 0 
1 0 
1 1 

0 0 
0 1 

1 1 

Converwlon. Using just multifunction octal 
register U., this circuit converts sign-magni­
tude binary to complementary-2's comple­
ment The circuit inverts all bits except the 
sign bit when the sign bit is 1 and inverts none 
when the sign bit is O. 

79 
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SINGLE-CHIP CONTROLLER INCREASES 
MICROPROCESSOR THROUGHPUT 

Design technique uses semicustom logic to minimize hard­
ware in a DMA controller that combines fast response with 
the potential to service multiple input or output devices and 
the flexibility to handle many different applications 

Alan W. Bentley Cubic Corporation 
9333 Balboa Ave. San Diego. CA 92123 

Reprinted by permission from Computer Design Magazine. 
Copyright Computer Design Publishing Company, September 1980. 

Microprocessors have a broad range of capabilities; yet 
they are unable to perform specific functions efficiently 
without hardware augmentation. One such function is trans· 
fer of blocks of data to or from processor controlled 
memory. Under specific conditions, such blocks may be 
moved efficiently by direct memory access. Data must be se· 
quentially ordered, a starting address must be specified for 
both the processor associated memory and the external 
source or destination, and the data block length must be 
specified. When these three conditions are met, data 
transfer responsibility passes to a hardware controller, and 
data moves rapidly because instruction processing is elim· 
inated during the transfer. 

Although direct memory access (DMA) efficiently transfers 
blocks of data between a source and a destination, it nor· 
mally interfaces memory with only a single external device 
and is unable to move data between memory and a dis· 
tributed network. The need to interface a microprocessor 
with a network of distributed devices led to a generalized 
concept that can be structured to transfer data rapidly in 
either direction. 
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This concept is analogous to the DMA function in that 
blocks of sequential data are transferred to or from 
memory. It differs in that, externally, each data word has an 
associated device location. Implementing the transfer func· 
tion in terms of this concept increases the data transfer rate 
while imposing four constraints on the system: the data 
block length must be constant; data must occupy sequential 
memory locations; the distributed devices are always ser· 
viced in the same sequence; and each implementation is 
committed to either input or output. 

Controller Design Objectives 

Conceptually. the controller accepts data transfer responsi· 
bility from the microprocessor upon command; steps 
through the data block, sequentially creating data paths 
between memory and various external devices; then returns 
control to the microprocessor. Functionally, upon receipt of 
the transfer mode command, the controller places the cen· 
tral processing unit (Cpu) in the 3·state mode, generates all 
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RESET 

END 

DTRANS 

COMPLETE 

STATE DIAGRAM 

HOLDA 

I- tRC ·1 
ADDRESS=::J<~--------C 

_ I---tAA---i 
CS i\1I1I\\\lII\\\ 

I--tEA~ 
DoUT ( 

tRC = READ CYCLE TIME 
tAA = ACCESS TIME ~ ADDRESS TO Dour 
tEA = ACCESS TIME - CHIP SelECT TO DouT 

RAM TIMING REQUIREMENTS 

FROM CPU ----- CPU 
DECODED COMMANDS ..----

ADlOAO 

ADDRESS 
LOAD 

BIDIRECTIONAL 
DATA BUS 

COMMAND ,.... ...... ':-:=-::-'-''-, 

GND 

GIG2DCBA 

74154 

o 1 2 13 14 15 --...­
OAT A LOAD COMMANDS 

HARDWARE CONFIGURATION 

GENERAL 

CPU HOLD COMMAND IS QG + QH (STATE 1,2, OR 3) 

2114 
RAM 

BIDIRECTIONAL 
DATA BUS 

2 STATE 2 IS ENTERED UPON RECEIPT OF HOLDA (CPU IN HOLD, CPU ADDRESS AND DATA 
BUSES 3-ST ATE) 

3 IN STATES 2 AND 3 RAM ADDRESS COUNTER OUTPUT IS REMOVED FROM 3-STATE 
MODE AND ITS COUNT CAPABILITY ENABLED THROUGH CET 

1 AT TRANSITION FROM STATE 3 TO STATE 2, BOTH Dm COUNTER AND RAM COUNTER 
ADDRESS ARE DECREMENTED BY RISING EDGE OF 0G 

5 UPON COMPLETION OF DATA TRANSFER (END), STATE 0 IS ENTERED FROM STATE 3, 
DATA COUNTER IS SET AT ITS INITIAL COUNT, ADDRESS COUNTER IS PLACED IN 3-STATE 
MODE, AND HOLD COMMAND TO CPU IS RELEASED 

SPECIFIC (TRANSFER CPU MEMORY TO EXTERNAL DEVICES) 

RAM IS SELECTED I N STATES 2 AN D 3, 0H 

2 ItLSTATE 3, EN8!iLE SELECTS DEMULTIPLEXER, AND CONTENTS OF DATA COUNTER 
(OA THROUGH QD) ARE DECODED TO GENERATE DATA LOAD (WRITE ENABLE) PULSE 

SEQUENCE OF EVENTS 

Fig 1 Transfer from CPU memory to device. PAL im· 
plements two categories of Boolean expressions, data 
counters that control destination selection and state 

equations that control sequence of events shown in 
state diagram 

required timing and control signals, sequentially creates the 
data paths, and transfers data through each path. Upon 
completion of the data transfer, it relinquishes control to 
the microprocessor, which then resumes instruction 
processing. 

Increased throughput is the implementation rationale; 
therefore, the two primary design objectives are to enter 
and leave the data transfer mode in a minimum number of 
clock periods and to transfer one data word every two clock 
periods. This transfer rate allows one clock period to 
establish each data path, with the write pulse created in the 
second period to complete the transfer. Secondary design 
objectives relate to implementation and allow modification 
to meet varying applications using a minimal amount of 
additional circuitry. 

Design approaches_ that meet these objectives include use 
of a state sequencer to meet the control transfer and data 
transmission timing requirements, and use of fusible link, 
semicustom logic to meet the circuit flexibility and 
minimization requirements. A simplified microprocessor 
interface is achieved by incorporating the microprocessor 
clock and hold capabilities into the sequencer design. 

State Sequencer 

The state sequencer organizes and concentrates logical 
functions to realize the high density capabilities of 
semicustom logic. What determines the number of control 
flip flops is the number of required states; therefore, 
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RESET 

END 

DTRANS 

DECREMENT 
MEMORY ADDRESS 

COMPLETE 

STATE DIAGRAM 

HOLDA 

I' twc 'I 

FROM CPU 
.-~ 

PAL 1&116 

00 QC Os OA 

GND 

0 ,C B A <i2 GI 

74154 

o 1 13 14 15 

~ 
SOURCE SELECT 

CPU DECODED COMMANDS 
~ 

ADLOAD 

ADDRESS 
LOAD 

BIDIRECTIONAL 
DATA BUS 

COMMAND r--'''''-''''='~'-''-~ 

2114 RAM 

ADDRESS::::::=:X C 
J-tWR-f 

BIDIRECTIONAL 
DATA BUS 

Cs \\\\\\\\\\\ IS\\\\\\\S\ 
J---tw---l ~CM"""''T''<' 

WE "\S"'S"'\ \"'S"\SIT\""\, t\S\\\\S\S\ 
I--tDW--t-tDH-l 

D,N ( >--
twe = WRITE CYCLE TIME 

tw = WRITE TIME 

tDW = DATA TO WRITE TIME OVERLAP 

tDH = DATA HOLD TIME FROM WRITE TIME 

tWA = WRITE RELEASE TIME 

RAM TIMING REOUIREMENTS 

HARDWARE CONFIGURATION 

GENERAL 

1 CPU HOLD COMMAND IS 0G + 0H (STATE 1,2, OR 3) 

2 STATE 2 IS ENTERED UPON RECEIPT OF HOLDA (CPU IN HOLD, CPU ADDRESS AND DATA 
BUSES 3-STATE) 

3 IN STATES 2 AND 3 RAM ADDRESS COUNTER OUTPUT IS REMOVED FROM 3·STATE 
MODE AND ITS COUNT CAPABILITY ENABLED THROUGH CET 

4 AT TRANSITION FROM STATE 3 TO STATE 2, BOTH DATA COUNTER AND RAM COUNTER 
ADDRESS ARE DECREMENTED BY RISIN,G EDGE OF Do 

5 UPON COMPLETION OF DATA TRANSFER (END), STATE 0 IS ENTERED FROM STATE 3, 
DATA COUNTER IS SET AT ITS INITIAL COUNT, ADDRESS COUNTER IS PLACED IN 3·STATE 
MODE, AND HOLD COMMAND TO CPU IS RELEASED 

SPECIFIC (TRANSFER EXTERNAL SOURCE TO CPU MEMORY) 

1 6'6E~W: go'i.NT~~T~NDDE~EUL~~~~E~i:E~N~~~~0~i;~ECODES DATA 

2 DURING STATE 3 ENABLE IS RAM CHIP SELECT AND WRITE ENABLE, WRITING 
SOURCE DATA WORD IN SELECTED ADDRESS LOCATION 

SE~UENCE OF EVENTS 

Fig 2 Transfer from device to CPU memory. Sirhilar to Fig 1, with hardware configuration and state diagram 
modified to transfer data in opposite direction 

performing all logic functions in four states reduces the se­
quencer design requirement to two flipflops and helps meet 
the secondary design objective. These four states are idle, 
when the CPU has system control; transitional, while the CPU 
is entering the hold mode and relinquishing control; and 
two data transfer, one permitting address and data 
stabilization, and the other creating the write command 
(Figs 1 and 2). 

mand (DTRANS), which sets the G flipflop, advances the se· 
quencer to state 1 (QH,QJ, and initiates a CPU hold com­
mand, sustained until the sequencer returns to state O. The 
CPU tests its hold command input each machine cycle and, 
upon sensing a command, enters the hold state, placing its 
data bus, address bus, and some control lines in the 3-state 
mode. It remains in this state until the hold command is 
released by the sequencer. 

In this application, both flipflops are reset in the idle 
state (QH,QC' state 0) awaiting a software generated com-
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When it enters the hold state, the CPU issues a hold 
acknowledge (HOLD). Upon receipt of HOLDA, the 



Single-chip Controller Increases Microprocessor Throughput 

sequencer advances to state 2 (QH,QJ, which completes 
transfer of the data handling function from the CPU to the 
controller. It then toggles between state 2 and state 3 
(Qu,QJ, processing one data word each cycle until the 
preestablished number of data words have been transferred 
(END). Then, the sequencer returns to state 0 and releases 
the hold command, allowing resumption of instruction pro­
cessing by the CPU. 

While the sequence of states is the same for data transfer 
in either direction, the events that occur within states 2 and 
3 differ. During transfer of data from memory to external 
devices, state 2 is memory access time and state 3 generates 
the load command for the specific device. When leaving 
state 3, the edge of the G flipflop (Q J advances the memory 
address counter. When data from external devices are read 
into memory, state 2 time is used to select the external 
source and stabilize the data. The memory write enable 
pulse is generated by state 3, and leaving state 3 changes 
the memory address counter. Transfer states ST2 and ST3 

are identified by the output of the H flipflop, which ac­
tivates the random access memory (RAM) address counter 
outputs, enables address counting, and, additionally, selects 
either the RAM or the multiplexer when transferring to or 
from the external devices, respectively. 

Programmed Array Logic 

Utilizing semicustom integrated circuitry satisfies the re­
quirement for logic minimization and design flexibility. 
This approach increases logic density by mitigating two fac­
tors that increase random logic package count: function 
partitioning and pin limitation. To maximize these benefits, 
the programmable logic chip must contain AND, OR, and 
flipflop functions, as well as internal feedback. Flipflop 
functions are required to implement the sequencer and, ad­
ditionally, a counter that is decremented at the completion of 
each data transfer (state 3 to state 2 transition). The counter 
serves a dual purpose: the demultiplexed count selects exter­
nal devices and, by monitoring the count, the controller 
determines completion of the data block transfer (END). 

Data block length determines the number of counters and 
demultiplexers required. With three counters and a 3 to 8 
demultiplexer (74138), block lengths up to eight may be ac-

commodated. With four counters and a 4 to 16 demulti­
plexer (74157), the block length may be extended to 16. An 
increase to six counters will allow block length expansion to 
64, with additional demultiplexers. This approach focuses 
on design for a block length of 16 words so that the flipflop. 
and associated input decoding can be contained on one fus­
ible link, programmable array logic (PAL) integrated circuit. 

PAL 16R6 contains six D flipflops (registers) connected to a 
common clock input. Output Q of each register is available 
externally through an inverting, 3-state buffer (Q). Input D 
of each register is an B-input OR gate; each input a program­
mable AND combination of the available terms. Each gate 
array must be true to set the register on the following clock 
pulse or false to allow the register to reset. Thus, Boolean 
expressions state the conditions that cause the registers to 
become or remain set. 

Two additional, non-register, AND·OR gate outputs and 
the six register outputs have internal feedback paths. With 
the eight available inputs, they become the 16 terms 
available when implementing Boolean expressions. 

Boolean Expressions 

Six counter equations are shown in Fig 3. For a maximum 
block length of 16, the four least significant counts (A 
through D) are required; expansion up to length 32 requires 
equation E; equation F must be implemented for block 
lengths between 33 and 64. The counter flipflops are held 
set during states 0 and 1. States 2 and 3 require only one 
clock period each; hence, from leaving state 1 until comple­
tion of data transmission and return to state 0, there is a 
state transition in every clock cycle. 

During this interval, each equation must establish the 
condition of its counter flipflop for the following state. 
When entering state 2 from state 1, the counter flipflops are 
set as established by state 1. Since it is necessary to change 
the counter on the transition from state 3 to state 2, the 
counting decision must be made during state 3, and the new 
count must be established when entering state 2. The 
counter register content must be maintained during state 2 
to prevent change at the transition from state 2 to 3. 

Fig 3 also shows the 2-state sequencer equations. Equa­
tion G is independent of block length, and equation H 

OF ~ OH + 0H • OG • OF + Ow 0G (OF' Of + OF' 00 + OF • Oe + OF' 0B + OF' 0A) 

0E ~ OH + 0H' OG· Of + 0H • 0G (OE' 00 + 0E • Oe + 0E ·OB + 0E ·OA + OE • 0ii'!lC' Ojj. Oil) 

00 ~ a;; + Ow OG' 00 + 0H • OG (00' Oe + 00 • 0B + 00 • 0A + 00' OC'OS' Oil) 
Oe ~ a;; + 0H • OG' Oe + 0H • 0G (Oe . 0B + Oe . 0A + ac'OS, Oil) 
0B ~ OH + 0H • OG' Os + 0H • 0G (OB' 0A + OS' CiA) 
0A ~ OH + 0H' OG' 0A + Ow 0G' CiA 

Fig 3 Boolean statements. PAL 
registers implement data 
counter and state controller 
equations. Control equation G is 
independent of block length. 
Control equation H must be ex­
panded by expression for EliiJj to 
establish block length 
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incorporates the block length (END) decoding. The table, 
Block Length Control, shows the expressions for END, when 
six counters are used, organized by remainder of a modulo 
16 number. For shorter block lengths, references to 
unimplemented counters' are ignored. Both control f1ipflops 
are reset (expressions false) when the computer issues a 
RESET command, establishing state O. This state is main· 
tained until the CPU issues DTRANS, advancing the se· 
quencer to state 1 by setting G. 

