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In: CLOCK <Enter> 

Select a primitive to drive IN1D: EQN 
<Enter> 

To save the configuration and return to iPLS menu you 
must press < F6> (Save-Exit). 

After you are prompted for the equation, type it in as de­
rived in the Problem Set-up section. Please note that "/" 
indicates a logical "NOf", "*" indicates a logical 
"AND", and " + " indicates a logical "OR". The equa­
tion is terminated by a ";" as shown in Screen 5. 

Note that you are saving the Advanced Design File (ADF) 
that is generated by the Logic Builder. 

You can print the ADF file that has been created at the end 
of this session if you so desire. You can use < FlO> 
when in the iPLS main menu to print the ADF file for a 
listing. You can verify your file with the DICE! .ADF file 
given in Appendix D. If you desire a listing, while you are 
in the iPLS main menu, type the following: 

IN1D = C1A * 18*1C * /1Dl; <Enter> 

The following prompts and design entries, as shown in 
Table 5, are needed to complete the design entries for 
DICElC, DICElB, and DICElA respectively. 

<F10> <Enter> 

PRINT DICE1 • ADF <Enter> 
The Logic Builder will stop prompting for primitives once 
you have entered the complete design. 

Press < F8 > to show the design so far as shown in 
Screen 6. 

Submitting the ADF to the LOC 

This ADF file is now compiled using the Logic Optimiz­
ing Compiler. To enter the ADF created with the Logic 
Builder module into the Logic Optimizing Compiler 
(LOC), press < F4 > to access the LOC menu. 

Press < F2 > to exit. 

The Logic Builder main menu is cleared, replaced by the 
Logic Builder exit menu. 

Tables. 

PROMPT USER ENTRY 
Select a primitive to drive 1C: RORF <Enter> 

Out: I>ICEJ.C <Enter> 
Oe: VCC<Enter> 
P: GNI> <Enter> 
(: GNI> <Enter> 
!): IN1C <Enter> 
Select a primitive to drive IN1C: £:QN <Enter> 

INJ.C: (1A*1B*/1C*/1I>l+(/1A*1B*1C*/1I>l+(1A*1B*1C*/1J)); 

<Enter> 

Select a primitive to drive 18: RORF <Enter> 
out: I>ICEJ.B <Enter> 
Oe: VCC <Enter> 
p: 6NI> <Enter> 
c: GNI> <Enter> 
!): IN1B <Enter> 

Select a primitive to drive IN1B: EQN <Enter> 

IN18: (1A*/1B*/1C*/1I>l+(/1A*1B*/1C*/1I>l+<1A*1B*/1C*/1I>l 

+(/1A*1B*1C*/1I>l+<1A*1B*1C*/1I>l;<Enter> 
Select a primitive to drive J.A: RORF <Enter> 
Out: I>ICEJ.A <Enter> 
Oe: - VCC <Enter> 
P: GNI> <Enter> 
c: GNI> <Enter> 
!): !NJ.A <Enter> 
Select a primitive to drive IN1A: EQN <Enter> 
!NJ.A: (/1A*1B*/1C*/1I>l+(/1A*1B*1C*/1I>l+(/1A*1B*1C*1I>l 

+(/1A*l1B*/1C*/1J)l;<Enter> 
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Screen 5. 

Once the LOC menu is displayed, you are prompted 
through the LOC menu functions as follows: 

The Input Format prompts you to specify your form of 
input: If input is in the form of a pinlist as output by 
DASH-2, enter P, if input is an Advanced Design File, 
enter an ADF or press <Enter> (ADF is the default). If 
output is a component list from PCAD, enter C. 

INPUT FORMAT: A <Enter> 

FILE NAME: DICE1 <Enter> 

. MINIMIZATION: <Enter to select default> 

INVERSION CONTROL: <Enter to select 
default> 

LEF ANALYSIS: <Enter to select default> 

After you have answered atl the prompts, you are asked if 
you wish to run under the above conditions as shown in 
Screen 7. 

DO YOU lllISH TO RUN UNDER THE ABOVE CONDI­
TIONS CY /Nlf 

Enter: Y 
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Finally you are prompted with: 

WOULD YOU LIKE TO IMPLEMENT ANOTHER DE­
SIGN CY/Nlf 

Enter: N 

Note that the LOC generates a synopsis of its progress as 
shown in Screen 8. You are returned to the iPLS menu. 

At the end of the LOC a JEDEC Standard File has been 
created which we will use in the Logic Programmer, 
DICE I.JED. . 

Also at the end of the LOC a report file is create9, 
DICEl.RPf, which gives the pin configuration menu of 
the device. The DICE! .RPI' file is given in Appendix D. 

Programming the EPLD 

Finally, you submit your design to the Logic Programmer. 
In order for you to use the Logic Programmer, you must 
have the prognunming card plugged in. Please refer to the 
Intel Programmable Logic Software User Manual for in­
stallation instructions. 

Alternatively you can use Intel's GUPI (Generic Universal 
Programmer Interface) to program your device. 
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The iUP-GUPI and assorted GUPI LQGIC adaptors pro­
vide an alternative programming solution for Intel's 
H-series and EPLD devices, when purchased with the 
iPLS. This complete set of software Is available without 
the Logic Programmer pod and the IBM interface card. 

While you are still in the iPLS menu, press < F5 > . ·This 
function allows you to access the Logic Programmer Soft­
ware. The Logic Programmer will now come up as shown 
in Screen 9. 
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Intel Programmable Logic Software 

ADF Minimization LEF-Analysis 
di.ce1 

***INFO-LOC-Begin execution 
***INFO-LOC-ADF converted to LEF 
***INFO-LOC-s.o.p. LEF produced 
***INFO-LOC-LEF reduced 
***INFO-LOC-LEF analyzed 
***INFO-LOC-Resource demand determined 
***INFO-LOC-Design fitting complete 
***INFO-LOC-JEDEC file output 

LOC cycle successfully completed 

Would you like to implement another design CY/NJ? 

' Screen 8. 

Use the cursor keys to select "Program Device" option. 

When you are prompted 

Enter JEDEC file name 

Enter: DICE1. JED <Enter> 

When you are prompted for: 

Select Device For Programming 

Enter: SCObO <Enter> 

When you are prompted for: 

Do you wish to enable verify protection? [YIN 1? 

Enter: N 

When you are prompted for: 

Do you wish to enable turbo-bit? [YI N]? 

Enter: N 

Once you have answered all the prompts, the device is 
programmed and ready to be used in an actual circuit, as 
shown in Screen 10. 

Exit from the Logic Programmer after saving the JEDEC 
file by using the "EXIT" option. 
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This completes part A of the design, which was to roll a 
single dice. The programmed device can be tested as de­
scribed in Appendix C. 

PARTB 

Now that you have a good understanding of the manner in 
which a .circuit is designed and also a good understanding 
of how the programming tools are used to program the 
device, you can proceed to the next step in the five stages 
of the dice design. According to the truth table generated 
in part A, the dice will roll a number between I and 6 
inclusive as long as you supply a power source. When you 
disconnect the power source, all the LEDs will tum off. 
This will not be much help since you can only see the dice 
roll, but not actually see a number displayed. 

Let us include an additional feature into the rolling dice. 
Let us include a switch to control the rolling and display 
of the dice. 

You could choose to gate the clock of the dice or add the 
necessary inputs to the product terms to effect this design. 
If you were to stop after this step, then gating the clock 
would be a simpler choice, however, you will require the 
dice to roll during part D of the design; so we will choose 
to add product terms at this stage. This also results in a 
better engineering solution since gated clocks often cause 
problems in large systems, and it has been shown that 
synchronous systems are more reliable. 



AP-279 

Device: LOGIC PROGRAMMER 

Program Device 
file name [.JEDJ: DICE1.JED 

Directory of .JED files for: C:\IPLS 

Screen9. 

Designer: Your Name 
Company: Your Company 
Part •: 
Revision: 0. 0 
EPLD: SCObO 

Comment: PART A: DICE ROLLING 
LB Version 3.0, Baseline 17x, 9/2b/85 

the socket 

Screen 10. 
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Since you already have a proven design of a rolling dice 
from part A, we shall use the Logic Builder and edit that 
design. You may wish to save the original design at this 
stage. You can do this by using the <FlO> key in the 
Main Menu. Press < FI 0 > and issue the• following com­
mand before re-entering the iPLS menu: 

COPYDICE1·* DICE1A·* 

The truth table is shown in Table 6. 

Now you can use the iPLDS to design and program the 
device. 

Go through the same steps to program the device as in 
Part A of the design example. Use the Logic builder, the 
Logic Optimizing Compiler, and the Logic Programmer 
respectively. The Logic Optimizing Compiler and the 
Logic Programmer steps are identical to the correspond­
ing steps explained in part A of the design example. How­
ever, the Logic Builder will be used to. edit the existing 
file, DICE I, to include the switch feature as follows: 

Invoke the Logic Builder Menu from the iPLS main menu 
by pressing the < F3 > key. Once you obtain the Logic 
Builder Configuration Menu, type in DICE! as your input 
file name. 

Use (Shift)(F3) to get the Inputs option and then add 
switch at pin #2 to it. 

Inputs: CLOCK, SWITCHQl2 <Enter> 

Now press < F2 > to exit to the Logic Builder Main 
Menu and answer the prompts as given in Table 7. 

All that is left to do now is to edit the four equations, 
INIA, INIB, INIC, INID to add the SWITCH option to 
it. Edit the four equations as follows: 

Edit Function 

When you press the "Edit" function key, < F6 > , while 
in the main menu, the edit menu is displayed on the left 
side of the screen as shown in Screen 11. If you wish to 
edit an EQN Primitive displayed on the screen, press 
< F6 > . Then the equation is moved to the prompt line 
where it can be edited. 

Hence, the Boolean expressions for this case would con­
sider the situations of when the switch was ON as well as 
OFF. The Boolean equations would contain the expres­
sion for the switch as follows. 
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DICE1A ((1A*/1 B*/1C*/1D) + (1AU1 B*/1C*/1D) 
+(1A*1B*1C*/1D) 
+ (/1 A*/1 B*i1C*/1 D))*/SWITCH 
+ ((/1A*1B*/1C*/1D) + (/1A*1B*1C*/1D) 
+(/1A*1B*1C*1D) 
+ (11 A*/1 B*/1 C*/1 D))*SWITCH 

DICE1 B ((/1A*1 B*/1 C*/10) + (1A* 1B*i1C*l1D) 
+ (/1A*1B*1C*l1D) +(1A*1 B*1C*/1 D) 
+(11A*1B*1C*1D))*ISWITCH 
+((1A*l1B*l1C*/1D) 
+ (/1A* 1B*l1C*/1D) + (1A*1B*l1C*/1 D) 
+(/1A*1B*1C*/1D) 
+(1A*1B*1C*l1D))*SWITCH 

DICE1C ((/1A*1B*1C*/1D) 
+(1A*1B*1C*l1D) 
+(/1A*1B*1C*1D))*ISWITCH 
+ ((1A*1 B*/1 C*/1 D) + (/1A*1B* 1C*l1 D) 
+(1A*1B*1C*/1D))*SWITCH 

DICE1D (/1A*1B*1C*1D)*/SWITCH 
+(1A*1B*1C*/1D)*SWITCH 

The equation primitive must be displayed on the screen in 
order to edit that equation. In order to display the equa­
tion on the screen, use the "Find" command, < F5 >, to 
find it. 

The "Find" command prompts for a node name: then 
searches the design for that node and displays it. If the 
direction arrow points to the left, the primitive on the out­
put side of the node is shown. If the direction arrow points 
to the right, the first primitive on the input side is shown. 

After you have modified all four equations to include the 
SWITCH feature, return to the iPLDS main menu using 
the < F5 > key and save the design using the < F6 > key. 
You can verify your ADF file with the ADF file for part B 
given in Appendix D. 

The file is ready to be compiled using the LOC, and the 
device is ready to be programmed using the LP. 

The steps required to use the LOC and the LP are identi­
cal to the steps in part A. 

Now the device that has been programmed is ready to be 
tested. At this stage in the design, you have completed 
part B of the design which is to add a switch to give the 
roll/no-roll option. 

The programmed device can be tested as described in 
Appendix C. 

Let us summarize before moving on to the next part of the 
design. 
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Table 6. li"uth Table for DICE1 

Input State Output State 

SWITCH 1A 18 1C 1D 1A 18 1C 1D 1A 18 1C 1D 

Valid state Invalid state 

REMAIN IN THE SAME STATE 

0 1 0 0 0 1 0 0 0(1) 
0 0 1 0 0 0 0 0(2) 
0 1 0 0 1 0 0(3) 
0 0 0 0 0(4) 
0 1 0 1 0(5) 
0 0 1 0 1(6) 

CONTROL THE INVALID STATES 
0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 
0 0 1 0 1 0 0 0 0 
0 1 1 0 1 0 0 0 0 
0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 
0 0 0 0 0 0 0 0(1) 

CHANGE TO THE NEXT VALID STATE* 

1 0 0 0(1) 0 0 0(2) 
0 0 0(2) 1 0 0(3) 
1 0 0(3) 0 0(4) 
0 0(4) 1 1 0(5) 
1 0(5) 0 1 1 1(6) 
0 1(6) 0 0 0(1) 

CONTROL THE INVALID STATES 

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

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

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

1 0 0 0 0 0 
1 1 1 1 1 0 0 0 0 
1 0 0 0 0 1 0 0 0(1) 

Note: This part of the truth table is identical to Table 3. 

We have briefly discussed the EPLD and the IPLDS fam- Builder, Logic Optimizing Compiler, and the Logic 
ily of parts. We have also defined the design problem. We Programmer. 
have implemented the design using the state equations and 
the truth table, edited an existing design to add features, Our logic in implementing the dice example is to use the 
and actually programmed a device using the Logic LED pairs in outputs IA, IB, IC, and ID respectively as 
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Table 7. 

Prom~s User En!.!l., 

Select a primitive for switchil2 to drive: INP <Enter> 
Out: SWITCH<Enter> 
Select a primitive for switch to drive: EQN<Enter> 

shown in Figure 8. These LEDs are lit up to generate 
numbers between 1 and 6 · inclusive. We are using a 
D-TYPE FLIP-FLOP to implement the truth table. The 
clock is a free running clock. A push button switch is also 
supplied to give the roll/no-roll option. Whenever the 
switch is ON, the LEDs roll, and when the switch is OFF, 
the LEDs display a number between I and 6, as long as 
the clock is supplied to the device. 

After seeing the dice roll and display a number, you can 
either quit or move onto parts C, D and E of the design 
process. The following three parts describe a versatile use 
of the EPLD concept. 

PARTC 

We are using an EPLD 5C060 which is a 24 pin, 600 gate 
device. It has four dedicated input pins and 16 
input/output pins. Up to this point you have used only one 
input pin which is the switch and only four input/output 
pins for the four LEDs IA, IB, IC, ID. 

/ 

Part C of the design is to include a second dice with the 
first dice. This is a step towards real-world application 
since dice are usually rolled in pairs. At the end of this 
section, you will have a pair of dice rolling and displaying 
a pair of numbers. All the conditions and truth tables and 
Boolean expressions that were designed for part B, hold 
good for DICE!. The equations for DICE2 would change 
slightly as explained below. 

You have designed a 6 state counter and can define a carry 
out (fortunately you can use state 6 and do not require 
extra logic). You can use the carry out as an enable input 
to form two cascaded counters. 

The carry out of 1 D is used as an enable input to DICE2. 
Hence, ID performs the same function as the push button 
switch performed in dice I. Therefore, whenever ID is 
enabled or logic high, DICE2 is enabled and rolls a num­
ber. DICE2 displays the number when ID is disabled or 
logic is low. This configuration is shown in Figure 9. 

Intel Programmable Logic System 

Logic Builder Main Menu 
F1 Help 
F2 Exit 
f3 Nelol 
F4 Open 
F 5 f'i.nd 
F6 Edit 
f7 conng 
F!! No1" List 
F9 Redraw 

--> 

1a 
1b [i] in1d 
1c 
1d 

inld=C1a•1b•1c•/1dl; 
inld=C/1a•1b•1c•1dl•/switch+(/1a•1b•1c•1dl•switch\ 

Screen 11. 
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Table 8. 

PROMPTS 
Find: 
CNow use the <cursor left> key to obtain the EQN Primitive.) 
Edit: 

IN1D= C/1A*1B*1C*lDl*/SWITCH+C1A*1B*1C*/1Dl*SWITCH;<Enter> 

Find: 
C Now use the <cursor left>.key to obtain the EQN Primitive.) 
Edit: 

IN1C = CC/1A*1B*1C*/1Dl+C1A*1B*1C*/1Dl+C/1A*1B•1C*1Dll*/SWITCH 
+CC1A*1B*/1C*/1Dl+C/1A*1B*1C*/1Dl+C1A*1B*1C•/1Dll*SWITCH; 
<Enter> 

Find: 
CNow use the <cursor left> key to obtain the EQN Primitive.) 
Edit: 

IN1B = CC/1A*1B*/1C*/1Dl+C1A•1B*/1C*/1Dl+C/1A*1B•1C•1Dl+C1A•1B*1C*/1Dl 
+C/1A*1B*1C*1D>l•/SWITCH 
+CC1A*/1B*/1C•/1Dl+C/1A*1B*/1C*/1Dl+C1A*1B*/1C*/1Dl+ 
C/1A•1B•1C•/1Dl+C1A*1B*1C•/1Dl>*SWITCH;<Enter> 

find: 
CNow use the <cursor left> key to obtain the EQN Primitive.) 
Edit: 
IN1A=CC1A*/1B*/1C•/1Dl+C1A*1B•l1C*/1Dl+C1A*1B*1C*/1Dl+ 
C/1A*/1B*/1C*/1Dll*/SWITCH+CC/1A•1B*/1C•/1Dl+C/1A*1B*1C*/1Dl 
+C/1A*1B*1C*1Dl+C/1A*/1B*/1C•/1Dll*SWITCH;<Enter> 

The two conditions obtained are as follows: 

When power is ON and lD is enabled, DICE2 will roll. 

When power is ON and lD is disabled, DICE2 will dis­
play. 

For DICE!, the logic conditions remain the same as in 
part A. Just as you used the switch to enable and disable 

(SWITCH) 

ENABLE IN 

1A 

ENABLE IN 

CLOCK 

USER ENTRY 

IN1D <Enter> 

IN1C <Enter> 

IN1B <Enter> 

IN1A <Enter> 

1A 

1B 

1C 

10 

1B 
CARRYOUT 

1C 2A 

CLK 10 2B 
2 

2C 

CARRYOUT 20 

2447 
2446 

Figure 8. Figure 9. 
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DICEl, you will use the switch as well as the output of 
LED lD to enable and disable DICE2; because the num­
ber on DICE2 is a function of both the switch and the 
present state of LED lD, as explained above. 

Now write down the truth table since the state diagrams 
can easily be inferred from the truth table. Please note 
that the truth table is identical to the one for DICEl ex­
•cept for the switch input. For DICE2, you will have the 
combination of the switch and the lD, as shown in 
Table9. 

The Boolean expressions for part C will consider the situ­
ation when the switch is ON as well as OFF and also lD 

·enabled or disabled respectively. The Boolean equations 
will contain the expression for the switch and LED ID, as 
shown below. 

DICE2A = ((2A*'2B•i2C*'20)+(2A•2B•/2C•/20) 
+ (2A•2B•2C*'2D) + (/2A•/2B•/2C•/2D)) 
•(/SWITCH•/1 D) 
+ ((/2A•2B•/2C•/20) + (/2A•2B•2C•/20) 
+(/2A•2B•2C•2D) + (/2A•/2B•/2C•/20)) 
•(SWITCH•1D) 

DICE2B = ((/2A•2B•/2C•/2D) + (2A•2B•/2C•/20) 
+ (/2A•2B•2C•/2D) + (2A•2B•2C•/20) 
+(/2A•2B•2C•2D))•(/SWITCH•/1D) 
+ ((2A*'2B•/2C•/2D) 
+ (/2A•2B•/2C•/2D) + (2A•2B•/2C•/2D) 
+ (/2A•2B•2C•/2D) 
+(2A•2B•2C•/2D))*(SWITCH•1D) 

DICE2C = ((/2A•2B•2C•/20) + (2A•2B•2C•/20) 
+ (/2A•2B•2C•2D))•(/SWITCH•/1 D) 
+ ((2A•2B•/2C•/2D) 
+ (/2A•2B•2C•/2D) + (2A•2B•2C•/20)) 
•(SWITCH•1D) 

DICE2D = (/2A•2B•2C•2D)•(/SWITCH•/10) 
+ (2A•2B•2C•/2D)•(SWITCH*1 D) 

Now you can use the iPLDS to program and test the de­
vice as explained in appendix C. At this stage in design, 
you have completed part C of the design which is to add a 
. second DICE to the first one giving the the roll/no-roll 
option. 

·1n part C of the design process, you have used one dedi­
cated input which is the switch, and a total of eight output 
pins for the two pairs of LEDs, IA, lB, IC, lD and 2A, 
2B, 2C, 2D respectively. You have also used the RORF 
primitive, since the design logic was the same for DICE2 
as it was for DICE!. This leaves 3 dedicated inputs and 8 
1/0 pins on the 5C060 device. 

You can stop the design now or go onto part D which gives 
the next option, which is adding the spin. 
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PARTD 

This is the fourth step in our design process and adds the 
spin option to the two dice that are rolling when the switch 
is pushed and display a number when the switch is re­
leased. The logic used to implement the spin concept is as 
follows: 

When the power is ON and the switch is OFF, DICE! and 
DICE2 display a random number according to the logic 
defined in parts B and C respectively. 

But, when power is ON and the switch is ON, the two dice 
spin by lighting the LEDs B, C, and D. That is, DICEl 
will light LEDs lB, IC, lD while DICE2 will light LEDs 
2B, 2C, and 2D. This pattern on the LEDs will generate 
the spinning pattern. The logic is shown in the truth table 
in Tuble 10. The schematic is shown in Figure 10. 

As you can see from the truth table, when the present state 
is any of the three valid states, then the two dice will spin. 
The dice will also spin if the present state is an invalid 
state, because all the invalid states go to "O 0 0 O" in the 
next state. But from the truth table in Tub le IO, you see 
that this particular state is a valid state lighting LED C. 

The spin frequency should be chosen to be visually ap­
pealing and should be high enough to ensure randomness 
of the dice. If we use the "carry out" state ofDICE2, then 
the spin pattern will only change once for every combina­
tion of the two dice. This will ensure randomness. The 
"carry out" of DICE2 is signal 2d; we do not need extra 
terms to derive it. 

Thus we have achieved our objective of adding the spin­
ning option to the two dice. 

