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In: CLOCK<Enter>

Select a primitive to drive IN1LD: E@N
<Enter>

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 “NOT”, “*” indicates a logical
“AND”, and “ + > indicates a logical “OR”. The equa-
tion is terminated by a “;”’ as shown in Screen 5.

INLD = (LA*x1Bx1C*x/1D)3s <Enter>
The following prompts and design entries, as shown in
Table 5, are needed to complete the design entries for
DICEIC, DICEIB, and DICEIA respectively.

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.

Press <F2> to exit.

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

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

Note that you are savivng 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 <F10>
when in the iPLS main menu to print the ADF file for a
listing. You can verify your file with the DICE1.ADF file
given in Appendix D. If you desire a listing, while you are
in the iPLS main menu, type the following:

<F10><Enter>
PRINT DICEL-ADF <Enter>

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.

Table 5.
PROMPT USER ENTRY
Select aprimitivetodrivel(: RORF <Enter>
Out: DICE1C <Enter>
Oe: VCC<Enter>

P:

C:

D: -

Selectaprimitivetodrive IN1C:
INLC:

SelectaprimitivetodrivelB:
Oout:

Oe:

P:

C:

D:

Selectaprimitivetodrive IN1B:
IN1B:

Select aprimitivetodrive lA:
Out:

Oe:

P:

C:

D:

Selectaprimitivetodrive INLA:
INLA:

GND <Enter>

GND <Enter>

IN1C <Enter>

EAQN <Enter>
(LAx1Bx/1Cx/1D)+(/LAx1B*LC*x/1D)+(LA*x1LBx1Cx/1D)5
<Enter>

RORF <Enter>

DICELB<Enter>

VCC <Enter>

GND <Enter>

GND <Enter>

IN1B <Enter>

EAQN <Enter>
(LAx/1Bx/1Cx/1D)+(/LA%1LB%x/LC*x/1D)+(LAXx1Bx/1Cx/1D)
+(/LAx1Bx1Cx/1D)+(1A*1B*LCx/1D) 5<Enter>

RORF <Enter>

DICELA<Enter>

VCC <Enter>

GND <Enter>

GND <Enter>

IN1A <Enter>

EAN <Enter>
(/LAx1Bx/1Cx/1D)+(/LA*LB*xLCx/LD)+(/LAx1Bx1Cx1D)
+(/LA%x/1B%x/1Cx/1D) 5<Enter>
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f )
Intel Programmable Logic System
Loglc Bullder Main Menu:
1 . INP NOJF
EaN NORF
A CLKB NOSF
AND NOTF
GND € | . HAND ROIF
inld D Out diceld NOR. RONF
lock Clk . 1 Fbk 1d ‘ k
cloc —> NOT RORF
RORF OR SONF
XOR SOSF
COIF TOIF
CONF TONF
JOJF TOTF
JONF
==
Pin=7?
inld ' Laxlb*lcx/1ds
\_ J
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: DICEL <Enter>
MINIMIZATION: <Enter to select default>

INVERSION CONTROL:
default>

<Enter to select

LEF ANALYSIS: <Enter toselectdefault>

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

DO YOU WISH TO RUN UNDER THE ABOVE CONDI-
TIONSLY/N]?

Enter: Y

Finally you are prompted with:

WOULD YOU LIKE TO IMPLEMENT ANOTHER DE-
SIGNLY/NI?

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,
DICE1.JED. )

Also at the end of the LOC a report file is created,
DICE1.RPT, which gives the pin configuration menu of
the device. The DICE1.RPT 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 programming 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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Intel Programmable Logic System

Log1c Bu11der Main Menu: :

F1 i , clockdl INe ﬂOJF
Fe diceladlO
N dicelbad
dicelcd8
dicelda?
vee

GND

inld XGR SOSF
clock COIF TOIF
la CONF TONF
1b JOJE TOTE
lc JONF

inlc

inlb

inla

K==

Unconnected nodes are bold
Pressafunctionkey:

Screen 6.
( )
Intel Programmable Logic System
LOC Menu
Fl Help
F2 iPLS Menu
F3 Input Format = = ADF
F4y File Name dicel
FS Minimization . VYes
Fb Inversion Control No
F? LEF Analysis Yes

‘Do you wish to run under the above conditions L[Y/NJ?

©, Screen?7.