A hold command is generated by the sequencer, which 
waits in state 1 until the CPU responds with HOLDA, verifying 
that it has stopped instruction processing and that its buses 
are 3-stated. HOLDA resets G and sets H, advancing the 
sequencer to state 2. The G flipflop then toggles, causing 
the sequencer to cycle between states 2 and 3. H remains set 
during both states but tests the content of the data counter 
during state 3 to determine if data transmission is complete 
(END expression false). !N'l) false also causes the H flipflop 
to reset at the completion of state 3, returning the sequen­
cer to state 0 and releasing the hold command to the CPU. 

Implementation 

System parameters were developed for use with the model 
8085 microprocessor, the 2114 bidirectional RAM, and the 
25LS2569 binary up/down counter. Attributes of these com­
ponents that help meet the design goals are (a) availability 
of the CPU interface signals reset, clock out, hold, and hold 

Remainder 

1 
2 
3 
4 
5 
8 
7 
8 
9 
10 
11 
12 
13 
14 
15 
o 

Block Length Control" 

END expression 

QF + Qe 
QF + Qe + QA 
QF+Qe+Qs 
QF + Qe + QS + QA 
QF + Qe + QC 
QF + Qe + QC + QA 
QF + Qe + QC + QS 
QF + Qe + QC + QS + QA 
QF + Qe + QO 
QF + Qe + Qo + QA 
QF + Qe + QO + QS 
QF + Qe + QO + QS + QA 
QF + Qe + Qo + Qc 
QF + Qe + Qo + Qc + QA 
QF + Qe + Qo + Qc + Qs 
QF + Qe + Qo + Qc + Qs + QA 

'~IO"""1lI8f8equMlcnH InFlg3,~ __ "_bymadulo16" 
malnderof datawonl oounl. Counter F Ie not raqulnld for blook sizes 1esa lhan 33. 
Ccun1orElonolraquRd Iorblock_1eoa1lwl 17. Slnglo WCIII _10._ 
8olutton 
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EITHER 
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OH SELECT COMMAND -------, r-
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RAM ADDRESS CHANGES ON 
TRANSITION ST 3 TO ST 2 -A----+--A·'_t_A-2_t_A-3_+_A-4-t-A-5_+_A-6_t_A 7_t_A-8-t-A-9-

ENABLE = OH OQ 

TIMING DATA FLOW I 
RAM TO EXTERNAL DEVICE / 
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ENABLE ENABLE 
SOURCE a SOURCE 1 
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Fig 4 8085 timing and Interface slgnals_ Register 
contents reflect state controller Interaction with 
computer commands_ Control states reflect state 
flipflop outputs. Signals common to transfer In either 
direction are grouped. Current RAM address starts at 

ENABLE ENABLE 
SOURCE 8 SOURCE 9 

A and decreases during successive cycles_ Memory 
timing. shown for data flow both from and to RAM. 
relates to RAM timing requirements for Fig 1 and Fig 
2. respectively 
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acknowledge; (b) the RAM's high density, 4-bit data word, 
bidirectional data bus, and simplified dual control line in­
terface; and (c) the counter synchronized load, increment, 
and decrement controls, and also its 3-state outp~t and 
cascading capabilities. Additionally, the response and 
operating speeds of the RAM and counter are compatible 
with the microprocessor clock. 

Figs 1, 2, and 4 show the configuration and timing rela­
tionships achieved by using these components. 
Microprocessor choice establishes the system clock rate and 
the method of passing control between the microprocessor 
and the data controller. The method of implementing the 
data controller, which meets the dual requirements of 
simplicity and high throughput, restricts RAM selection. In 
Figs 1 and 2, tRe and twe cannot exceed two clock periods. 
When moving data to external devices, the devices must be 
able to function within the constraints of tM and tEA' When 
moving data to the CPU memory, its write requirements, tw 
and tDW' must be less than one clock period. Because of the 
controller structure, tDH and tWR must both be zero, a restric­
tion satisfied by many RAMs currently available. 

Adaptation 
Distributed data port servicing is the primary functional re­
quirement of the data controller, and the specific number of 
ports is a parameter written into the Boolean expressions 
implemented by a member of the PAL family. The inherent 
flexibility arising from implementation of many of the logic 
functions by easily modified Boolean expressions can be 
demonstrated by extending the application requirements to 
include program control of the data block length. Now, the 
design objectives are to incorporate' this feature with 

CPU' CPU DECODED 
DATA SUS FROM CPU COMMANDS 

fTIn n ~ 

minimal hardware reconfiguration and to retain all the 
operational attributes of the original DMA controller. 

Although the state sequencer remains conceptually un­
changed, its interaction with the data counter must be 
modified to implement a variable block length. The original 
concept has a fixed data block length, with the data counter 
starting at all Is and decrementing to a predetermined end 
count. Its advantages are that the CPU interface is mini­
mized and that all data ports are serviced during each DMA 
cycle. To implement the variable block length feature, the 
CPU loads the data counter with the actual count; then dur­
ing data transfer, the state sequencer decrements the count 
to 0, the end count that terminates the operation. 

It is desirable to implement the state sequencer and data 
counter on a single programmable chip while maximizing 
the data counter length. To achieve thi's, a l6R8 program­
mable logic chip replaces the l6R6 used previously. This 
change increases the number of registers by two at the ex­
pense of the two gated outputs. The chip configuration now 
offers eight data inputs; eight D registers, each with an in­
verting output; a register clock input; and a 3-state control 
input. 

Of the eight registers, two are required for the state se­
quencer, allowing a maximum block length of 64 in a single­
chip implementation. However, three control lines are re­
quired: HOLDA and DTRANS; as in the original concept, plus 
a software generated LOADA, which transfers the content of 
the data bu~ to the data registers. Additionally, the LOADA 
command must be used to initialize the state counter (Fig 
5). With this approach, five inputs remain for the data bus, 
limiting the block size to 32 words. 

An alternative configuration using only three data bits 
allows loading of the six flip flops in two instruction cycles 

I 
a4 2'3, a2 a'I ~ a.ocK HOI.OA ~~Al 

,fiE aD QC Qi OA 
PAl. ,",:, 

'ati <lG 

II ~IJ ~) 
DATA COUNTER STATE 

SEQUENCER 

DATA COUNTERS 

QE = U5A1iA • 24 + QE (OH + QH • OQl + QH • QG • QE (QD + Oc + Qs + QAl 

QD = LOAD A • 23 + QD (OH + QH • OQl + QH • QG [QD (Qc + Qs + QAl + CD • Dc . Os . CAl 

Oc = L5AD7i • 22 + Oc (~ + QH • O(jl + QH • QG [Oc (Qs + QAl + Oc • Os . 0A1 
Qs = LOAD A • 2' + Qs (~ + QH • OQl + QH' QG (Qs' QA + as . CAl 

QA = LOAD A' 2'l + QA (~ + QH • OQl + QH • QG • OA 

STATE CONTROLLER 

QG = LOAD A (OH • OQ • DTAANS + OH • QG ' HOLDA + QH • Ool 

QH = LOADA[~' QG' HOLDA + QH' 0Ci + QH' QG(QE + QD + Oc + Qs + QAll 

Fig 5 Adding program control over block 
length, Hardware configuration and 
Boolean expressions are modified to im· 
plement program control of data block 
length, Data input limitation prevents use 
of one register, restricting block length to 
32 words 
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CPU CPU DECODED 
DATA BUS FROM CPU COMMANDS 

TTT~~ 
'J? 21 liJ CI.OCK HOlDA RESET liiiWli t:'OAi5A i:OAOi J 
OF liE Oii ac Ciii·o;; PAl. 1_ i'.iH. ao. 

~ L-L 
DATA COUNTER STATE 

SEOUENCER 

DATA COUNTERS 

elf' = LOAD S • # + OF (OH + Ow OG) + Ow 0(; • OF (OE + 00 + Dc + Os + 0A) 

0E = LOAD S· 21 + 0E (OH + 0H' OG) + Ow 0(;[ 0E (00 + Dc + Os + 0A) + OE' 00· ac' as' 0A1 
00 = LOAD B' ~ + 00 (OH + 0H • OQ) + Ow 0G[OD (Dc + Os + 0A) + 00 . ac' Os· CiAI 

Fig 6 Extending block length. 
Additional modification In· 
creases block length to 64 words 
by using all Internal registers. All 
capabilities of previous con· 
figuration have been maintained 
across both modifications 

Dc = LOAD A • 22 + Dc(OH + Ow OQ) + 0H' 0G [Dc (OS + 0A) + ac' os· CiAI 

Os = LOAD A' 21 + Os (OH + 0H' OQ) + 0H • 0G (OS' 0A + OS· CiA) 

0A = LOAD A • ~ + 0A (OH + 0H • OQ) + Ow 0G • CiA 

STATE CONTROLLER 

OQ = RESET (OH • OQ • OTRANS + OH • 0G • HOLDA + 0H • OQ) 

0H = RESET [OH' 0G • HOLDA + 0H' OG + 0H· 0(; (OF + 0E + 0D + Dc + Os + 0A)l 

by implementing a second load command, LOADB. The DMA 
controller now handles block lengths as long as 64 data 
words, and the RESET command can be used to initialize the 
state counter as in the original concept (Fig 6). 

Summary 

Generally, a design approach and its means of implementa. 
tion should.,be complementary. Specifically, the controller 
design objei:tives are met by utilizing a state sequencer, and 
implementation compatibility is assured by such features of 
semicustom logic as multiple storage elements with internal 
feedback paths, dense gating arrays, and interconnection 
flexibility. 

The process of creating a state sequencer to solve a 
design problem results in a series of Boolean expressions 
that define the controller capability and the gate array that 
must be effected. Several partially dedicated gating and 
register arrays constitute the semicustom logic family. After 
the most suitable array configuration is selected, the inter· 
connections, as expressed by Boolean statements, are com· 
pleted to implement the design. This creates a unique logic 
pattern whose dense gating contributes to chip count 
minimization. Design variations can be accommodated by 
restructuring the gating arrays with minimal hardware 
reconfiguration. Thus, the system can be tailored to the 
original operating requirements and yet be easily adapted if 
modifications are desired. 
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FPLA ARBITER CONCEPT ADAPTS 
TO APPLICATION NEEDS 

Reid programmable logic implements efficient, easily customized arbiter 
whose versatile Boolean statement format meets numerou.s system 
requirements 

Alan W. aentley Cubic Corporation 
9333 Balboa Ave, San Diego, CA 92123 

T oday's trends toward shared resources, multipro­
cessing, and decentralized, bus oriented system organi­
zation underscore the demand for arbiters that work in­
dependently and issue grants according to predeter­
mined algorithms. Functionally, a requirement for 
stable processing of system requests is created when 
several processors use a common device and each re­
quests service asynchronously. It is the arbiter's task to 
issue grants for sequential access in accordance with a 
preestablished algorithm. By using a versatile Boolean 
statement format to express its algorithms, an arbiter 
can be customized to interface with single-array, 
multiple-array, and hybrid logic configurations. Design­
ing arbiters to be flexible in implementing algorithms 
can help to meet the demand for cost-effective data pro­
cessing systems and bring heretofore expensive, hence 
scarce, devices into wider use. 

Arbiter Interface 

From the system's perspective of the interface, when a 
system is ready for service from the device, it raises a re­
quest line. The arbiter responds by issuing a grant to the 

system that clears it to conduct transactions with the 
device. Upon completion of service, the system drops its 
request line. The arbiter, in turn, cancels the grant and 
is then free to issue a grant to the next pending request. 

Stable system requests are necessary because all re­
quests and grants are evaluated each clock period. These 
requests are generated asynchronously and are syn­
chronized through a set of input latches. If a 2-phase 
balanced clock is used, with requests synchronized on 
phase 0 and grants issued or released on phase I, the 
maximum time from a system request for service until 
synchronization of that request is one clock period. 
Minimum time from completion of the transaction to 
release of the synchronized request is the system's inter­
nal delay, as it drops the request line, plus the setup time 
of the synchronizing latches. At the completion of a 
transaction, there is a half-clock period, the time from 
phase 0 to phase I, when a unique signal combination 
exists-a grant issued to a system that does not have a 
synchronized request. During this half-period, all other 
synchronized requests are examined and, according to 
the servicing algorithm, the recipient of the next sequen­
tial grant is determined. Then, on phase I, the existing 
(unsolicited) grant is canceled and the next grant issued. 
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\":"'GUARO BAND 

BAlANCED 2·PHASE CLDCJ( 

(Ill 

UNBALANCED 2·PHASE ClDCJ( 
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Gw = RESET· Rw iii,· ..•. R, (Ii, + ••• + G, + Gx ••••• Gzi + Gwl 

~ ~ j...TRANSFER...J--IDLE--+--7.J 

f--MODIFIER ----l MAINTENANCE 

(eI) 

Fig 1 Arbiter circuitry. timing. and grant expres­
sion format. In lal. 56 to SO are system requests. 
Latch outputs R6 to RO ere synchronized requests 
that arbiter algorithm converts to system grants. 
G6 to GO. Unbalanced clock pha ... increa .. guard 
band Ib and c). with maximum guard band needing 
only one pha.e. Logic equation for algorithm Id) 
combines four lubexpressions 

The sum of the requesting system's internal delay in 
dropping its request line, the synchronizing latch setup 
time, and one-half the clock period, act as a'guard band 
to ensure separation of systems interacting with the 
device. Arbiter clock frequency, therefore, is a major 
factor in determining guard band time. For a given ar­
biter clock frequency, the guard band can be increased 
by unbalancing the clock, increasing the time between 
phase 0 and phase I to more than half the clock period. 
The limiting case occurs when the time between phase 0 
and phase I is increased until it equals the clock period. 
This makes phase 0 and phase I coincident, requires 
only a single-phase clock, and maximizes the guard 
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band for a given clock frequency. The limiting cast 
relies on the propagation delay of the latch flipflops and 
the setup time of the array logic grant flipflops to ensure 
a delay of one clock period between release of the syn­
chronized request and the associated grant. Start 
of the guard band signifies completion of the current 
transaction, and guard band time is used to determine 
the next grant recipient; then, at the start of the next 
clock period, the current grant will be canceled, and, 
if one or more requests are pending, the next grant 
issued. 

Octal 0 flip flops (l:.S273) are used to synchronize the 
input requests, and a programmable gate array (16R8) is 
used to evaluate the requests and issue grants. In the 
2-phase clock, phase 0 synchronizes requests and phase 
1 issues grants (Fig 1). Both the octal flipflops and the 
logic array are 2O-pin packages. In addition to the clock 
and 3-state control inputs, the logic array has 8 data in­
puts and 8 0 flipflop outputs. The Q output of each 
flipflop is inverted and buffered, and is a 3-state output; 
the Q output is returned to the array internally, where 
the 8 flipflop settings and the 8 data inputs are com­
plemented and are available in bOth original and com­
plement form at 8-input OR gates. There are eight OR 
gates, each forming the 0 input for one of the eight 
flipflops. 

By programming through fusable links, the set condi­
tion of each flipflop is established from the eight data 
inputs, the current state of the eight flipflops, and the 
complements of both. Each flipflop's set condition can 
be represented as a Boolean expression of up to eight 
oRed statements. Each statement is created by ANDing 
terms drawn from the data inputs, the flipflop status, 
and their complements. Limiting parameters of this 
configuration are the 8 data inputs and the fIXed 8-term 
OR gate at the 0 input of each flipflop. Boolean expres­
sions implemented through the programmable fuses 
must be true when the flipflop is to be set or maintained 
in the set state, and false when the flipflop is to be reset 
or to remain reset. 