The Boolean equations tltat are obtained from the above 
truth table are as follows: 

SPIN1B = (SWITCH•2d•/S1D•/S1C•/S1B•S1A) 

SPIN1C = (SWITCH•2d•/S1D•/S1C•/S1B•/S1A) 

SPIN1D = (SWITCH•2d•/S1D•S1C•/S1B•/S1A) 

SPIN2B = (SWITCH•2d•/S2D•/S2C•/S2B•S2A) 

SPIN2C = (SWITCH•2d•/S2D•/S2C•/S2B•/S2A) 

SPIN2D = (SWITCH•2d•/S2D•S2C•/S2B•/S2A) 

Please note in the above equations that A, B, C, and D 
refer to both DICE! and DICE2. FOr DICE! the above set 
of equations would be IA, lB, IC, and lD. For DICE2 
the above set of equations would be 2A, 2B, 2C, and 2D 
respectively. SD is the feedback obtained from IN D of 
both DICE! and DICE2 respectively. If the switch is not 
ON, the dice will not spin and a random pair of numbers 
will be displayed by the two dice; but, ifthe switch is ON, 
then the two dice will spin according to the truth table and 
Boolean expression given in Tuble 10. 
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Table 9; "D'uth Table for DICE2 

Input State Output State 

(SWITCH*10) 2A 28 1C 20 2A 28 2C 20 2A 28 2C 20 

Valid state Invalid state 

REMAIN IN THE SAME STATE 

0 1 0 0 0 1 0 0 0(1) 
0 0 1 0 0 0 1 0 0(2) 
0 1 1 0 0 1 1 0 0(3) 
0 0 1 1 0 0 1 1 0(4) 
0 1 1 1 0 1 1 1 0(5) 
0 0 1 1 1 0 1 1 1(6) 

CONTROL THE INVALID STATES 
0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 
0 1 0 0 1 0 0 0 0 
0 0 1 0 1 0 0 0 0 
0 1 1 0 1 0 0 0 0 
0 0 0 1 1 0 0 0 0 
0 1 1 1 1 0 0 0 0 
0 0 0 0 0 1 0 0 0(1) 

CHANGE TO THE NEXT VALID STATE* 

1 1 0 0 0(1) 0 1 0 0(2) 
1 0 1 0 0(2) 1 1 0 0(3) 
1 1 1 0 0(3) 0 1 1 0(4) 
1 0 1 1 0(4) 1 1 . 1 0(5) 
1 1 1 1 0(5) 0 1 1 1(6) 
1 0 1 1 1(6) 1 0 0 0(1) 

CONTROL THE INVALID STATES 

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

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

1 0 1 0 1 0 0 0 0 

1 1 1 0 1 () 0 0 0 

1 0 0 1 1 0 0 0 0 

1 1 0 1 1 0 0 0 0 

1 1 1 1 1 0 0 0 0 

1 0 0 0 0 1 0 0 0(1) 

Note the extreme similarity between this truth table and the one given in Table 3. 
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· Table 10. Truth Table to Spin Two Dice spinning when the switch is on and displaying a number 

lnputS~te. Output State 

SWITCH A B c D A B c D 

CHANGE TO THE NEXT VALID STATE 

1 0 0 0 0 0 0 1 0 
1 0 0 0 1 0 1 0 0 
1 0 0 1 (} 0 0 0 1 
1 0 1 0 0 -0 0 0 0 

ROLLING INTO A VALID STATE 

1 1 0 0 0 0 0 0 0 
1 1 1 0 0 0 0 0 0 
1 1 0 1 0 0 0 0 0 
1 0 1 1 0 0 0 0 0 
1 1 1 1 0 0 0 0 0 
1 1 0 0 1 o. 0 0 0 
1 0 1 0 1 0 0 0 0 
1 1 1 0 1 0 0 0 0 
1 0 0 1 1 0 0 0 0 
1 1 0 1 1 0 0 0 0 
1 0 1 1 1 0 0 0 0 
1 1 1 1 1 0 0 0 0 

We have chosen the following two primitives for part D: 

Registered Output Registered Feedback (RORF) 

No output JK Feedback (NOJF) 

For the dice spinning option you will use the RORF and 
for the dice not spinning option you will use the NOJF;· 
while using the Logic Builder. 

When you add the spinning option to the pair of rolling 
dice, you obtain the following boolean equations. (These 
Boolean equations satisfy the requirements of the two dice 

ROLL 
LOGIC 

CARRY 
OUT 

ENABLE SPIN 
LOGIC 

when the switch is ofl). 

SPIN1A = (/SWITCH*1A) 

SPIN1B = (/SWITCH*1B) 
+ (SWITCH*2d*/S1D*/S1C*/S1B*S1A) 

SPIN1C = (/SWITCH*1C) 
+ (SWITCH*2d*/S1D*/S1C*/S1B*/S1A) 
+ (SWITCH*/2d*S1C) 

SPIN1D = (/SWITCH*1D) 
+ (SWITClh2d*/S1 D*S1 C*/S1 B*/S1A) 

SPIN2A = (/SWITCH*2A) 

SPIN2B = (/SWITCH*2B) 
+ (SWITCH*2d*/S2D*/S2C*/S2B*S2A) 

SPIN2C = (/SWITCH*2C) 
+ (SWITCH*2d*/S2D*/S2C*/S2B*/S2A) 

SPIN2D = (/SWITCH*2D) 
+ (SWITCH*2d*/S2D*S2C*/S2B*/S2A) 

At the end of the design step, you have completed all the 
design steps. You can now program the device using 
iPLDS. 

The correct ADF file is included in Appendix D for your 
reference. You can refer to it to verify the ADF file you 
have created. 

The programmed device can be tested on: 

• A PCB with slow clock 

For information on this board and on testing your design, 
please refer to Appendix C. 

It works! 

RE:.~~ERS t---~- DISPLAY 

2448 

Figure 10. 

4-47 



intJ AP-279 

*LATE NEWS FLASH* 

The PCBs have been made and we have units in the field. 
Now Marketing wants the design updated! Field trials of 
the dice showed that the battery needed to last longer. A 
simple mod to the design, chop the drive to the LEDs, 
extends the battery life. 

This is very simple using the EPLDs. Reprogram the 
EPLD and test it. Imagine how difficult it would have 
been without using EPLDs. 

PART E: MORE POWER SAVINGS 

This step of the design process is to modify the existing 
circuit to add the power save feature which will extend the 
battery life. This can easily be done by chopping the drive 
to the LEDs. Chopping the drive to the LEDs can be done 
as follows: 

When you designed the circuit and implemented it using 
the iPLS, you have set the output enable (Oe) to VCC 
supply. This means that the LEDs are enabled 100% of 
the time. You can "chop" the drive to the LEDs with a 
conveniant high (above 50Hz) signal that will not be visi­
ble to the human eye. 

To reduce current consumption by the LEDs, modify 
the NETWORK: Section of the ADF as follows: 

1) Change the node name for the RORF Output Enables 
(Oe) from VCC to OE. 

2) Insert an OENB (Output Enable Buffer) primitive to 
allow the logic array to drive the output enables. 

3) Include an INP primitive to connect the output en­
able to an input pin. 

These changes can appear as follows: 

spinla, sla = RORF (in la, clock 1, GND, GND, OE) 

OE = OENB (OEN) 

OEN = INP (OEN) 

Remember to include ,OEN in your INPUTS: declara­
tion. The OEN input on the programmed part can now 
be connected to an appropriate clock signal to obtain 
the desired power savings. 

CONCLUSION 

You should now have a comprehensive knowledge of 
Intel's EPLD and iPLDS family of devices. 

With this knowledge you will be able to implement de­
signs using the iPLDS tools. 

Good Luck! 
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BASIC DEFINITIONS 

Logic Design - A systematic procedure for realizing 
specified tenninal characterisitics of digital networks, at 
either the device or system level. 

CLOCKED FLIP-FLOP - Output detennined by the 
leading or trailing edge of clock pulse. 

T FLIP-FLOP - Output changes value with every input 
clock pulse. 

T FLIP·FLOP 

D FLIP-FLOP - Output determined by the input signal 
when clock pulse present. 

x===:r:1 -__ : 
D FLIP.FLOP 

S-R FLIP-FLOP - Output states synchronized with the 
clock pulse and controlled by the input signals, S and R. 

S-R FLIP·FLOP 

J-K FLIP-FLOP - Output states synchronized with the 
clock pulse and controlled by the input signals, J and K. 

~=======~l~~i'""~1-~~~-A l ------A ...__,.9 .......... 
R 

J-K FLIP-FLOP 

COMBINATORIAL CIRCUIT - Output determined by 
current value of input signal. 

REGISTERED CIRCUIT - Output detennined by se­
quence of input signals. 

Intel Schematic Primitive - One of the basic functional 
blocks needed to design circuits for Intel programmable 
logic products. 

Truth Table - A list of all the input-output possibilities of 
a logic circuit. 

Boolean Logic - Describes logic that obeys the theorems 
of Boolean algebra. The Boolean portion of a design is 
that portion which can be implemented in the AND-OR 
matrix. 
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State Diagram - A diagram that shows the succession of 
output states through which the circuit passes as its input 
signals vary. 

INP-Input 

PIN·NAME c=:::::>-- 1 

INP 

Input Primitive 

GND-Ground 

GND 

Ground Signal Name 
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VCC-Signal 

Vee 

T 
Signal Name 

EQN - Equation 

0 = ARBITRARY BOOLEAN EXPRESSION; 

EQN 

Equation Name 

Registered Output Registered Feedback (RORF) 

F 

No Output Registered Feedback (NORF) 

NORI' 
F---~ 

AP-279 
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No Output JK Feedback (NOJF) 

NOJF 
F------' 

JK Output JK Feedback (JOJF) 

F------

Security Bit - A feature that prevents the device from 
being interrogated or being accidentally programmed. 

Turbo-bit - A control bit that allows you to choose the 
speed and .power characteristics of the device. If the in­
puts are static for approximately 50 ns and the Turbo-bit 
is not programmed, the device will enter power down 
mode. When the input changes, the device will take an 
extra 3-5 ns to wake-up and react to the change. Program­
ming the Turbo-bit inhibits the power down. 

Macrocell - A basic building block of Intel's program­
mable logic devices·. A macrocell consists of two sections: 
combinatorial logic and output logic. The combinatorial 
logic allows a wide variety of logic functions. The output 
logic has two data paths: one leads to the other macrocells 
or feeds back to the macrocell itself: the other is confi­
gured as a pin configuration acting as input, output, or 
bi-directional 1/0 port on the chip. 

Node - A wire connecting two or more primitives in a 
schematic. 

Pin - A node that is connected to an input or 110 primi­
tive on one end and a pin of the chip on the other end. 

Product tern (P-Term) - Two or more factors in a boolean 
expression combined with the AND operator consitutes a 
logic product term. 



AP-279 

JEDEC Standard File - An. industry-wiqe standard for 
the transfer of information between a data preparation 
system and a logic device programmer. 

EPLD PROGRAMMING TECHNIQUES 

You can enter your design in the following ways 

1. BOOLEAN EQUATION - entering the design in 
BOOLEAN equations or expressions. 

2. NETLIST CAPTURE - selecting components and 
specifying interconnections until all elements are 
specified. 

3. SCHEMATIC CAPTURE - using a mouse and 
menu driven environment. 

4. STATE MACHINE - specifying states and condi­
tional branches and also inputs/outputs to the state 
machines. 
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COMPONENTS USED IN DESIGN 

In order to implement the EPLD program, you should use 
the following: 

• An 5C060 EPLD 

• A pair of seven discrete LEDs (Dice I, Dice 2) 

• A timer to generate a clock signal (NE555) 

• A voltage regulator to generate a fixed voltage of 5 
volts (7805) 

4-54 

• A push button switch to control the spinning 
mechanism 

• A 9-Volt DC battery source to generate the power 
supply 

• Capacitors Cl =0.1 MF, C2=0.0l MF 

• Resistors RI = 390K, R2 = lOOK 

• A PCB as explained in Appendix C 



:'\" 

.. 

:~.: 

APPENDIXC: 
PCB DESCRJPTION '~, > 
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4 

555 

U2 

VOLTAGE 
REGULATOR 

-----1 
8 

3 

v .. 

i-----------
: 1 

! 
!13 
~ 

..I 
5C060 

22 I 
21 I 
20 
19 

7 
8 
g 

10 11 
12 I 

DICE2 
i--;-----;--IE"1>"1-:1~-----;-Te-014----1 

LED11' • LED12 ! 
' LED9 ' • LED10 I 

LEDS _j 

• LED3 

' ·--------------------------
S cl U3 l L ~-""T":"1=-2- : 

T 

TIMER ---- ----E"i>i"o 
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Figure C·1 

You can test each part of your design using the PCB with a 
slow clock on it. 

The PCB is a board that is very specific to the dice exam­
ple. The PCB is portable, approximately 2" x 3". All 
the components. except for the EPLD are easily available 
commercially. A complete list of all the components that 
are required for the PCB is given in Appendix B. The 
circuit can easily be connected and tested using the ~ircuit 

diagram given below. After the four steps of the design 
are completed, the PCB can be used to throw a pair of 
dice in any home games such as Monopoly etc. 

After the EPLD is programmed using the Logic Program­
mer, it can be inserted into the PCB. For design steps B, 
C, and D the push button switch can be used to generate 
the roll/no-roll or the spin/no spin option. 
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Figure C-2 
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ADF FOR PART A: SINGLE DICE ROLLING 

Lakshmi Jayanthi 
DSO Applications 
February 19, 1986 

58060 

Part A: DICE ROLLING 

LB Version 3.0, Baseline 17x, 9/26/85 
PART: 5C060 

INPUTS: clt•c:kl 

OUTPUTS: dicela@10,dicelb@9,dicelc:@8,diceld@7 

NETWORI<: 

dicela,la 
diceib,lb 
dicelc,lc 
diceld,id 

RORF linla,clockl,GND,GND,VCCl 
RORF linlb,clockl,GND,GND,VCCl 
RORF linlc,clockl,GND,GND,VCCJ 
RORF linld,clock1,GND,GND,VCCI 

clock1 = INP lclockll 

EQUATIONS: 

inla =l/la*lb*/1c*/1dl 
+( /la*lb*lc•·/ldl 
+l/1a*lb·M-1c*ldl 
+l/1a•/1b*/1c*/ldl; 

inlb =lla*/1b*/lc*/1dl 
+C/la*lb*/lc*/ldl 
+lla*lb*/lc::*/ldl 
+C/la*lb*lc*/ldl 
+(1a*lb*1C*/1d); 

inlc =lla*lb*/lc*/ldl 
+l/1a*lb*1c*/1dl 
+( la*lb•·lc::*/ldl; 

inld =lla*lb*lc*/ldl; 

END$ 
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RPT FOR PART A: SINGLE DICE ROLLING 

Logic Optimizing Compiler Utilization Report 

***** Design implemented successfully 

Lakshmi Jayanthi 
DSO Applications 
February 19, 1986 

5C060 

Part A1 DICE ROLLING 

LB Version 3.0, Baseline 17x, 9/26/85 

5C060 

clockl -I 1 241- Vee 
GND -I 2 231- GND 
GND -I 3 221- GND 
GND -I 4 21 I- GND 
GND -I 5 201- GND 
GND -I 6 191- GND 

diceld -I 7 181- GND 
dicelc -I 8 171- GND 
dicelb -I 9 161- GND 
dicela -I 10 151- GND 

GND -111 141- GND 
GND -112 131- GND 

**INPUTS** 

Name Pin Resource MCell ti 

clockl INP 

**OUTPUTS** 

Name Pin Resource MCell ti 

diceld 7 RORF 13 

dicelc 8 RORF 14 

dicelb 9 RORF 15 

dicela 10 RORF 16 

PT er ms 

PT er ms 

1/ 8 

2/ 8 

2/ 8 

2/ 8 

Feeds: 
MCel l~ OE 'clear Clock 

CLKl 

Feeds: 
MCells OE Clear Clock 

13 
14 
15 
16 

13 
14 
15 
16 

13 
14 
15 
16 

13 
14 
15 
16 



**UNUSED RESOURCES*"· 

Name Pin Resource 

2 
3 
4 
5 
6 

11 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

**PAR r UTILIZATION** 

22% Pins 
25% MacroCells 
5% Pterms 

MCel 1 

9 
10 
11 
12 

8 
7 
6 
5 
4 
3 
2 
1 

AP-;279 

PT er ms 

8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 

NOfE: Since part A is a simple design, the part utilization is very low. 
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AIJF FOR PART B: SINGLE DICE ROLL/NOT ROLL 

Lakshmi Jayanthi 
DSO Applications 
February 19, 1986 

5C060 

PART B: DICE ROLL AND NOT ROLL 

LB Version 3.0, Baseline 17x, 9/26/85 
PART: 5C060 

I~PUTS: clock1,switch@2 

OUTPUTS: d ice1a@10 ,d ice1b;i)9, d ice1c0>8, d ice1d;i)7 

NETWORK: 

dice1a,1a 
dice lb, lb 
dice1c,1c 
dice1d,1d 

RORF <in1a,clock1,GND,GND,VCCl 
RORF (in1b,clock1,GND,GND,VCCl 
RORF (in1c,clock1,GND,GND,VCCl 
RORF < i nld 1 c lc•ck 1, GND, GND, VCC l 

clock1 INP (clc•ck1) 

switch INP\switchl 

EQUATIONS: 

in1a =C/1a*/1b*/1c*/1d*/switchl 
+(la*/1b*/1c*/1d•/switchl 
+(1a*1b*/1c•/1d*/switchl 
+(1a*1b*1c*/1d*/switchl 
+(/1a*/1b*/1c*/1d*switch} 
+(/1a*1b*/1c*/1d*switchl 
+(/1a*1b*1C*/1d*switchl 
+(/1a•1b*1c*1d*switchl; 

in1b =(/1a•1b*/1c*/1d•1sw1"tc:111 
+(1a•1b*/1c*/1d*/switchl 
+l/1a*1b•1c*/1d•/switchl 
+(la*lb•lc*/ld*/switchl 
+(/1a•1b*1c•1d*/switchl 
+(la*/lb•/lc•/ld•switch) 
+(/1a*1b•/1c•/1d•switch) 
+(1a•1b•/1c•/1d•switchl 
+(/1a•1b•lc•/1d•switchl 
+(1a•lb•lc•/1d•switchl; 

in!c •(/1a•1b*1c•/1d•/switchl 
+(1a•lb•1c•/1d•/switchl 
+(/1a•1b•1c•ld*/switchl 
+(1a•1b•/1c•/1d•switchl 
+(/1a•1b•1c•/1d•switchl 
+(1a•1b•1c•/1d•switchl; 

in1d =(/1a*1b•1c•1d*/switchl 
+(1a•1b•lc•/1d•switchl; 

ENO$ 
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RPT FOR PART B: SINGLE DICE ROLL/NOT ROLL 

Logic Optimizing Compiler Utilization Report 

***** Design implemented sLtccessfully 

Lakshmi Jayanthi 
DSO Applications 
FebrLtary 19, 1986 

5C060 

PART B: DICE ROLL AND NOT ROLL 

LB Version 3.0, Baseline 17x, 9/26/85 

5L060 

clockl -: 1 24 - Vee 
switch -: 2 23 - GNO 

GND -: 3 22 - GND 
GND -: 4 21 - GND 
GND - 5 20 - GND 
GND - 6 19 - GND 

diceld - 7 18 - GND 
dicelc - 8 17 - GND 
dicelb -: 9 16 ·- GND 
dicela -: 10 15:- GND 

GND - : 11 141- GND 
Gi'ID - : 12 131- GND 

**INPUTS** 

Name Pin Resource MCell # 

clockl INP 

2 INP' 

Name Pin Resource MCell # 

diceld 7 RIJRF 13 

dic:elc 8 RDRF 14 

PTerms 

PTer·ms 

2/ 8 

31 8 
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Feeds: 
MCells DE Clear Clock 

13 
14 
15 
1.6 

Feeds: 
MCells OE Clear Clock 

13 
14 
15 
16 

1 :::i 
1 '+ 
15 
16 



dice1b 9 RORF 

dicela 10 RORF 

**UNUSED RESOURCES** 

Name Pin Resource 

3 
4 
5 
6 

11 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

**PART UTILIZATION** 

27% Pins 
25% MacroCells 
10% Pterms 

15 

16 

MCell 

9 
10 
11 
12 

8 
7 
6 
5 
4 
3 
2 

AP.279 

3/ 8 

5/ 8 

PT er ms 

8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
's 
8 

13 
14 
15 
16 

13 
14 
15 
16 

NOTE: Part B of the design gets more complicated, hence the part utilization of the pins, 

macrocells and the Pterms is higher. 