The iUP-GUPI and assorted GUPI LOGiC adaptors pro- While you are still in the iPLS menu, press <F5>. This

vide an alternative programming solution for Intel’s function allows you to access the Logic Programmer Soft-
H-series and EPLD devices, when purchased with the ware. The Logic Programmer will now come upas shown
iPLS. This complete set of software is available without in Screen 9.

the Logic Programmer pod and the IBM interface card.
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LEF Analysis

Intel Programmable Logic Software

LOC Menu

F1l Help ADF Minimization LEF-Analysis

F2 iPLS Menu dicel

F3 Input Format :

FY File Name *xxINFO-LO0C-Begin execution

F5 Minimization xxxINFO-LOC-ADF converted to LEF
Fb Inversion Control *xxxINFO-LOC-S.0.P. LEF produced

xxxINFO-LOC-LEF reduced
*xxINFO-LOC-LEF analyzed
*xxINFO-LOC-Resource demand determined
*xxINFO-LOC-Design fitting complete
xxxINFO-LOC-JEDEC file output

LOC cycle successfully completed

Would you like to implement another design LY/N1?

Screen 8.

Use the cursor keys to select ‘‘Program Device’ option.
When you'are prompted

Enter JEDEC file name

Enter: DICEL.JED <Enter>

When you are prompted for:

Select Device For Programming

Enter: 5C0L0 <Enter>

When you are prompted for:

Do you wish to enable verify protection? LY/N1?
Enter: N

When you are prompted for:

Do you wish to enable turbo-bit? LY/N3?
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.

PART B

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 1 and 6
inclusive as long as you supply a power source. When you
disconnect the power source, all the LEDs will turn 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.
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JEDEC File

LOGIC PROGRAMMER Version 3.1
Copyright (C) 1985. INTEL Corporation
Copyright (C) 1985, ALTERA Corporation
30L5 Bowers Ave.s Santa Clara. CA 95051
(408) 987-8080

Progrém Device
_Enter JEDEC file pame L.JEDI: DICEL.JED
Directory of .JED files for: C:\IPLS

HELP

Change Disk

Edit JEDEC File

Program Device

Verify Device

Examine Device

EXIT
Press <-- to use default name

~\

Device: LOGIC PROGRAMMER

Screen 9.

JEDEC File: DICEL.JED LOGIC PROGRAMMER

JEDEC File Header Text:

Designer: Your Name
Company: Your Company
Part #:

Revision: 0.0

EPLD: 5COLO

Device code:

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

~ Insert a 5C0L0 into the socket
Strike any key when ready

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 <F10> key in the
Main Menu. Press <F10> and issue the following com-
mand before re-entering the iPLS menu:

COPYDICEL.* DICELA.x
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], 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 DICEI as your input
file name.

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

Inputs: CLOCK+ SWITCHA2 <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,
IN1A, IN1B, IN1C, 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 = ((1AX/1BX/1CX/D)+(1AXx1BX/1CX/1D)
+(1AX1BX1CX/1D)
+(11AX/1BX/1C*/1D))*/SWITCH
+({(MAX1BX/1C*/1D) + (11AX1BX1C*/1D)
+(11AX1BX1Cx1D)

+(11AX/1BX/1C*/1D))XSWITCH

DICE1B

((MAX1BX/1C*/1D) + (1AX1B*/1CX/1D)
+{AX1B*1Cx/1D) + (1AX1BX1CX/1D)
+({I1AX1BX1Cx1D))X/SWITCH
+((1AX/1BX/1CX/1D)
+(11AX1BX/1CX/1D) + (1AX1B*/1CX/1D)
+(AX1BX1C%/1D)
+(1AX1BX1C*/1D))XSWITCH

DICE1C

(NAX1BX1CX/1D)

+(1AX1BX1CX/1D)
+(11AX1BX1CX1D))X/SWITCH
+((1AX1BX/1CX/1D) + (11AX1BX1C/1D)
+(1AX1BX1C¥/1D))*SWITCH

DICE1D

(1AX1BX1CX1D)X/SWITCH
+(1A%1B*1CX/1D)XSWITCH

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. Truth Table for DICE1

Input State Output State
SWITCH 1A 1B 1C 1D 1A 1B 1C 1D 1A 1B 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 1 0 0@
0 1 1 0 0 1 1 0 0@
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 0o o
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 02
1 0 1 0 0@ 1 1 0 0@
1 1 1 0 00 0 1 1 0(4)
1 0 1 1 04) 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 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 0o 001)

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

Builder, Logic Optimizing Compiler, and the Logic

We have briefly discussed the EPLD and the IPLDS fam-
Programmer.

ily of parts. We have also defined the design problem. We
have implemented the design using the state equations and
the truth table, edited an existing design to add features,
and actually programmed a device using the Logic

Our logic in implementing the dice example is to use the
LED pairs in outputs 1A, 1B, 1C, and 1D respectively as
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Table 7.
Prompts User Entry
Select aprimitive for switcha@2 todrive: INP <Enter>
Qut: SWITCH<Enter>
Selectaprimitive forswitchtodrive: EQAN<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 1 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.