Single-Array Configuration 

Any of several servicing algorithms, expressed as 
Boolean statements, can be implemented with a single 
logic array that will process service requests for up to 
seven systems. The first two algorithms represent the 
organizational extremes. "Priority service" algorithm 
has a strict priority ranking from R6 to RO: a grant will 
be issued only if no higher priority system has a pending 
request. The other extreme is the "polled service" 
algorithm; here, all systems place equal demand on the 
device and are serviced through a rotating, or "round­
robin," method. In this case, when one transaction has 
been completed, the following grant is issued in 
response to the next ranking request (eg, next lower 
number). Circular continuity is maintained by having R6 
follow RO in the granting sequence. Between the ex­
tremes, algorithms 3 and 4 represent hybrid organiza­
tions. The "executive and polled service" algorithm 
allows a single, high priority executive system (R6), with 
the remaining systems (RS to RO) equal and polled in a 
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ALGORITHM 1: PRIORITY SERVICE 

G6 • A£SET· R6 IGS • As ... G4 • Ai ... G3 • iii ... G2 • ii2 ... Gl • iii" ... GO. RO ... GS • G4 • G3 • G2 • 'lIT. Go ... G61 

G5 • A£SET. RS [iii (G6 ... G4 • Ai ... G3 • iii ... G2 • ii2 ... Gl • iii" ... GO. RO + Gi. G4. G3. G2 • CIT. GOi + G51 

G4 • Rem. R4 (iii. As (G8 ... GS ... G3 • iii + G2 • ii2 ... Gl • iii" ... GO • iiO ... G8 • GS • G3 • G2 • CIT • Giii + G41 

G3 • ~. R3 [!Ii". 115". iii (G6 ... G5 + G4 ... G2 .'!i2 + Gl • lrr ... GO. IIli + ~. ~. in" • ll2". '/IT .lmj + G31 

G2 • ~. R2 [III. Q"."IIi .1I!(G8 + GS + G4 ... G3 + Gl .lrr ... Go.1m ... ll8".ll8".in". tIl".'/lT.lmj + G21 

Gl .FIlm. Rl [1II·"W!·1!i.1i!."II}(GB + G5 ... G4 ... G3 ... G2 ... GO."!m +lll.1JI.G4.tIl"."ll2dl~) + GIl 

GO .1iRrF. AD [iii .M. iii . R3 :ii2 • AI (G6 ... G5 ... G4 + G3 ... G2 ... Gl ... Ge • G5 • G4. G3. G2. 'lITi + GOI 

ALGORITHM 2: POLLED SERVICE 

G6 • RESET. R6 [110 (GO + Gl .111 + G2 .1IY. lfi ... G3 • R3 • ii2. AI ... G4 • Ai . ii3 • iii. iii ... G5 • As • Ai • iii • R2 • iii") 
... !!li • G4 • ~ • (jl. in • GO + G61 

G5 • REm. RS [M (G6 ... GO· JIll ... Gl • iii . iiO ... G2. ii2 • AI • iiO ... G3 • II! • ii2 • Ri • JIll + G4 • R4 • As • ii2 • iii ,'Ali 
... ~ • Il4 • ~ • ~ • in • GO) ... G5[ 

G4 • iI!m. A4 [1!1& (G5 ... G6 • III ... GO· IIli .1'i6 ... G' • iii • Ali • 118 + G2 • ii2 .1!i • Ali • M + G3 • R3 • ii2 • 1!i • Ali • 1ili 
... 111! • ~ • ~ • ~ .m. lfi • 1m) ... G41 

G3 • 1Ifm. R3 [lQ (G4 ... G5 • Ii! ... G6· Q. Ii! ... GO. Ali • 111! .115 ... Gl .1!i • JIll • 111! • II! ... G2 • ~ • iii • JIll • !Iii • ii5 
... 111! .115. ~ • !!li .1l4. G2. iii • GO) ... G31 

~ • IIBn' • R2 [I!! (G3 ... G4 • iii + G5 • Irs • R4 ... G6 • 1'i6 • ii5 • Q ... GO. mi. M .115 • Ai + Gl • lfi • RO. M • As • R4 
... JIll • 'II! • iii . ~ • II! • Il4 • ~ • llT • GO) ... G21 

"I • 1IRrT. Al [III (G2 ... G3 • I!! ... G4 • 111 • I!! ... G5 • As • R4 • n ... G6 • Rl • 'II! .lIi . 'R3 ... GO. 1m. 1'i6 • 'II! • Ai. lI3 
... JIlI.1Ir. Q. n. ~. liB. Cl4. ~. Gl. Go) ... GIl 

GO • Mm. AD (Iii (Gl ... G2 • ii2 + G3 • 113 • 'ii2 + G4 • iii". 113 • "'" + GS • ii5 • R4 • ii3 .li2 + G6 • iii .115 • Ai • ii3 • ii2 
+ q-.IIB.n. ~.li2 ol~i". Gs. G4. 'GJ". Gl. GI) + GOI 

ALGORITHM 3: EXECUTIVE AND POLLED SERVICE 

G6 • SAME AS G6 EQUATION, ALGORITHM I 

GS • RESET. R5 [115 (G6 ... GO • iiO + Gl • iii • Ali + G2 • ii2 • AI • iiO ... G3 • As • ii2 • AI • RO ... G4 • Ai • R3 • ii2 • iii • RO 
... G6 • G4 • G3 • G2 • iii • GO) ... Gel 

G4 • RESeT • A4 iRe • iii (G6 ... GS + GO • iiO + Gl • iii • iiO ... G2 • ii2 • iii • iiO + G3 • ii3 • ii2 • iii . iiO 
... Gi • ii5 • G3 • G2 • Gi • GO) ... G41 

G3 • ReSET. A3 [iii • Ai (GB • ii5 ... G4 ... G5 • iii + GO. Ro • iii ... GI • iii . iiO • iii + G2 .li2 • iii" • Rci • iii 
... iii. iii. G5. G4. G2. Gi • Go) ... G31 

G2 • RESeT. A2 [Re • ii3 (G8 • As. iii ... G3 ... G4. Ai ... G5 • iii • A4 ... GO • RO. As • Ai ... GI • iii" • iiO. Ai • Ai 
... ii5. R4. 1m:0s. 04. G3. Gi. Go) ... G21 

GI • RESET • Rl [Re • ii2 (GB • iii • ii4 • ii3 ... G2 ... G3 • ii3 ... G4 • Ai. ii3 ... GS • iii". Ai. ii3 ... GO • RO • As. Ai • R3 
... As • iii . As • Fe. os :G'4. G3. G2. GO) ... GIl 

GO. RESeT. RO [Re. Ri (G6· iii". Ai.R:!."jf2 + Gl ... G2. ii2 ... G3. R3. ii2 ... G4. Ai. iii:ii2 ... GS. iii". iii. R3. ii2 
... Re • Ai • ii3 • ii2 • G5 • G5 • G4 .cia. G2 • CIT) ... GOI 

ALGORITHM 4: DECLINING PRIORITY AND POLLED SERVICE 

G6 - SAME AS G6 EQUATION, ALGORITHM I 

GS • SAME AS GS EQUATION, ALGORITHM I 

G4 • SAME AS G4 EQUATION, ALGORITHM , 

G3 • RESET. R3 [M • AS. iii (GB ... G5 ... G4 ... GO • iiO ... GI .1!i • 'Ali 
... G2 • ii2 • Ri • RO ... Ge • G5 • G4 • G2 • GI • Go) ... G31 

G2 • ReSeT • A2 [Re • As • R4 • A3 1GB ... G5 + G4 ... G3 + GO • RO 
... GI • AI • RO ... G5 • !!li • G4 • G3 • Gi • GO) + G21 

G, • REsET. A' [iii. As :1l4 :lli IG6 • R3 ... GS • iii ... G4. R3 ... G3 • R3 ... G2 

... GO· iiO. R3 ... A3. iii. G5. G4. G3. G2. Go) + GIl 

GO - REsET • AO 1M • M . R4 :AI 1GB. R3 • ii2 ... G5 • R3 • 'ii2 ... G4 • ii3 • ii2 
... G3 • II! • ~ + G2 • III + G' ... II! . lI2 • ell! • ll! . Il4 • ~ • m . '/lTJ + GOI 
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. circular pattern by decreasing number (1l5 follows RO). 
The other hybrid algorithm, "declining priority and 
polled service, II services three systems in declining 
priority (R6 to R4), and allocates four systems the lowest 
priority; R3 to RO have equal priority and are polled in a 
circular pattern by decreasing number (R3 follows RO). 

In each configuration, the eight inputs consist of a 
RESET command and seven synchronized requests. Out­
puts are the seven corresponding grants, each the set 
output of a flipflop, buffered and inverted. When ac­
tivated, the RESET command negates all expressions, 
resetting all grant flipflops. After a synchronized re­
quest is received, the appropriate expression becomes 
true, and the grant flipflop is set at the followina clock 
edge. Upon completion of the transaction, the grant is 
released one clock period following the clock edge that 
terminates its synchronized request. This interval, when 
the grant is true and its synchronized request is false, 
denotes the completion of the service cycle. If one or 
more synchronized requests are pending, all expressions 
are evaluated, and, based on the servicing sequence ex­
pressed by the Boolean statements, the next grant is 
issued. If at the completion of a grant there are no pend­
ing requests, then all grant flipflops are reset and the 
device reverts to the idle state. 

When the device is idle, all synchronized requests are 
scanned each clock period. Detection of a single syn­
chronized request causes a grant to be issued at the 
following clock edge. If two or more requests are syn­
chronized simultaneously, the expressions must provide 
a hierarchical method for issuing the initial grant. If the 
systems are organized from highest to lowest priority, 
the issuing of an initial grant follows the same seniority 
pattern. However, if all systems polled are of equal 
priority, the initial grant hierarchy must be established 
arbitrarily; in these examples, the grant hierarchy is 
based on highest to lowest sequence, systems R6 to RO. 
All these factors are apparent in the Boolean statements 
that implement the various grant algorithms. Each 
statement is the D input of a flipflop, and when a state­
ment is true, the corresponding flipflop becomes (or re­
mains) set at the following clock edge, issuing (or main­
taining) a grant. As grants must be issued sequentially, 
the statements must be interlocked to prevent multiple 
flipflop settings. 

The format set forth in the Boolean expressions of 
algorithms I through 4 [compare Fig I(d)] is used when 
writing all statements. It consists of four sections: a 
modifier divided into an external and an internal por­
tion, a transfer expression, an idle expression, and a 
maintenance expression. The external modifier, which _ 
operates on the entire contents of each statement, is the 
Rm term ANDed with the appropriate synchronized 
request. This establishes the basic requirement that 
RESET not be issued-and that the synchronized request 
be present-to consider whether to issue or to maintain 
a grant. The internal modifier operates on the transfer 
and idle expressions, and is the AND of synchronized re­
quests that must be false for a specific grant to be 
issued. Since in a complete or partial priority structure, 
the highest numbered system (R6) always takes prece­
dence, the internal modifier for the G6 expression is 
nonexistent. 
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The transfer expression identifies the completion of II 
transaction through the combination of a grant with 1:.0(­

corresponding request. In conjunction with the modi 
fiers, the transfer expression evaluates the pending fl'­

quests to determine the next sequential grant. If one or 
several simultaneous requests are synchronized when 
grants are not active, the idle expression, in conjunction 
with the modifiers, determines which grant will be 
issued according to the established priority. The 
maintenance expression, the set output of the grant 
flipflop, maintains an established grant until its external 
modifier becomes false. 

There are at least two other practical hybrid combina­
tions: two prioritized systems with the remaining five 
polled, and four prioritized systems with the remaining 
three polled. Expressions for these two configurations 
can be derived from the four examples just discussed. 

Multiple-Array Configuration 

The single-array configuration handles up to seven 
systems with a broad selection of operation modes and 
is suitable for a configuration that has a limited number 
of systems with high rates of interaction with the device. 
When there is a large number of systems that have low 
rates of interaction individually, it is necessary to scan 
blocks of synchronized requests rapidly in order to 
minimize response time, thereby maximizing device 
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Fig 2 Multip .... rrey configuration. Each of n elements can 
urvic:e aix eytstems erranged in circuler (ie, polled 01 "round­
robin") configuration. RESET i .. uss control to one element. 
Then. aa svatems are a.viced. DONE end CONTROL com­
menda pe .. control function emong elements .. shown 
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utilization. This is accomplished by using the same 
8-register programmable array device, with 6 of the 
registers issuing grants and the remaining 2 used to 
transfer the control and done commands. Devices thus 
organized become elements in a daisy chain configura­
tion that is, in theory, infinitely expandable. Within the 
daisy chain, the element whose control flipflop is set is 
empowered to issue grants. Each element, while com­
pleting its last transaction, clears the grant flipflop, and, 
on the same clock edge, sets the done flipflop for one 
clock cycle. (See Fig 2.) Output of the done flipflop 
serves as an inhibit command within the element, and 
externally as a transfer (XFER) command to set the con­
trol flipflop of the next element. 

grants for sequencing of the done and control flipflops. 
Therefore, if the device is idle, an element that monitors 
six system requests is scanned each two clock cycles as 
the control function is sequenced through the elements. 

Upon receipt of control, if one or more requests are 
pending, they are evaluated and a grant is issued at the 
next clock edge; if there are no requests, the clock edge 
instead sets the done flipflop to again transfer the con­
trol capability. Within an element, the same clock edge 
releases a completed grant and initiates a new grant, as 
was the case in the single-array configuration; among 
elements, there is a 2-period delay between succesive 

Since this configuration can be expanded to accom­
modate servicing of numerous inputs, the elements are 
polled and equally weighted. However, within each ele­
ment a protocol for responding to requests must be 
established; in these examples, priority is from the 
highest to the lowest number (RS to RO). Algorithms S 
and 6 are variations of this configuration. In the 
"multiple-array polling" algorithm, the element retains 
control and services all requests in a declining polling se­
quence; control is relinquished only when there are no 
remaining requests. In the "multiple-array priority" 
algorithm, requests are serviced in a strict order of 
declining priority (ie, decreasing request numbers), and 
control is released in the absence of requests or upon 
completion of a device service period when no lower 
numbered systems have pending requests. In an applica­
tion, these two configurations can be intermixed 
because the element interfaces are identical. The 

ALGORITHM 5: MUL TIPLE·ARRA Y POLLING 

G5 • iiSeT • ii'6NE • CONT • A5 lAO (GO + G1 • Wi + G2 • iII • Wi + G3 • 1Q • ii2 • In 
+ G4 • IQ .n . 112 • 'In) + 1M • lD • in • G1 .lliI + GI) 

G4 • iiSeT • DONE • CONT • A4 liiiHG5 + GO • iiO + G1 • iii . iiO + G2 • J!! • iii • Jill 
+ G3 • iii • III. III • IRS + 'llI • lD • m . 111 • ~) + G4) 

G3 • REm. DONE • CONT • A3 1M (G4 + G& • ii5 + GO • Jill • m + G1 • iii • iiO • Wi 
+ G2 .112 • iii • 'IRS.lIt + Ii! • m . C4 • in .In .1l5) + G3) 

G2 • iiESEi'. DONE • CONT • A2 [1Q (G3 + G4 • Itl + G& • II! • M + GO • lIlr. q . 1M 
+ G1 • III • 'IRS • 111.114 + "Ii! • 'Iii' • m . iii • iD • G1 • 'lib) + G2) 

G1 • iiESEi' .15iINi • CONT • A1 [lI} (G2 + G3 • 1Q + 1M • iii . Wi + G& ."Ii! • li4. 1Q 
+ GO. RO.M.M. iii + 'iii. ii4.Ii!. Gi • G4. G3 • in. GO) + G1) 

GO • iiSET • i5ONi! • CONT • AD llii (G 1 + G2 • 1II + G3 • lIJ". III + G4 • 114. III • 112 
_________ + G5 .1iJ • iii' • iii • ii2 + 'iii • M • iii. 1i2. IJJ. iii' • !D' • 112 • Iii) + GO) 

DONE • 1Inn". CONT • tmm • II!' • 114 • 11! .112 • 11\" • 'IRS 

CONT • CONTROL ISEE FIG 21 

ALGORITHM 6: MUL TIPLE·ARRA Y PRIORITY 

G5 • iiESEi' • DONE. CONT • G4 • G3 • Gz • 131 • GO • R5 

G4 • iiESEi' • DONE • CONT • 133 • G2 • Gr. Go. R4 [A5 + G4) 

G3 • RESET. DONE • CONT • 112 .li1. GO. R3 [R4 (M + G41 + G3) 

G2 • RESET. DONE • CONT • G1 • GO • R2 [R3 (iii • M + G4 • iii' + G31 + G2) 

G1 - RnlT • ~ • CONT. 1m • A1 [112 (II! • M • ii3 + G4 • iii. Ii! 
+ G3 .liJ + G21 + G1) 

GO • 1Ilm. ~ • CONT. AD [Ill (111. 1M • lII.lI2 + G4.1I4 .11!.112 

+ G3 • iii! .J!! + G2 • III + 'G11 + GO) 

DONE • RESET. DONE • CONT • iii r1n" (II! • iii' • lIY. lI2 + G4 • 'Iii' • 11!'. 112 
+ G3 • ii3 • ii2 + G2 .112 + G11 + GO) 

CONT - CONTROL ISEE FIG 21 
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differences are within the elements-ie, the methods 
used when evaluating requests to issue grants and when 
generating the transfer command. Since only one ele­
ment can have a set control flipflop and the associated 
authority to issue grants, one control flipflop must be 
set, and all others reset, during initialization. During 
implementation, the system start of poll (established by 
RESET) must be selected, and each element's control 
equation implemented accordingly. (See Fig 2.) 