4-64 



AP.279 

AUF FOR PART C: TWO DI CE ROLLING 

Lakshmi Jayanthi 
DSO Applications 
February 19, 1986 

5C060 

PART C: TWO DICE ROLL AND NOT ROLL 

B Version 3.0, Baseline 17x, 9/26/85 
PART: 5C060 

INPUTS: clock1,clock2,switch@2 

OUTPUTS: dice1a@10,dice1b@9,dice1c@8,dice1d@7,dice2a@19,dice2b@20,dice2c@21,dicE 
2d;i)22 

NETWOR~'.: 

dice1a,1a 
dicelb, lb 
dice1c,1c 
dic:eld,ld 

RORF (inla,clockl,GND,GND,VCCI 
RORF Cin1b,c:loc:k1 1 GND,GND,VCCI 
RORF Cin1c,clock1,GND,GND,VCCI 
RORF Cin1d,clock1 1 GND,GND,VCCI 

dice2a,2a 
dice2b,2b 
dice2c,2c 
dic:e2d,2d 

RORF (in2a,c:loc:k2,GND,GND,VCCI 
RORF (in2b,c:loc:k2,GND,GND,VCCI 
RORF (in2c,clock2,GND,GND,VCCI 
RORF (in2d,cloc:k2,GND,GND,VCCI 

clc•ckl 
c: lc•ck2 

switch 

INP (clc•c:kl I 
INP Cc lc•ck2 I 

INF' <switch) 

EDUATIONS: 

inla =(/1a*/1b*/1c•/1d*/switch) 
+C1a*/1b*/1c*/1d*/switc:hl 
+(1a*1b*/1c*/1d*/switc:hl 
+C1a*1b*1c*/1d*/switc:hl 
+(/1a•/1b*/1c*/1d•sw1tch) 
+(/la*1b*/1c*/1d*switch) 
+(/1a*1b*lc*/1d*switc:hl 
+(/1a*1b•lc*ld*switchl; 

1nlb =1 1a•lb•/1c•/1d*/sw1tch) 
• (la+ lb• lc•ild•/sw1tch) 
+11la•lb•lc*/ld•/switch) 
•1la•lb•lc:•1ld•/sw1tc:hl 
+1 la•lb•lc:*ld•/switc:hl 
~c1a•1lb•/lc*/ld*switch) 

+1 la•lb•'lc•/ld•switch) 
+1la•lb•1!c•/ld•sw1tchl 
+1 la•lb•lc: .. /ld•switc:hl 
+ 1 1a•lb .. 1c•/ ld•sw1 tch); 

:nl~ =~ la•lb•lc•11d*/switchl 
~~la•lO•lc*/ld*/switch) 

+1/la•lb•lc•ld•/switc:hl 
+(1a .. 10 .. 1lc•/ld .. sw1tch) 
+>. la .. lb•lc•/ld•switch) 
~,la•lb*lc*/ld*switch); 

<ila•lo•lc .. ld•/switc:hl 
+1la•lb•lc:•/ld•switchl; 
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i~~a =1.2a•/2b•12c•/2d•/11d•switchll 
•i2a•/2b•/2c•/2d•/11d•switchll 
•12a•2b•/2c•/2d•/lld*switchll 
•12a•2b•2c•/2d•/11d•switchll 
•l/2a•/2b•/2c•/2d•l1d•switchll 
+(/2a•2b•/2c•/2d•lld•switchll 
+1i2a•2b•2c•/2d•l1d•switchll 
+1;2a•2b•2c•2d•l1d*switchll; 

in2o =C/2a•2b•/2c•/2d•/11d•switchll 
+(2a•2b•/2c•/2d•/lld•switchll 
+(/2a•2b•2c•/2d•/lld*?Witchll 
+(2a•2b•2c•/2d•/11d•switchll 
•1/2a•2b•2c•2d•/lld•switchll 
•'2a•/2b•/2c•/2d•lld•switchll 
+(/2a•2b•/2c•/2d•lld•switchll 
+ ( 2a•2b•/2c•/,2d•( ld•swi tch I I 
+l/2a•2b•2c•/2d•lld•switchll 
+12a•2b•2c•/2d•l1d*switchl); 

in2c =!/2a•2b•2c•/2d•/11d•switchll 
+12a•2b•2c•/2d•/~ld•switchll 
+'/2a•2b•2c•2d•/(ld•switchll 
+12a•2b•/2c•/2d•lld•switchll 
+l/2a•2b•2c•/2d•lld•switchll 
+12a•2o•2c•/2d•Cld•switch)l; 

•n2d =•/2a•2b•2c•2d•/lld•switchll 
+'2a•2b•2c•/2d•lld•switchll; 
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PART C: TWO DICE ROLL AND NOT ROLL 

B Version 3.0, Baseline 17x, 9/26/85 

5C060 

clc•ekl -: 1 241- Vee 
switch -: 2 231- GND 

GND -: 3 221- dice2d 
GND -: 4 21 l - dice2e 
GND -I 5 201- dice2b 
GND -I 6 191- dice2a 

diceld - 7 181- GND 
dicelc -I 8 171- GND 
dicelb -I 9 161- GND 
dieela -: 10 15:- GND 

GND - l 11 141 ·- GND 
GND -: 12 131- elc•ck2 

**INPUTS** 

Name Pin Resource MCell # 

clc•ckl INP 

switch 2 INP 

clock2 13 INP 

**OUTPUTS** 

Name Pin Resource MCel l # 

diceld 7 RORF 13 

PTerms 

2/ 8 

4-67 

Feeds: 
MCells OE Clear Clock 

1 
2 
3 
4 

13 
14 
15 
16 

Feeds: 

CL~::1 

CLl<2 

MCells OE Clear Clock 

1 
2 
:3 

·. 4 
13 
14 
15 
16 
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dicelc 8 RORF 14 3/ 8 13 
14 
15 
16 

dice lb 9 RORF 15 3/ 8 13 :..;:,:;·· 

14 
15 
16 

dice la 10 RORF 16 5/ 8 13 
14 
~5 
16 

dice2a 19 RORF 4 7/ 8 1 "' 
2 
3 
4 

dice2b 20 RORF 3 4/ 8 1 -
e 
3 
4 . H 

dice2c 21 RORF 4/ 8 1 
,; ·2 

3 
4 

dice2d 22 RtJRF 3/ 8 1 
2 
3 
4 

**UNUSED RESOURCES** 
J 

Name Pin Resource MCell PT er ms 

3 9 8 
4 10 8 
5 11 8 
6 12 8 

11 
14 ..: 

15 8 8 
16 7 8 
17 6 8 

18 5 8 
23 

**PART UTILIZATION** 

50% Pins 
50% MacroCells 
24% Pterms 

NOl'E: in part C of the design you have added the second dice. Hence you can see that fifty 
percent of the device has been used. 
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PART D: TWO DICE SPINNING 

B Version 3.0, Bast!!line 17x, 9/26/85 
PART: 5C060 

INPUTS: clock1,clock2,switch@2 

AP.279 

OUTPUTS: spin1a@10,spin1b@9 1 spin1c@8 1 spin1d@7,spin2a@l9,spin2b@20,spin2c@21,spir 
2d@22 

NETWORK: 

la NOJF lin1a,clock1 1 in11a,GND,GND> 
lb NOJF linlb,clockl,inilb,GND,GND> 
le NOJF lin1c,clock1,in1lc,GND,GND> 
id NOJF linld,clockl,inlld,GND,GNDI 

2a NOJF lin2a,clock2,in22a,GND,GND> 
2b NOJF lin2b,clockE,in22b,GND,GNDI 
2c NOJF lin2c,clock2,in22c,GND,GND> 
2d NOJF I in2d ,clc•ck2, in22d ,GND,GND) 

in1 la 
inllb 
in11c 
i.nl id 

in22a 
in22b 
in22c 
in22d 

NOT< inlal 
NOT< inlb I 
NOT< inlc> 
NOTlinld) 

NOT<in2a> 
NOT< in2b > 
NOT< in2c) 
N0Tlin2d) 

spinla,sla 
spinlb,slb 
spin1c,s1c 
spinld,sld 

= RORF 
RORF 
RORF 
RORF 

lins1a,clock1,GND,GND,VCC) 
linslb,clockl,GND,GNb,VCCI 
Cinslc,clockl,GND,GND,VCC> 
linsld,clockl,GND,GND,VCC) 

spin2a,s2a 
spin2b,s2b 
spin2c,s2c 
spin2d,s2d 

RORF 
RORF 
RORF 
RORF 

lins2a,clock2,GND,GND,VCC> 
<ins2b,c:lock2,GND,GND,VCC> 
lins2c,clock2,GND,GND,VCC> 
<ins2d,clock2,GND,GND,VCC> 

clock! 
clock2 

switch 

INP lcloc:kl) 
INP (c:lc•ck21 

INP <switch) 

EQUATIONS: 

inia =l/la*/lb*/lc*/id*/switch) 
+lla*/1b*/1c*/1d*/switch) 
+(la*lb*/lc*/ld*/switchl 
+11a*lb*lc*/1d*/switch) 
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+l/1a•/1b•/1c•/1d•switchl 
+(/la•lb•/lc•/ld•switchl 
+l/la•lb•lc•/ld•switchl 
+(/la•lb•lc•ld•switchl; 

inlb =l/la•lb•/lc•/ld•/switchl 
+lla•lb•/lc•/ld•/switchl 
+l/la•lb•lc•/ld•/switchl 
+lla•lb•lc•/ld•/switchl 
+l/la•lb•lc•ld•lswitchl 
+lla•/1b•/lc•/1d•switchl 
+l/la•lb•/lc•/ld•switchl 
+Cla•lb•/lc•/ld•switchl 
+l/la•lb•lc•/ld•switchl 
+(1a•lb•lc•/ld•switchl; 

inlc =l/la•lb•lc•/ld•/switchl 
+lla•lb•lc•/ld•/switchl 
+l/la•lb•lc•ld•/switchl 
+lla•lb•/lc•/ld•switch) 
+l/1a•1b•lc•/ld•switchl 
+lla•lb•lc•/ld•switchl; 

inld =l/1a•1b•1c•ld•/switchl 
+(1a•1b•lc•/1d•switchl; 

in2a =l/2a•/2b•/2c•/2d•/lld•switchll 
+12a•/2b•/2c•/2d•/lld•sw1tchl' 
+(2a•2b•/2c•/2d•/lld•switchll 
+(2a•2b•2c•/2d•/lld•9witchll 
+(/2a•/2b•/2c•/2d•l1d•switchll 
+C/2a•2b•/2c•/2d•Cld•switchll 
+l/2a•2b•2c•/2d•lld•switchll 
+l/2a•2b•2c•2d•l1d•switchll; 

in2b =l/2a•2b•/2c•/2d•/11d•switchll 
+12a•2b•/2c•/2d•/lld•switchll 
+l/2a•2b•2c•/2d•/lld•switchll 
+(2a•2b•2c•/2d•/11d•switchll 
+l/2a•2b•2c•2d•/11d•switchll 
+(2a•/2b•/2c•/2d•lld•switchll 
+l/2a•2b•/2c•/2d•lld•switchll 
+12a•2b•/2c•/2d•lld•switchll 
+(/2a•2b•2c•/2d•lld•switchll 
+12a•2b•2c•/2d•lld•switchlJ; 

in2c =l/2a•2b•2c•/2d•/lld•switchll 
+C2a•2b•2c•/2d•/Cld•switchll 
+C/2a•2b•2c•2d•/11d•switchll 
+12a•2b•/2c•/2d•l1d•switchll 
+l/2a•2b•2c•/2d•l1d•switchll 
+12a•2b•2c•/2d•lld•switchll; 

1n2d =l/2a•2b•2c•2d•/11d•switchll 
+C2a•2b•2c•/2d•l1d•switchll; 

l/switch•lal; insla 
ins lb 

inslc 

insld 

l/switch•lbl 
+IC2d•switchl•s1d•/slc•/s1b•/slal; 
C/switch•lcl 
+112d•switchl•/s1a•/s1b•/slc•/s1dl; 
(/switch•ldl 
+Cl2d•switchl•/sla•/s1b•slc•/s1dl; 

ins2a 
ins2b 

ins2c: 

ins2d 

END$ 

(/switchi<·2al; 
l/switch•2bl 
+112d•switchl•s2d•/s2c•/s2b•/s2al; 
l/switch•2c::I 
+112d•switchl•/s2a•/s2b•/s2c•/s2dl; 
l/switch•2dl 
+112d•switchl•/s2a•/s2b•s2c•/s2dl; 
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5C060 

PART: 
5C060 

INPUTS: 

clock!, clock2, switch@2 

OUTPUTS: 

spin1a@10, spinlb@9, spin1c@8, spinld@7, spin2a@19, spin8b@20, 
spin2c@21, spin2d@22 

NETWORK: 

clock! 
clc•ck2 

switch 

spin1a, 
spin1b, 
spinlc, 
spinld, 

spin2a, 
spin2b, 
spin2c, 
spin2d, 

Y. *** 

INP<clc•ckl > 
INP<clock2l 

INP<switchl 

s1a RORF<insla, 
s1b RORF < i ns1b, 
sic RORF(ins1c, 
sld RORF < ins 1 d , 

s2a R.DRF ( i ns2a, 
s2b RORF < i ns2b , 
s2c RORF < i ns2c , 
s2d RDRF<ins2d 1 

clock!, GND, 
clock!, GND, 
clock!·, GND, 
clockl, GND, 

clc•ck2, GND, 
clock2, GND, 
clc•ck2, GND, 
clock2, GND, 

Resource, NOJF, was minimized 

2d = NORF < •• SGOO?D, clc•ck2, GND, GND> 

Y. **-M· Resciurce, NOJF, was minimized 

2c = NOTF< •• SG006D, clock2, GND, GNDl 

Y. *** Resciurce, NOJF, was minimized 

2b ·- NORF< •• SG005D, clc•ck2, GND, GND> 

Y. *** Resource, NOJF, was minimized 

2a = NORF < •• SG004D, clock2, GND, GNDl 

Y. *** Resciurce, NOJF, was minimized 

ld = NORF ( •• SG003D , clock!, GND, GND> 

Y. *** Resciurc:e, NOJF, was minimized 

le = NORF< •• SG002D, clockl, GND, GND> 

GNO, VCC) 
GND, VCc> 
GND, ·VCCl 
GND, VCC> 

GND, VCCl 
GND, VCC> 
GND, VCCl 
GND, VCC) 

to NORF *** Y. 

tc• NOTF '*'** Y. 

to NORF *** Y. 

to NORF *** Y. 

tc1 NORF *'*'* % 

to NORF ·•** Y. 
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X *** Resource, NOJF, was minimized to NORF *** X 

lb = NORF< •• SG001D 1 clock1, GND, GND> 

X *** ResoLtrce, NOJF, was minimized tc• NORF **·* X 

la= NORF( •• SGOOOD, clock!, GND, GND> 

EQUATIONS: 

ins2d = switch' * 2d 
+ 2d *switch* s2a' * s2b' * s2c * s2d'; 

ins2c = switch' * 2c 
+ 2d *switch* s2a' * s2b' * s2c' * s2d'; 

ins2b = switch' * 2b 
+ 2d *switch* s2d * s2c' * s2b' * s2a'; 

ins2a = switch' * 2a 

ins1d .. switch' * 1d 
+ 2d *switch* s1a' * s1b' * s1c * s1d'; 

ins1c = switch'* 1c 
+ 2d *switch* s1a' * s1b' * s1c' * s1d'; 

ins1b = switch'* 1b 
+ 2d *switch* s1d * s1c' * s1b' * s1a'; 

insia = switch' * la; 

•• SGOOOD la' * lb' * le' * ld' 
+ la * le' * ld' * switch' 
+ la' * lb * ld' * switch 
+ la * lb * Id' * switch' 
+ la' * lb * le * switch; 

.. SGOOlD lb* id' 
+ lb * la' * le * switch' 
+ la * le' * id' • switch; 

•• SG002D ic *lb* id' 
+ le * ia' * lb *switch' 
+ la * lb * ld' * switch; 

•• SG003D id* la' *lb* ic *switch' 
+ ld' * la * lb * le * switch; 

•• SG004D 2a' * 2b' * 2c' * 2d' 
+ 2a * 2c' * 2d' * id' 

•• SG005D 

+ 2a * 2c' * 2d' * switch' 
+ 2a * 2b * 2d' * id' 
+ 2a * 2b * 2d' * switch' 
+ 2a' * 2b * 2d' * ld * switch 
+ 2a' * 2b * 2c * ld * switch; 

2b * 2d' 
+ 2b * 2a' * 2c * ld' 
+ 2b * 2a' * 2c * switch' 
+ 2a * 2c' * 2d' * ld * switch; 
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•• SG006D 2c * 2b' 
+ 2c * 2a * 2d 
+ 2c * 2d * ld * switch 
+ 2c' * 2a * 2b * 2d' * .1d * switch; 

•• 500070 = 2d * 2a' * 2b * 2c *switch' 
+ 2d'* 2a' * 2b * 2c * 1d' 
+ 2d' * 2a * 2b * 2c * 1d * switch; 

NarE: PLease note how the IPLS software has simplified the equations for you. You need not 
worry about minimization. The complicated Boolean expressions have been minimized to a 
great extent. 
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5C060 

PAl-<T D: TWO DICE SPINNING 

8 Version 3.0, Baseline 17>:, 9/26/85 

5C060 

c:lockl -: 1 24:- Vee 
&witch ':""I 2 231- GND 

RESERVED -: 3 22:- spin2d 
RESERVED -: 4 21:- spin2c 
RESERVED -: 5 ·20: - spin2b 
RESERVED -: 6 19:- spin2a 

spinld -: 7 1a:- RESERVED 
!!Ip i nlc: -: 8 17:- RESERVED 
spinlb -: 9 16:- RESERVED 
spinla -I 10 151- RESERVED 

GND -: 11 141- GND 
GND -I 12 131- c:loc:k2 

**INPUTS** 

Name Pin Resource MCel l # 

c:loc:kl INP 

switch e INP 

c:loc:k2 13 INP 

·, ·•:. 

PT er ms 

.4.74 

,. ~ ! . l 

Feeds: 
MCel ls OE Clear· Cli:•c:k 

CLK1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
H:! 
13 
14 
15 
16 

CU'.2 
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**OUTPUTS** 

Feeds: 
Name Pin Resource MCel 1 # PTerms MCells OE Clear Cleock 

sp i n1d 7 RORF 13 2/ 8 13 
14 
15 

spinlc 8 RORF 14 2/ 8 13 
14 
15 

spinlb 9 ROF~F 15 2/ 8 13 
14 
15 

spinla 10 RORF 16 1/ 8 13 
14 
15 

spin2a 19 RORF 4 1/ 8 1 
2 
3 

spin2b 20 RORF 3 2/ 8 1 
2 
3 

spin2c 21 RORF 2 2/ 8 1 
2 
3 

spin2d 22 RORF 2/ 8 1 
2 
3 

**BURIED REGISTERS** 

Feeds: 
Name Pin Resciurce MCel 1 # F'Terms MCells OE Clear Clc•ck 

18 NORF 5 31 8 
5 
6 
7 
8 

17 NORF 6 4/ 8 2 .,. 
"' 
6 
'7 
8 

16 NORF 7 4/ 8 3 
5 
6 
7 
8 
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15 NORF 

NORF 

4 NORF 

5 NORF 

6 NClRF 

**UNUSED RESOURCES** 

Name Pin Resource 

11 
14 
23 

**PART UTILIZATION** 

86X 
1001. 
35% 

Pins 
MacroCells 
Pterms 

AP-279 

8 7/ 8 

9 

10 3/ 8 

3/ 8 

12 5/ 8 

MCel 1 PTerms 

4 
5 
6 
'7 
8 

5 
6 
7 
8 
9 

1 (I 
11 
12 
1 :3 

9 
10 
11 
1 i:'. 
14 

9 
10 
11 
12 
15 

9 
10 
11 
12 
16 

NOfE: Part D of the design example utilizes the device in a very optimum manner. You have 
utilized all the macrocells and also 86 % of the pins but only 35 % of the product terms. 

You have not used three of the input pins. 

Consider this: 

Make these three pins a mode select on this dice example - if all of these three additional 
inputs are high then the dice will function as described (this condition must be added to each 
product term). You now have seven other modes in which to operate this DICE. Anyone want 
to "load" the odds for "boxcars" or "snake-eyes"? You have 65 % more product terms to use 
so you can be very creative. What else could you add to this EPLD? 
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ADDITIONAL PUBLICATIONS 

The following publications available from Intel contain additional information on Intel's EPLD family of parts and also on 
the iPLDS system. 

• 5C0311032 data sheet, order number 290110-001 

• 5 C(){]()/()1)0 data sheet, order number 290104-002 

• 5C(){]() errata sheet, order number 2906030-001 

• 5Cl21 data sheet, order number 290098-002 

• iPWS data sheet, order number 280168-002 

• Intel Programmable Logic Software User Manual, order number 166612 

The PCB card and diskette with pre-entered design files may be obtained through Intel's Literature Distribution 
for a nominal fee. To order, request: 

iPLDS DICE DEMO BOARD 

Please write to: 

Intel Literature Distribution 
SC6-714 
3065 Bowers Avenue 
Santa Clara, CA 95051, 

or call toll-free (800) 548-4725 for additional information. 
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INTRODUCTION 

The iPLS II (Intel Programmable Logic Software) Log­
ic Optimizing Compiler includes a Macro Expander 
that supports the use of macros in EPLD designs. This 
application note shows how to use the TTL and Gate­
Array macros available from Intel with ADFs created 
by a text editor. Included are descriptions of macro file 
support, guidelines for using macros, and three design 
examples. 

OVERVIEW 

iPLS II allows designers to include macro calls in de­
sign files to implement common circuit functions. Mac­
ro calls are subsequently expanded by the LOC (Logic 
Optimizing Compiler) into ADF network and/or equa­
tion entries required to perform the desired functions. 
Use of macros allows designs to proceed at a high level, 
which simplifies and shortens the design process. Mac­
ros can be connected together or used in conjunction 
with standard iPLS II EPLD primitives. Designing 
with macros is analogous in many ways to using sub­
routines in software. 

Macros can be used in ADFs (Advanced Design Files) 
created by a text editor, or by several schematic capture 
software products. This application note covers use of 
macros in ADFs created by a text editor. Macro sup­
port at this level includes the following: 

• A TTL macro library (TTL.LIB) for designing with 
common TTL circuit equivalents 

• A gate-array macro library (INTEL.LIB) for de­
signing with common gate-array primitives. 

• A Macro Expander in the LOC that expands macro 
calls in ADFs with the contents of the correspond­
ing macros from libraries. 

Figure 1 shows text editor/ ADF macro support for 
iPLS II. Note that the ADF can be created by any 
standard ASCII text editor (text editor supplied by 
user). Creation of user-defined macros is covered in ap­
plication note, AP-312 "Creating Macros for EPLD 
Designs'', order number 292040. Use of macros with 
schematic capture software is covered in the documen­
tation for the respective software package. 

This note discusses use of macros under the following 
headings: 

• Macro Libraries, briefly describes the two libraries 
available from Intel. 

• Using Macros, describes macro files, how to call 
macros, the process of macro expansion, calling 
multiple macro calls, and some basic guidelines to 
follow and pitfalls to avoid. 

• Three examples showing use of TTL macros, gate 
array macros, and mixing macros and EPLD primi­
tives. 

MACRO LIBRARIES 

Intel offers two macro libraries: a TTL Library and a 
Gate Array Library. 

TTL Macro Library 

A TTL macro library (TTL.LIB) is available from Intel 
to support design entry using familiar 74-series logic 

IPLS Il LOC 

TEXT 
EDITOR ADF 

MACRO ESPRESSO 
FITTER JEDEC EXPANDER MINIMIZER 

MACRO 
• • LIBRARIES 
: TTL 
: GATE ARRAY 
! ......... .:..•,.._ __ USER 

292039-1 

Figure 1. Text Edltor/ADF Macro Support for IPLS II 

• on 
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devices. The library contains macros that implement 
the most widely used 74-series device functions as well 
as macros for some members of other logic families. 
Each device in the library is supported by a .DOC file. 
The .DOC file describes the macro syntax and lists any 
notable differences between the macro implementation 
and the TIL part. 

Gate Array Macro Library 

A Gate Array macro library (INTEL.LIB) is available 
from Intel to support design entry using familiar gate 
array design primitives. These macros implement al­
most all of the gate array macrocell functions in the 
Intel Gate Array Macrocell Library. The macros are 
supported by the "Intel Gate . Array Library 
User Handbook" document file (filename 
GA_USRBK.LST). 

USING MACROS 

The iPLS II Macro Expander is automatically invoked 
by the LOC when an ADP is submitted to the compil­
er. When invoked, the Macro Expander identifies mac­
ro calls in ADFs, searches macro libraries for a corre­
sponding macro, and expands the call with ADP net­
work and equation entries from the macro file. The 
expanded file is then compiled normally. 

Macro Flies 

Figure 2 shows the macro file for a 74138 TIL device, 
a commonly used one-of-eight decoder. Note that the 
first line contains the name and 1/0 signals for the .. 
device. Signals are listed in the order in which they 
appear on the actual TIL device, including VCC and 
GND (i.e., A = pin 1, B = pin 2, ... , VCC = pin 16). 
The sequence of signals in this line determines how the 
macro is "called" from an ADP. 

Some of the macros in the TTL library have an "X" 
suffix appended to the filename, for example 74138X. 
This suffix indicates that the macro is device-specific 
(not supported on all EPLDs) or that there is some 
difference from the TIL device. This information is 
described in the .DOC file for each macro. 