PART C

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 1A, 1B, 1C, 1D.

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 DICE1. 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 1D is used as an enable input to DICE2.
Hence, 1D performs the same function as the push button
switch performed in dice 1. Therefore, whenever 1D is
enabled or logic high, DICE2 is enabled and rolls a num-
ber. DICE2 displays the number when 1D is disabled or
logic is low. This configuration is shown in Figure 9.

-

Logic Builder Main Menu

Fl Help la
F2 Exit 1b
F3 New lc
FY Open 1d
FS Find

Fb Edit

F? Config

F8 Node List

F9 Redraw

Eat)

-->

inld=(laxlbxLlcx/1d)3

Intel Programmable Logic System

inld=(/Laxlb*Lcx1ld)*/switch+(/la*lb*lcxld)*switchs

~

INP NOUF
EGN NORF
CLKB NOSF
AND NOTF
NAND ROIF
NOR RONF
. NOT RORF
OR SONF
XOR SOSF
COLF TOIF
CONF TONF
JOJF TOTF
JONF

inld

Screen 11.
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Table 8.

PROMPTS

USER ENTRY

Find:

(Now use the <cursor left>key toobtainthe EANPrimitive.)
Edit:

INLD = (/LAx1B*LCx1D)*/SWITCH+ (LAX1Bx1C*x/LD)*SWITCH<Enter>

Find:

(Now use the <cursor left>key toobtainthe EANPrimitive.)

Edit:

INIC = ((/LAx1Bx1Cx/1D)+(LA%X1BXLCx/1D)+(/LA*1B*1C*1D))*/SWITCH
+((LAXLB*/1C*x/1D)+(/1AXx1B*x1C*x/1D) +(LA*1LBXLCx/1D) ) *xSWITCHS
<Enter>

Find:
(Now use the <cursor left>key toobtainthe EANPrimitive.)
Edit: :

IN1B = ((/LA%1B%x/1C%x/1D)+(LAXLB%x/1C%/1D)+(/LA*LB*x1C*1D)+(LA*1B*1C*x/1D)
+(/LA*1B*x1Cx1D))x/SWITCH
+((LA%x/1Bx/1Cx/1D)+(/LA%1B*x/1C*/1D)+(LAxLB*/1Cx/1D)+
(/LA*LBx1C*x/1D)+ (LAxLB*x1Cx/1D))*SWITCH <Enter>

Find:

(Nowuse the <cursor left>key toobtaintheEQNPrimitive.)

Edit:

INLA=((LA*/LBx/2Cx/1D)+(LAX1BX/LCx/1D)+(LAX1BXLCx/1D)+
(/LA%/1B%/LCx/1D) ) */SWITCH+((/LA%x1B%x/LC*/LD)+(/LA%x1B*xLC*x/1D)
+(/1A%x1B*LCx1D)+(/1A%x/1B%x/LCx/1D))*SWITCH <Enter>

IN1D <Enter>

INLC <Enter>

INLB <Enter>

IN1A <Enter>

The two conditions obtained are as follows:

When power is ON and 1D is enabled, DICE2 will roll.

When power is ON and 1D is disabled, DICE2 will dis-
play. ENABLE IN
For DICEI, the logic conditions remain the same as in l
part A. Just as you used the switch to enable and disable 1A
; 1B
(SWITCH) CLOCK 1Cc
El
ENABLE IN .
1A
. CARRY OUT
1Cc 2A
CLK —» 1D 2B
2
2C
CARRY OUT 2D
2447
2446
Figure 8. Figure 9.
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DICEL, you will use the switch as well as the output of
LED 1D to enable and disable DICE2; because the num-
ber on DICE2 is a function of both the switch and the
present state of LED 1D, 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 DICE1 ex-
cept for the switch input. For DICE2, you will have the
combination of the switch and the 1D, as shown in
Table 9.