The Boolean statements in algorithms S and 6 are 
configured in the format shown in Fig l(d). In 
algorithm S, the external modifier has two additional 
terms, CONT and DONE, both establishing that the ele­
ment has control. The remainder of the terms is similar 
in content to the terms in algorithm 2, and, with the ex­
ception of the idle expression, also similar in concept. 
Since an element does not retain control in the idle state, 
this term instead establishes the initial grant upon 
receipt of the control function. Subsequent grants are 
issued through the transfer expression, and when all re­
quests are satisfied, the done flipflop is set for one 
period, initiating a transfer of control to the next 
element. 

Hybrid Configuration 

Single- and multiple-array configurations have limita­
tions. The single-array concept services only seven 
systems, but offers flexibility in configuring the 
response patterns. Conversely, the multiple-array con­
figuration can handle a large (theoretically unlimited) 

UPPER ELfMENT 

number of systems, but is not flexible in configuring 
response patterns because the control function musl 
cycle through elements in a prescribed sequence. By 
restructuring the control lines, designers can intercol" 
nect elements in a hierarchical fashion, both increasing 
the number of systems serviced and providing service 
flexibility. An example that consists of two elements, 
each servicing six systems, is shown in Fig 3. The two 
elements are labeled "upper" and "lower" to denote 
their relative priorities. Each element has a control 
flipflop whose output is an input to the other element. 

The control flipflop of the upper element is set when­
ever it has a synchronized request, and is a DEMAND for 
control. The control flipflop of the lower element is set 
when it receives a demand and does not have an active 
grant; it is a RELEASE of control. Thus, the upper ele­
ment DEMANDs and receives control when it has a re­
quest. When all upper element requests are satisfied, the 
demand flipflop is reset and control shifts to the lower 
element by default. The control equations for the upper 
and lower elements are shown in Fig 3, along with the 
format for the grant equations and one sample grant 
equation for each element. Because the equations for 
the hybrid configuration are similar to those for the 
single-array configuration, the grant equations are 
modifications of those shown in algorithms 1 through 4. 
When in the idle state, the default location for control is 
in the lower element; therefore, the equation for the up­
per element does not require an idle section. 

Efficient transfer of control and prevention of in­
advertent ~imultaneous grant issuance during the transi­
tion sequence are primary considerations in arbiter 

DEMAND = RESET (IHI + RID + R9 + R8 + R7 + Rlil 
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G,' RESET·DEM·REl·R,1 ( 
\ , -------I EXTERNAL INTERNAL 

~MODIFIER .1. 
EXAMPLE FROM ALGORITHM 1 

I + G,I 

TRANSFEJ ,..l 
MAINTENANCE 

G9 = REsET·DEM.REl· R9(iiij.iITii(GII + GIO + G8·jij + G7·R7 + G6.Rs! + G91 

RELEASE = Rffi'f'DEM£.5.~ +G4·R4+G3·R3+G2·iii-+GI·jij +GO·I!O+m·Il4·(ii·ii2·G!·GOJ (

LOWER ELEMENT 

G, = RESET.R,!DEM·REL( + I + Gyl 

------~ I EXTERNAL INTERNAL I I I 
\ I--MODIFIER--I..TRANSFER+IDLE --I--: ,--l 
(

MAINTENANCE 

EXAMPLE FROM ALGORITHM 2 
G2 = RESET·R2 !DEM·jjfi·R3(G3 + G4.jf4 + G5·~·ji4 + GO·Ro·ii5·R4 + GI·Ri· i«i'ii5.ji4 

+ Rs·ji4.G5.G4.ij3.G!.G!A + G2J 

Fig 3 Hybrid configuration. Two elements have 
hierarchical structure. Upper element demands 
control when request is pending. thereby 
preventing lower element from issuing grants and 
gaining control when lower element becomes 

idle. Modified grant expression format and typical 
grant expression appear for each element. 
Relaase expression is also shown. Each elament 
offe .. full flexibility shown in algorithms 1 to 4 
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R, Jr----............ -..r-------

Fig 4 Hybrid configuration timing. 
Diagram shows timing relationship as 
control function passes between upper 
and lower elements. At laft, control 
pesses from lower element to upper 
element upon completion of GZ' In 
Hcond .ector, upper element relea.e. 
control and reestablishes demand dur­
ing ume clock period (adverse situa­
tion). Lower element with pending re­
quest must rainitiate relea.a, causing 
3-period delay between grants. In two 
right sectors, upper element releases 
control and reestablishes demand one 
clock period later. Lower element 
issues grant for its pending request end 
releases control "pon completion of 
service 

G, ___ ---'r ~ ---.r--
R, ~'lL.. ___ -< .... ___ _ 

G, I .......,L.. __ ..... ::==== 
DEM~ND-.--J ~~ 

RElEASE---.r--~~.........r--
Rz ----"L- J 'l'-___ _ 

Gz~ r~ 

design. Control equations and modifier sections of the 
grant equations, respectively, fulfill these design re­
quirements. Three transitional sequences for hybrid 
configuration are shown in the timing diagram. 
(See Fig 4.) 

Summary 

The increased desirability of sharing resources among 
several systems has increased the requirements for ar­
biters that can function independently_Such arbiters 
enhance the profitability of shared resource data pro­
cessing systems. A versatile Boolean statement format 
can implement efficient control protocol and grant 
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PAL stretches pulses 
for slower ~P peripherals 

The versatile programmable array logic (PAL) 
IC makes a simple one-chip pulse stretcher for 
microprocessor peripherals that have not caught up 
with the latest wave of high-speed processors and 
their shorter cycle times. The pulse stretcher uses 
up to six decoded function-selection addresses and 
puts out a synchronous stretched pulse for each 
address. It works well with an MC6809B; however, 
nearly all of the present-generation processors 
should work well with the circuit. .. 

The diagram is a guide to programming the PAL 
on a conventional PROM programmer. For the 
P AL16R8 used in this example, the sum of the 
products is segmented into a fixed array that is 
stored in a D-type flip-flop on the rising edge of E, 
the system clock. The registered outputs are then 
available as feedback elements to the input sums. 

Longer output pulses are generated from the 
shorter system clock by taking advantage of the 
synchronous nature of the registers. The board­
selection line serves as a master decoded address 
field for a particular device or series of devices. The 
six function-selection lines, FSo through FSs, con­
stitute the uniquely decoded addresses .. 

As shown in the timing diagram, the E clock 
synchronizes the system. Because the 6809's valid 
address period generally occurs during the low 
state of E, the board selection is conditioned by E. 
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Therefore the rising edge of E clocks Ql and Q2 as 
well as any flip-flop whose function-selection line is 
active. The next E positive edge resets Q2, but since 
_Ql'S input suI!!.. includes Q2, Ql will not reset until 
the following E transition. As a result, Ql'S output 
is a pulse that is twice as wide as an E period. 

Additional sections of the PAL can be con­
catonated to produce increasingly longer output 
pulses. Alternatively, the remaining six sections 
can be used as shown to implement individually 
decoded and stretched output pulses. 

Assuming a 2-MHz processor, six 1.5-l's (3 X E 
period) pulse stretchers are available in the 
P AL16R8. If desired, a single pulse can be stretched 
up to 4 I'S in 0.5-l's increments. In that case, the 
master selection would be the same signal as the 
function selection. The output pulses would then be 
synchronous with the E clock, as well as adjustable 
simply by reprogramming the PAL. System timing 
pulses are then a precision function of the pro­
cessor's clock and would be synchronized with it. 
The timing periods can be varied by changing the 
PAL firmware. 

K. Russell Peterman, Senior Engineer, Electronic 
Desiyn Depattment, Radian Corp., 8501 Mo-Pac 
Blvd., Austin, Texas 78766. 

See next paye for schematic. 
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System Advantages of 
Programmable Logic 
Danesh M. Tavana and Vincent J. Coli 
NORTHCON/83 

There are many advantages to programmable logic that make 
these devices an attractive alternative when designing digital 
systems. In this paper we will highlight these system advantages 
as well as present the methodology and software used when 
designing with these devices. The paper will close with a 
detailed design of a general purpose DMA Contro"er chip set 
which illustrates these advantages. 

System Advantages 
Today's semicustom circuits are commonly implemented using 
gate arrays, standard cells, and fuse programmable logic. A 
family of industry standard semicustom devices are not available 
in the form of fuse programmable logic arrays known as PAls 
(Programmable Array Logic). Currently, the PAL family includes 
29 different generic types and offers a wide spectrum of speed, 
power, architecture, and package choices. Speed and power 
tradeoffs of PAls are available to satisfy the high speed bipolar 
applications as we" as the power stingy, lower performance 
needs. The variety of architectures and industry standard 
pinouts (JEDEC approved) in 0.3 inch wide (Skinny Dip) 
packages, as well as second source availability through major 
integrated circuit manufacturers, make PAls an attractive 
semicustom solution for many designs. 

The features and flexibilities offered to designers by the fuse 
programmable solution include fast design cycles, flexible PC 
board routing, large scale integration of standard TTL SSI/MSI 
functions, and a powerful software package capable of fault 
detection and functional testing. In today's competitive market­
place the ''time to market" plays a critical role in product 
introduction. The design cycle is minimized when fuse pro­
grammable logic arrays are adopted since the PAL can be 
programmed and tested in a matter of minutes with the proper 
software and equipment. The first few hundred systems can be 
implemented with PAls for fast production turnaround and, 
upon an increased volume demand, the system manufacturer 
may find it advantageous to switch to HAL (Hard Array Logic), 
which is a metal mask option of the PAL, but lower in price for 
larger volumes. If .future design alterations are necessary, the 
internal structure of the PAL can be changed while maintaining 
identical pinouts, thus being immune to PC board alterations. 
The flexible pinout configuration is also a tremendously powerful 
feature that could make the difference between single or 
multilayered PC boards. PALASM, or the PAL assembler 
software package, and a PAL or PROM programmer are the 
only tools needed to get a fully semicustom prototype 
programmed. The software incorporates a variety of fault and 
functional testing features to assure proper device operation. 
The interface to this software and the design methodology for 
PAls are subjects which need further attention. 

Software Is The Key 
PALASM, also referred to as a ''silicon compiler", is the PAL 
assembler program. It is a high level language available for a 

wide range of computers which can translate boolean logic 
equations into a fuse plot. The fuse plot is made to be 
compatible with standard PAL or PROM programmers. The 
basic PAL architecture is a combinatorial matrix of AND and 
OR terms with the AND terms being fuse programmable. 
Various other architecture-like arrays of exclusive OR and 
registered outputs are also available. A" of these architectures 
can be expressed in the form of boolean equation which 
PALASM will accept and convert to a fuse plot. The organization 
of the equations which will uniquely specify a PAL is referred to 
as the "PAL Design Specification". The PAL Design Specification 
is a formatted data file which must be linked with PALASM and 
compiled to obtain the fuse plot necessary to burn the PAL. 
The PAL Design Specification format, as shown in Figure 1, 
must include the generic part type on the first line and the 
symbolic pin names starting on the fifth line. The boolean 
equations followed by a function table (which can logica"y 
simulate the part) are next. The function table provides a 
testing vehicle to assure proper device operation. The next 
section is the optional device description used for documentation 
Another feature of PALASM is fault analysis to detect metal line 
failures and sticky fuses. PALASM is purposely formatted in 
this manner to force the designer into following a design 
methodology which simplifies the design cycle. The design 
methodology concept is an important aspect which is discussed 
next. 
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The Methodology 
The design methodology is a key element in the total approach 
to fuse programmable logic arrays. The methodology suggests 
a simple and structured means of creating the prototype 
device. The basic procedures are: DESIGN, SIMULATE, BUILD, 
and TEST. These procedures are enforced when using PALASM 
in compiling boolean logic equations into silicon. 

Most of today's systems, whether a board in a microcomputer, 
or a dedicated controller board, or a telecommunication's 
hardware design, contain many discrete SSI/MSI implemen­
tations. The philosophy behind semicustom logic arrays is to 
integrate all the discrete functions into one piece of silicon, 
thus, saving board space, gaining speed, and lowering 
manufacturing cost. The difficulty arises because a simple and 
cheap interface has not yet been available between the logic 
designer's implementation and the semicustom sollilion until 
now. All that is needed to fully define a semicustom PAL design 
is a set of boolean equations. Generally these equations must 
be expressed in the sum of products form with other possible 
variations existing depending on the particular internal archi­
tecture of the PAL used. The acceptable syntax and operators 
used in defining the boolean equations takes little effort to learn 
and is used in the data file (PAL Design Specifications) to 
obtain the fuse plot. 

There are provisions made for a function table within the PAL 
Design Specifications to exercise the functionality of the device 
from the boolean equations. The function table is used by 
PALASM to simulate the table's vectors which result in a 
passlfail response. This feature gives the designer an opportunity 
to debug his design before building it. Once all errors are 
detected and corrected the output of the simulated function 
table is a set of test vectors which are used to test the device. 
Thus, through PALASM the user can confidently design, 
Simulate, and test his circuit. 

To actually build the part, standard programmers can be used 
to accept the fuse pattern generated by PALASM. The pro­
grammer will selectively blow the required fuses and then verify 
the fuse array. 

A Typical PAL Application 
To demonstrate the design methodology and the interface to 
PALASM let's design a general purpose DMA controller using 
PAls. This controller is capable of high speed block transfers 
of data between the peripheral device and the main mamory. 
The block diagram of this system is shown in Figure 2. 