The second line of the macro file contains ddaults for 
each input and place holders (blanks) for each output. 
The default for an input sets the input to an intelligent 
level (i.e., enables are enabled, clears, preset, loads are 
disabled, etc.). 

Macro files can contain a Network section, an Equation 
section, or both. A Network section is not needed when 
the macro functions can all be implemented in Boolean 
equations. When used, the Network section contains 
EPLD design primitives. An Equations section is not 
needed when the macro functions can all be implement­
ed in the Network sectio11. Macro files end with the 
keyword "ENDEF'. 

Macro Calls 

All macro calls appear in the Network section of an 
ADP. Macro calls use the same part/function name 
and signal sequence used on the first line of the macro 
file. The signal names in the macro and the macro call 
do not need to match, but the order of signals in the 
call is crucial to proper implementation of the macro 
function. For example, the macro call for the 74138 
device could be any one of the following examples: 

74138(A,B,C,G2A,G2B,Gl,Y7,GND,Y6,Y5, 
Y4,Y3,Y2,Yl,YO,VCC) 

74138(Dl,D2,D3,ENl,EN2,EN3,07,GND,06, 
05,04,03,02,0l,OO,VCC) 

74T38(A,8,C,nG2A,nG28,GT,nY7,GND,nYS.nY5,nY4,nY3,nY2,nYT,nYO,VCC) 
DEFAULT:(GND,GND.GND,GND,GND,VCC,.GND,,,,,,,,VCC) 

NETWORK: 

EQUATIONS: 

nYO • l(IA * 18 * IC* lnG2A * lnG28 *GT); 
nYT - !(A* 18 * IC* !nG2A. !nG28 *GT); 
nY2 • !(IA* 8 * IC* lnG2A * lnG28 *GT); 
nY3 - !(A. 8. IC. lnG2A. lnG28. GT); 
nY4 - !(IA. 18. c. lnG2A. lnG28. GT); 
nY5 • !(A. 18. c. lnG2A * lnG28. GT); 
nYS • !(IA* 8 * C * lnG2A * lnG28 *GT); 
nY7 - l(A. 8 * c. lnG2A * lnG28. GT); 

ENDEF 
s 

Figure 2. Sample TTL Macro Fiie (74138.DEV) 
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74138(A,B,C,ENA,ENB,ENC,Y7,GND,Y6,Y5, 
Y4,Y3,Y2,Yl,YO,VCC) 

In each case, the part name corresponds to the macro 
part name. The names of the signals differ, but the or­
der of signals match the macro. During processing, the 
Macro expander assigns node connections between the 
macro call and the macro tile based on the positions of 
signals, not the names of the signals. For example, note 
the following macro call to macro tile signal assign­
ments: 

ADF MACRO CALL 74138 (A, B, C, ENI, EN2, EN3, YCS, ... 

ttt t t ·t t 
MACRO FILE SYNTAX 74138 (A, B, C, nG2A, nG2B, GI, nY7, ... 

292039-3 

TIL macro signals originating outside the target EPLD 
require a prior INPlIT macro call in. the Network sec­
tion. All signals used as outputs require a prior OUT­
PlIT macro call in the Network section. Figure 3 shows 
a sample ADF that uses the 74138 macro. Each input is 
listed in the INPUTS: declaration and has an INPlIT 
macro call. Outputs are listed in the OUTPUTS: decla­
ration and have OlITPlIT macro calls. (EPLD INP 
and CONF primitive statements may also be used in 
place of INPlIT and OlITPUT macro calls, if desired.) 

YOUR NAME 
YOUR COMPANY 
DATE 
I 
A 
5C060 
One-of-Eight Decoder 

OPTIONS: TURBO-OFF 
PART: 5C060 
INPUTS: A,B,C,G2A,G2B,G1 
OUTPUTS: Y7,Y6,Y5,Y4,Y3,Y2,Yl,YO 

NETWORK: 

INPUT(A,A) 
INPUT(B,B) 
INPUT(C,C) 
INPUT(G2A,G2A) 
INPUT(G2B,G2B) 
INPUT(G1 ,GI) 
OUTPUT(Y7,Y7) 
OUTPUT(Y6,Y6) 
OUTPUT(Y5,Y5) 
OUTPUT(Y4,Y4) 
OUTPUT(Y3,Y3) 
OUTPUT(Y2,Y2) 
OUTPUT(YI, YI) 

Gate arrays support a much richer selection of input 
and output types than EPLDs. Gate array signals origi­
nating outside the target gate array device require the 
appropriate gate array input or output macro calls. 
When using gate array macros with EPLDs, the 1/0 
macros are implemented in terms of EPLD primitives. 
Note that when designs targeted for gate arrays are 
partitioned for multiple EPLDs, many internal gate ar­
ray signals are transformed into EPLD input and out­
put signals. These signals must be supported by INPlIT 
and OlITPlIT macro calls. 

Macro Expansion 
When the Macro Expander is invoked (by the LOC), it 
expands macro calls with the ADF network. and/or 
equations entries from macro libraries (the ITL library 
in the case of the 74138). The Macro Expander 
searches libraries in' the following order: 

• user libraries (filename.LIB) 

• TIL macro library (TIL.LIB) 

• gate-array library (INTEL.LIB) 

First, the Macro Expander searches in the current di­
rectory for MACRO.LIB, then along the "IPLS" envi­
ronment variable for the user libraries specified there. 
Next, it searches for TIL.LIB in the IPLSII directory. 
Finally, it searches for INTEL.LIB in the IPLSII direc­
tory. The first occurrence of a macro is used. 

OUTPUT(YO,YO) VCC) 
74138(A,B,C,G2A,G2B,G1,Y7,GND,Y6,Y5,Y4,Y3,Y2,Yl,YO, 

ENDS 292039-4 

Figure 3. ADF Fiie Calllng the 74138 Macro 
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The Macro Expander uses the. ADP Network and 
Equation entries from the macro libraries and assigns 
the appropriate primitives for INPUT and OUTPUT 
calls. INP primitives are assigned to replace the IN­
PUT macro calls. The OUTPUT calls are assigned 
primitives with output pins and output enables are sup­
plied where needed. 

Combination of primitives is automatically performed 
when needed. For example, when a feedback primitive 
such as a NORF feeds an output primitive such as a 
RONF, the Macro Expander combines the two primi­
tives into a RORF. Combination of primitives con­
serves resources and results in the shortest possible de­
lay. path through the device. 

During macro expansion, unused nodes are eliminated. 
For example, the VCC and GND nodes that corre­
spond to TTL power and ground pins are eliminated. If 
an input node is not connected to a node in the ADP, 

NETWORK: 

% INPUT(A,A) % 
%"% A•INP(A) 
% INPUT(B,B) % 
%"% B•INP(B) 
% INPUT(C,C) % 
%•% C•INP(C) 
% INPUT(G2A,G2A) % 
%•% G2A•INP(G2A) 
% INPUT(G2B,G2B) % 
%"% G2B•INP(G2B) 
% INPUT(G1,G1) % 
%•% G1•1NP(G1) 
% OUTPUT(Y7,Y7) % 
%•% Y7•CONF(Y7,VCC) 

the default value for that node is assigned from the 
DEFAULT: section of the macro file. Note, however, 
that the default value for each input in the macro file 
may be the value that disables the input or, for data 
inputs, is usually a logic 0. To be certain of the level 
used, specify a "VCC" or "GND" in the macro call for 
unused inputs. 

The INPUT and OUTPUT calls and the original mac­
ro call are "commented out" by surrounding them with 
percent (%) signs. The %'% string is placed at the 
start of lines where primitives are created by the Macro 
Expander. The fully expanded file is written to the disk 
using the original filename and a .SDF extension. Fig­
ure 4 shows the Network and Equation sections for the 
74138 SDF. 

One final note with regard to compiling ADFs that use 
macros. Warning messages are typically encountered 

% OUTPUT(Y8,Y8) % 
%•% Y8•CONF(Y8,VCC) 
% OUTPUT(Y5,Y5) % 
%"% Y5•CONF(Y5,VCC) 
% OUTPUT(Y4,Y4) % 
%•% Y4•CONF(Y4,VCC) 
% OUTPUT(Y3,Y3) % 
%•% Y3•CONF(Y3,VCC) 
% OUTPUT(Y2,Y2) % 
%•% Y2•CONF(Y2,VCC) 
% OUTPUT(Y1,Y1) % 
%•% Y1•CONF(Y1 ,VCC)· 
% OUTPUT(YO,YO) % 
%"% YO•CONF(YO,VCC) 
% 74138(A,B,C,G2A,G2B,G1,Y7,GND,Y6,Y5,Y4,Y3,Y2,v1,vo.vcc) % 

EQUATIONS: 

%•% YO•!(!A*IB*IC*IG2A*IG2B*G1); 
%•% Y1•1(A*IB*IC*IG2A*IG2B*G1); 
%"% Y2•1(1A*B*IC*IG2A*IG2B*G1); 
%•% Y3•1(A*B*IC*IG2A*!G2B*G1); 
%•% Y4•1(1A*!B*C*IG2A*IG2B*G1); 
%"% Y5= I (A* IB*C.* IG2A* !G2B*G1); 
%•% Y6•1(1A*B*C*IG2A*IG2B*G1); 
%"% Y7•1(A*B*C*IG2A*IG2B*G1); 

Figure 4. Network and Equations for 74138.SDF 
4-83 
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while compiling files that use macros. The most com­
mon message is "***WARN-XLT-Node Missing Des­
tination". This message is displayed as unused nodes 
from a macro are deleted. For example, if a macro us­
ing a NOCF primitive is combined with a CONF and 
the original feedback is not needed, the warning is dis­
played as the feedback is deleted. 

Multiple Macro Calls 

The Macro Expander allows use of more than one mac­
ro in ADFs. Each macro must have its own call, even 
when the same macro is used more than once. 

For example, to implement two 74138s, each case or 
"instance" must have its own call: 

74138(A,B,C,G2A,G2B,Gl,Y7,GND,Y6,Y5, 
Y4,Y3,Y2,Yl,YO,VCC) 

74138(A,B,C,G3A,G3B,Gl,YF,GND,YE,YD, 
YC,YB,YA,Y9,Y8,VCC) 

In this example, many of the inputs are routed to both 
devices. The Macro Expander automatically generates 
internal nodes for each instance of the macro. Each 
node is assigned a unique number based on the position 
of the macro in the Network section (i.e., .. 0140, 
.. 0141, etc. for nodes connecting to the 14th primitive 
in the Network section). 

For traceability, you can define your own instance 
names for nodes of different macros by including the 
instance name in a comment immediately following the 
macro call. For example, to call two 74161 macros, one 
as Shift Register A and the other as Shift Register B, 
enter the calls as follows: 

7416l(CLR,CK,A,B,C,D,ENP,,LD,ENT,QD, 
QC,QB,QA,RDl,) % SFA % 

7416l(CLR,CK,E,F,G,H,ENP,,LD,ENT,QH, 
QG,QF,QE,RC2,) % SFB % 

The Macro Expander uses the first three ASCII charac­
ters after the first percent sign (% ), except for white 
space, to create instance numbers. For example, inter­
nal nodes for the first three signals of each macro call 
will be: 

, .SFANl, •• SFAN2, •• SFAN3, 

•• SFBNl, •• SFBN2, •• SFBN3 

where SFA/SFB are the user-defined instance names 
and NI, N2, N3 are the node numbers associated with 
each instance. For cases where no internal nodes num-

bers are generated, the Macro Expander simply ignores 
the instance name. 

Outputs from one macro call can be used as inputs for 
other calls, as follows: 

74138(A,B,C,G2A,G2B,Gl,Y7,GND,Y6,Y5, 
Y4,Y3,Y2,Yl,YO,VCC) 

74138(A,B,C,Y7,G3B,Gl,YF,GND,YE,YD,YC, 
YB,YA,Y9,Y8,VCC) 

Here the Y7 output from the first decoder feeds an 
enable input of the second decoder. 

Different macros are connected in the same manner. 
For example, the following macro calls connect the out­
puts from a 74138 decoder to the inputs of74175 latch­
es: 

74138(A;B,C,G2A,G2B,Gl,Y7,GND,Y6,Y5, 
Y4,Y3,Y2,Yl,YO,VCC) 

74175(CLR,OQ,nOQ,YO,Yl,nlQ,1Q,GND,CLK, 
2Q, n2Q,Y2,Y3,n3Q,3Q,VCC) 

74175(CLR,4Q,n4Q,Y4,Y5,n5Q,5Q,GND,CLK, 
SQ, n6Q,Y6,Y7,n7Q,7Q,VCC) 

Each decoder output is routed to a 74175 input. The 
74175 macro produces both true and complement 
latched outputs. 

Guidelines/Pitfalls 

The following paragraphs discuss some general guide­
lines for using macros: 
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• Because the Macro Expander supports only one lev­
el of hierarchy, there is a tendency for p-terms to 
multiply quickly when several macros are connected 
together. In many cases, the total number ofp-terms 
exceeds the capacity of the target EPLD. One meth­
od of avoiding problems with excessive p-terms is to 
route the outputs from a macro function through 
EPLD macrocells and use the feedbacks from the 
macrocells as inputs to the subsequent macro func­
tions. This partitioning of functions trades off device 
resources for a lower p-term count. 

• Implementation of some TTL macros requires prim­
itives that are not supported on all devices. The 
.DOC file for a device notes any device dependency. 
In many cases, a modification to the basic TTL 
functions results in device independence. For exam­
ple, a NOCF, which is not supported on all EPLDs, 
can be changed to a COIF, which is supported on 
all devices. 
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• Some macros use primitives that specify an output 
pin (COIF, CONF, RORF, etc.). These primitives 
must be supported with a signal name in the OUT­
PUTS: declaration and by an OUTPUT call in the 
Network Section of the ADP. Failure to provide 
this support causes the following error message dur­
ing compilation: 

***ERR-XLT-undeclared output name 

If you encounter this error, check the macro file for 
output primitives that require ADP support. 

Macro Usage Summary 

ADP macro calls must observe the following guide­
lines: 

• Macros are called from the Network Section of an 
ADP. 

• The name in the call must match the name in the 
macro file (e.g., 74138 = 74138). 

• All input and output pins on the target device must 
have both: (1) a corresponding signal name in the 
INPUTS: or OUTPUTS: declaration, and (2) a cor­
responding INPUT or OUTPUT macro call in the 
Network section. It is recommended that the same 
node name be used on both sides of each INPUT 
and OUTPUT macro call. This is required when 
macros containing CONFs are used. (EPLD INP 
and CONF primitives may also be used). 

• All INPUT and OUTPUT calls in the Network sec­
tion must precede any other macro call. 

• Node connections within an ADP are made based 
on the names of the nodes. 

• Connections between the macro call and macro file8 
are based on the position of signal names in the call. 
Therefore, the sequence of inputs and outputs in a 
macro call must match the sequence of inputs and 
outputs in the corresponding macro file. 

EXAMPLE 1: TTL MACROS 

This section provides an example design using TTL 
macros. 

Circuit 

The design is a two-stage decoder using a 74138 macro 
and two 74139 macros. Figure 5 shows the schematic 

for the circuit. Each 74139 macro represents one half of 
a TTL 74139 device. Note that two of the outputs from 
the 74138 are routed back to enable the two 74139 de­
coders. 

4-85 

A 
B 
c 

EN1 
EN2 
EN3 

D 

74138 

YCS 

YCE 

74139 

L...c: 

t--
74139 

L-..q 

~ 

YO 
Y1 
Y2 
Y3 
Y4 
YS 

CEO 
CE1 
CE2 
CE3 

cso 
CS1 
CS2 
CS3 

292039-6 

Figure 5. Schematic Diagram 
for Two-Stage Decoder 

Figure 6 shows the ADP file containing the macro calls 
that implement the circuit. The two internal feedback 
signals (YCS and YCE) do not show up in the IN­
PUTS: or OUTPUTS: declarations and are not repre­
sented by INPUT or OUTPUT calls in the Network 
section. The sequence of signals in the INPUTS: and 
OUTPUTS: declarations of the ADP is not important. 

In the NETWORK: section, however, order is impor­
tant. INPUT and OUTPUT calls must be listed before 
any other macro calls. This is a requirement of the 
Macro Expander. The sequence of signals within the 
ADP macro call is critical, as the Macro Expander au­
tomatically assigns macro call signals to macro file sig­
nals based on position. 

Internal connections between macros are established by 
assigning the same name to the respective signals. For 
example, YCS in the 74138 macro call in Figure 7 rep­
resents the nY6 output from the 74138, while YCS in 
the 74139 macro call represents the lG input to one 
74139 decoder. Use of the same name establishes the 
connection. In the same manner, use of the signal name 
YCE connects the nY7 output from the 74138 to the 
lG input of the second 74139. 



DANIEL E. SMITH 
INTEL CORPORATION· 
2/27/87 
1 
A 
5CD90 
TWO-STAGE DECODER 

OPTIONS: TURBO•OFF 
PART: 5C090 
INPUTS: A,B,C,D,E,EN1,EN2,EN3 

AP-311 

OUTPUTS: YO,Y1,Y2,Y3,Y4,Y5,CSO,CS1,CS2,CS3,CEO,CE1,CE2,CE3 

NETWORK: 

INPUT (A,A) 
INPUT (B,B) 
INPUT (C,C) 
INPUT (D,D) 
INPUT (E,E) 
INPUT (EN1 ,EN1) 
INPUT (EN2,EN2) 
INPUT (EN3,EN3) 
OUTPUT (YO,YO) 
OUTPUT (Y1, Y1) 
OUTPUT (Y2,Y2) 
OUTPUT (Y3,Y3) 
OUTPUT (Y4,Y4) 
OUTPUT (Y5,Y5) 
OUTPUT (CSO,CSO) 
OUTPUT (CS1 ,CS1) 
OUTPUT (CS2,CS2) 
OUTPUT (CS3,CS3) 
OUTPUT (CEO,CEO) 
OUTPUT (CE1 ,CE1) 
OUTPUT (CE2,CE2) 
OUTPUT (CE3,CE3) 
74138(A,B,C,EN1,EN2,EN3,YCS,GND,YCE,Y5,Y4,Y3,Y2,Y1,YO,VCC) 
74139(YCS,D,E,CSO,CS1,CS2,CS3,GND,VCC) 
7.4139(YCE ,D,E ,CEO,CE1 ,CE2 ,CE3 ,GND, VCC) 

ENDS 

Figure 6. ADF Fiie for Two-Stage Decoder Using TTL Macros 

292039-7 

Sample Session 3. Invoke the LOC from the Main Menu by pressing 
<F4>. 

This session assumes familiarity with the iPLS II Logic 
Optimizing Compiler (LOC). For detailed information 
on the LOC, refer to Chapter 4 of the iPLS II User's 
Guide, order number: 450196. Proceed as follows to 
implement the ITL macro design shown here: 

1. Use a standard ASCII text editor to create the ADF 
shown in Figure 7 under the name DECODE.APP. 

2. Invoke the iPLS II Menu by entering: 

IPLS <Enter> 
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4. Answer the LOC promts as follows: 

Input Format? 
File Name? 
Minimization? 
Inversion Control? 
LEF Analysis? 
Error Message File 

<Enter> 
DECODE <Enter> 
y 

N 
y 

<Enter> 
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The LOC then asks: 

Do you wish to run under the above 
conditions [Y/N]? 
Enter: Y 
The LOC expands the macros and compiles 
the expanded file to produce a JEDEC pro­
gramming file (DECODE.JED), a utilization re­
port file (DECODE. RPT), a minimized equa­
tion file (DECODE. LEF), and an error mes­
sage file (DECODE.ERR). For tracability, a 
file called DECODE.SOP is created to show 
the expanded form of the ADF output by the 
Macro Expander. 

5. The LOC terminates execution with the following 
message: 

LOC cycle successfully completed 

You can examine the LEF file to see the minimized 
form of the design. The LEF shows the EPLD primi­
tives used to implement the design. Macro calls are not 
shown. If you wish, you can also use LPS (Logic Pro­
grammer Software) to program a part. 

EXAMPLE 2: GATE-ARRAY MACRO 

This section shows an example design using gate-array 
macros. 

Circuit 

The design is a two-bit adder. Figure 7 shows the sche­
matic for the target circuit. Figure 8 lists the gate array 
macro file for a single-bit full adder. Figure 9 shows the 
ADF for the target design that includes two instances 
of the single-bit adder macro call. Each instance in­
cludes a user-defined instance name in the comment 
after the call (BTO and BTl). These instance names will 
be used to identify internal nodes, if the ADRF macro 
contains internal nodes. Note that inputs call the PTIN 
(TTL Receiver) macro while outputs call the PCOWP2 
(2 mA CMOS Push Pull Driver) macro. During macro 
expansion, an EPLD INP primitive is substituted for 
the gate array PTIN macro and an EPLD CONF prim­
itive is substituted for the PCOWP2 macro. This illus­
trates one of the differences between TTL and gate ar­
ray macros. 

Once again, the connections between the two macros is 
dependent on the position of signals in the call. 
CARRY! from the first instance of the ADRF macro 
connects to CARRY! in the second instance of the 
macro. This corresponds to the CYOUT (Carry Out) 
from the adder for the first bit feeding the CO (or Carry 
In) input of the adder for the second bit. Note that the 
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CO input of the adder for the first bit is not connected 
to any node in the macro call; in this case, the default 
value from the macro file (GND) is used to disable the 
input (No Carry). 

CO ADRF 

A1-----tAO SUMt----SUM1 

81----80 CYOUT 

CARRY1 

co ADRF 

A2-----tAO SUMt---- SUM2 

02----00 CYOUTt---- CARRY 

292039-8 

Figure 7. Schematic for Two-Bit Adder 

Sample Session 

To implement this ADF in an actual session, follow the 
steps described for Example I, substituting the name 
ADDER2 for DECODE. iPLS II produces a JEDEC 
programming file (ADDER2.JED), a utilization report 
file (ADDER2.RPT), a minimized equation file 
(ADDER2.LEF), and an error message file 
(ADDER2.ERR). For traceability, a file called 
ADDER2.SDF is created to show the expanded form 
of the ADF output by the Macro Expander. 

ADRF(AO,BO,CO,SOUT,CYOUT) 
DEFAULT:(GND,GND,GND, ,) 

%FULL ADDER% 

NETWORK: 

EQUATIONS: 

SOUT - AO' • BO" • co 
+ AO" • BO • co· 
+ AO * BO' * CO' 
+ AO * BO • CO; 

CYOUT • AO * BO 
+ BO * CO 
+ AO • CO; 

ENDEF 
292039-9 

Figure 8. Macro File for Full-Bit Adder 
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ROGER AUBLE 
INTEL CORPORATION 
2/27/87 
1 
A 
5C060 
2-BIT FULL ADDER 

OPTIONS: TURBO•OFF 
PART: 5C060 
INPUTS: A1,B1,A2,B2 

OUTPUTS: SLJ.11,SUM2,CARRY 

NETWORK: 

PTIN (A1 ,Al) 
PTIN (B1 ,Bl) 
PTIN (A2,A2) 
PTIN (B2,B2) 

PCOWP2 (SUM1,SUM1) 
PCOWP2 (SUM2,SUM2) 

PCOWP2 (CARRY,CARRY) 

ADRF(A1 ,B1, ,SUMI ,CARRY1) 
ADRF(A2,B2,CARRY1,SUM2,CARRY) 

EQUATIONS: 

ENDS 

% BTO % 
% BTl % 
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Figure 9. ADF For Two-Bit Adder Using Gate-Array Macros 

EXAMPLE 3: MIXING MACROS AND 
EPLD PRIMITIVES 

This final example uses TTL macros together with 
standard EPLD primitives. 