The Boolean expressions for part C will consider the situ-
ation when the switch is ON as well as OFF and also 1D
‘enabled or disabled respectively. The Boolean equations
will contain the expression for the switch and LED 1D, as
shown below. g

DICE2A = ((2A%/2Bx/2C%/2D) + (2A%2Bx/2C/2D)

: +(2A%2Bx2C/2D) + (/2A%/2B%/2Cx/2D))
*(SWITCHx/1D)
+((2A%2Bx/2C*/2D) + (/2A%2B*2C/2D)
+{/2A%x2Bx2Cx2D) + (/2A%/2B*/2C/2D))
*(SWITCHx1D)

DICE2B = ((/2Ax2Bx/2Cx/2D) +(2A%x2Bx/2Cx/2D)
+(/2A%2Bx2Cx/2D) + (2Ax2Bx2C*/2D)
+(/2A%2Bx2Cx2D))x(/SWITCHx/1D)
+((2A%/2Bx/2Cx/2D)
+(/2A%2Bx/2Cx/2D) + (2A*2Bx/2Gx/2D)
+(/2A%2Bx2C*/2D)
+(2Ax2Bx2C*/2D))x(SWITCH=*1D)

‘DICE2C = ((/2A%x2Bx2Cx/2D)+(2Ax2Bx2Cx/2D)
+(/2Ax2Bx2Cx2D))x(/SWITCH=*/1D)
+((2Ax2Bx/2Cx/2D)
+(/2A%2Bx2C%/2D) + (2A*2Bx2Cx/2D))

*(SWITCHx1D)

DICE2D = (/2A%2B#2Cx2D)x(/SWITCHx/1D)
+(2A%2B*2Cx/2D)#(SWITCHx1D)

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.

'In 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, 1A, 1B, 1C, 1D 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 DICEL. 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, DICEI 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, DICE1
will light LEDs 1B, 1C, 1D 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 Table 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 goto “0 0 0 0” in the
next state. But from the truth table in Table 10, 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 of DICE2, 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 that are obtained from the above
truth table are as follows:

SPIN1B = (SWITCHx2d*/S1Dx/S1Cx/S1BxS1A)
SPIN1C = (SWITCHx2d«/S1D*/S1C«/S1Bx/S1A)
SPIN1D = (SWITCH*2d+/S1DxS1Cx/S1Bx/S1A)
SPIN2B = (SWITCHx2dx/S2Dx/S2C*/S2BxS2A)
SPIN2C = (SWITCH*2dx/S2Dx/S2Cx/S2Bx/S2A)
SPIN2D = (SWITCH#2dx/S2DxS2Cx/S2Bx/S2A)

Please note in the above equations that A, B, C, and D
refer to both DICE1 and DICE2. For DICE] the above set
of equations would be 1A, 1B, 1C, and 1D. 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 DICE1 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, if the switch is ON,
then the two dice will spin according to the truth table and
Boolean expression given in Table 10.
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Table 9. Truth Table for DICE2

_ Input State Output State
(SWITCHXx1D) 2A 2B 1C 2D 2A 2B 2Cc 2D 2A 2B 2C 2D
Valid state Invalid state
REMAIN IN THE SAME STATE
0 1 0o o0 0 1 0 0 o)
0 0 1 0 0 0 1 0 002
0 1 1 0 0 1 1 0 0@
0 0 1 1 0 0 1 1 04)
0 1 1 1 0 1 1 1 0(5)
0 0 1 1 1 0 1 1 1)
CONTROL THE INVALID STATES
0 0o o0 1 0 0O o0 o0 O
0 1 0 1 0 o 0 o0 O
0 0 0 o0 1 0 o0 .0 O
0 1 0 o 1 0 o0 o0 O0
0 0 1 0 1 0o 0 0 O
0 1 1 0 1 0o 0 o0 O
0 0o o0 1 1 0 0 o0 O
0 1 1 1 1 0O 0 o0 o©
0 0o 0 o0 0 1 0o 0 o0
CHANGE TO THE NEXT VALID STATE* ‘
1 1 0 0 01) 0 1 0 02
1 0 1 0 002 1 1 0 0@
1 1 1 0 0@ 0 1 1 04)
1 0 1 1 0(4) 1 1+ 1 00
1 1 1 1 0(5 0 1 1 1(6)
1 0 1 1 1(6) 1 0 0 001)
CONTROL THE INVALID STATES

1 0o o 1 0 0o o0 o0 o
1 1 0 1 0 0 0 0 o
1 0o 0 o 1 o 0 o0 o0
1 1 0o o0 1 o 0 0 O
1 0 1 0 1 0o 0 0 0
1 1 1 0 1 o 0 o0 0
1 0o o0 1 1 o 0 o0 O
1 1 0 1 1 o 0 o0 o©
1 1 1 1 1 o 0 0 O
1 o 0 o0 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