The DMA controller is a five chip solution capable of high 
speed block transfer of data. Data from a peripheral device is 
read or written to memory in 64K blocks starting at a pre­
programmed location. The starting address, the block length, 
and the instruction command are microprogrammed into the 
PAls prior to any transfers. Upon a DMA request from the 
peripheral, the controller makes a request to CPU for bus 
mastership. When the bus is released by the CPU by three­
stating it's address, data, and control signals, the PAL chip sets 
gain control of the bus and execute the instruction command. 
At the end of instruction execution, a terminal count signal 
relinquishes the bus mastership to the CPU. 

Figure 2. Block Diagram 

The first step in defining this circuit is to specify the necessary 
input and output signals of the PAls. As shown in Figure 3 the 
four address counter and length counter PAls (U1-U4) are 
programmable, cascadable, up and down counters respectively, 
while the fifth PAL (U5) creates the necessary interface signals 
to any typical CPU environment The most suited generic PAls 
for implementing the counters and the control circuitry are 
PAL part types 20X8 and 20X10 respectively. The PAL Design 
Specification is included in the appendix. 'Upon successful 
execution of PALASM and it's data file, the fuse plot is 
generated and can be down-loaded to a standard programmer 
for burning the fuses in the PAls. The DMA operation is 
summarized here: 

• CPU loads the lower byte of starting address in U1. 

• CPU loads the upper byte of starting address in U2. 

• CPU loads the lower byte of block length in U3. 

• CPU loads the upper byte of block length in U4. 

• CPU loads the instruction command in U5. 

• The bus is controlled by the CPU and the DMA's bus 
interfaces are three-stated in normal mode. Upon assertion 
of DMAREQ the controller PAL (U5) will request the bus 
from the CPU. 

• Upon granting the bus, the DMA becomes the bus 
master and the CPU's bus interfaces are three-stated. 
The DMACK output from the controller PAL is used to 
enable the DMA's address and control signals unto the 
bus when BUSACK is received from the CPU. 

• The block transfer read or write instruction is executed 
starting at the specified address. Upon completion a 
terminal count signal which is the carry out of U4 will flag 
end of process. 

• The peripheral must respond to the terminal count signal 
by removing the DMA request, at which pOint the CPU 
will relinquish bus mastership. 
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Figure 3. DMA Controller logic Diagram 

Conclusion 
The semicustom fuse programmable logic devices are a cheap 
and easy alternative availab!e to the system designer. The many 
features and benefits offered by programmable logic give the 
users extreme flexibility, yet, a structured and easy to learn 
methodology when designing a circuit. The ''silicon compiler" 
software (PALASM), which is also capable of functional testing 
and fault detection, is the necessary tool to convert logic 
equations into a fuse plot. ' 
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PAL20X8 
DMAl.DAT 
DMA ADDRESS COUNTER 
MMI SUNNYVALE 

CLK /CI DO D1 D2 D3 D4 D5 D6 D7 STROBE GND 
/DMACK /CS A7 A6 A5 A4 A3 A2 A1 AO /CO VCC 

IF (VCC) CO A7* A6* A5* A4* A3 *A2 *A1 *AO 

/AO := CS*/DO 
+ /CS*/AO 

:+:/CS* STROBE* CI 

/A1 := CS*/D1 
+ /CS*/Al 

:+:/CS* STROBE* CI*AO 

/A2 := CS*/D2 
+ /CS*/A2 

:+:/CS* STROBE* CI*AO*A1 

/A3 := CS*/D3 
+ /CS*/A3 

:+:/CS* STROBE* CI*AO*A1*A2 

/M := CS*/D4 
+ /CS*/M 

:+:/CS* STROBE* CI*AO*A1*A2*A3 

/A5 := CS*/D5 
+ /CS*/A5 

:+:/CS* STROBE* CI*AO*A1*A2*A3*A4 

/A6 := CS*/D6 
+ /CS*/A6 

:+:/CS* STROBE* CI*AO*A1*A2*A3*A4*A5 

/A7 := CS*/D7 
+ /CS*/A7 

PAL DESIGN SPECIFICATIONS 
DANESH TAVANA 

ICARRY OUT TERM 

1 LOAD 
1 HOLD 
1 INCREMENT 

1 LOAD 
1 HOLD 
1 INCREMENT 

1 LOAD 
1 HOLD 
1 INCREMENT 

,LOAD 
,HOLD 
,INCREMENT 

,LOAD 
1 HOLD 
1 INCREMENT 

1 LOAD 
,HOLD 
,INCREMENT 

,LOAD 
1 HOLD 
,INCREMENT 

1 LOAD 
,HOLD 

:+:/CS* STROBE* CI*AO*A1*A2*A3*A4*A5*A6 1 INCREMENT 
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FUNCTION TABLE 

CLK STROBE ICS IDMACK D7 D6 D5 D4 D3 D2 Dl DO 
ICI A7 A6 AS A4 A3 A2 Al AO ICO 

S I 
T D 
R M 

1C 0 I A I 
1L B C C DDDDDDDD C AAAAAAAA 
1K E S K 7 6 5 4 3 2 1 0 I 7 6 5 4 3 2 1 0 

c X L L LLLLLLLL L LLLLLLLL 
C L H L X X X X X X X X L LLLLLLLL 
C L H L X X X X X X X X L LLLLLLLL 
C H H L X X X X X X X X H LLLLLLLL 
C H H L X X X X X X X X H LLLLLLLL 
C H H L X X X X X X X X L LLLLLLLH 
C H H L X X X X X X X X L LLLLLLHL 
C H H L X X X X X X X X L LLLLLLHH 
C H H L X X X X X X X X L LLLLLHLL 
C H H L X X X X X X X X L LLLLLHLH 
C X L L HHHHHHHH X HHHHHHHH 
C x X H X X X X X X X X X Z Z Z Z Z Z Z Z 
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I 
C 
0 DESCRIPTION 

H LOAD ADDRESS 
H COUNT DISABLED BY STROBE 
H COUNT DISABLED BY STROBE 
H COUNT DISABLED BY CI 
H COUNT DISABLED BY CI 
H COUNT UP 
H COUNT UP 
H COUNT UP 
H COUNT UP 
H COUNT UP 
L LOAD ADDRESsl TRIGGER CO 
X HI-Z 
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DESCRIPTION 

THIS PAL DESIGN SPECIFICATION IS AN ADDRESS COUNTER. 

DMA ADDRESS COUNTER 

1 COOOOOOOOOXXOOLLLLLLLLH1 
2 COXXXXXXXXOX01LLLLLLLLH1 
3 COXXXXXXXXOX01LLLLLLLLH1 
4 C1XXXXXXXX1X01LLLLLLLLH1 
5 C1XXXXXXXX1X01LLLLLLLLH1 
6 coxxXXXXXX1X01LLLLLLLHH1 
7 COXXXXXXXX1X01LLLLLLHLH1 
8 COXXXXXXXX1X01LLLLLLHHH1 
9 COXXXXXXXX1X01LLLLLHLLH1 

10 COXXXXXXXX1X01LLLLLHLHH1 
11 CX11111111XXOOHHHHHHHHL1 
12 CXXXXXXXXXXX1XZZZZZZZZX1 

PASS SIMULATION 

PAL20X8 
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DMA ADDRESS COUNTER 

11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

o ---- ----
I --x- --x- --x- --x- --x- --x- --x- --x- ---- A7*A6*A5*A4*A3*A2*Al*AO 

8 -x-- ---x CS*/DO 
9 ---x ---- --x- /CS*/AO 

10 -x-- x-x- /CS*STROBE*CI 

16 -x-- ---x CS*/Dl 
17 ---x ---- --x- /CS*/Al 
18 -x-- --x- ---- ---- ---- ---- x-x- /CS*STROBE*CI*AO 

24 -x-- ---- ---- ---- ---x CS*/D2 
25 ---x ---- ---- --x- /CS*/A2 
26 -x-- --x- --x- -~-- x-x- /CS*STROBE*CI*AO*Al 

32 -x-- ---- ---x CS*/D3 
33 ---x ---- ---- --x- /CS*/A3 
34 -x-- --x- --x- --x- ---- x-x- /CS*STROBE*CI*AO*Al*A2 

40 ---- ---- -x-- ---x CS*/D4 
41 ---- ---- ---x ---- --x- /CS*/A4 
42 -x-- --x- --x- --x- --x- x-x- /CS*STROBE*CI*AO*Al*A2*-

48 -x-- ---x CS*/D5 
49 ---- ---- ---x ---- --x- /CS*/A5 
50 -x-- --x- --x- --x- --x- --x- ---- ---- ---- X":X- /CS*STROBE*CI*AO*Al*A2*-

56 ---- ---- -x-- ---- ---x CS*/D6 
57 ---- ---- ---x ---- --x- /CS*/A6 
58 -x-- --x- --x- --x- --x- --x- --x- x-x- /CS*STROBE*CI*AO*Al*A2*-

64 -x-- ---x CS*/D7 
65 ---x --x- /CS*/A7 
66 -x-- --x- --x- --x- --x- --x- --x- --x- ---- x-x- /CS*STROBE*CI*AO*Al*A2*~ 

LEGEND: x: FUSE NOT BLOWN (L,N,O) - : FUSE BLOWN (H,P,l) 

NUMBER OF FUSES BLOW = 948 
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PAL20X8 
DMA2.DAT 

PAL DESIGN SPECIFICATIONS 
DANESH TAVANA 

DMA LENGTH COUNTER 
MMI SUNNYVALE 

CLK /CI DO Dl D2 D3 D4 D5 D6 D7 STROBE GND 
/DMACK /CS L7 L6 L5 L4 L3 L2 Ll LO /CO vec 

IF(VCC) CO • /L7*/L6*/L5*/L4*/L3*/L2*/Ll*/LO 

/LO := CS*/DO 
+ /CS*/LO 

:+:/CS* STROBE* CI 

/Ll :- CS*/Dl 
+ /CS*/Ll 

:+:/CS* STROBE* CI*/LO 

/L2 := CS*/D2 
+ /CS*/L2 

:+:/CS* STROBE* CI*/LO*/Ll 

/L3 := CS*/D3 
+ /CS*/L3 

:+:/CS* STROBE* CI*/LO*/Ll*/L2 

/L4 :'"' CS*/D4 
+ /CS*/L4 

:+:/CS* STROBE* CI*/LO*/Ll*/L2*/L3 

/L5 := CS*/D5 
+ /CS*/L5 

:+:/CS* STROBE* CI*/LO*/Ll*/L2*/L3*/L4 

/L6 :os CS*/D6 
+ /CS*/L6 

:+:/CS* STROBE* CI*/LO*/Ll*/L2*/L3*/L4*/L5 

/L7 := CS*/D7 
+ /CS*/L7 

:+:/CS* STROBE* CI*/LO*/Ll*/L2*/L3*/L4*/L5*/L6 

,CARRY OUT TERM 

,LOAD 
,HOLD 
,INCREMENT 

,LOAD 
,HOLD 
,INCREMENT 

,LOAD 
,HOLD 
,INCREMENT 

,LOAD 
,HOLD 
,INCREMENT 

,LOAD 
,HOLD 
,INCREMENT 

,LOAD 
,HOLD 
,INCREMENT 

,LOAD 
,HOLD 
,INCREMENT 

,LOAD 
,HOLD 
,INCREMENT 
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FUNCTION TABLE 

CLK STROBE /CS /DMACK D7 D6 D5 D4 D3 D2 D1 DO 
/CI L7 L6 L5 L4 L3 L2 L1 LO ICO 

S I 
T D 
R M 

1C 0 IA I I 
1L B C C DDDDDDDD C LLLLLLLL C 
1K E S K 7 6 5 4 3 210 I 7 6 5 4 3 210 0 DESCRIPTION 

C X L L HHHHHHHH L HHHHHHHH H LOAD LENGTH 
C L H L X X X X X X X X L HHHHHHHH H COUNT DISABLED BY STROBE 
C L H L X X X X X X X X L HHHHHHHH H COUNT DISABLED BY STROBE 
C H H L X X XXXXXX H HHHHHHHH H COUNT DISABLED BY CI 
C H H L X X X X X X X X H HHHHHHHH H COUNT DISABLED BY CI 
C H H L XXXXXXXX L HHHHHHHL H COUNT DOWN 
C H H L X X X X X X X X L HHHHHHLH H COUNT DOWN 
C H H L X X X X X X X X L HHHHHHLL H COUNT DOWN 
C H H L X X X X X X X X L HHHHHLHH H COUNT DOWN 
C H H L X X X X X X X X L HHHHHLHL H COUNT DOWN 
C X L L L L L L L L L L X LLLLLLLL L LOAD ADDRESS/ TRIGGER CO 
C x X H XXXXXXXX X Z Z Z Z Z Z Z Z X HI-Z 
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DESCRIPTION 

THIS PAL DESIGN SPECIFICATION IS THE LENGTH COUNTER. 

DMA LENGTH COUNTER 

1 COIIIIIIIIXXOOHHHHHHHHHI 
2 COXXXXXXXXOXOIHHHHHHHHHI 
3 COXXXXXXXXOXOIHHHHHHHHHI 
4 CIXXXXXXXXIXOIHHHHHHHHHI 
5 CIXXXXXXXXIXOIHHHHHHHHHI 
6 COXXXXXXXXIXOIHHHHHHHLHI 
7 COXXXXXXXXIXOIHHHHHHLHHI 
8 COXXXXXXXXIXOIHHHHHHLLHI 
9 COXXXXXXXXIXOIHHHHHLHHHI 

10 COXXXXXXXXIXOIHHHHHLHLHI 
11 CXOOOOOOOOXXOOLLLLLLLLLI 
12 CXXXXXXXXXXXIXZZZZZZZZXl 

PASS SIMULATION 

20X8 
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DMA LENGTH COUNTER 

11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

o 
1 ---x ---x ---x ---x ---x ---x ---x ---x /L7*/L6*/L5*/L4*/L3*/L2-

8 -x--
9 ---x 

10 -x--

16 -x--
17 ---x ----
18 -x-- ---x ---- ---- ---- ----

24 ---- -x-- ---- ----
25 ---- ---x ---- ----
26 -x-- ---x ---x ----

32 ---- ---- -x--
33 ---- ---- ---x ----
34 -x-- ---x ---x ---x ----

40 ---- ---- ---- -x--
41 ---- ---- ---- ---x ---- ----
42 -x-- ---x ---x ---x ---x ---- ---- ----

48 ---- ---- ---- ---- ---- -x-- ----
49 ---- ---- ---- ---- ---- ---x ----

---x CS*/DO 
--x- /CS*/LO 
x-x- /CS*STROBE*CI 

---x CS*/Ol 
--x- /CS*/L1 
x-x- /CS*STROBE*CI*/LO 

---- ---x CS*/02 
---- --x- /CS*/L2 
-~-- x-x- /CS*STROBE*CI*/LO*/L1 

"'--x CS*/03 
--x- /CS*/L3 
x-x- /CS*STROBE*CI*/LO*/L1*/-

---x CS*/04 
--x- /CS*/L4 
x-x- /CS*STROBE*CI*/LO*/L1*/-

---x CS*/05 
--x- /CS*/L5 

50 -x-- ---x ---x ---x ---x ---x ---- ---- ---- x-x- /CS*STROBE*CI*/LO*/L1*/-

56 ---- ---- ---- ---- ---- ---- -x-- ---- ---x CS*/06 
57 ---- ---- ---- ---- ---- ---- ---x ---- --x- /CS*/L6 
58 -x-- ---x ---x ---x ---x ---x ---x ---- x-x- /CS*STROBE*CI*/LO*/Ll*/-