Circuit 

The example circuit here is the 74138 macro used in 
example 1 with two of the outputs routed through addi­
tional combinatorial logic and RONF (Registered Out­
put - No Feedback) primitives. Figure 10 shows the 
circuit. CS2 and CS3 are qualified by two additional 
inputs (RD* and WR*) to set or clear two latches. This 
is a configuration commonly used in microcomputer 
systems, where control signals are set and reset based 
on the address and command signals but not on a data 
value. A read to the port decoded by CS2 sets output 
LCS2 (Latched CS2) high. A write to that same port 
clears LCS2 low. 

Figure 11 shows the ADF that implements the example 
circuit. This is the same ADF used in Figure 6, with 
the addition of several primitives and equations. The 
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data inputs to both latches are tied to VCC. When RD• 
and the chip enable are both low, the respective clock 
signal goes low. As RD* or chip enable go high, the 
rising edge of the clock signal triggers the register, driv­
ing the output high. 

Note that many Intel EPLDs do not support multiple 
product terms for register clocks. Therefore, the clock 
buffer primitive is driven by a macrocell configured as a 
COIF (Combinatorial Output-Input Feedback). Con­
trol signals (Clear and Preset) for many EPLDs also 
support only one product term. In this case, however, 
the NOR gate driving the clear input to the RONFs 
can be minimized to a single p-term. Thus a low on 
WR• and chip enable clears the respective latch to logic 
0. (The intermediate macrocell for the Read function 
can be omitted for EPLDs that support two p-terms on 
register clocks.) 

The connections between the TTL macros and the 
EPLD primitive are made by assigning the appropriate 
names to the input and output nodes. The CS2 and CS3 
signals from the first example are no longer outputs, 
but are simply inputs to equations that feed the LCS2 
and LCS3 RONF primitives. 
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Figure 10. Schematic of Decoder Circuit with Latched Outputs 
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OPTIONS: TURBO-OFF 
PART: 5C090 
INPUTS: A,B,C,D,E,EN1,EN2,EN3,RD*,WR* 

AP·311 

OUTPUTS: SET2c,SET3c,YO,Y1,Y2,Y3,Y4,Y5,CSO,CS1,LCS2,LCS3,CEO,CE1,CE2,CE3 

NETWORK: 

INPUT (A,A) 
INPUT (B,B) 
INPUT (C,C) 
INPUT (0,D) 
INPUT (E,E) 
INPUT (EN1 ,EN1) 
INPUT (EN2,EN2) 
INPUT (EN3,EN3) 
OUTPUT (YO,YO) 
OUTPUT (Y1,Y1) 
OUTPUT (Y2,Y2) 
OUTPUT (Y3,Y3) 
OUTPUT (Y4,Y4) 
OUTPUT CY5,Y5) 
OUTPUT (CSO,CSO) 
OUTPUT (CS1,CS1) 
OUTPUT CCEO,CEO) 
OUTPUT (CE1,CE1) 
OUTPUT (CE2,CE2) 
OUTPUT (CE3,CE3) 
74138(A,B,C,EN1,EN2,EN3,YCS,GND,YCE,Y5,Y4,Y3,Y2,Y1,YO,VCC) 
74139(YCS,D,E,CSO,CS1,CS2,CS3,GND,VCC) 
74139(YCE,D,E,CEO,CE1,CE2,CE3,GND,VCC) 
RD • INP(RO*) 
WR • INP(WR*) 
LCS2 • RONF ( VCC, SET2, CLR2., GND, VCC) 
LCS3 • RONF(VCC,SET3,CLR3,GND,VCC) 
SET2 • CLKB(SET2c) 
SET3 • CLKB(SET3c) 
SET2c,SET2c - COIF(ST2,VCC) 
SET3c,SET3c - COIF(ST3,VCC) 

EQUATIONS: 

ST2 • RO + CS2; 
CLR2 • /(WR+ CS2); 
ST3 • RO + CS3; 
CLR3 •/(WR+ CS3); 

ENOS 

Figure 11. ADF Fiie tor Decoder with Latched Outputs 

292039-12 

Sample Session 
To implement this ADF in an actual session, follow the 
steps described for Example l, substituting the name 
LDECODE for DECODE. iPLS II produces a JEDEC 
programming file (LDECODE.JED), a utilization re-

port file (LDECODE.RPT), a minimized equation file 
(LDECODE.LEF), and an error message file 
(LDECODE.ERR). For traceability, a file called 
LDECODE.SDF is created to show the expanded form 
of the ADF output by the Macro Expander. 
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INTRODUCTION 

The iPLS II (Intel Programmable Logic Software II) 
Logic Optimizing Compiler includes a Macro Expan­
der that supports the use of macros in EPLD designs. 
These macros can include TTL and Gate Airay macros 
available from Intel, or proprietary macros developed 
by a user. This application note shows how to create 
user-defined macros and how to build macro libraries 
with Intel's Macro Librarian, an optional software 
package for use with iPLS II. A design example also 
shows creation of a user-defined macro and its use in an 
ADP (Advanced Design File). Detailed information on 
using the TTL and Gate Airay Macros in iPLS II 
ADFs are described in a companion application note, 
AP-311 "Using Macros in ·EPLD Designs", Order 
Number: 292039. This application note concentrates on 
creating macros; it assumes that you have read and un­
derstood the discussion on using macros in AP-311. 

OVERVIEW 

iPLS II allows designers to include macro calls in de­
sign tiles to implement common circuit functions. Mac­
ros calls are subsequently expanded by the LOC (Logic 
Optimizing Compiler) into the ADP network and/or 
equation entries required to perform the desired func­
tions. Macros can be connected together or used in con­
junction with standard iPLS II EPLD primitives. 

SCHEMATIC h CAPTURE 

1 
SYMBOL 
LIBRARY 

-
TEXT ...... ADf H EDITOR 

~ 

MACRO 
LIBRARIAN ... ,.. 

TEXT MACRO 
EDITOR I-+ FILES t-+ MLIB I-+ 

~ 

By following the macro tile format described in this 
note, users can also create their own proprietary mac­
ros with an ASCII text editor. These macro tiles can 
then be stored in user-defined libraries by using Intel's 
Macro Librarian software. User-defined macros can be 
called from ADFs created by a text editor or by sche­
matic capture software that supports user-defined sym­
bols and that outputs in ADP format. User-defined 
macros can optimize development of EPLD designs by 
modularizing the design process and by allowing the 
design process to proceed at a higher level than with 
EPLD primitives alone. iPLS II suppon for user-de­
fined macros (see in Figure 1) includes the following: 

• MLIB, the optional iPLS II Macro Librarian for 
creating macro libraries from individual user-de­
tined macro tiles. 

• a Macro Expander in the LOC that expands macro 
calls in ADFs with the contents of the correspond­
ing macros from libraries. 

This application note describes how to create macro 
tiles, store them in libraries with MLIB, and shows how 
to call them from ADFs created by a text editor. For 
information on creating user-defined macro symbols 
with schematic capture packages, refer to the appropri­
ate manual for the schematic capture package you are 
using. SCHEMA II-PLD available from Intel supports 
user-defined symbols and outputs in ADP format. 

., 

'· 

IPLS lI LOC 

-
MACRO ESPRESSO 

FITTER I-+ JEDEC 
EXPANDER MINIMIZER FILE 

-
J 

. MACRO 
LIBRARIES 

!.-TTL.LIB 
-i... INTEL.LIB 

USER - DEFINED(• .LIB) 

292040-1 

Figure 1. Macro Support for IPLS II 
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(SCHEMA II-PLD is based on SCHEMA II from 
Omation, Inc. The Intel EPLD Design Manager, also 
available from Intel, allows existing SCHEMA II users 
to design with EPLDs and macros.) 

MACRO FILES 
This section describes iPLS II macro files. User-defined 
macro files must follow the guidelines presented here to 
be successfully processed by the Macro Librarian 
(MLIB) and expanded by the iPLS II LOC Macro Ex­
pander. 

Macro filenames follow DOS conventions. It is recom­
mended that macro filenames end with the extension 
.DEV, which is the default for MLIB. Only one macro 
can be contained in a macro file. Macro files are com­
prised of three sections: 

• Header 

• Network Section 

• Equation Section 

All macro .files must end with the literal "ENDEF". 
Figure 2 shows a sample macro file for a proprietary 
part (16207), a "black box" containing random logic. 

18207(A,B,C,D,E,F ,U, V ,W,X, Y ,Z) 
DEFAULT:(GND,GND,GND,VCC,VCC,VCC,,,,,,) 

EQUATIONS: 

ENOEF 

U • /(A • Bl; 
V • /(/E •A• B); 
W • /(D • C •A• /E); 
X • /(ID • El; 
Y • /(F • D *A); 
Z • F • /E; 

292040-2 

Figure 2. Sample Macro File for 
"Black Box" (16207.DEV) 

Header 
Headers for macro files contain two lines. The first line 
includes the name of the macro function and a list of 
inputs and outputs for the macro. The second line con­
tains defaults for the device. 

The name of the macro can be a device number (16207, 
83546, etc.), function name (ADDRCNT, CMDLO, 
etc.), or any name up to eight characters long. No 
spaces or comments precede the name. 

Inputs and Outputs follow immediately after the macro 
name and are enclosed in parentheses. I/O ·signal 
names may be up to eight characters long, but may not 
contain pin numbers. For user-defined macros, signals 
may be listed in any order desired. For example, any of 
the following entries are legal: 

16207 (A,B,C,D,E,F,U,V,W,X,Y,Z) 

16207 (B,D,A,R,Z,U,W,C,F,X,E, Y) 

16207 (Z,Y,X,W,V,U,F,E,D,C,B,A) 

Note that this first line of the header forms the tem­
plate used to call the Macro from the ADF. The Macro 
Expander connects ADF nodes in the macro call to 
1/0 signals in the macro file on the basis of position, 
not on the basis of node name. 

The second line in the header specifies defaults for in­
puts (VCC or GND) in cases where those signals are 
left unconnected. The DEFAULT: line must be includ­
ed in the macro definition file, even when no defaults 
are used in the ADF. The keyword DEFAULT: is the 
first entry in this line. The default values for all signals 
follow immediately and are enclosed in parentheses. In­
put defaults may be VCC or GND. The position of the 
default value corresponds to the signal listed in the pre­
vious line. 

Defaults for outputs are blank, but a comma (,) must be 
present (place holder) for each output signal except the 
last. For example, the 16207 black box contains six in­
puts (A through F) and six outputs (U through Z). The 
first two lines for this macro might be: 

16207 (A,B,C,D,E,F,U,V,W,X,Y,Z) 
DEFAULT: (GND,GND,GND,VCC,VCC,VCC,,,,,,) 

4-93 

Defaults for inputs A through Care GND; defaults for 
inputs D through F are VCC. Defaults for the outputs 
are not specified, but the comma denotes the positions 
for those signals. 

Defaults should be chosen with care. Clears, Presets, 
Loads, etc. should be disabled in most cases. Enables 
should be enabled. Input defaults can also be left blank 
as long as those inputs are connected to nodes in the 
ADF that calls the macro, but it is recommended that 
they be specified in the macro file. 

Network Section 

The NETWORK: section lists the EPLD primitives 
used to implement the desired functions. The Network 
Section follows ADF syntax rules. As far as possible, 
the macros should be implemented in equations to elim­
inate concern about feedbacks and output enables. In 
the case of a circuit that requires macrocell registers, 
the feeback-only form of the primitive should be used 
so that the Macro Expander can make the correct pin 
connections. The following example shows this: 

OUTl = NORF (INd,CLK,GND,GND) 
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During processing, the Macro Expander connects the 
feedback to an output (if necessary) and supplies the 
required output enable node name. The Macro Expan­
der also eliminates unneeded Network and Equations 
entries if they are not used by an ADP. 

If no network entries are required (i.e., a macro imple­
mented entirely in equations), the entire Network sec­
tion may be omitted, including the keyword NET­
WORK:. In many cases, equations alone can imple­
ment the desired functions. 

Equations Section 

The EQUATIONS: section lists the Boolean equations 
for the desired functions and follows ADP syntax rules, 
with one exception; intermediate equations are not per­
mitted in macro files. If no equation entries are re­
quired (i.e.; a macro implemented entirely in the Net­
work Section), the entire Equation section may be omit­
ted, including the keyword EQUATIONS:. 

Comments and White Space 
Comments can be placed anywhere in a macro file ex­
cept before the name and signals on the first line. Com­
ments must be enclosed in percent signs, as follows: 

% THIS IS A SAMPLE COMMENT % 

White space can appear on any line except the first .two 
lines. 

TEXT 
EDITOR 

-
TEXT I-+ MACRO 

EDITOR FILES 

t-+ 

I-+ 

MACRO LIBRARIAN 

The Macro Librarian (MLIB) is an optional software 
package that combines individual macro files into mac­
ro libraries. These libraries are in turn used by the LOC 
Macro Expander. MLIB can be invoked from the com­
mand line, from command files, or' from a combination 
of both. Figure 3 shows a block diagram of the Macro 
Librarian. · 

Syntax for MLIB command lines is as follows: 

MLIB [ -options I [ @cmdfile I [ filel file2 ••• I 
<Enter> 

-v 

-I lib 

directory. Displays directory information for 
the library being created. 

verbose. Print status during processing. When 
not specified, status messages are suppressed. 

list. Lists the contents of existing macro li­
brary to console. This option may not ~e used 
while building a library. 

-o lib name of the target macro library. 
MACRO.LIB is the default when no name is 
specified. TTL.LIB and INTEL.LIB are re­
served for Intel libraries and may not be used. 

-s string include version stamp in ma9rO library. The 
version string can be up to 7 characters long. 
"Vl.00" is the default stamp. 

-
COMMAND 

FILE 

I 
MLIB I-+ MACRO 

LIBRARY 

1 ._,., 
LIBRARY 
LISTING 

292040-3 

Figure 3. Macro Librarian Block Diagram 
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-c string include copyright string in macro library. 
The copyright string can be up to 61 charac­
ters long and, if blanks are used, must be 
contained in quotation marks, for example, 
"texta textb". 

@cmdfile name of command file. The command file 
can include options and macro filenames. 
The @ symbol must precede the filename. 

file 1 . . . name of device files to be included in the 
macro library. Separate files by spaces. 

For example, the following command line: 

MLIB -v -s 2.00-o USER.LIB @USERLIST <Enter> 

creates a library called USER.LIB that includes all the 
individual macro files contained in the command file 
USERLIST. MLIB displays status messages as it pro­
cesses the macro files in USERLIST (-v). The library is 
created as version 2.00 (-s). 

Macro library filenames follows DOS conventions and 
should end with the extension .LIB to be recognized by 
the Macro Expander. INTEL.LIB and TTL.LIB are 
reserved and may not be used. 

USERLIST is the name of the command file and must 
be preceded by the @ symbol. The command file is 
simply an ASCII text file that can be modified to con­
tain any number of macros desired. MLIB processes 
the entire list of macros on each invocation. To add a 
new macro to an existing library, add the name of the 
macro to USERLIST, and create the new library by 
entering the command line shown above. Command file 
names follow DOS conventions. MLIB supplies a .DEV 
extension if no extension is specified. MLIB searches 
first in the current directory, then along the DEV envi­
ronment variable, and finally along the PA TH environ­
ment variable for the files. 

In order to connect inut and output primitives, the files 
INPUT.DEV and OUTPUT.DEV must be included in 
at least one of the libraries. These files are contained in 
the TTL and Intel Gate Array macro libraries 
(TTL.LIB and INTEL.LIB, respectively). 

Figure 4 shows a sample MLIB command file that in­
cludes options, the library name, and the names of sev­
en macro files to be included in the library in addition 
to the INPUT and OUTPUT macros. The format of 
the command file is free form. Note that comments can 
be included in the command file and must be contained 
within percent(%) signs. 

Note that the -1 option cannot be included in an MLIB 
command file; it can only appear on the command line. 
The -1 option lists the contents of existing libraries; it 
does not list library contents while building a library. 
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-o PROJA.LIB % macro library name% 
-v 
-s V1.50 % version number% 
-c "Copyr lght (C) Date, Your Company. Your Name" 

% copyright Information% 
-d % display directory% 

% Include the following macros% 

INPUT.DEV 
7487.DEV 
74151.DEV 

OUTPUT.DEV 7408.DEV 
74138.DEV 74139.DEV 

74157.DEV 74251.DEV 
292040-4 

Figure 4. Sample Command File for MLIB 

The command line to process the file shown in Figure 4 
is as follows: 

MLIB @SAMPLE <Enter> 

where SAMPLE is the name of the command file. 

To list the contents of PROJA.LIB after creation, in­
voke MLIB as follows: 

MLIB -1 PROJA.LIB 

This command line lists the macros in PROJA.LIB to 
the screen. The DOS file redirection capability can also 
be used to create a disk file listing the contents of macro 
libraries. For example: 

MLIB -I PROJA.LIB > PROJA.DOC 

SAMPLE SESSION: COMMAND 
DECODER USING MACROS 

Decoding logic is one common function implemented 
by programmable logic devices. The target circuit for 
this example is a device that decodes microprocessor 
command signals in selected address ranges. The target 
application and decoder requirements are as follows: 

• The target application is a 16-bit microcomputer 
system with I-Megabyte of memory and about two 
dozen I/0 ports. 

• The memory is divided into shared memory (lower 
512K bytes) and local memory (upper 512K bytes). 
Shared memory resides off the processor board and 
requires active low memory command signals. Local 
memory resides on-board and requires active high 
memory command signals. 

• I/0 ports are also split between on-board devices 
requiring active high signals and off-board devices 
requiring active low signals. 1/0 devices between 
the address range FOOO-FFFFH are on-board; de­
vices below that range (0000-EFFFH) are off-board. 
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• All interrupt requests are resolved by an on-board 
interrupt controller. Therefore, only an active high 
on-board interrupt acknowledge signal is needed. 

• On-board control signals are always high or low, 
never three-stated. Off-board control signals are 
three-stated when not being used to execute a bus 
cycle. An external bus arbiter accepts a request sig­
nal from the command decoder and, after gaining 

ADDRESS 
DECODE 

control of the bus, sends address enable and com­
mand enable signals back to the command decoder. 

Figure 5 shows a block diagram of the application, in­
cluding the target EPLD design. The three functional 
blocks to be included in the EPLD are highlighted (not 
shaded). 

REQUEST 

• 

Off-BOARD 
SYSTEM BUS 

ON-BOARD 
BUS 

292040-5 

Figure 5. Block Diagram of Target Circuit and Application 
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Creating the Macro 

Figure 6 shows a schematic diagram for the active low 
command decoder implemented with OR gates (low in­
puts enable the outputs; high inputs disable the out­
puts). Figure 7 shows the macro file that implements 
the circuit (CMDLO.DEV). This file was created with 
an ASCII text editor. Used as is, it provides the active 
low outputs for the design. With inputs RD, WR, and 
INT AIN inverted, it also provides the active high out­
puts for the design. This design uses CONF primitives 
to implement the three-state outputs in the macro. As 
an alternative, equations alone could have been used 
with the CONFs included in the ADF. 

MIO-----+-t 
CMDEN -----'IL._, 

INTAIN--------1-1 

AEN ---------' 

MRD 

MWT 

IOR 

IOW 

INTA 

292040-6 

Figure 6. Schematic Diagram of 
Command Decoder 

Building the Library 

Use your text editor to create an MLIB command file 
that includes CMDLO.DEV, INPUT.DEV, and OUT­
PUT.DEV. The following example shows a sample 
command file named MACLIST. · 

-v % show status % 
-c "1987, AP-312 Sample Macro Library" 
-o AP312.LIB 
-d % show the list % 

% include the following macros % 

CMDLO.DEV INPUT.DEV OUTPUT.DEV 

Invoke the Macro Librarian with the following com­
mand line: 

MLIB @MACLIST 

The Macro Librarian processes the three macro files 
and stores them in a user library named AP312.LIB. 
The library contains the copyright statement "1987, 
AP-312 Sample Macro Library". When processing is 
complete, MLIB returns control to DOS. 

Creating the ADF 

Figure 8 shows a schematic diagram for the target 
circuit. Figure 9 shows the ADF for the circuit (COM­
CODE.ADF), which invokes both instances of the 
CMDLO macro. and contains equations used to enable 
the decoders under the proper conditions. The ADF' 
signal named ONBEN (On-Board Enable) enables the 
active high decoder). The AEN (Address Enable) input 
to the on-board decoder is left unconnected. The de­
fault (always enabled) will be used. 