~Input State Output State
SWITCH A B C D A BCOD
CHANGE TO THE NEXT VALID STATE
1 00 0O 00 1 0
1 0 0 01 01 00
1 00 1 0 0 0 0 1
1 01 0 O 0 0 0 O
ROLLING INTO A VALID STATE
1 10 0 0 | 0 0 0 O
1 11 0 0 00 00O
1 1.0 1 0 0 0 0 O
1 01 1 0 0 0 0O
1 11 1 0 0 0 0 O
1 1 0 0 1 0.0 0 O
1 01 0 1 00 0O
1 11 0 1 00 0 O
1 o 0 1 1 0 0 0 O
1 1.0 1 1 00 0 O
1 o1 1 1 0 0 0O
1 11 1 1 0 0 0 O

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

spinning when the switch is on and displaying a number
when the switch is off).
SPIN1A = (/SWITCHx1A)

SPIN1B = (/SWITCH#1B)
+ (SWITCHx2dx/S1Dx/S1Cx/S1BxS1A)

SPIN1C = (/SWITCHx1C) _ ,
+ (SWITCHx2dx/S1D=/S1Cx/S1Bx/S1A)
+ (SWITCHx/2dxS1C)

SPIN1D = (/SWITCHx1D) .
+(SWITCHx2dx/S1DxS1C+/S1Bx/S1A)

SPIN2A = (/SWITCHx2A)

SPIN2B = (/SWITCHx2B)
+ (SWITCHx2dx/S2D/S2Cx/S2BxS2A)

SPIN2C = ([SWITCHx2C)
+ (SWITCHx2dx/S2D/S2C +/S2B+/S2A)

SPIN2D = (/SWITCH=2D)
+(SWITCHx2d/S2DxS2C x/S2Bx/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!

ROLL

ROLL .
LOGIC s

CARRY
OouT

SWITCH

ENABLE

SPIN
REGISTERS

DISPLAY

2448

Figure 10.
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*LATE NEWS FLASHx

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 (O¢) 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 1a, 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 terminal characterisitics of digital networks, at
either the device or system level.

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

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

bC

T FLIP-FLOP

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

X = D A
bC A
D FLIP-FLOP

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

S A
———— C
—_— i
S-R FLIP-FLOP

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

—_—T A

J-K FLIP-FLOP

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

REGISTERED CIRCUIT — Output determined 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.

State Diagram — A diagram that shows the succession of
output states through which the circuit passes as its input
signals vary.

INP — Input
PINNAME [ >— 4
INP
Input Primitive
GND — Ground

y

GND

Ground Signal Name
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VCC — Signal

Vee

-

Signal Name

EQN — Equation

0 = ARBITRARY BOOLEAN EXPRESSION; [

EQN

Equation Name

Registered Output Registered Feedback (RORF)

ICP
D Q

o

RORF

No Output Registered Feedback (NORF)

l

I
P
Q

NORF

PIN-NAME

4-51

No Output JK Feedback (NOJF)

JK Output JK Feedback (JOJF)

JOJF

C P ’
Ly Q| PIN-NAME
4
—r__
|

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/O 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 I/O primi-
tive on one end and a pin of the chip on the other end.

Product tem (P-Term) — Two or more factors in a boolean
expression combined with the AND operator consitutes a
logic product term.
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JEDEC Standard File — An industry-wide standard for
the transfer of information between a data preparation
system and a logic device programmer.

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

EPLD PROGRAMMING TECHNIQUES 3. SCHEMATIC CAPTURE — using a mouse and

menu driven environmernt.

You can enter your design in the following ways 4. STATE MACHINE — specifying states and condi-

1. BOOLEAN EQUATION — entering the design in tional branches and also inputs/outputs to the state
BOOLEAN equations or expressions. machines.
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COMPONENTS USED IN DESIGN ® A push button switch to control the spinning

mechanism

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

* An 5C060 EPLD
® A pair of seven discrete LEDs (Dice 1, Dice 2)
® A timer to generate a clock signal (NESSS5) ® Resistors R1 =390K, R2 = 100K

® A voltage regulator to generate a fixed voltage of 5 e A PCB as explained in Appendix C
volts (7805)