64 ---- ---- ---- ---- ---- ---- -x-- ---x CS*/07 
65 ---- ---- ---- ---- ---- ---- ---x --x- /CS*/L7 
66 -x-- ---x ---x ---x ---x ---x ---x ---x ---- x-x- /CS*STROBE*CI*/LO*/L1*/-

LEGEND: x: FUSE NOT BLOWN (L,N,O) - : FUSE BLOWN (H,P,l) 

NUMBER OF FUSES BLOW = 948 
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PAL20XI0 
DMA3.DAT 
DMA CONTROLLER PAL 
MMI SUNYVALE 

PAL DESIGN SPECIFICATIONS 
DANESH TAVANA 

CLK /RESET /CS DO Dl NC NC NC NC /DMAREQ /BUSACK GND 
/OC /BUSREQ /DMACK STROBE Tl TO II IO /WR /RD /MREQ vec 

MREQ : = /RESET* MREQ 
+ /RESET* MREQ 

:+:/RESET* DMACK*/Tl*/TO 
+ /RESET* DMACK* Tl* TO 

RD := /RESET* RD 
+ /RESET* RD 

:+:/RESET* MREQ*/Tl* TO* Il* IO 
+ /RESET* MREQ* Tl* TO* Il* IO 

WR : = /RESET* WR 
+ /RESET* WR 

:+:/RESET* MREQ* Tl*/TO*/Il*/IO 
+ /RESET* MREQ* Tl* TO*/Il*/IO 

IIO:= CS*jDO 
+ CS*jDO 

:+:/CS*/IO 

/I1 : = CS* /Dl 
+ CS*/Dl 

:+:/CS*/Il 

/TO := /RESET*/TO 
+ RESET 

:+:/RESET* DMACK 

/Tl := /RESET*/Tl 
+ RESET 

:+:/RESET* DMACK* TO 

/STROBE := /RESET*/STROBE 
+ /RESET*/STROBE 

:+:/RESET* DMACK*/Tl*/TO 
+ /RESET* DMACK* Tl* TO 

DMACK : = /RESET* DMACK 
+ /RESET* DMACK 

:+:/R&SET*/DMACK * BUSACK 
+ /RESET*/DMAREQ* BUSREQ 

BUSREQ := /RESET* BUSREQ 
+ /RESET* BUSREQ 

:+:/RESET* DMAREQ*/BUSREQ 
+ /RESET*/DMAREQ* BUSREQ 

; HOLD 
; HOLD 
;SET ON FIRST CLOCK IF DMACK 
;RESET ON FOURTH CLOCK IF DMACK 

; HOLD 
; HOLD 
1SET ON SECOND CLOCK IF READ INST. 
;RESET ON FOURTH CLOCK 

; HOLD 
1 HOLD 
1SET ON THIRD CLOCK IF WRITE INST. 
1RESET ON THIRD CLOCK 

1LOAD DATA IF CHIP SELECTED 
1LOAD DATA IF CHIP SELECTED 
1HOLD INSTRUCTION OTHERWISE 

1LOAD DATA IF CHIP SELECTED 
1LOAD DATA IF CHIP SELECTED 
1HOLD INSTRUCTION OTHERWISE 

1 STATE COUNTER 
1 RESET 
1START COUNTER IF DMACK 

;STATE COUNTER 
; RESET 
1 START COUNTER IF DMACK 

; HOLD 
1 HOLD 
1SET ON FIRST CLOCK IF DMACK 
1RESET ON FOURTH CLOCK 

1 HOLD 
1 HOLD 
1SET IF BUS IS ACKNOWLEDGED 
;RESET IF NO DMA REQUEST 

1 HOLD 
; HOLD 
1SET IF THERE IS DMA REQUEST 
IRESET IF NO DMA REQUEST 
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FUNCTION TABLE 

CLK /RESET ICS D1 DO I1 IO T1 TO STROBE 
/MREQ /RD /WR IDMAREQ IBUSREQ IBUSACK IDMACK 

II I 
I s D B B I 
R T I M U U D , E R M ASS M 

;C S I 0 R II R R A A 
;L E C D D I I T T B ERW E E C C 
,K T S 1 0 1 0 1 0 E Q D R Q Q K K 
----------------------------------------

C L L L L L L L L H H H H X H X H 
C H H X X L L L L H H H H H H H H 
C H H X X L L L L H H H H H H H H 
C H H X X L L L L H H H H H H H H 
C H H X X L L L L H H H H L L H H 
C H H X X L L L L H H H H L L L L 
C H H X X L L L H L L H H L L L L 
C H H X X L L H L L L H H L L L L 
C H H X X L L H H L L H L L L L L 
C H H X X L L L L H H H H H H X H 
C H L H H H H L L H H H H H H H H 
C H H H H H H L L H H H H H H H H 
C H H X X H H L L H H H H L L H H 
C H H X X H H L L H H H H L L L L 
C H H X X H H L H L L H H L L L L 
C H H X X H H H L L L L H L L L L 
C H H X X H H H H L L L H L L L L 
C H H X X H H L L H H H H L L L L 
C H H X X H H L H L L H H L L L L 
C H H X X H H H L L L L H L L L L 
C H H X X H H H H L L L H L L L L 
C H H X X H H L L H H H H H H X H 

-----------------------------------------
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DESCRIPTION 

THIS PAL DESIGN SPECIFICATION IS THE DMA CONTROLLER PAL. 

DMA CONTROLLER PAL 

1 COOOOLLLLXXXLHHHLLLLHHHI 
2 CIIXXLLLLIIXLHHHLLLLHHHI 
3 CIIXXLLLLIIXLHHHLLLLHHHI 
4 CIIXXLLLLIIXLHHHLLLLHHHI 
5 CIIXXLLLLOIXLLHHLLLLHHHI 
6 CIIXXLLLLOOXLLLHLLLLHHHI 
7 CIIXXLLLLOOXLLLLLHLLHHLI 
8 CIIXXLLLLOOXLLLLHLLLHHLI 
9 CIIXXLLLLOOXLLLLHHLLLHLI 

10 CIIXXLLLLIXXLHHHLLLLHHHI 
11 CI0IILLLLIIXLHHHLLHHHHHI 
12 CIIIILLLLIIXLHHHLLHHHHHI 
13 CIIXXLLLLOIXLLHHLLHHHHHI 
14 CIIXXLLLLOOXLLLHLLHHHHHI 
15 CIIXXLLLLOOXLLLLLHHHHHLI 
16 CIIXXLLLLOOXLLLLHLHHHLLI 
17 CIIXXLLLLOOXLLLLHHHHHLLI 
18 CIIXXLLLLOOXLLLHLLHHHHHI 
19 CIIXXLLLLOOXLLLLLHHHHHLI 
20 CIIXXLLLLOOXLLLLHLHHHLLI 
21 CIIXXLLLLOOXLLLLHHHHHLLI 
22 CIIXXLLLLIXXLHHHLLHHHHHI 

PASS SIMULATION 

RESET 2 

DMAREQ 10 

BUSACK 11 

PAL20X10 
vee 

MREQ 

15 i5MACK 

Ll..r.""-1..I ......... 14 BUSREQ 
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DMA CONTROLLER PAL 

11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

o X--X ----
I x--x ---- ---- ----
2 x---
3 x---

8 x--- ---x ----
9 x--- ---x ---- ----

---- ---- ---- /RESET*MREQ 
---- ---- ---- /RESET*MREQ 

---x ---x ---- ---x ---- /RESET*DMACK*/Tl*/TO 
--x- --x- ---x ---- /RESET*DMACK*Tl*TO 

---- ---- /RESET*RD 
---- ---- /RESET*RD 

10 x--x ---- ---- --x- --x- --x- ---x ---­
II x--x ---- ---- --x- --x- --x- --x-

---- ---- /RESET*MREQ*/Tl*TO*Il*IO 
/RESET*MREQ*Tl*TO*Il*IO 

16 x--- ---- ---x ---- /RESET*WR 
17 x--- ---- ---x ---- ---- ---- ---- /RESET*WR 
18 x--x ---- ---x ---x ---x --x- ---- ---- /RESET*MREQ*Tl*/TO*/I1*-
19 x--x ---- ---x ---x --x- --x- ---- /RESET*MREQ*Tl*TO*/I1*/-

24 
25 
26 

32 
33 
34 

40 x---
41 -x--
42 x---

48 x---
49 -x--
50 x---

56 x---
57 x---
58 x---
59 x---

64 x---
65 x---
66 x---
67 x---

72 x---
73 x---
74 x---

-x-- -x-- ---- ---- ---- CS*/DO 
-x-- -x-- ---- ---- ---- CS*/DO 
x--- ---x ---- ---- /CS*/IO 

-x-- -x-- ---- CS*/Dl 
-x-- -x-- ---- CS*/D1 
x--- ---x ---- ---- ---- /CS*/Il 

---x ---- ---- ---- ---- /RESET*/TO 
---- ---- RESET 

---- ---- ---x ---- /RESET*DMACK 

---x ---- ---- /RESET*/Tl 
---- ---- ---- RESET 

--X- ---- ---x ---- /RESET*DMACK*TO 

---x ---- /RESET*/STROBE 
---- ---x /RESET*/STROBE 

---- ---- ---x ---x ---- ---x ---- /RESET*DMACK*/Tl*/TO 
---- ---- --X- --X- ---- ---x ---- /RESET*DMACK*Tl*TO 

---- ---x ---- /RESET*DMACK 
---- ---x ---- /RESET*DMACK 

---- ---- ---- ---- ---- --X- -X-- /RESET*/DMACK*BUSACK 
---- ---- X--- ---x /RESET*/DMAREQ*BUSREQ 

---- ---- ---- ---x /RESET*BUSREQ 
---- ---- ---- ---x /RESET*BUSREQ 

---- ---- -x-- --x- /RESET*DMAREQ*/BUSREQ 
75 x--- ---- ---- ---- ---- ---- x--- ---x /RESET*/DMAREQ*BUSREQ 

LEGEND: x: FUSE NOT BLOWN (L,N,O) - : FUSE BLOWN (H,P,l) 

NUMBER OF FUSES BLOW = 1341 
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Testing Your PAL Devices 

Manouchehr Vafai 

Introduction 
The advantage of Programmable Array Logic (PAL®) circuits 
as a basic building block of digital system is now well established. 

PAL circuits are a unified group of devices which combine 
programmable flexibility with high speed and extensive selec­
tion of interface options. 

The architecture of PAL circuits consists of programmable­
AND-OR gate arrays, output-registers and I/O feedback as 
shown in Figure 1. 

AND 
OR 

GATE 
ARRAY 

Figure 1. PAL Circuit Architecture 

The increased system speed, reduced chip count and availabil­
ity of a CAD tool called PALASM® software should leave no 
doubt for design engineers that they have made a right choice 
in choosing PAL circuits. 

The HAL circuit family is the masked program version of a PAL 
circuit. HAL® circuits will provide the users a cost-effective 
solution for large quantities and is unique in that it is a gate 
array with a programmable prototype. 

The following steps are required when designing with PAL 
circuits. 

• Familiarity with Demorgan's law. 

• Familiarity with the Karnaugh maps. 

• Ability to express logic equation in Sum-of-Product form. 

• Ability to write simple seed vector for function table. 

• Familiarity with different PAL circuits. 

Programming PAL Circuits 
PAL circuits will be program~ed using PALASM software. 

PALASM software is the CAD tool developed by Monolithic 
Memories to facilitate the process of programming. PALASM 
software is a Fortran IV program which assembles and sim­
ulates PAL circuits design specifications. It generates PAL cir­
cuit fuse patterns in formats compatible with PAL circuits or 
PROM programmers. 

Besides generating PAL circuit fuse pattern in different pro-

gramming formats, PALASM software does the following: 

• Assembles PAL circuit design specification and reports 
error messages. 

• Simulates the Function Table. 

• Tests each product term for Stuck at zero (SAO) and 
stuck at one (SA 1) faults. 

The purpose of writing vectors is to prove that a device is capa­
ble of performing it's function before it is put in a system. 
PALASM software will exercise the vectors and will report any 
discrepancy. Writing vectors will raise confidence that a device 
will function properly at least in the design level. The simulator 
also transfers the function table vectors to a set of universal test 
vectors which may be used for functional testing after the 
device is programmed. 

When a new system is transferred to production, the system 
designer hands over the responsibility for the system to the test 
engineering department, who now determines how and what 
test should be performed to ensure proper operation of the 
system. At this point the system designer transmits the neces­
sary information for understanding the system operation. 
Unfortunately, much information is lost at this point. Test engi­
neers usually have a hard time understanding how the system 
works with insufficient information. It is the design engineer 
who best knows the operation of his PAL circuit design, and it 
is the design engineer who can quickly specify a few seed 
vectors to give the test a starting point in solving the future 
problem. 

Design for Testability 
In short the only way to control a digital circuit is to apply a 
known value to it's input. Fault simulation has been the best 
technique of yielding a quantitive measure of test effectiveness. 
Fault simulation will test stuck-at-O (SAO) and stuck-at-1 (SA1) 
of input and output lines. By generating test vectors that will 
test for each product term for (SAO) and (SA 1) faults, then by 
obserVing the corresponding output and comparing it with the 
fault-free output, one can conclude whether a fault can be 
detected or not. 

Consider the following example: 

P1 

P2 

A~® g ® 
D 
E 
F <D 

ABCDEF ® 

!!!jjt~ 
Figure 2. logic Diagram and It's PAL Circuit Implementation 
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ABCDEFZ 
1 1 1 0 X X 1 

(vector-1) 

The (vector-1) selects a product term P1. Under a fault-free 
condition, the output (2) will be high (we can observe this); 
however, under a fault condition the output will be low. In other 
words, one can conclude that either product term (P1) is (SAO) 
or outputs Z (Figure 2.) are (SAO). 

Now consider vector 2. 

ABCDEFG 
0000000 

(vector-2) 

As it can be seen that both of the product terms are low, if the 
observed output is high, one can conclude that either product 
terms or outputs are Stuck-at-one. 

Fault simulation grading is used by Monolithic Memories to 
evaluate candidates design for transfering from a PAL circuit to 
a HAL circuit. 

In designing with PAL circuits, four different cases should be 
considered. 

1. A purely combinational circuit where output is function 
of input. 

2. A purely combinational circuit where output is function 
of input and feedback from output. 

3. A purely sequential logic where output is function of 
input and feedback from output. 

4. A combinational-sequential logic where output is func­
tion of input, feedback from combinational output and 
feedback from sequential output. 

In cases 1 and 2 we can define a structured way of writing 
function table. Cases 3 and 4, on the other hand, because of 
dependency of the device on the previous state of the device, 
impose a relatively more sophisticated scheme of testing 
strategy. 

In the following examples the various techniques which might 
be helpful in testability of PALs, will be discussed. 

Example 1: Glitch·free and Testable 
Suppose we want to implement (EQ-1) using any of the combi­
national PAL. 

F= X'A + X'B (eq-1) 

The K-MAP and logic diagram are shown in (Figure 3.) 

x x 

x~ A F 

B 2 B 

o 

Figure 3. Logic Diagram and It's K-Map 

The above logic is testable because we have full control over 
each node for (SAO) and (SA 1) test. 
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The implementation using PAL circuits is as follows: 

x X A B 

~, 
Figure 4. PAL Circuit Implementation of the Logic 

Ideally the output should always be high if both inputs are high. 
The circuit is not glitch-free, the output might momentarily 
drop to low if we change the state of X, due to propagation 
delay between X and X. 
The problem will be solved by including a redundant (AB) term 
to (eq-2). 