CMCLO(MIO,RC,WR,INTAIN,CMCEN,AEN,MRC,MWT,IOR,IOW,INTA) 
CEFAULT,(GNO,VCC,VCC,VCC,GNO,GNO,,,,,) 

NETWORK, 

MRC • CONF(MRCc,AEN) 
MWT • CONF(MWTc,AEN) 
IOR • CONF(IORc,AEN) 
IOW • CONF(IOWC,AEN) 
INTA • CONF(INTAIN,AEN) 

EQUATIONS' 

MRDc • /MIO + RC + CMCEN; 
MWTc • /MIO + WR + CMDEN; 
IORc • MIO + RD + CMDENo 
IOWc • MIO + WR + CMOEN; 

ENCEF 
292040-7 

Figure 7. Macro Fiie for Command Decoder (CMDLO.DEV) 

4-97 



DANIEL E. SMITH 
INTEL CORPORATION 
417 /87 
1 
A 
16209-001 
COMMAND DECODER 
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INPUTS1 MIO, RD, WR, INTAIN, CMDEN, AEN1, A13, AF, AE, AD, AC 
OUTPUTS: MRD, MWT, IOR, IOW, INTA, MRDC, MWTC, IORC, IOWC, OFFBDEN 

NETWORK: 

INPUT(MIO,MIO) 
INPUT(RD,RD) 
I NPUT(WR, WR) 
INPUT(INTAIN, INTAIN) 
I NPUT(CMDEN,CMDEN) 
INPUT(AEN1 ,AEN1) 
INPUT(A13,A13) 
INPUT(AF,AF) 
INPUT(AE,AE) 
INPUT( AD, AD) 
INPUT(AC,AC) 

OUTPUT(MRD,MRD) 
OUTPUT(MWT ,MWT) 
OUTPUT( IOR, IOR) 
OUTPUT( IOW, IOW) 
OUTPUT(INTA,INTA) 
OUTPUT(MRDC,MRDC) 
OUTPUT(MWTC,MWTC) 
OUTPUT(IORC, IORC) 
OUTPUT(IOWC,IOWC) 

CMOLO(MIO,RD,WR,,CMDEN,AEN1,MRDC,MWTC,IORC,IOWC,) % OFB % 

CMDLO(MIO,NRD,NWR,NINT,ONBEN,VCC,MRD,MWT, IOR, IOW, INTA) % ONB % 

OFFBDEN 
OF BEN 
ONBEN 
NRD 
NWR 
NINT 
NMIO 
NUPPER 
NA13 

• CONF(OFBEN,VCC) 
• NOR(OF1,0F2,0F3,0F4) 
• NOR(ON1,0N2,0N3,0N4) 
• NOTCRD) 
• NOT(WR) 
• NOT( INTAIN) 
• NOTCMIO) 
• NOT(UPPER) 
• NOT(A13) 

EQUATIONS: 

UPPER• (AF• AE •AD• AC); 
ON1 •(MIO• A13 • NRD); 
ON2 •(MIO• A13 • NWR)i 
ON3 • (NMIO •UPPER• NRO); 
ON4 • (NMIO •UPPER• NWR); 
OF1 • (MIO• NA13 * NRO); 
OF2 • (MIO• NA13 • NWR); 
OF3 • (NMIO • NUPPER • NRD); 
OF4 • CNMIO • NUPPER • NWR); 

ENDS 

Figure 9. ADF for COMCODE.ADF 

292040-9 

OFFBEN (Off-Board Enable) requests permission to 
access the off-board bus from the external bus arbiter. 
The bus arbiter enables the off-board decoder via 
AENl (Address Enable 1) and CMDEN (Command 
Enable). CMDEN allows the appropriate signal to go 
high or low, and AENl causes the outputs to indepen­
dently enter or exit a high impedance state (three-state). 

Note the same name is used for both nodes of each 
INPUT and OUTPUT macro call. Use of the same 
name ensures proper connection when the Macro Ex­
pander eliminates redundant primitives (for example, a 
CONF feeding another CONF). 
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Compiling the Design 

Proceed as follows to compile the ADP. 

l. Include AP312.LIB in the IPLS environment vari­
able. From the DOS command prompt, type: 

SET IPLS=C:\IPLSII\AP312.LIB; ... <Enter> 

For user-defined macro libraries that are regularly 
accessed, the IPLS variable can be set in an 
AUTOEXEC.BAT file. 

2. Invoke the iPLS II Menu by entering: 

IPLS <Enter> 

3. Invoke the LOC from the Main Menu by pressing 
<F4>. 

4. Answer the LOC prompts as follows: 

Input Format? 

File Name? 

Minimization? 

Inversion Control? 

LEF Analysis? 

Error Message File 

<Enter> 

COMCODE <Enter> 
y 

N 
y 

COMCODE.ERR <Enter> 

The LOC then asks: 

Do you wish to run under the above conditions 

[YIN]? 

Enter: Y 

The LOC expands the macros and compiles the 
expanded file to produce a JEDEC programming file 
(COMCODE.JED), a utilization report file 
(COMCODE.RPT), a minimized logic equation file 
(COMCODE.LEF) and an error message file (COM­
CODE.ERR). For traceability, a file called COM­
CODE.SDF is created to show the expanded form of 
the ADP output by the Macro Expander. 

5. The LOC terminates execution with the following 
message: 

LOC cycle successfully completed 

You can examine the LEF file to see the minimized 
form of the design. The LEF shows the EPLD primi­
tives used to implement the design. Macro calls are not 
shown in the LEF. If you wish, you can also use LPS 
(Logic Programmer Software) to program a part. 
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lnqoduction: 

The purpose of this paper is to describe a design methodology for 
Programmable Logic Devices(PLD's) and to survey current PLD 
optimization techniques. 

1. Perspective: Where do PLD's fit In? 

The use of Programmable Logic Devices(PLD's) represents a 
middle ground in logic design. The two common approaches to 
logic implementation in today's market are Board Design 
methods(building a solution from a selection of pre-fabricated 
standard parts - 'I'I'L/SSl/MSI) and Custom/Semi-Custom design 
methods(fabricating a custom logic chip to solve the problem at 
hand, arid .!IWl building a much simpler board). 

With the Board Design approach, PC B's carry the 
fruit of a designer's labor to the customer. Many little black boxes 
and other electrical circuit components make up the brunt of a 
PC B's load. Many times there are large islands of functionality to 
be connected together via encoding/decoding and timing circuits. 
The islands of functionality (i.e. microprocessor, micro controller, 
RAM, EPROM, transciever, etc.) all have different protocols, and 
all speak d!fterent languages at different speeds. 

Integrating the major devices al a board together involves much 
"glue" logic. The typical designer spends time and elf art looking 
through a 'I'I'L parts catalog to lind the best fit for a design based 
on functionality, performance and price. After a preliminary 
function-based board is laid ou~ modification passes are made 
based on the parts needed and their availability. Large designs 
increase the length and risk of this process. Even though most 
major CAD vendors are addressing the problem of board design, 
simulation, test and interface With the Custom/Semi-Custom 
arena, board design and manufacturing tools are rapidly becoming 
the primary practical obstacle to ellective production of end-user 
systems. PL D's reduce the complexity of the end-user board, 
hence reducing the length and risk ol the implementation and 
manufacturing process. 

With the Custom/Semi-Custom design approach, the designer is 
free to address functionality directly. The designer has much 
flexibility in the functionality, speed and integration facets of logic 
design. Certainly, the number of parts on an end-user PCB can 
be greatly reduced by integrating most of a board's function into a 
fe1.v custom devices. The problems associated with all the 
flexibility lie in the physical design, modeling, and tools areas. 
Specifically, in the physical design area, problems include 
process specific bottlenecks, NRE charges and long lead times. 

In the modeling area, extensive simulations must occur before 
and after the device is buil~ as each device is custom crafted. 
Finally, in the CAD tools area, a highly functional, but hard to use 
set ol tools guide and control the whole process. The tools are 
the best m terms al functionality, but the worst in terms of cost 
and ease o! use. 

The job ol ASIC vendors in the next ten years is to make the 
Custom/Semi-Custom problems disappear or become acceptable 
to the logic designer of the next generation. The tacts are clear. 
Without advanced tools which automate much of the logic 
designer's work, the Custom/Semi-Custom approach only works 
for large scale, large volume or special purpose devices. Silicon 
compilers and other Custom/Semi-Custom design methodologies 
are working hard to overcome the inherent problems ol this type 
of design. 

The use of PL D's in a design is a compromise between the 
flexibility of a Custom/Semi-Custom design, and the standard 
Board design methodolgy. 

The definition of PLD which I am using for the purposes of this 
paper is very aeneral. A Proarammable Lol!ic Device is any 
device, which can be programmed by the user, to realize a chunk 
of combinatorial or sequential logic. A subset ol the most 
popular, or newest types ol PLD's are: PAL's, PLE's(Monolithic 
Memories), EPLD's(lnte~ Altera), EEPLD's(Lattice), FPLA's, 
FPLS's(Signetics), LCA's(Xilinx), and ERASIC's(Exel). All 
except the last two are based on some lorm of two· 
level( AND/OR) registered array logic. I will mainly be concerned 
with two·level array logic devices. 

The good points of designing With PL D's are: 

1. The integration ol many small chunks ol 'I'I'L and SSl/MSI 
logic into a lew PLDs. Essential lor efficient use of resources. 

2. An easier overall development cycle than the Custom/Semi­
Custom route. Also easier than standard board 'I'I'L development 
cycle once the learning curve is passed. 

3. Much cheaper than the Custom/Semi-Custom design 
method for all but large volume designs. Usually cheaper than 
standard board 'I'I'L design method. 

4. The breadboard character and modifiability ol PLDs makes 
them an excellent R&D and learning vettlcle in the design 
environment 
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5. PLD CAD development tools are available to conven 
standard TTL logic representations into the complicated fixed 
architectures of an individual device. The CAD tools automate 
this_ process, _to a large degree, so that the user can use their own 
design techniques. 

The bad points of designing with PLDs' are: 

1. _For large designs, using PL D's is not as functional or robust 
as using Custom/Semi-Custom logic. 

2. The CAD tools available for PLD design are not as useful in 
automating the whole design process as those in the 
Custom/Semi-Custom arena. In fact, most of the tools are 
denved from those used in Custom/Semi-Custom design. 

3. The speed and function constraints of the fixed device 
architectures can be inhibiting. For example, not all types of 
designs fit well into two-level array logic. 

2. Tbe PLD Development Environment 

There are three pieces in a PLD development environment First 
is the input part The design specification needs to be entered in 
some fonn, .such as a schematic, a finite state machine, or a high 
level lariguage description. Second is the processing part This 
must include some kind of compilation of the input into object 
code(JEDEC code), and usually also includes optimization of the 
design. Third is the output part This includes the object 
code(JEDEC), test results/Vectors, and statistics. 

A PLD development environment has an underlying language for 
representing design specifications, which is usually more general 
than the intended devices. Often, the system provides mearis for 
accepting input in other forms .. which then translates into the 
underlying language. We shall use the standard term "Hardware 
Description Lariguage"(HDL) when refering to this l.mguage, as 
ttris is where these lariguages are headirig in terms of complexity 
and future directions.Eliamples of PLD HDLs' are ABEL by 
Data/10-Futurenet, CUPL by Assisted Technology, ADP by 
lntel(Altera), PALASM by Monolithic Memories, LOG/IC by 
Kontron, arid AMAZE by Signetics. 

There are four questions one can ask about a PLO development 
environment and it's HDL. The answers to these questions 
determine, for the user, which systems to use. The tour 
questions are: 

Que5tion 1: ls it easy to learn and easy to use(User-Friendly) ? 

Que5tion 2: Is it generic enough to support the current 
applications and new de~ices yet to come? (HDL expressiveness 
and functionality) 

Que5tion 3: Does the compiler use optimization techniques to 
produce JED EC code? (i.e. logic rrrininlization) 

Que5tion 4: Are there alternate logic entry tools, like schematic 
capture and Finte State Machine entry; are ttiere hooks for 
simulation and other design methodologies, like gate arrays? 

As an example, we answer the four questions tor the HDL of the 
Intel Programmable Logic Development System(iPLDS) (Altera). 
The HDL of iPLDS is called Advariced Design File(ADF). 

Que5tion 1: ls it easy to learn and easy to use ?(User-Friendly) 
A1uwer: The ADP language is made easier to learn for the 
novice user by two items: 

a. GraphiC41 lntedace Tools 
Logic Builder( LB): A graphical netlist entry and syntax 

checking aid to the user entering designs which have already 
been written down on paper in a schematic fashion. 

. Logic Programming(LP): A graphicalJEDEC file editor, 
which allows the user to modify the JEDE:C me. More 
importantly, the tool allows the user to investigate and learn the 
device architecture via a user-oriented graphical interface, and 
then to program the pan directly from this iriterface. 

b. Primit1t··e s: 
A large(N80) set of logic and 1/0 Macrocell primitives which 
capture all of the current standard ways to represent small chunks 
of memory and combinational logic .. This is useful for the novice 
and occasional user, who doesn't have the time, or want to learn 
the abstractions involved in more generic HDLs'. 

Que5tion 2: Is it generic enough to suppon the current 
applications and new devices yet to come ' (HDL expressiveness 
and functionality) 
A115wer· Yes, it is generic enough to support those current 
and future architectures based on.two-level registered logic, 
which are produced by Intel and Altera. The large number of 
primitives make the language unwieldly for support of new 
devices not falling into this realm. Finally, it suppons only Intel 
.md Altera deV1ce s. 

Que5tion J_- Does the compiler use optimization techniques to 
produce JEDEC code 7 (Le. logic minimization) 
Aruwer: Yes, logic minmlization, DeMorgan's inversion of 
outputs, and automatic fitting oi resources and pins to the given 
device are supported in an integrated fashion. 

Que5tion 4: Are there alternate logic entry tools. like schematic 
capture and Finte State Machme entry; are ttiere hooks tor 
simulation and other design methodologies, like gate arrays? 
An5wer: Alternate enny methods include schematic Capture, 
F'SM entry, and Graphical Netlist entry(LB). There are currently 
no tools tor functional simulatiOn, nor is ther anv wav of 
iriteriacing to other design tools. Both topics are being 
considered for the iuture. 

The third party HDLs', like ABEL, CUPL, and LOG/IC are, in 
general, harder to learn and use. They afford greater 
expressivness and generality in addressing design problems. 
Because of the need to work with most devices on the market, 
these HDL's resemble more closely therr high-power cousins in 
•.he Custom/Semi-Custom design arena. They have no automatic 
resource fitting arid pin-assignment, but do have a robust set of 
integrated tools involving l•mctional simulation, schematic capture 
and FSM enr.ry available. 

3. PLO Optimization Tools 

Here we introduce and describe the current mix of optimization 
tools ir1 the PLO development workshop. Tbe goal of CAD 
optimization tools for PLO design is to speed up the design cycle 
by reducing designer time, arid to cram larger designs into a fixed 
device. The optimization tools of a ~;pica! PLO development 



system usually reside in the HDL compiler. The tools can be 
viewed as compiler optimization tools. 

The four optimization tools ol concern to us are: 

1. Logic Minimization - A tool to reduce the complexity of 
the logic equations implementing a design. 

2. Finite State Machine(FSM) Compiler - A tool which 
takes an FSM description and tJanslates or compiles ic into an 
HDL. 

3. DeMorgan's Inversion· A tool which can reduce the 
amount ogf logic needed by inverting the sense of some of the 
output signals of the device. 

4. Fitting and Pin Assignment - A tool which automatically 
fits the resources and pins which the user chooses not to. 

We discuss each topic seperately, and illustrate, by the use of the 
Dice Example, (Figuresl-3) most of these features. 

Logic Minimization: 

Logic minimization is currently the best optimization tool available 
for PLDs'. Logic minimization for current PLD development 
systems is strictly a two·level logic tooL and totally replaces, for 
combinational logic purposes, the Karnaugh Map and Quine· 
McCluskey Algorithm methodology for finding the minimum size 
set of equations. Por two-level logic(AND/OR), most compilers 
use a single or multiple output heuristic minimizer. University 
research and industrial experience show that the NP-complete 
problem of two-level logic minimization has been effectjvely 
solved for the size of problems currently being considered in 
practice. Currently, the most effective minirruzers are Espresso, 
McBoole, arid Presto·ll. Espresso has been shown, in 
aggregate, to be within one-percent of the minimum ar1swer on 
104 test cases. On current PLD size problems, the test cases 
indicate that Espresso will find the minimum solut!On almost 
always [1, 2, 3, 4]. 

The user of minimization tools usu.lily has a concern about the 
process. The minimization tools have the side·eftect of 
producing a reduced equation set that doesn't ah•1a~1s reflect the . 
designer's thought process relative to ttie un-m1rnm1zed equation 
set This results in confusion in trying to understand ttie design 
from the reduced equation set For the same reason, editing a 
JEDEC file to change a few bits of a design is error-prone and to 
be avoided. To independently verify t.he mearnng of the design 
and the resulting minimized boolear1 equations, functional test 
vectors should be created and run t.hrough a functional simulator. 
This will catch design errors arid give a truth-tat•le verification of 
the design. Por some HDLs', there are tools available that will 
automatically generate test vectors. Actually, due to the fixed 
architectures of PLDs', automatic test generation 1s much more 
feasible in the PLD arena thar1 m the Cuscom/Semi·Custom area. 
Of course, a designer can choose to not have tt1e equations 
minimized if t11ey already flt into ttie target deVIce before 
rninirruzation, but in complicated designs, this is rarely the c.;se, as 
tt1e Dice Exarnple at the end of this paper sho\•!s. 

Future PLD tools will depend more arid more on logic 
rninimizatiorL Just as,, high-le11el language prograrnmer looks 

less and less at the object code produced b}' a compiler, the logic 
designer will. not be concerned witti the minfrnized code output 
of the PLD logic compiler. 

FSM Compiler: 

An FSM compiler is included in the lisc of PLD optimization toois 
because it allo1.1,•s for a compact representation of a sequential 
cimut. This leads to ways to introduce systematic optimization 
techrnques li.ke logic minimization and automatic state assignment 
at a transparent level for the user. Designing at the level of states 
arid transitions results in a more compact HDL description for the 
same logic function, \Lith fewer mistakes being made. PSM 
description also allows the user to change memory element types 
.;nd state assignments man error-free manner. FSM's are also 
well understood, theoretically, arid are a ripe area for future tool 
development Most logic texts present many hand tabular 
methods for optimizing FSM designs. These hand methods car1 
be automated and extended to produce new tools for PSM·based 
design. 

DeMorgan's Inversion: 

DeMorgan's inversion, in AND/OR type PLD architectures, with 
mversion control in the l/O macrocells .. refers to logically mvertmg 
an output signal phase in such a way tt1at tt1e number of p-terms 
realizing tt1e complement function is less than t.he origmal .. 
function. This cari save the user from an un-solvable p·term f!ttmg 
problem due to too many p-terms when usmg one sense of an 
equation. For devices v,;ith single output macrocells .. like PALs .. 
and EPLDs, thecomplement of the smgle output equatIOn 1s 
computed and then minimized. The sense of the equation witt1 
t.he least nurnber of p-temis is tt1en the one that is implemented 
in the device under programming. 

Fitting and Pin Assignment: 

The fitting and pin assignment problem refers to compiling a 
design file, and havmg the compiler automat1cally choose those 
device resources and pins that the user did not assign m the 
design file. In the past, de<nce architectures have been simple 
er1ough and small enough so that fitting and pm assignment ··.vere 
not a problem for the user. Novi, with mcreasmg size. complex1w. 
and non-horn0Hne1tv of the device .;rchitecture, a heunstlc CAD 
tool, u.1h1ch is like an ·automatic place ancl route tool, 1s a necessiW. 
If a device arclutecture 1s homogeneous "lith respect to structure 
and resources. fitting is not a problem. as there ts no contentrnn 
for resources or placement of those reso•zces. Fitting is a 
problem 1.vhen there are multiple clocks an•j tvp.e; of clocks .. 
multiple device sect10ns(li1'e qua(!raJitSi. var:;mg numbers ot p· 
terms per quadrant, pro1juct term shanng and steenng. mput pms, 
I/0 macrocells of varying t:,Jpes 1 or burie1j register~ .. Tht- greater 
t.he number and SIZe of the fe.;tures, the greater the fmmg 
problem. Without a tool to help, the designer must 1jo tht fmmg 
b:; hand, leading to erri:irs a.nd r1ot fini:1mg .jfl 3.l101.11.1ble !1t 

Some of the large scale devices that exh1t11t th"=se problem:. are 
lntel's1Aitera'515 1:::'121!EP1210) ,;nd 5C'.180iEP1800i The immg 
a.n1j a1itoff1at1c pin ,j5:1gnment tools oi iPLDS relieve the user 
from having to 1jea! 1J..-1th this problem 
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3. Future PLD Optimization Tools 

This section describes new directions for PLD development 
systems optimization tools. Optimization tools must be near 
transparent to the user to get universal acceptance. Of the four 
optimization tools mentioned above, all but the FSM compiler tool 
satisfy that criterion. 

There are basically two types of optimization tools which will 
appear in the PLD arena. The first type are tools which are 
ported from, or interfaced to the Custom/Semi-Custom 
environment The current logic description and synthesis tools of 
silicon compilers and Custom/Semi-Custom CAD tools tit into 
this classification. The second type are new tools \llhich will 
address the architecture-specific optimization issues. The tools in 
this group will use methods based on logic optimization and 
expert-system techniques. These two methodologies will be 
applied to taking abstact specifications and realizing them 
automatically into multiple devices, or in taking multiple abstract 
specifications and realizing them in one device. 

Ponation of Custom/Semi-Custom Tools: 

Available ideas ready for porting to the PLO environment down 
the HDL path include implementing a subset of VHDL(VHS!C 
Hardware Description Language)[S], and having the compiler 
produce an EDIF(Electronic Design Interchange Format) [6] 
intermediate format In this way, interfacing with other toolboxes 
of any type will be easier. New device support will also be easier, 
given the generic nature of VHDL. Using VHDL would also 
standardize an HDL, and allow designers to learn one HDL 
which will last tor a long time. Also, PLD tools which interface 
with the Custom/Semi-Custom toolset involving board design, 
testing and manufacturing is needed now, and is being addressed 
by the major CAD vendors. Standardization, like VHDL and 
EDIF will, eventually, lower the cost of these interfaces. 

The new logic minimization algorithms, like Espresso, and new. 
state assignment tools, like KlSS[7] arid STASH [B]can be used m 
the PLD environment .The algorithms and methods of tools 
involving placement and routing can be applied to the fitting/pin 
assignment problem. On the logic synthesis side, new tool~ . _ 
which combine expert-systems with multi-level logic optlimzanon 
can be applied to PLD devices which allow multi-level logic to be 
easily implemented. 

The key poin~ irregardless of the actual tools from the 
Custom/Semi-Custom arena which are productized is that the 
user have an essentially transparent view of any new optimization 
tools. 

Once a PLO is manufactured, the functionality cannot be 
changed. This fact leads to the belief that tools can be created 
which map logic, which is too big or too slow, into multiple 
de\~Ces by doing automatic logic partitioning. The converse 
problem of fitting multiple churiks of communicating logic into one 
device mav also be addressed. Tools to fit multiple state 
machines into one de\~ce, or to partition a schematic or FSM into 
two or more devices is a first step. For example, the Dice 
Exarnple(F'lgures 1-3) has three small state machines, which are 
mtegrated into one device and design file. Expert-systems can 
capture the rules for partitioning, and the database of all allowable 
devices, while opumization techniques can make the expert· 
systems work .'15 •Mell as, or bener than a logic designer. 

Conclusion: 

We have surveyed the reasons for, and components of PLO 
development system5, with emphasis on the Hardware 
Description Languages, and optimization methods in such 
systems. The conclusions of the survey are that the HOL 's are 
the essential cornerstone of any PLD system, and will control the 
future directions of any new PLO development tools. The second 
conclusion is that two-level logic minirmzation, FSM compiler, 
and automatic fitting tools are the most important in the PLD 
optimization area. Also, recent breakthroughs and public 
availability of heuristic minimizers point to increased use of such 
tools. Finally, future directions, and an expanding market indicate 
a wide range of new tools will appear. The key emphasis will be 
on making them transparent to the user, who, when all is said and 
done, knows how to design logic best! 
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Dice Example Description 

Problem: Design a circuit lhat will roll lwo dice. Push a swilch. 
stan 1ht dice rolling. W'htn lhe sw~h is released, a (pseudo). 
random set al numbers will be displaped. 

The example is wntt.n using lht FSM compile~ mad~le of iPlDS. 
This example is a modification of an existing Application Natt[AP-
279] design, which is wntt.n in ADF language. 