A 9-Volt DC battery source to generate the power
supply
® Capacitors C1=0.1 MF, C2=0.01 MF
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vcc vcc vcc
A 4 A
VOLTAGE 24
\ ouT REGULATOR ,
+ 1IN
P:)V?ER 7805 DICE2
- 02 u c2| + 113 ] 22 g i LED13: LED14
,_’LGND S 21 e LED11: LED12
- 20 i LED9 - LED10
19 - LED8 »
+ i L
4 8 5C060
R , DICE1
3 Vee 7 : LED6 o : LED7
'S R2 8 o : LED4 LEDS
R 2 555 9 - Leoz',-a LED3
s No 10 g} LED!
u2 2 1
L | + 1 NC ST¢c u3 T
: c1 12
il TIMER [ERLD
5 =
2449
Figure C-1

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

1

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 circuit

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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ADF FOR PART A: SINGLE DICE ROLLING

Lakshmi Jayanthi

DS0 Applications
February 19, 198&
SC060

Fart A DICE ROLLING

LE Version 3.0, Baseline 17x, 9/26/85
FART: SCO60

INFUTS: clockl
OUTPUTS: diceladlO.dicelbd9,dicelcd8,diceldd?
NETWORE @

dicelasla RORF (inlascleockl sGND,GND.VEC)

dicelbylb = RORF (inlb,clockl GND,GND.VCC)
dicelcslc = RORF (inlcycleocklyGND,GND,VCC)
diceldsld = RORF (inldsclecckl,GND.GND,VCC)

cleckl = INP (clockl)
EQUATIONS &

inla =(/la*lb*/1c*/1d)
+(/la®lb*lc*/1d)
+(/la*ib*ic*id)
+(/la®/1bh*/1lc*x/1d) s
inlb ={(la*/1b*/1c*/1id)
+{/1la*®lb*/1lc*/1d)
+(la®lb*/1c*/1d)
+(/la*®ib*ic*/1d)
+(la®lb*lc*/1d) 3
inlc =(la*lb*/lc*/1d)
+(/la®lb*lc*/1d)
+(la*lb*lc*/1d) s
inld =(lax*xlb*lc*/1d)3

END%
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RFT FUR PART A: SINGLE DICE ROLLING

Legic Optimizing Compiler Utilization Report
*»x#%% Design implemented successfully

Lakshmi Jayanthi

DSU Applications

February 19, 1986

SC060

Part A: DICE ROLLING

LB Versicn 3.0, Raseline 17x, 9/26/85

SCO060
clockl -1 1 24— Voo
GND ~t 2 231~ GND
GND -3 3 a22i- GND
GND ~-{ 4 211— GND
GND -1 S 201~ GND . )
GND -1 & 1941~ GND
diceld -1 7 181~ GND
dicelc -i 8 17— GND
dicelb -i| 9 161~ GND
dicela -110 1851~ GND
GND -111 141 - GND
GND -112 131- GND
*## INPUTS**
. { . Feeds: .
Name Fin Rescource MCell # FTerms | MCells OE . Clear Cleock
clockl 1 INP - - - . - cLk1
*#0OUTPUTS*%*
! Feeds:
Name Fin Rescource MCell # FTerms | MCells OE Clear Clock
diceld 7 RORF 13 1/ 8 13 - - -
14
15
16
dicelc 8 RORF 14 e/ 8 13 - - -
14
15
16
dicelb 9 RORF 15 2/ 8 13 - - -
14
15
14
dicela 10 RORF 16 2/ 8 13 - - -
14
15
16
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*#UNUSED RESOURCES®*#*

Name Fin Resource MCell FTerms
- E -— ' - -
- ] - 9 8
- 4 - 10 a
- S - 11 a8
- & - 12 8
— 11 -— - -
- 13 - - -
- 1‘0 — - —
- 18 - 8 8
- 16 - 7 8
- 17 - ) 3
- 18 - 5 8
B 19 - 4 a
- 20 - 3 =]
- 21 - ] 8
- 28 - 1 8
- 23 = - -

*¥PART UTILIZATION®*

22% Fins
25% Macrolells
S% Fterms

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

Lakshmi Jayanthi

D50 Applications

February 19, 1984

SCO&0

PART E: DICE ROLL AND NOT ROLL

LB Version 3.0, Baseline 17y, 9/24/83
FART: SCO&0 .