The equation will look like this. 

F = XA + XB + AB (eq-2) 

The output is glitch-free, but untestable! 

Figure 5. A Glitch-free Circuit 

Node (2) is not Observable for (SAO). One can not force node 
(2) to one and keep node (1) and (3) in the low state. So the 
redundant product term is untestable. 

This circuit can be made testable by the addition of control 
signal (Y) as follows: 

Figure 6. Glitch-free and Testable Logic 

Now the logic is glitch-free and testable. 

Example 2: Untestable Logic - A Simple 
Example 

The logic F := F is untestable 

~ 
Figure 7. Implementation 01 F := F 
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The initial state of the oscillator is unknown; this system can be 
made testable as follows: 

RESET~DQ 
SET~ 4J 

CLOCK--------------------J 

Figure a. Implementation of F := F with SET and RESET 

It has been done by addition of two control signals (RESET and 
SET) and one extra product term. 

Illegal States 
Upon power-up the initial state of output registers are unknown; 
this might force the device into one of the "illegal states". 

The design engineer should be worried about the illegal state at 
design time. For example let's look at modul0-6 state machine 

~p 
~4 

Figure 9. State Transition Diagram for a Modulo-6 Counter 

The design engineer might ignore the other possible state (6, 7) 
but his ignorance might be costly at test time. If upon power-up 
the machine starts at either of (6) or (7) state, there is no way to 
control the state-machine. The best solution is to force both of 
the illegal states into one of the known states. 

Figure 10. A Modulo 5 Counter with No Illegal State 

Example 3: Design upiHaIl" Case One 
Consider the implementation of the following example 

01 := 11 * 01 

CLOCK-----------------------------, 

'1---t?_ll ~ 
Figure 11. Implementation of Q1 := 11 * Q1 Using a PAL 

If 01 fails to zero, it will stay there forever. The logic needs a 

Example 4: Design upiHaIl" Case Two 
Consider the implementation of the following equation: 

00 = A*01*00 + A*01*00 + 00 

Figure 12. Implementation of QO = 1:*Q1*QO + A*Q1*QO + QO 

If 00 goes to one it will stay there forever, the logic needs a 
control signal to clear it's output. 

Hard Array Logic (HAL) 
The HAL is the Hard Array version of PAL. 

HAL's are the best choice for designs that are firm and volumes 
are large enough to justify the initial cost. Besides having boo­
lean equation in PAL DESIGN SPECIFICATION format the 
user should provide the following. 

1: A FUNCTION TABLE which gives enough information 
about the operation of the device. Normally this FUNC­
TION TABLE shall test a minimum of 50% "Stuck at fault" 
grading using PALASM or TEGAS fault grading test. 

2: The FUNCTION TABLE shall be constructed such that the 
device may be initillzed to a known state within a specified 
number of steps (or clocks). 

The HAL CIRCUIT SPECIFICATION is the input file used with 
PALASM software for the HAL's. The input format as shown in 
example 5 is as follow: 

• Une 1 HAL circuit part number 

• Une 2 user's part number followed by originator's name 
and the date 

• Une 3 device application name 

• Une 4 user's company name, city, state 

• Une 5 pin list which is a sequence of symbolic names 
separated by one or more spaces. All pins including VCC 
and GND must be named 

• Une M the logic equation which are used to generate 
metal masks from the provided equations 

control Signal for output reset. PAL@.and HAL" are Registered Trademarks of Monolithic Memories 
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BI\Ll2B6 IIAL IESIQI SPI!lCIFICATI~ 
~ 5 ~ ~ 04/20/83 
BASIC GMES 
Ma SNmI. ClAM, Cl\LIFCJRaA 
CDPGMNPQI~JKLROBEBA~ 

B ,. fA 

E ,. C*D 

B -P+G 

L -/I+/J+/K 

INIIERmR GME (EQ - 1) 
~ PRDlCl' 'lDC: '1 (fA) 

AND GME (EQ - 2) 
~. PRDlCl' 'lDC: tl (C*D) 

OR GME (EQ - 3) 
'lK) PRDJCr'lm6: tl (F), '2 (G) 

, NAND GME (EQ -4) 

-+-----LlNE 1 
-+-----LlNE 2 
-+-----LlNE 3 
-i----LlNE 4 
:......:t-:----LlNE 5 

LINE M 

I 'lBRI!Z PRDlCl' 1EIM!: tl (/I), '2 (fJ), '3 (/K) 

o -.M*/N OOR GIm: (!XrS) 
~ PRDlCl' 'lmI: '1 !IM*/N) 

R ,. P*/Q + /P"O lIOR GIm: (EQ-6) 
'lK) PRDlCl' 'lm6: tl(P*/Q), t2(/P"O) 

ABCDEPGHIJKLMNOPQR 

lAB OE l!GI IJKL !H) POR 

IB xxx xxx XXXX xxx xxx 
BL xxx xxx XXXX xxx xxx 
xx BHB xxx XXXX xxx xxx 
xx ILL xxx XXXX xxx xxx 
xx xxx BIB XXXX xxx xxx 
xx xxx IBB XXXX xxx xxx 
xx xxx ILL XXXX xxx xxx 
xx xxx xxx IBBB xxx xxx 
xx xxx xxx BIBB xxx xxx 
xx xxx xxx HHIB xxx xxx 
xx xxx xxx HHBL xxx xxx 
xx xxx xxx XXXX us xxx 
xx xxx xxx XXXX HBL xxx 
xx xxx xxx XXXX xxx BIB 

IESCRIPTIQq 

(!Xr 1, P'l'-1) 
!ECr 1, P'l'-1) 
(!Xr2,P'l'-1) 
(!Xr 2, P'l'-1) 
(!Xr3,P'l'-1) 
(!Xr3,P'l'-2) 
(!Xr 3, P'l'-1, 2) 
(!Xr4,P'l'-1) 
(!Xr4,P'l'-2) 
(!Xr4,P'l'-3) 
(!Xr4,P'l'-1,2,3) 
(!XrS ,P'l'-1) 
(!XrS ,P'l'-1,2) 
(!Xr6,P'l'-1) 

SAO 'lEST 
SAl 'lEST 
SAO 'lEST 
SAl Tl!ST 
SAO Tl!ST 
SAO 'lEST 
SAl '1EST 
SAO 'lEST 
SAO '1EST 
SAO Tl!ST 
SAl 'lEST 
SAO 'lEST 
SAl '1EST 
SAO m:lT 

'l'BE MIUN PORPCSE OF 'mIS ~ IS oro P'l\MILIARIZE 
'l'BE USER WITS N!AT WE MElIN BY "FlJNCrIQq 'l2IBLEw, 
PRDlCl' 'lDC(Pl') CDIIERl\GE, S'l'OC1I:-AT-O (SAO) AND 
S'l'OC1I:-~ (SAl) m:lTS. 

EXAMPLE 5 

LINE N 

• Une N the function table which begins with the key word 
"FUNCTION TABLE:' It's followed by a pin list which may 
be in a different order and polarity from the pin list in line 5. 
VCC and GND cannot be listed. The pin list is followed by 
dashed line; e.g.; ____ which in turn is followed by a list 
of vectors, one vector per line. One state must be specified 
for each pin name and optionally separated by spaces. A 
vector is a sequence of states listed in the same order as the 
pin list and fOil. owed by an optional comment. 

The allowable states are H (HIGH LEVEL), L (LOW LEVEL.)~·, 
X (IRRELEVENT), C (TRANSITION FROM HIGH TO LOW 
OR CLOCK PULSE) and Z (HIGH IMPEDENCE). After 
preparing the PAL DESIGN SPECIFICATION in the above 
format, PALASM software can be used to simulate and 
perform fault testing. 
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Testing Your PAL Devices 

BllSIC GI'm!S 

1 XXXXXXXXXXXXXXX1 
2 XXXXXXXXXXXlCCX 
3 llXXXXXXXXXXXXXX 
4 OOXXXXXXXXXXXXXX 
5 XXlOXXXXXXXXXlCCIIX 
6 XXOlXXXXXXXXXXXllX 
7 XXOOXXXXXXXXXXXLXXX 
8 XXXXXXXXOXl.l.B 
9 XXXXXXXXlXOlHXXXXXXl 

10 XXXXXXXXlXlOBXXXXXXl. 
II lOCXXXXXXlXllLX 
12 XXXXOOXXXXXXlClllXXXX 
13 XXXXllXXXXXXXXL 
14 XXXXXXlOXXXXXllXXXXXl. I~I p. O=-----. 

PASS SIKIIATICN ~ I R = P.Q + P.O EO - 6 I 
PRDlCl': 1 OF EXXlATICN. 6 tlNTESTED(SAl)FADLT 
PRDX:T: 2 OF EXJJATICN. 6 tlNTESTED(SAl)mtlLT } I ~. 0 
PRDX:T: 2 cr EXJJATICN. 6 tlNTESTED(SAO)FADLT .... __ .... 

NtJmER or S'lUCR AT QlE (SAl) mtlL'l'S ARE ~ 8 

NtJmER or S'lUCR AT ZER) (SAO) mtlL'l'S ARE" 9 

.. 85' 

FAULT-TESTING 

The following information is reported to the user 

- Total number of SA 1 Faults. (8 in example 5) 

- Total number of detected SAO faults. (9 in example 5) 
SA 1 faults + SAO faults 

2 * total number of product terms 

*100% (~ *100%= 85%ex-5) 
2*10 

- One vector may detect more than one SAO OR SA 1 
FAULTS (vector # 11 in example 5) 

- The user is reported with a message which tells him the pro­
duct term for which it was not tested. (PRODUCT TERM 1 & 2-
EQ 6, in example 5) 

The following vectors can be added to the function table in 
example 5 in order to achieve 100% fault coverage. 

AB em Rll: IJKL me PQR (IMo!J;N.['S (EXl\MPLE 5) 

xx xxx xxx XXXX xxx LBH (EXr6 ,Pr2) SAO 'l'EST 
xx xxx xxx XXXX xxx HHL (EXr6,Pl'-1,2) SAl TEST 

PALASM software has tested the BllSIC GPm!:S 
above function table for 
example 5, the result is as follows: 

1 XXXXXXXXXXXXXlC1 
2 lCCCXXXXXXXXXXX 
3 l.l.XXXXXXXXXXX 
4 OOXXXXXXXXXXXXXXI 
5 XXlOXXXXXXXXXXXI!XX 
6 XXOlXXXXXXXXXXXllX 
7 XXOOXXXXXXXXXXXLXXX 
8 XXXXXXXXOXllBXXXlCXXl 
9 XXXXXXXXlXOlBXXXXXX1 

10 XlCCXXXXXlXl.OB 
II XXXXXXXXlXl.l.L 
12 XXXXOOXXXXXXXXllXXXXl 
13 XXXXl.l.XXXXXXX 
14 XXXXXXlOXXXXXBXXXXXl 
15 XXXXXXOlXXXXXBXXXXXl 
16 XXXXXXllXXXXXLX 

PASS SIKIIATICN 
NtJmER CIt! S'ltlCK AT QlE (SAl) 
NIJBR cr S'ltlCK AT ZER) (SAO) 

PRDJCr 'lml a:NB1WZ 

PADL'l'S ARE .. 10 
F1\DLTS ARE .. 10 

-100' 



Notes 
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. '.' Article Reprints I:] 

Representatives/Distributors (#) 



Monolithic Memories Area and Regional Sales Managers and FAEs 

callfomia Illinois New Jersey 
Brea Lombard Sussex 
Mike Vogel, FAE (714) 556-1216 Dick Jones (312) 932-1940 Bill Bartley (201) 875-9430 

Cupertino Naperville 
George Anderl (408) 996-1477 Sal Graziano (312) 961-9200 

Ohio Dan Jesswein, FAE (408) 996-2014 
Gerry Smith (408) 225-2391 Worth Dayton 

Bill Karkula, FAE (312) 961-9200 Mike Wier 
Pasadena 

(513) 439-0470 

Wayne Caraway (714) 556-1216 
Texas 

Irvine Massachusetts Garland 
Bernard Brafman (714) 556-1216 Framingham Bob Rainwater 

Colorado Jack Abbott (617) 875-7373 Dallas 
Wheatridge 

Russ French (617) 875-7373 
Brad Mitchell 

Roger Rios (303) 423-1020 
Mike Volpigno, FAE (617) 875-7373 

(214) 233-5833 

(214) 233-5833 

Georgia Minnesota 
Norcross Edina 
Tom Lewis (404) 447-4119 Alex Sherbanenko (612) 922-2260 



Monolithic Memorl .. Franchleecl Dlstrlbuto1'8 

U.S.A. 
florida Minnesota 

Alabama Fort Lauderdale Bloomington 
Huntsville Arrow Electronics (305) 776-7790 Hall-Mark Electronics (612) 941-7500 
Hall-Mark Electronics (205) 837-8700 Hall-Mark Electronics (305) 971-9280 Edina 

ArIzona Orlando Arrow Electronics (612) ~18OO 
Phoenix Hall-Mark Electronics (305) 855-4020 Kierulff Electronics (612) 835-4388 
Kierulff Electronics (602) 243-4101 

Palm Bay 
Tempe Arrow Electronics (305) 725-1480 MllIOUri 
Marshall Electronics 

St.POnburg 
Maryland Heigh.. . 