The Dice Example pseuda-randamlp roHs lwo dice. The Diet 
Example is composed of lhree FSMs'. The first lwo are essential!, 
up-counters. which count from one 10 six, using lht notation groups 
of one or lwo LED's, for each of four DUIPUls. ta represent lhe six 
faces of a die. A piCIUre which indicates 1ht LED groupings b, 
listing lht output signal name nm ta lhe LED controlled 11, ii'. is 
giv.n in Diagram 1. The groupings for both die art idHticaf and 
.hence, listed next ta each olher. ' · 

The lhird machine generlffs a short pseudo-random bit sequnct bp 
implementing a Linear Feedback Shift Rtgister(LFSR) • wkh lhret 
registers. The pseudo-random bit sequences from lhe LFSR art 
used ta add probabilistic transitions to lht up-counter model of 
each die. The implementation of lht LFSR is b' straight 
memorization of lhe sequence, b' means of lhe state variables of an 
up-counter. 

1b,2b 

1d,2d 

le, 2c 

·Dice LED Encoding 

• • ••• • 1a,2a • 

Die 1 Signals: la, lb, le, ld 
Die 2 Signals: 2a, 2b, 2c, 2d 

le, 2c 

1d,2d 

1b,2b 

The Dice Exatnple shows the usefulness of logic minimization. 
Figure 2 shows lhe FSM language{Stat. Machine File) 
representation of lht Diet Example under the iPLDS srstem. 
Figure 3 shows lht ADF code which resuMd, as an inttrmediatt 
step, in lht compilation process. 

The target dtuice. lhe 5C06D. has 111/D macrooels. but each' 
macrocell has anl' .nough room for 8 1Htrms. There are 11 
equations !hat result frolll lhe Diet Example design. Faur for each 
die. ta control the LED's. and lhree from lht state variables of lhe 
Linear Feedback Shill Register. 

W't present a before and after minimization table. showing tht tfltcl 
of lhe minimization and lht automatic DeMorgan's Inversion step. 

Equation Inputs 

Sv3.d 3 
Su2.d 3 
Su1.d 3 
2d.d 6 
2o.d 8 
2b.d 6 
2a.d 6 
1d.d 6 
1c.d 6 
1b.d 6 
1a.d 6 

1Htrms 1Htrms 
before after 
min min 

3 2 
3 2 
3 2 
3 3 
I 4 • 4 
18 6 
3 3 
9 4 
5 4 
18 7 

A necessarr condition ta fit into lht 5Cl60 i5 Iha! Ill of lht numbers 
in lhe last column be no mare than 8. as there are no ..Ore than 8 
p-terms connec~d ta anp macrocell. This particular problem took 2 
min~s of CPU time on an BMhz PC/AT. Reducing these equations 
bp hand, tutn for lhis simple example. would bt difficult. Tht nttd 
for the automatic minimizer is clear in lhis example. W'khaut it. a 
designer would ekher have ta reduce lht eqations resulting from 1ht 
FSM language b' hand. or not use an FSM language at ill( and do 
the whole design using hand-crafted methods. 

Figure 1. 
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Dice Example 
FSM Language(SMF) Description 

Al111 C111111ala 
lnlll 
Jul, 21. 1988 
Piii No.: l.uVegu 
VII'. 3.0 
ICOSG 
Ran a pair of die 
lB Version 4.01, Base tin• 27 .1 4/9/86 
PARr:5C088 

X Na pins assigned: 
Autamllic Pin Assignment and Fiiiing X 

INPUTS: clk1. clk2, Go 
OUTPUTS: ta. 1b. 1c, 1d, 2a. 2b. 2c. 2d 

NETWORK: 

" 

clk1 = INP(cll1 J 
c1k2 = IHP1clk2J 
Ga = INP(GaJ 

Three i.rnt LFSR. implemeni.d b, storing sequence 
in mi. variables. which act as ftipping coins. 

" 
MACHINE: LFSR 
CLOCK: clk2 

STATES: [Coin! Coin2 Coin3] 
so [801) 
St (10 Q 
S2 (111] 
S3 [811) 
S4 (101) 
S5 (811] 
SS (001] 

" s- equations ve: 

" 

Coin2 := Coin1 
Coin3 := Coin2 
Coin! := /(Coin2 xor Coin3J 

SI: 
S1 

S1: 
S2 

S2: 
S3 

S3: 
S4 

S4:. 
S5 

S5: 
SI 

SS: 
so 

MACHINE: OieJ\DH_1 
CLOCK: clk1 

" S- variables ve used as olllpUls to die. 
Each St<ft encodes ""' set of LED's to light 
to rtafiH !hat die Hlut. 

" STATES: [1a lb le Id] 
Resel (8 O O OJ 
One (1088] 
Two ( 0 1 0 OJ 
Thrte (1100J 
Four [0110] 
Five [1110] 
Six [0111] 

" Coin2 is a pseuckttandom coin. which controls the 
UJH:ounter 1ransidons. so that lie dice roll is 
pseudo-random. 

" Reset: 
II Go Then One 

One: 
II Go11Coin2 Then Two 

Two: 
II Go•Coin2 Then Thr.e 

Three: 
II Go•Coin2 Then Four 

Four: 
If Go•Coin2 Then Fivt 

Five: 
If Go•Coin2 Then Six 

Six: 
If Go•Coin2 Then One 

MACHINE: Die_J\aH_2 

" Duplicate of DieJ\Dft_1 machine, except for 
a dilerent die, using a diflerenl pseudo-random coin. 

" CLOCK: clk2 
STATES: 
Reset0ie2 
On•Die2 
Two0ie2 
Thrte0ie2 
Four0ie2 
Five0ie2 
Six0ie2 

Ruet0ie2: 

[2a 2b 2c 2d] 
[0 0 0 OJ 
[1 0 0 OJ 
[0 1 0 OJ 
[I 1 0 OJ 
[ 0 1 1 OJ 
[ 1 1 1 OJ 
[ 0 1 1 1] 

If Go•Coin3 Then One0ie2 
OneDie2: 

If Go•Coin3 Then Two0ie2 
Two0ie2: 

If Ga•Cain3 Then ThreeDie2 
ThreeDie2: 

If Go•Coin3 Then Four0ie2 
Four0ie2: 

If Go•Coin3 Then Five0ie2 
FiveDie2: 

If 6a•Cain3 Then Six0ie2 
Six0ie2: 

If Go•Cain3 Then OneDie2 

ENDS 

Figure 2. 



Dice Example 
Hardware Description Language(ADF) 

Alan Coppala 
Int.I 
.... ,, 21. 1986 
Part No.: wVtgu 
Vtr. 3.0 
5CD60 
Roll a p•r of dit 
LB Vtrsion 4.01, Butlint 27 .1 4/9/86 
SMV Vtrsion 1.01 BETA2 Buolint 26.1 4/3/86 
PART: 5C060 

INPUTS: 
clk1. clk2, Go 

OUTPUTS: 
h, 1b, 1c, 1d, 2a, 2b, 2c, 2d 

NETWORK: 

" 

clk1 = INP(clk1 l 
clk2 = INP(clk2) 
Go = INP(Go) 

ThrH ttrm LFSR, impl•mtnltd b1 storing stqutnce 
in stal4! uariablts, which act u ftipping coins. 

" 
" 1/0' s for Slat• Machine "LFSR" 

" Coin1 = NORF1Coin1 .d, clk2. GNO. GNDJ 
Coin2 = NORF(Coin2.d. clk2, GNO, GND) 
Coin3 = NORF(Coin3.d. clk2, GNO. GNO) 

" I/O's for Statt Machin• "Oit_RolU" 

" 1a, h = RORF(h.d. clk1, GNO, GNO, VCC) 
1b, 1b = RORF(1b.d, clk1, GNO, GNO, VCC) 
1c, 1c = RORF11c.d, clk1, GND. GNO, VCC) 
1d, 1d = RORF(1d.d, clk1, GND, GND. VCC) 

" I/O's for Stal4! Machine "Die_RolU" 

" 2a, 2a = RDRF12a.d, clk2, GND. GND, VCC) 
2b, 2b = RDRF(2b.d. clk2, GNO, GND. VCCJ 
2c, 2c = RORF(2c.d, clk2, GND, GND, VCC) 
2d, 2d = RDRF(2d.d, clk2, GND, GND. VCCJ 

EQUATIONS: 

" BoolHn Equations for State Machine "LFSR" 

" " Currtnt S~te Equations for "LFSR" 

" SO = Coin1'•Coin2'•Coin3'; 
S1 = Coin1•Coin2'•Coin3'; 
S2 = Coin1•Coin2•Coin3'; 
S3 = Coin1'•Coin2•Coin3; 
S4 = Coin1•Coin2'•Coin3; 
S5 = Coin1 "•Coin2•Coin3'· 
S6 = Coin1'•Coin2'•Coin3; 

" SV Dtfining Equations for Stat• Machine "LFSR" 

" Coin1 .d = S1.n + S2.n + S4.n; 
Coin2.d = S2.n + S3.n + S5.n; 
Coin3.d = S3.n + S4.n + S6.n; 

" Nell! State Equations for Stal4! Machine "LFSR" 

" S1.n =SO; 
S2.n = S1; 
S3.n = S2; 
S4.n = S3; 

S5.n = S4; 
S6.n = S5; 

" BoolHn Equations for State Machine "Dit...RolU • 

" " Currtnt Stat• Equations for "Dit_RolU • 

" Reset= 1a'•1b'•1c'•1d'; 
Ont= 1a•1b'•1c'•1d'; 
Two= 1a'•1b•1c'•1d'; 
Three= 1a•1b•1c'•1d'; 
Four = 1 a'•1 b•1c•1 d'· 
Fiut = 1a•1b•1c•1d';' 
Six = 1 a'•1 b•1 c•1 d; 

" SV Defining Equations for State Machine "Die_RolU • 

" la.d = One.n + Three .n + Fiue.n; 
1b.d' = One.n + Reset.n; 
1c.d = Four.n + Fiuo.n + Sil<.n; 
1d.d = Six.n; 

" Next Stat• Equations for State Machin• "Die_RolU" 

" Ont .n = Six • Go • Coin2 + Ont • (Go • Coin2)' 
+Reset• Go; 

Restt.n = Reset• (Gol'; 
Three.n = Throe • (Go • Coin21' + Two • Go • Coin2; 
Four.n =Four• (Go• Coin2)' + Thrtt •Go• Coin2; 
Fiue.n = Fiuo • (Go • Coin21' + Four • Go • Coin2; 
Six.n = Six • (Go • Coin21' + Five • Go • Coin2; 

" Booloan Equations for State Machin• "Oie_Roll_2" 

" " Current State Equations for "Dit_Roll_2" 

" Reset0ie2 = 2a'•2b'•2c'•2d'· 
Ono0ie2 = 2a•2b'•2c'•2d'; ' 
Two0ie2 = 2a'•2b•2c'•2d'; 
ThreeDie2 = 2a•2b•2c'•2d'; 
Four0ie2 = 2a'•2b•2c•2d'; 
Fiue0ie2 = 2a•2b•2c•2d'; 
Six0ie2 = 2a'•2b•2c•2d; 

" SV Defining Equations for State Machine "Die_Roll_2" 

" 2a.d = One0ie2.n + ThreeDie2.n + FiueDie2.n; 
2b.d' = OntDie2.n + Reset0io2.n; 
2c.d = Four0ie2.n + Fiue0ie2.n + Six0ie2.n; 
2d.d = Six0it2 .n; 

" ~•XI State Equations for State Machin• "Die_Roll_2" 

OneDie2.n = SixDie2 • Go • Coin3 
+ OnoDio2 • (Go • Coin3)' 
+ Rosot0io2 • Go • Coin3; 

ResttDie2.n = Reset0ie2 • (Go • Coin31'; 
ThrteDie2.n = ThreeDie2 •(Go• Coin31' 

+ TwoDie2 • Go • Coin3; 
Four0it2.n = Four0ie2 •(Go• Coin31' 

+ ThroeDio2 I Go • Coin3; 
Fiue0io2.n = FiueDie2 • (Go • Coin31' 

+ FourDie2 • Go • CoinJ· 
Six0ie2.n = Six0ie2 •(Go• Coin:ir 

+ FiueDie2 • Go • Coin3; 

ENDS 

Figure 3. 
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APPENDIX 

SECOND SOURCE CROSS REFERENCE 

What Intel Part to Quote Altera Part # What Intel Part to Quote Altera Part # 

D5C031-50 EP310DC CJ5C090-50 EP900JC-3· 
D5C031-35 EP310DC-2 P5C090-60 EP900PC 
TD5C031-50 EP310D1 P5C090-50 EP900PC-3 

N5C090-60 EP900LC 
D5C032-35 EP320DC N5C090-50 EP900LC-3 
D5C032-35 EP320DC-2 TD5C090-60 EP900DI 
D5C032-25 EP320DC-1 TCJ5C090-60 EP900JI 
P5C032-35 EP320PC 
P5C032-35 EP320PC-2 D5C121-90 EP1210DC 

D5C121-65 EP1210DC-2 
D5C060-55 EP600DC CJ5C121-90 EP1210JC 
D5C060-35 EP600DC-2 CJ5C121-65 EP1210JC-2 
D5C060-45 EP600DC-3 P5C121-90 EP1210PC 
CJ5C060-55 EP600JC P5C121-65 EP1210PC~2 

CJ5C060-45 EP600JC-3 N5C121-90 EP1210LC 
P5C060-55 EP600PC N5C121-65 EP1210LC-2 
P5C060-45 EP600PC-3 TD5C121-90 EP1210DI 
N5C060-55 . EP600LC TCJ5C121-90 EP1210JI 
N5C060-45 EP600LC-3 
TD5C060-55 EP600DI CJ5C180-90 EP1800JC 
TCJ5C060-55 EP600JI CJ5C180-15 EP1800JC-3 
MD5C060-55 Spec EP600DM N5C180-90 .EP1800LC 
MD5C060-55 EP600DMB N5C180-75 EP1800LC-3 

TCJ5C180-90 EP1800JI 
D5C090-60 EP900DC In Development EP1800GC 
D5C090-45 EP900DC-2 In Development EP1800GCM 
D5C090-50 EP900DC-3 In Development EP1800JM 
CJ5C090-60 EP900JC In Development EP1800JMB 
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inter SECTION 5 

PLA TO EPLD REPLACEMENT 5C031/5C032 As a 20·Pln PAL Replacement 

Already in wide use throughout the electronics in­
dustry are numerous different Programmable Logic 
Devices. Many of these are PALs from MMI. Cur­
rently, two of our EPLD products, the 5C060 and 
5C031 can functionally replace most 24-pin and 20-
pin PALs, respectively. A third product, the 5AC312, 
with its architecturally advanced features, can re­
place most designs using more complex PALs such 
as the 20RA10, 22Y10, and 32V10. 

The 5C031 

The 5C031 is a direct, drop-in replacement for most 
20-pin PALs, although some PALs have an incom­
patible architecture. 

The 5C060 

The 5C060 is NOT a drop-in replacement for any 24-
pin PAL, though it can functionally replace most. The 
reason for this is that pin 1 is used as the main clock 
on registered PALs and as an input on non-regis­
tered. Also, pin 13 is used as an OE line on some 
PALs, and as an input on others. The 5C060, howev­
er, uses pin 1 as the left-half synchronous clock in­
put and pin 13 as the right-half synchronous clock 
input. 

While that may not be a problem in some PAL de­
signs, those designs that require clocking or inputs 
on pins 1 or 13 will necessitate hardware modifica­
tions. In the case of the registered PALs, the con­
nection to pin 1 must be rerouted to pin 13 and the 
OE connected to one of the available inputs (if 
used). In this manner, the 5C060 can functionally 
replace the PAL. 

The 5AC312 

The 5AC312 is a direct, drop-in replacement for the 
20RA 10 as well as many of the other simple 24-pin 
logic devices. The 5AC312 can also serve as a drop­
in replacement for most designs using the 22V10 or 
32V10 devices. 
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100% Functionally 
Compatible Compatible 

10H8, -2 
12H6, -2 
14H4, -2 
16H2, -2 
10L8, -2 
12L6, -2 16R6A 
16L8, A-2, A-4 16R4A 
16R4, A-2, A-4 16LBA 
14L4, -2 16RP6A 
16L2, -2 16RP4A 
16R8, A-2, A-4 16PBA 
16R6, A-2, A-4 16RBA 
16P8, -2 16RPBA 
16RP8, -2 
16RP6, -2 
16RP4, -2 

These are These are 
25 ns-45 ns PALs. 15 ns PALs. 

5C060 As a 24-Pln PAL Replacement 

Modified Functionally 
Replacement Compatible 

12L10 20LBA 
14L8 20RBA 
16L6 20R6A 
18L4 20R4A 
20L2 
20L10 
20L8 
20RB 
20R6 
20R4 
20RA10 

With hardware These are 
modifications 15 ns PALs. 

5AC312 As a 24-Pln PAL Replacement 

100% 
100% 

Compatible 
Compatible 
(Quallfled) 

20L8 22V10 
20RB 32V10 
20R6 Dependent on the 
20R4 number of product 
20RA10 terms used. 



ORDERING INFORMATION 

Intel EPLDs are identified as follows: 

5 c 
'-.,.J 

x x 

I Device 

Technology 

C -CHMOS 

AC - Advanced CHMOS 

Package Type 

A - Hermetic, Pin Grid Array 

D - Hermetic, Type D (Cerdip) Dip 

N - Plastic, Leaded Chip Carrier 

CJ - Ceramic, J Leaded Chip Carrier 

P - Plastic Dip and Plastic Flatpack 

R - Hermetic, Leadless Chip Carrier 

X - Unpackaged Device 

x s s 
\...._ __ . __ _,) 

Speed 

A - Indicates automotive operating temperature range ( -40°C to + 125°C) 

J - Indicates a JAN qualified device, but is for internal identification purposes only. All JAN devices must 
be ordered by M38510 part number. (Example: M38510/42001 BOB), and will be marked in accord­
ance with MIL-M-38510 specifications. 

L - Indicates extended operating temperature range (-40°C to + 85°C) express product with 160 
± 8 hrs. dynamic burn-in. 

M - Indicates military operating temperature range ( - 55°C to + 125°C) 

Q - Indicates commercial temperature range (0°C to 70°C) express product with 160 ±8 hrs. dynamic 
burn-in. 

T - Indicates extended temperature range (-40°C to + 85°C) express product without burn-in. 

- No letter indicates commercial temperature range (0°C to 70°C) without burn-in. 

·Examples: 

QD5C060-45 Commercial with burn-in, ceramic Dip, 060 (600 gate) device, 45 nanosecond. 

•on military temperature devices, B suffix indicates MIL-STD-883C level B processing. 
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Device Feature Comparison 

5C031 5C032 5C060 5C090 5C121 5C180 5CBIC 5AC312 

INPUTS 
Dedicated 10 10 4 12 12 12 8 10 
Maximum 18 18 20 36 36 60 16 22 
Input Latches y y y 

1/0 
Number 8 8 16 24 24 48 32 12 
Tri-State y y y y y y y y 

Programmable y y y y y y y y 
Polarity 

MACROCELLS 8 8 16 24 28 48 8 12 

REGISTERS 
Number 8 8 16 24 28 48 8 12 
Types D D D/T/ D/T/ D D/T/ D/T/ D/T/ 

RS/JK RS/JK RS/JK RS/JK RS/JK 
Buried Reg. S 4 
Preload y y y y y y y y 
By-Pass y y y y y y y y 

Reset y y y y 'Y y y y 
Preset ·y y y 

PRODUCT TERMS 
Number 74 72 160 240 236 480 112 200 
Sharing y 
Variable Prod. y 

Term Distribution 

LOCAUGLOBAL BUSSES y y 

CLOCKS 2 2 2 4 2 
Asynchronous y y y y y 

Clocking 
Programmable y 

Clock Edges 

SECURITY BIT y y y y y y y y 
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ELPD CUSTOMER SUPPORT 

Hotline 

The Intel EPLD Technical Hotline is manned by ap­
plication personnel from 8:00 a.m. to 5:00 p.m. 
(PST) every business day. Contact your local field 
sales office for the hotline number. 

BBS 

Intel has a Bulletin Board System for registered iPLS 
and iPLS II customers to electronically transfer infor­
mation. Any registered person with a modem can log 
onto the system. The current number is (916) 985-
2308. If your communication software supports file 
transfers, you can receive utilities, software updates, 
and the latest information on EPLDs via the Bulletin 
Board. 
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EPLD Customer Design 
Support Center 

Intel has a Customer Design Support Center to help 
customers who are implementing EPLD designs. 
Service includes answering questions, device selec­
tion assistance, and design partitioning as well as 
limited prototyping, and product/design evaluation 
and implementation. For more information on the 
Design Support Center, contact your local Intel field 
sales office. 

EPLD Evaluation Unit 

A modular unit for evaluation of EPLD devices is 
available from Intel. The unit has a variety of 
switches and LEDs, and a numeric display for con­
trol and status. Several Intel applications can be ver­
ified on the unit as well as small customer designs. 
For more information, contact your local Intel field 
sales office. 