INFUTS: clocklyswitcha2
OUTPUTS: diceladlO.,dicelbd9,dicelcd8,diceldd?
NETWORE 2

dicelasla RORF (inlasclockl,GND,GND,VCC)

dicelb,lb = RORF (inib.,clockl,GND,GND.VCC)
dicelc,lc. = RORF (inlc,clockl,GND,GND,VCC)
diceldyid = RORF (inld.clockl,GND,GND,VEE)

clockl = INP (clockl)
switch = INF{switch)
EQUATIONS:

inla =(/1a%*/1b*/lc*/1ld*/switch)
+({la®/1b®/lc*/1d*®/switch)
+(la*ib*/1c*/1d*/switch)
+(laxlb*lc*/ld*/switch)
+(/1lax/1b*/1c*/1d*switch)
+{(/la*xib%*/1lc*/1ld*switch)
+(/laxlb*lc*/ld*¥switch)
 +(/la*lb*lc*ld¥switch) s

inib =(/la*ib*/1lc*/1d*/switcn)
+(la®ilb*/lc*/1d*®/switch)
+{(/1axib*lc*/1d*/switch)
+(laxlb®lc*/1d*/switch)
+(/laxlb*lc*ld*/switch)
+(lax/1b*/lc*/1d¥switch)
+{(/la*lb*/lc*/1d¥switch)
+(lakib*/lc*/1d*switch)
+(/laxlb*lc*/ld*switch)
+(laxlb*lc*/ld¥switch) s

intc =(/la*lb*ic*/1d*/switch)
+{laxlb*lc*/1d*/switch)
+{/la*lb*lc*ld*/switch)
+(la®lbx/lc*/1ld*switch)
+{/la*lb*lc*/ld*switch)
+(laxlb*lc*/ld*switch) 3

inid =(/1la*lb*ic*ld*/switch)
+{(lawlb*lc*/ld¥switch);

END%
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RFT FOR PART B: SINGLE DICE ROLL/NOT ROLL

Logic Optimizing Compiler Utilization Report
**%%% Design implemented successfully

Lakshmi Jayanthi

DSO Applications

February 19, 1986

SCO60

FART B: DICE ROLL AND NOT ROLL.

LE Versicon 3.0, Baseline 171, 9/24/85

SCO60
clockl -1 1 241- Vecco
switch -1 2 231~ GND

GND -1 3 221 - GND

GND -1 &4 211~ GND

GND -1 5 201~ GND

GND ~1 & 191~ GND
diceld -i 7 181~ GND
dicelc -1 8 171— GND
dicelb - @ 161~ GND
dicela —-i10 151~ GND

GND ~111 141- GND

GND —-11@ 13- GND
*% INFUTS* %

Name Fin Resocurce MCell # FTerms
clockl 1 INF - -
switch a2 INF - -

*%OUTFUTS%%

Name Fin Rescouwrce MCell # Flerms
diceld 7 RORF 13 a2/ 8
dicelc 8 RORF 14 3/ 8

4-63

MCells

13
14
15
is

MCells

13
14
15

146

Feeds:

QE

Feeds:
OE

Clear

Clear

Clock

Clki

Clock



I"ter AP-279

m——
-

dicelb 9 RORF 15 3/ 8 13

dicela 10 RORF 16 S5/ 8 13

*##UNUSED RESOURCES#*#*

Name Fin Rescurce MCell FPTerms
- 3 - 9 8
- 4 - 10 8
- ] - 11 8
- b - 12 8
- 11 - - -
- 13 - - —
- l" - - -
- 15 - 8 8
- 16 - 7 38
- 17 - -} 8
- 18 - 5 8
- 19 - 4 8
- a0 - 3 . 8
- 21 - 2 =]
- a2e - 1 8

*##PART UTILIZATION®*

27% Pins
25% MacroCells
10% FPterms

NOTE: Part B of the design gets more complicated, hence the part utilization of the pins,
macrocells and the Pterms is higher.
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ALDF FOR FART C: TWO DICE ROLLING

Lakshmi Jayanthi

DSO Applications

February 19, 1986

SCO&0

PART €: TWO DICE ROLL AND NOT ROLL

B Version 3.0, Baseline 17x, 9/26/85
FART: SCO60

INPUTS: clockl,clock@yswitchd2

OUTPUTS: diceladlO.dicelbd9,dicelcd8,diceldd7,dicefadl?,dicelbdB20,dicelcd2l »dice
2dazz