Group (602) 968-6181 Hall-Mark Electronics (314) 291-5350 
Bell Industries (602) 968-7800 Kierulff Electronics (813) 576-1966 
Anthem Electronics (602) 244-0900 St. louis 

Georgia Arrow Electronics (314) 567-6888 
TuCIIOn Norcroa Kierulff Electronics (602) 624-9986 Arrow Electronics (404) 449-8252 New Hamplhlnt 

callfomla Hall-Mark Electronics (404) 447-8000 Manchester 
canoga Park Kierulff Electronics (404) 447-5252 " Arrow Electronics (603) 668-6968 
Marshall Electronics 
Group (213) 999-5001 II11noll NewJerley 
EI Monte Ben...,vllie Falrfteld 
Marshall Electronics Hall-Mark Electronics (312) 860-3800 Arrow Electronics (201) 575-5300 
Group (213) 686-0141 Elk Grove VIllage Klerulff Electronics (201) 575-6750 
Irvine Kierulff Electronics (312) 64<Hl2OO Uonex (201) 227-7960 
Marshall Electronics Schaumburg Mt.Laurei 
Group (714) 556-6400 Arrow Electronics (312) 397-3440 Marshall Electronics 
Loa Angelel Group (215) 627-1920 
Kierulff Electronics (213) 725-0325 Indiana MooreItown 
Newport Beach Indianapolis Arrow Electronics (609) 235-1900 
Arrow Electronics (714) 851-8961 Advent Electronics (317) 872-4910 

ChenyHIII Arrow Electronics (317) 243-9353 
Palo Alto ' Hall-Mark Electronics (609) 424-0800 
Kierulff Electronics (415) 966-6292 Iowa NuUey 
San Diego Cedar AapkI8 Vantage Electronics (201) 667-1840 
Anthem Electronics (619) 279-5200 Advent Electronics (319) 383-0221 
Kierulff Electronics (619) 276-2112 Arrow Electronics (319) 395-7300 New Mexico 
Arrow Electronics (619) 585-4800 Kan ... Albuquerque 

San Jose Lanexe Bell Industries (505) 292-2700 

Anthem Electronics (408) 946-8000 Hall-Mark Electronics (913) 886-4747 Arrow Electronics (505) 243-4566 

Sunnyvale 
Maryland New York 

Arrow Electronics (408) 745-6600 
BaiUmore Buffalo 

TuIIIn Arrow Electronics (301) 247-5200 Summit Distributors (716) 884-3450 
Anthem Electronics (714) 730-8000 Hall-Mark Electronics (301) 796-9300 E. Syracuse 
Image Electronics (714) 730-0303 Kierulff Electronics (301) 247-5020 Add Electronics (315) 437-0300 
Kierulff Electronics (714) 731-5711 

Gaithersburg Endwell 
ChaI8worth Pioneer Washington (301) 948-0710 Marshall Electronics 
Anthem Electronics (213) 700-1000 . Group (607) 754-1570 m Arrow Electronics (213) 701-7500 Maslachu .. tta Farmingdale 

Billerica Arrow Electronics (516) 694-6800 
Colorado Kierulff Electronics (617) 667-8331 

RocheaIer Aurora Burtlngton Arrow Electronics (716) 275-0300 Arrow Electronics (303) 696-1111" Uonex (617) 272-9400 Summit Distributors (716) 334-8110 
Englewood Woburn Hauppauge Anthem Electronics (303) 790-4500 Arrow Electronics (617) 933-8130 Arrow Electronics (516) 231-1000 Klerulff Electronics (303) 790-4444 

Current Components (516) 273-2600 
Wheetrtdge Michigan Uonex (516) 273-1660 
Bell Industries (303) 424-1985 Ann Arbor 

Uverpool Arrow Electronics (313) 971-8220 
Connecticut Arrow Electronics (315) 652-1000 

Grand Rapids 
S. Norwalk RS Electronics (616) 241-3483 North carolina Bond Electronics (203) 852-1001 Arrow Electronics (616) 243-0912 Raleigh 
Wallingford Kalamazoo Hall-Mark Electronics (919) 872-0712 
Arrow Electronics (203) 265-7741 RS Electronics (616) 381-5470 Rasco Raleigh (919) 781-5700 
Marshall Electronics 
Group (203) 285-3822 Uvonla Winston/Salem 
Klerulff ElectroniCS (203) 265-1115 RS ElectroniCS (313) 525-1155 Arrow Electronics (919) 725-8711 
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MonoUthic Memories Franchised Distributors 

Ohio Austin CANADA 
Solon Hall-Mark Electronics (512) 258-8848 
Arrow Electronics (216) 248-3990 Quality Components (512) 835-0220 Alberta 
Centerville Dallas Calgary 
Arrow Electronics (513) 435-5563 Arrow Electronics (214) 3!l6-75oo Zentronics Limited (403) 230-1422 

Cleveland Hall-Mark Electronics (214) 234-7300 British Columbia 
Hall-Mark Electronics (216) 473-2907 Houston Richmond-
Dayton Arrow Electronics (713) 530-4700 Zentronics Limited (604) 273-5575 

Marshall Bectronics Hall-Mark Electronics (713) 781-6100 Vancouver 
Group (513) 236-8088 Quality Components (713) 772-7100 RAE Electronics (604) 291-8866 
Westerville 
Hall-Mark Electronics (614) 891-4555 Utah 

Salt Lake City Manitoba 
Oklahoma Bell Industries (801) 972-6969 Winnipeg 

Tulsa Kierulff Electronics (801) 973-6913 Zentronics Limited (204) 775-8661 
Hall-Mark Electronics (918) 835-8458 
Quality Components (918) 664-8812 Washington 
Radio, Inc. (918) 587-91,23 Bellevue Ontario 

Almac Electronics Brampton Corporation (206) 643-9992 Oregon Arrow Electronics (206) 643-4800 Zentronics Limited (416) 451-9600 
Portland Nepean 
Kierulff Electronics (503) 641-9150 Redmond Zentronics Limited (613) 226-8840 

Anthem Electronics (206) 881-0850 

Pennsylvania 
Toronto 

Tukwila Future Electronics (416) 663-5563 
Horsham Kierulff Electronics (206) 575-4420 Waterloo Pioneer/Delaware 
Valley (215) 674--4000 Zentronics Limited (519) 884-5700 

Monroeville Wisconsin 
Arrow Bectronics (412) 856-7000 Oak Creek 

Arrow Electronics (414) 764-6600 Quebec 
Texas Hall-Mark Electronics (414) 761-3000 Montreal 

Addison Waukesha Future Electronics (514) 694-7710 
Quality Components (214) 387-4949 Kierulff Electronics (414) 784--8160 Zentronics Limited (514) 735-5361 



Monolithic Memories Representatives 

U.S.A. Maryland Oklahoma 
Baltimore Tulsa 

Alabama Monolithic Sales (301) 296-2444 West Associates (918) 492-0390 

Huntsville Oregon REP, Inc. (205) 881-9270 MassachuseHs Portland 

Arizona 
Westwood Northwest Marketing (503) 297-2581 

Scottsdale 
Comp Rep Associates (617) 329-3454 

Pennsylvania 
Summit Sales (602) 998-4850 Glenside 

Michigan CMS Marketing (215) 885-5106 
California Grosse Point 

Aubum Greiner Associates (313) 499-0188 Puerto Rico 
Thresum Associates (916) 269-1543 Mayaguez 

CuperUno Minnesota Comp Rep Associates (809) 832-9529 

Thresum Associates (408) 996-9889 Edina Tennessee 
Fountain Valley Technical Sales, Inc. (612) 941-9790 Jefferson City 
Bager Electronics (714) 957-3367 REP,lnc. (615) 475-4105 

San Diego Missouri Texas 
Littlefield & Smith (619) 455-0055 Ballwin Austin 

Rush and West (314) 394-7271 West Associates (512) 454-3681 
Colorado Dallas Wheatrldge New Jersey West Associates (214) 248-7060 

Waugaman Associates (303) 423-1020 Teaneck 
R.T. Reid Associates (201) 692-0200 Houston 

Connecticut West Associates (713) 777-4108 
North Haven New Mexico Utah Comp Rep Associates (203) 239-9762 Albuquerque Salt Lake City 

florida BFA Corporation (505) 292-1212 Waugaman Associates (801) 261-0802 
Altamonte Springs 

Washington Dyne-A-Mark (305) 831-2097 New York 

Clearwater East Rochester Bellevue 

Dyne-A-Mark (813) 441-4702 Tri-Tech Electronics, Northwest Marketing (206) 455-5846 

Fort Lauderdale 
Incorporated (716) 385-6500 

Wisconsin 
Dyne-A-Mark (305) 771-6501 Endwell Brookfield 

Tri-Tech Electronics, Sumer (414) 784-6641 
Palm Bay Incorporated (607) 754-1094 
Dyne-A-Mark (305) 727-0192 Fayetteville 

Georgia Tri-Tech Electronics, 

Tucker Incorporated (315) 446-2881 

REP, Inc. (404) 938-4358 Fishkill 
Tri-Tech Electronics, 

illinois Incorporated (914) 897-5611 
CANADA Roiling Meadows 

Sumer (312) 991-8500 North Carolina 
Raleigh Ontario 

I§] Indiana REP,lnc. (919) 851-3007 Brampton 
Indianapolis Cantec (416) 791-5922 
Leslie M. DeVoe Co. (317) 842-3245 Ottawa Ohio 

Iowa Cincinnati Cantec (613) 725-3704 

Cedar Rapids Makin Associates (513) 871-2424 Waterloo 
S &0 Sales (319) 393-1845 Columbus Cantec (519) 744-6341 

Kansas Makin Associates (614) 459-2423 Quebec 
Olathe Kent Dollard Des Ormeaux 
Rush and West (913) 764-2700 Makin Associates (216) 921-0080 Cantec (514) 683-6131 
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Monolithic Memories OVerseas Representatives and Distributors 

AUSTRIA 
Ing. EmIt Steiner 
Hummelgasse 14 
A 1130Wien 
Phone: 22-8274740 
Telex: 135026 

AUSTRALIA 
R&D Electronics Ply Ltd. 
257 Burwood Hwy. 
Burwood, Vic. 3125 
Phone: 3-288-8232 
Telex: AA33288 

R&D Electronics Ply Ltd. 
133 Alexander St. 
Crows Nest-2065 
Phone: 2-439-5488 
Telex: AA25468 

BELGIUM 
D & D Electronics 
VII Olympiadelaan 93 
2020 Antwerp 
Phone: 3-8277934 
Telex: 73121 

DENMARK 
C-88APS 
Kokkedal Industripark 42A 
DK-2980 Kokkedal 
Phone: 244888 
Telex: 41198 

ENGLAND 
Monolithic Memories Ltd. 
Lynwood House 
1 Camp Road 
Farnborough 
Hampshire 
GU146EN 
Phone: 9-011-44-252-511099 
Telex: 858051 MONO UK G 

Memory Devices Ltd. 
5th Floor Hagley House 
Hagley Road 
Edgbaston 
Birmingham B16 8QG 
Phone: 021-455-9395 
Telex: 339752 Analog G 

Memory Devices Ltd. 
Central Avenue 
East Molesey 
KT80SN 
Phone: 1-9411066 
Telex: 929962 

Macro MarkeUng Ltd. 
396 Bath Road 
Slough, Berkshire 
Phone: 628663011 
Telex: 847083 

Mlcrolog Ltd. 
First Floor, Elizabeth House 
Duke Street 
'M:lking, Surrey GU21 5BA 
Phone: (04862) 66771 
Telex: 859219 (ULOG G) 

9·8 

FINLAND 
Flndlp-Havullnna 
Instrumentarium Oy 
P.O. Box 357 
00101 Helsinki 10 
Finland 

FRANCE 
Monolithic Memories France SAR.L 
Silic 463 
94613 Rungis Cadex 
Phone: 1-6874500 
Telex: 202146 
FAX: 6860818 

AHatronlc s'A.R.L. 
La Tour d'Asnieres 4 
Avenue Laurent Cely 
F 92606 Asnieres 
Phone: 1-7914444 
Telex: 612790 

Beilion Electronlque 
Z.1. Kerscao/Brest 
B.P. 16-29219 La Relecq-Kerhuon 
Phone: 9-(98)-28-03-03 
Telex: 940930 

Composants s'A. 
Avenue Gustave Eiffel 
B.P. 81-33605 Pessac Cedex 
Phone: 9-(56)-36-40-40 
Telex: 550696 

Datadis S.A. 
10-12 Rue Emile Landrin 
92100 Boulogne 
Phone: 9-1-6056000 
Telex: 20195 

Dlmel 
La Marino 
Ave. Claude Farrere 
83000 Toulon 
Phone: 94/414963 
Telex: 490093 
Generlm 
24 Avenue De la Hoville Blanche 
B.P. 1-38170 Seyssinet 
Phone: 1-(76)-49-14-49 
Telex: 320000 

Generlm S.A.R.L 
Zone d'Activities de Courtaboeuf 
Avenue de la Baltique 
P.O. Box 88 
91943 Las Ulis Cedex 
Phone: 1-9077878 
Telex: 691700 

GERMANY 
Monolithic Memories, GmbH 
Mauerki rcherstr 4 
8000 Munich 80 
Phone: 89-984961 
Telex: 524385 
Fax: 89-983162 

GERMANY (continued) 
Astronlc GmbH 
Winzerstrasse 470 
8000 Munich 40 
Phone: 304011 
Telex: 5216187 

Dr. Dohrenberg Vertrless GmbH 
Bayreuther Strabe 3 
1000 Berlin 30 
Phone: 030-2138043-45 
Telex: 0184860 

Electronic 2000 Vertrlebe GmbH 
Neumarkter Strasse 75 
8000 Munich 80 
Phone: 89-434061 
Telex: 522561 

Nordelektronlk GmbH KG 
Harksheiderweg 238-240 
2085 Quickborn 
Phone: 04106-4031 
Telex: 214299 

Polltron Bauelemente Vertrlebe GmbH 
Benzstrasse 1 
Postfach 1140 
7016 Gerlingen-Stuttgart 
Phone: 07156-23051 
Telex: 7245266 

INDIA 
Kryonlx 
Kowdiar 
Trivandrum 
PIN 695003 
India 
Phone: 63805 
Telex: 884-307 

Micro Aids Intematlonal 
790 Lucerne Dr. 
Suite 40 
Sunnyvale, CA 94086 

ISRAEL 
TellYS Ltd. 
12 Kehilat Venetsia St. 
Tel Aviv 
Phone: (3)494891-5 
Telex: 032392 

ITALY 
Comprel s'R.L 
Viale Romagna 1 
20092 Cinisello Balsamo/Milano 
Phone: 2-6120841 
Telex: 332484 

JAPAN 
Intemlx Inc. 
Shinjuku Hamad Bldg. 
7-4-7 Nishi-ShinjukLi 
Shinjuku-Ku 
Tokyo 160 
Phone: (03) 369-1101 
Telex: J26733 



Monolithic Memories Overseas Representatives and Distributors 

JAPAN, Confd. 
K. Toklwa & co. 
Asahi-Seimei-Omori Bldg. 
1-1-100mori-Kita 
Shinagawa-Ku 
Tokyo 143 
Phone: (03) 766-6701 
Telex: 246-6821 
Fax: (03) 766-1300 

Synerdyne Inc. 
Ishibashi Bldg. 
1-20-2 Dogenzaka 
Shibuya-Ku 
Tokyo 150 
Phone: (03) 461-9311 
Telex: J32457 

KOREA 
Duck Woo Trading Company 
K.P.O. Box 570 
Seoul, Korea 
Phone: 725-1330 
Telex: MOCNDM K23231 

NETHERLANDS 
Manudax Nederland BV 
5473 ZG Meerstraat 7 
Heeswijk (N.B.) Holland 
Phone: 04139-2901 
Telex: 50175 

NORWAY 
HenacoA/S 
P.O. Box 126 Kaldbakken 
Trondheimsveien 436 Ammerud 
Oslo 9 
Phone: 2-162110 
Telex: 76716 

SINGAPORE 
Dynamar IntemaHonal Ltd. 
Unit 05-11, 
12 Lo Rong Bakar Batu 
Kolam Ayer Industrial Estate 
Singapore 1334 
Phone: 7476188 
Telex: RS26283 

SOUTH AFRICA 
Promllect Ply Ltd. 
P.O. Box 56310 
Pinegowrie 2123 
Phone: 789-1400 
Telex: 424822 

SOUTH AMERICA 
Intectra 
2629 Terminal Blvd 
Mountain View, CA 94043 
Phone: (415) 967-8818 
Telex: 910-345545 

SPAIN 
Sagltron 
C/Castello, 25, 2 
Madrid 1 
Phone: (1)4026085 
Telex: 43819 

SWEDEN 
Naxab 
Box 4115 
S 17104 Solna 
Phone: 8-985140 
Telex: 17912 

SWITZERLAND 
Industrade AG 
Gemsenstrasse 2 
CH 8021 ZUrich 
Phone: 01-3632230 
Telex: 56788 

TAIWAN 
Multltech International Corp. 
2nd Floor 
977 Min Shen East Road 
Taipei, Taiwan R.O.C. 
Phone: (2)7691225 
Telex: 23756 or 19162 
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24·Pin PAL Logic Symbols 

12L10 14L8 16L6 18L4 20L2 

20C1 20L10 20X10 20X8 20X4 

20L8 20R8 20R6 20R4 