COMPATIBLE COMPUTERS FOR iPLDS II 

A partial list of computers that have been verified to be software compatible with the Intel Programmable L9gic 
Development System (iPLDS II) is given be.low: 

AT&T 6300 and 6300+ 
Compaq family of PCs (88, 86, 286, 386) · 
IBMAT 
IBMXT 
IBM XT-286 
HP Vectra 
Sperry IT 
Tandy 3000 HD 
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DOMESTIC DISTRIBUTORS 

ALABAMA CALIFORNIA (Cont'd.) FLORtDA INDIANA (Cont'd.) MICHIGAN (Cont'd.) 
Arraw Electronics, Inc. Kierulff Electronies, Inc. tArrow Electronics, Inc. ~:Sm:=v~;lectronlcs 1015 Henderson Road 10824 Hope Street 350 Fai Drive 
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~J;2g~b~i6?2~~~ 
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~~x~~-:u:= 
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~=~~>~:iso tHamilton/Avnet Electronics ~Arrow Electronics, Inc. TWX: 810-726-2197 

~~x~~~-~~~=!~J~ 9219 Oulvera Road 230W. 73rd Street 
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~:~~~~:y_m== ~~~~~~-==~:gg 
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Tel: (602)968-1461 Lenexa 66215 Minnetonka 55343 TWX: 910-950-oon Hamllton/Avnet Electronics ~:~~~~~~~~ ~:ix~~~~-=:= Kierulff Electronics, Inc. ~~~7D~~ribu::! c;{~P 3245 Tech Drive North 

Calabasas~1302 St. Petersburg 33702 
4134 E. Wood Street 

~:~~J~b~~33?4 KENTUCKY f Pioneer Electronics Phoenix 85040 ~~x~~11~-=~m 10203 Bren Road East 
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~~~~~~-=:~ 
~1~5°~.t~~:n~;~~g Highway 
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CALIFORNIA 
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Tel: (6~ 571-7500 Suite708 Bensenville 60106 Billerica 01821 FAX: 201-538-4962 
FAX: 61 -277-6136 Englewood 80111 ~:J~~~~~i= ~:X(:6~~~~~~~ tHamilton/Avnet Electronics 
tHamilton/Avnet Electronics ~~~b!:S!o°1'a71 FAX: 617-663-1754 1 Keystone Ave., Bldg. 36 
9850 Desoto Ave. Kierulff Electronics, Inc. Che~lll08003 
Chatsworth 91311 tWyte Distribution Group 1140 W. Thorndale PiOneer Northeast Electronics ~:71~~~1~ ~~~~;,_~~~~~· 6500 

451 E. 124th Avenue Itasca 60143 44 Hartwell Avenue 
Thornton 80241 ~~Ix~~;~-~=~ Lexi~n 02173 FAX: 609-751-8624 

~~~~~b~9o915lo Tel: ( 1~ 861-9200 

l~~3~1t:~::k~1;~~~Jcs FAX: 61 -863-1547 tHamilton(Avnet Electronics 

~~ si~':ftsh~~~~1e 10 lndustnal 
Sacramento 95834 CONNECTICUT MICHIGAN Fairfield 07006 

~:~~~~,_=~~~~ Itasca 60143 ~A'X~~~1/-~j~:= tArrow Electronics, tnc. Tel: (312) 773-2300 Arrow Electronics, Inc. 
12 Beaumont Road 755 Phoenix Drive 

~Hton/Avnet Electronics Wallin~ord 06492 f Pioneer Electronics Ann Arbor 48108 
G Street ~J~ 11b~4615s!li~1 1551 Carmen Drive ~~~~\~=~~:~~ Ontario91311 Elk Grove Villa~60007 

~~~j\t=~~ Ham~ton/Avnet Electronics ~x(~~~~~3li-1~ ;Hamilton/Avnet Electronics 
Commerce Industrial Park 2487 Schoolcraft Road 

t~S16i~~~;~~i~~:~~l~~-s Commerce Drive INDIANA Livonia 48150 lMTI Systems Sales 
Oanbu~ 06810 ~J~J~~~~~~~5 ?Kulick Rd. 

Culver Ci~230 1~9s°Di=~A~~.1iscu,te H 
Fairfield 07006 

Tel: (21~ -2458 ~A'X~:13;j::=: FAX: 313-522-2624 Tel: (201) 227-5552 
FAX: 21 558-2248 ~":~~~~~~:~1 

FAX: 201-575-6336 
tPioneer Northeast Electronics ~~i~A;:;e~nT.onics 

tHamilton Electro Sales 112 Main Street TWX: 810-341-3119 
3170 Pullman Street Norwalk 06851 Space AS 
Costa Mesa 92626 Tel: (203) 853-1515 Grand Rapids 49508 

~~f111~-::t:rng TWX: 710-468-3373 ~~J~b~2~~=~ 
FAX: 616-243-0028 

tMicrocomputer System Technical Distributor Centers CG-10/20117 
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... lllXICO --Inc. 11030CocNUS.E. 
--87123 

~:'lcf=: 
Harnllton/Avnet Elaclronlce 
2624Ba"°'DrlwlS.E. 

~87108 
1500 
1386 

Nl!WYORK 

DOMESTIC DISTRIBUTORS 

NORTH CAROLINA (Cont'd.) --9801 A-southem Pine Btvd. 
Charlotte 28217 

=~-= 
OHIO 

AtrO# Electronics, Inc. 
7820 McEwen Road 
~45459 

~:>J~\~= 

~== Clevelllnd44105 

~~:~~~ 
FAX: 218-687-3906 

OKLAHOMA 

Am:Nt EllctronD, Inc. 
~=~411c:.ElltAve., Ste. 210 

~~~\~~gg 
OREGOOI 

PENNIYLYANIA 

AmN1 ElectroNcs, Inc. 
860 Seco Road 
Monroevllle151"8 

~~~~\~~m 
Hamillon(Avnal Electronics 

r>a~~.,llldg.E 
Tai: (41 281-4150 
FAX:41 ·281""882 

PENNSYLYUIA (Cont'd.) 

le"\";;--=.a 
-19044 

~~~~ 
FAX: 215-674-3107 ...... 

WAll9fQTON 

tAOnocBecVonaCarp. 
=~Way 

~~~2:1::= 
AmMElectronlca,tnc. 
14320N.E.211t81reet 
BalloYue98007 

1:X~~ 

~~~=i~ 
-98005 
~~~~ 

wtSCONllN 

~~~al::.1~.100 
Brookfleld53005 

~:Xf~\t~:ITT= 

CANADA 
ALBERTA 

, Zontronlcs 
=~~7N.E.,Ste.100 

~:'icfL~ 
BRITISH COLUllllHA 

-·--80-1313 Border Street 
Wlnn~R3H OX4 
Tel: 694-1957 
FAX: 55 

ONTARIO --Inc. ic:2-"'' 
MlulsmLST1M4 

~:'icJ~\U2: 

§:~m 
~..1 .. ~1: 
l~Road 
Unlt17 
N:;nK2E7K1 

~Ai'\\~ 
IAIKATCHIWAN -173-1222 Alberta Avenue 
Snkatoon 87~ 1R4 

~~~~;2207 
OUHl!C 

tAnow Electronica Inc. 
4050 Jean T.ton Qunt 
Montreal H4P 1 W1 

~~~\~~~ 
AmMElectronicllnc. 
909 Chantlt Blvd. 
a...ce1N288 

~:x~~\~== 
Hlmllton/Avnet Electronlel 

~~"='fPI 
~~~\~~ 
Zontronlcs 

~7:~~tiN4 
~:ic~~\t~~= 

CG-:10/I0/17 
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FINLAND 

'""" Ruoallentie2 
00390 Hels6nki 39 

~~~44 
FRANC!! 

'""" 1, rue Edllton·BP 303 
78054 St QuentlMft-Vvelnes Cedex 

~'~f:1000 

'""" llllll18UbleBBC 
4,0ualdesEtroils 

~8':1:'4088 
· TUC: 305153 

EUROPEAN SALES OFFICES 
WEIT Gl!RllANY , .... 
SeldlWasae 27 
8000 Muenchen 2 

~~1~3890 

'""" HohenzOllem Struse 5 
3000 Hannover 1 
~~~4081 

, ... 
Abraham Uncoln Strasse 18-18 
ll200-
m~~lle~~8050 
, ... 
-81 
7012 Fellbach 

¥~)15800112 
TLJC1'254828 

llRAl!L ,...,. 
Attidlm Industrial Park 
P.O. Box 43202 
Te1Avlv81430 

~,'~1i~r80 
ITALY 

NETHERLANDS 

-·· -Hvamvelen 4.p .O. Box 92 
2013= 
~!~8018420 

IPAIN 

, ... 
i:foz::=n no. 2&-1 laq 

~!~4004 

IW!:Dl!N 

, .... 
\'r.'sr"~ 
m~~~o100 

IWITZlllLAND 

UNITl!D KIHGIDOll ,...,. 
~.,.:.•1.-,. SN3 1 RJ 

i~:(O~~eooo 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA Wl!IT GERMANY rTALY (Cont'd.) UNITED KINGDOM 

Bachar E1ec1ronic1 GmbH E1eclronlc2000Vertrlebs-AG to:.:+::f~· Accent Etactronic Com~ Ltd. 
~lguse28 =ru0errlng12 JublleeHou11,Jubllee 

uencllen82 20092 Cinl1811o Balsamo Letchworth Hertl S08 1 
~(~8356480 it'M~~oo10 MHono ~~=·86 +~=0012 
ll!LGllll ITT Mulllkomponent GmbH ~~c.n ... Bahnhofttrlsse 44 .............. 
lnolco-8.A. 7141tmi"T, -Rood 
Av. dee Croix.de Guerre 94 Toi'(~ 79 

21RW 1120 Bruxelles nx, 
i~~':J..~~8 01 60 T 482211 

08 T 15 

DI-

=Eatote -·· ITT-Mulll-A/S Otford ROid 
Naverland 29 Nordisk Elektronltl: AJS -280DG= -ieGmbH P.O. Box 122 Kent TN14 seu 
Tel'~ 45 ~•11149 ==4 m~"50144 nx, uandlen71 

Tll,(089)780420 i~'7:S8210 - TUC: 5213189 --RapklHOUH 
OY RntronlC AB Proelectron Vertrllbs GmbH PORTUGAL Denmark St. 
Melkonkatu 24A Max Planck Sb'asse 1-3 ~~R 00210 Helllnkl21 8072Dnlielch Dilnlm 
Ta"!O) 892 80 22 m~~Vs~ 30 43 43 

Av. M. Bombarda, 133--1 D m,1~~tM4 22 86 TUC: 124224 1000 Usboa 
Tel: {1) 54 5313 

l'llANCI! IAELAND TUC: 14182 ==-~-
..... -Sl 

ATDElectronlcaS.A. ~~R g:<'O:,'Y Piazl Ck.ldacl de Viena no. IS ~=t50244 ~~(~1~112811 28040Madrld 

~!~~4000 YUCIOlll.AVIA 
..... L 

m-sesa H.R.M-Cctp. 
=oM:'ridAngal no. 21-3 2005 de la Cruz Blvd., Ste. 223 

Santa Clara, CA 95050 

~~~~~0957 U.S.A. 

~!~=-' 
~ IRDl!N 

~':!'::.-c.~ ITALY Nordisk Elektronlk A.B. 

~~:<~,~~8240 ~;:s.A. 
~1 
17127 Solna 

20090 AINQO m~=9770 Miano 

-BP2 
Tll:(02)824701 
TLX: 311351 SWITZERLAND 

lndustrade A.G. 
HertiltrUH31 
8304Walllsellen 

~~~~7~30 50 40 

CG-10/I0/17 
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INTERNATIONAL SALES OFFICES 

AUSTRALIA 

lntet Australia Pty: L,td:, 

r.~~Level6 
Crows Nest, NSW. 2065 

t~!~~-2744 
FAlt (2) 923-2632 

BRAZIL 

Intel SemlcondutoM do Brasil LTDA 
Av. Paullsta, 1159-CJS 404/405 
01311 ·Sao Paulo· S.P. 
Tel: 55-11-287-5899 
TU: 1153146 
FAX: 55-11-212-7631 

CHINA 

Intel PRC Corporation 
15/F, OflJce 1, cmc Bldg. 
Jlan Guo Men Wal Street 
Beljl~, PRC 
Tet ( 500-4850 
TLX: 2947 INTEL CN 
... , (1) 500-2953 

HONGKONG 

Intel Semteonductor Ltd." 
1701·3 Conni~ Cent{e 

}~·=~ 
TWX:= ISLHK HX 
FAX,(5)29<·569 

JAPAN 

Intel Japan K.K. 
H Tottodal T~sato-machl 
t~~~t;2~~11 rakl·ken 300-26 

TLX: 3656-160 
FAX: 029747-8450 

~~·~~,:!g~~. 
1-8889 Fuchu-cho 

~~04~~o;'J:, 183 
FAX: 0423-80-0315 

Intel Japan K.K. • 
Mltsui-Selmel Musashi·kosugi Bldg. 
915 Shlnmaruko, Nllklhara-li:u 
Kawuaki-shl, Kanagawa 211 
Tel: o.M-733-7011 
FAX: 044·.733-7010 

JAPAN (Cont'd) 

~~r~-~tsugi Bldg. 
1-2-1 Asahi-machi 

~!:~:~~~-~7~awa 243 
FAX: 0482-29-3781 

Intel Japan K.K .• 
Ryokuchi-Ekl Bffig. 
2-4-1 Terauchl 
T:T:onaka-shl, Ouka 560 

~AX~:rn:l 

100 

~~=·K.K. 
1-16-30 Melekl Minami 
Nakemura-ku, Nagoya-lhi 
Aichi 450 
Tel: 052-561-5181 
FAX: 052-561-5317 

KOREA 

Intel Technology Asia Ltd. 

~~Y~~~ou~ungpo4n1 
Seoul 150 

~~~~~~reLKO 
FAX: (2) 784-8096 

SINGAPORE 

~~l~~~=~~Ltd. 
Goldhlll Square 

~~~=~8~~30 
TLX: 39921 INTEL 
FAX: 250-9256 

TAIWAN 

Intel Technology (Fer Eut) Ltd. 
Taiwan Brenetl 
t~~.NFf.o~· Tun Hu• N. Road 
Tel: 886-2-718-"80 
TLX: 13159 INTELTWN 
FAX: 888-2-717-2455 

INTERNATIONAL 
DISTRIBUTORS/REPRESENTATIVES 

ARGENTINA 

OAFSYS S.FtL 
Checabuco, 90-4 PISO 
1089-Buenos Aires 
Tel: 54-1-334-1-871 

54·1·34-n26 
TLX: 25472 

Rey<:ol!I Electronlcl S.A.L 
Arcol 3631 
1429-Buenos Ail'ff 
Tel' 54 (1) 701 .... 62/96 
~t:; ~1(~ 11-1722 

AUSTRALIA 

Total Etectronicl 
P.M.8. 250 
9 Harker Street 
Burwood, Vlctorl•3125 
Tel: 61-3-288-4044 
TLX: M31261 

Total Electronics 
P.O. Box 139 

~:m2~~~ 
TLX: 28297 

BJllAZIL 

Elebra Mlcroelectronlel 
A. Geraldo Flauslno Gomes; 78 9•-04575 - Sao Pauto - S.P. 
Tel: 55-11-534-9522 
TL)(; 1154591 or 1154593BA 
FAX: 55·11-534-9837 

CltlLI! 

DIN Instruments 
Sueci• 2323 
cuma 6055, Correo 22 

~~-225-6139 
TLX: 440422 AUDY CZ' 

CHINA 

Novel Precision Machinery Co., Ltd. 

~~ r>~1~;.rr~r:~· 
N.T., Kowloon 
~~ ... , .. ,:-.... _ -­
TWX' 
FAX: 

~leld Application Locetlon 

CHINA (Cont'd) 

INDIA 

Mlcronlc Devices 
Arun Complex 
No. 65 O.V.G. Road 

Mlcronlc DIYlcn 
No. 516'$111 F1oo< 
SweltQI; CNmbers 

1 
BGIN 

t:b;~ir11Aoed 
Tel: 91-52·39·63 
TLX: 9531 171447 MDEV IN 

JAPAN 

Atlhl Electrollles Co. Ltd. 
KMM Bldg. 2·14-1 Auno 
Kokurlkltl.-ku 

~:'~~;·:,.~2 
FAX: 093-651-7881 

C. ltoh Techno-Sclence Co., Ltd. 
C. ltoh ~· 2-5-1 Klt1-Aoyema 
~~~~~7~107 
FAX: 03-497-4969 

JAPAN (Cont'd) 

~=~::n,~:~}ay• 
t.':'M~~~~yo, 
FAX: 03-487-8088 

~~~r=~~ 
~:~2::.~:1•hl 460 
FAX: 052-204-2901 

Ayoyo Electro Corp. 
Konwa B!dg. 
1-12-22 Ttuklji 

¥:,-:.~~sJf1104 
FAX: 03·546-5044 

KOREA 

J-Tek Corporation 
8th Floor, Government Penelon Bldg. 
24-3YOldo-~ 
~ngpo-.u 

Tel: 82-2-782-8039 
TLX: 25299 KOOIGIT 
FAX: 82-2-784·1391 

Samsung Semiconductor & 
Tetecommunlcatlona Co .. Ltd. 
:::J·,~· Tafpyung·ro, Chung-ku 

Tel: 82-2-751-3987 
TLX: 27970 KOASST 
FAX: 82·2-7sa.o987 

MEXICO 

Olcopel •••. 
Tochtll 368 Fracc. Ind. San Antorao 

~r;r~~xlco, O.F. 
Tel: 52-5-561·3211 
TLX: 1773790 DICOME 

NEW ZEALAND 

Northrup lnstrumente & Systems Ltd. 

i~8."to~ ~::~ r:'=arket 
Auckland 1 
Tel: 64-9-501·219, 501-801 
TLX: 21570 THERMAL 

~b~h~~ ~:Je"mente & Systemt Ltd. 

f:t;.p_tr.J::e 
TLX: NZ3380 
FAX: 84-4-857278 

SINQAPOftl 

Francotone Eltctronlcl pte Ltd. 
17 Harvey Road #04-01 
Slng~133e 
~~~~:sie1e 
FAX: 2895327 

IOUTHAFRtCA 

Eleclronlc Building Elemtntl, Pty. Ltd. 
P.O. Box 4809 
Pine Square, 18th Street 
HazelwOoCI, Pretoria 0001 
Tel: 27-12-469921 
TLX: 3-227788 SA 

TAIWAN 

Vl!NEZUILA 

P. Benavides S.A. 
Avilenet a Rio 
Resldencla Ktmarata 
Localet4 AL 7 
La Clnctelarla, Caracas 
Tel: 58-2-571-0396 
TLX: 28450 
FAX: 58-2-572-3321 

C0-10120/87 
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ALABAMA 

Intel Corp. 
5015 Bradford Drive, #2 
Huntsville 35805 
Te/0(205)-10 

ARIZONA 

tntelCo<p. 
11225 N. 28th Dr., #0214 
-~85029 
Telo (802) 889-4980 

Intel Corp. 
500 E. Fry Blvd., Suite M·15 
Sierra Vista 85635 
Tel: (602) 459-5010 

ARKANSAS 

Intel Corp. 
P.O. Box 206 
Ulm 72170 
Tel: (501) 241-3264 

CALIFORNIA 

Intel Corp. 
21515 Vanowen St. 
Suite 116 

¥:.7iar~C":~~ 
Intel Corp. = ~1 rper1a1 Highway 

~e1~:.is 
Intel Corp. 

~:"~=~s:~· 
Tel: (916) 351-6143 

=~fthstreet 
Suite 110 
Santa Ana 92705 

~t~1b.':5~l4~ 
Intel Corp. 
2700 San Tomas Expressway 
Santa Clara 95051 
Tel: (408) 970-1740 

Intel Corp. 
4350 Executive Drive 
Sulte105 

~~(~4:~~ 
COLORADO 

Inter Corp. 
~"m"Cherry 
Oenver80222 

~~~":s';: 

CALIFORNIA 

2700 San Tomas Expresaway 
Santa Clara 95051 
Tel: (408) 970..1700 

CALIFORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 
Tel: (408) 986-8086 

DOMESTIC SERVICE OFFICES 
CONNECTICUT MICHIGAN 

Intel Corp. 
26 Mill Plain Road 

Intel Corp. 
7071 Orchard Lake Road 

Danbu.\! 08811 Suite 100 

~~11b:.~\~ West Bloomfield 48033 
Tel: (313) 851..s905 

FLORtDA MISSOURI 

~r:o ~\e: 62, Suite 104 
Intel Corp. 
4203 Earth City Expressway 

Ft. Lauderdale 33309 Suite 143 

~~b?l,,1._-= ~:1'(a~~7~J1s 

k'!l;1~stmonte Drive 
NEW JERSEY 

Sulte105 lntetCorp. 

~:m'S\"~~'l'a3211• 385 Sylvan Avenue 
E~lewood Cliffs 07832 

GEORGIA MJ~~~b.S:,~~ 
Intel Corp. W!':l~il:aza111 3280 POinte Parkway 
Suite 200 Raritan Center 
Norcross 30092 Edison 08817 
Tel: (404) 441-1171 Tel: (201) 225-3000 

ILLINOIS NORTH CAROLINA 

Intel Corp. Intel Corp. 
300 N. Martingale Rd. 2306 w. Meadowview Road 
Suite 300 Suite206 

~r1~~2'f 3fo~g;i: Greensboro 27 407 
Tel: (919) 294-1541 

INOIANA Intel Corp. 
2700 Wycliff Rd., Suite 102 

Intel Corp. ~=1~8~9~~7-8022 8777 Purdue Rd., #125 

~r::~(3~ri'~~:~~ OHIO 

KANSAS ~~~gi-ainard Bldg. 
Intel Corp. Sulte305 
8400 W. 110th Street =a~8t1n~outevard Suite 170 
Overt.and Pal1t 86210 ~~J~b~~9:a Tel: (913) 3'5-2727 

KENTUCKY Intel Corp. 
6500 Poe 

Intel Corp. ~r~:~J~5350 3525 Tatescreek Road, #51 

~=~i= 24:~~45 OREO ON 

MARYLAND Intel Corp. 
15254 N.W. Greenbrier Parkway, Bldg. B 

Intel Corp. Beaverton 01886 
5tfl Floor ~J~~ii~411 7833 Walker Drive 
Greenbelt 20770 
Tel: (301)441-1020 =~·Elam Young Parkway 
MASSACHUSETTS Hiiisboro 97123 

~=;oc;'°/Corp. Center 
3 Carlisle Road 

Tel: (503) 681-8080 

Westford 01886 
Tel: (617)892-1060 

CUSTOMER TRAINING CENTERS 
ILUNOIS 

~ha~m~n'6~3#300 
Telo (312) 3f0-s100 

MASSACHUSEns 

3 Carllsle Road 
Westford 01886 
Tel: (617) 692-1000 

SYSTEMS ENGINEERING OFFICES 
tLLINOIS 

~!~imMt!~nsg~~3#300 
Tel: (312) 3~0-8031 

MASSACHUSEns 

3 Carlisle Road 
Westford 01886 
Tel: (617) 692-3222 

PENNSYLVANIA 

lntelCo<p. .. 
201 Penn Center Boulevard 
Suite301W , 

~:S:;t'ih~~ 
TEXAS 

lntelCo<p. 
313 E. Anderson Lane 
Sulte314 
Austin 78752 

~~J~US:4~~ 
lntelCorp. 
12300 Ford Road 
Suite380 
Dallas 75234 

~~J~~2~ 
Intel Corp. 
8815 ~r St., Suite 225 
El Paso 79904 
Tel: (915) 751-0186 

VIRGINIA 

Intel Corp. 
1603 Santa Rosa Rd., #109 
Richmond 23288 
Tel: (804) 282-6688 

WASHtNGTON 

\"1~ 1~~-Avenue N.E. 
Sulte510 
Bellevoe 98004 
Tel: 1-800-<4EIS-3548 
TWX: 910-443-3002 

WISCONSIN 

lntelCo<p. 
3SO S. Executive Or. 
Sulte102 
Broolcfleld 53005 
Tel: (414) 784-8087 

CANADA 
Intel Corp. 
190 Attwell Drive, Suite 500 
Rexdale, Ontario 
Canada M9W 6H8 
Tel: (416) 675-2105 

~~~~nBlvd. 
Pointe Claire, Quebec 
Canada H9R 3K3 
Tel: (514) 894-9130 

Intel Corp. 
2650 Queensview Drive, #250 
Ottawa, Ontario, 
Canada K2B 8H6 
Tel: (613) 829-9714 

MARYLAND 

7833 Walkw Dr., 4th Floor 
Greenbelt 20770 
Tel: (301) 220-3380 

NEW YORK 

300 Motor Parkway 

~:~~18~3~~ 

CG-10/20117 