NETWORE 3

dicela,ia RORF (inlasclocklsGND,GND,VCC)

dicelb,1lb = RORF (inlb,cleckl,GND,GND,VCC)
dicelcslc = RORF (inlcsclockl,BGND,GND,VCE)
diceld,id = RORF (inld,cleckl,GND,GND,VCC)
diceda,2a = RORF (infa,cleocke,BND,GND,VCE)
dice2b,2b = RORF (in2b.clock2,GND,GND,VCC)
dicegc.2c = RORF (in2cyclock,GND,GND.VCE)
dicegd.2d = RORF (in@d,clocke,GND,GND,VCL)
clockl INP (cleockl)

[}

clocke INP (clockd)

switch = INF (switch)
EQUATIONS:

inla =(/la*/1lb*/1c*/1d*/switch)
+(la*®/1b*/lc#*/1d*/switch)
+(laxlb*/1c*/1d*/switch)
+(la*lb*lc*/1ld*/switch)
+(/la®/1b*/1c+*/1d*switch)
+(/la*lb*/lc*/1d*switch)
+(/la®lb*lc*/1d*switch)
+(/lakib*lc*ld*switch)§

inlbh =t lasibrllcr/1d¥/switch)
+{laxib*/lc*/1d*/switch)
+i1/1a%lb*lc*/1d*/switch)
+ilaxlbxic#*, 1d*/switch)
+1/1a%ibelcwid*/switch)
+ilax lbe/1c*/1d*¥switch)
+i 1a%ib* 1c*/1d*switch)
+tilaslb¥* fc*/1d*¥switch)
+i/laxlpxic*/1d¥switch)
+ila*ib*icx/1d¥switch) s

1nlc =4 laxibxlcx/ld#*/switch)
+ilaribxlc*/1d¥,/switch)
+i{/larxibxic*ld¥/switch)
+i{laxlbx/lc*/1d¥switch)
+i/laxib¥lc*/1d*¥switch)
+.laxlb*ic*/1d¥switch);

1nlg =i laslp*lcrid*/ switch)
+{la*lb*lc*/1d¥switch);
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1nZa =i /Zar/Cb#*/2c*/2d*/ (1d*switch))
+iZa%®/Che/Sc/2d*/ (1d*switch))
+(Za#2b*/2c*/2d*/(1d*switch))
v 2ax2h*2c*/2d*/ (1d*switch))
+i{/2ax/2b*/2c*/2d* (1d*switch))
+{/Da*2b#*/2c*/2d* (1d*switch))
+{/2a*2b*2c*x/2d* (1d*switch))
+i,/2a*2b*2c*2d*(1d*switch));

in@n =(/Zax2b%/2c*/2d*/(1d*switch))
+{2ax2b#*/2c*/2d*/ (1d*switch))
+(/2a%2bx2c*#/2d*/ (1d*switch))
+{Za*2bw2cw/2d*/ (1d¥switch))
+i /2a*2b#*2c*2d#*/ (1d*switch))
+{Za#/2b*/2cw/2d* (1d*switch))
+{/2a*2b*/2c*/2d*(1d*switch))
+(2arebw/2cH/2d*(ld*¥switch))
+(/CanBbx2c*/2d*(1d*switch))
+icaschegc*/2d*(1d#*switch));

1A2Cc =t(/2a+2b#*2c*/2d*/ (1d*switch))
+(gas2hrac*/2d*/ (1d*switch))
+i/2a*2h*2cH2d*/ (1d*switch))
+(Za#2b#/2c*/2d*(1d*switch))
+(/2an2b*Zc+/2d* (1d#switch))
+(Pas2pr2ck/2d*1d*switch));

in2d =i/2a#cbrEc#2d#/ (1d#switch))

. +(Barcbecc#/2d* 1d¥switch));

END®

‘ARR
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RPT FOR PART C: TWO DICE ROLLING

Logic Optimizing Compiler Utilization Report
*¥x%#% Design implemented successfully

L.akshmi Jayanthi

DSO Applications

February 19, 1986

SCO60

FART C: TWO DICE ROLL AND NOT ROLL

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

SC060
clockl -1 1 241~ Vcc
switch —~! 2 231~ GND
GND =i 3 ea)~ diceld
GND -1 4 11~ diceéc
GND -1 S 201~ diceeb
GND -} &6 191- dicela
diceld -! 7 181~- GND
dicelec -1 8 174- GND
dicelb -1 9 16i—- GND
dicela -110 151~ GND
GND -i11 144~- GND
GND -i12 13- clockd
*% INPUTS**

Name PFPin Resource MCell # FTerms
clockl 1 INF - -
switch 2 INP - -
clocka 13 INP - -

*#%0UTPUTS#*%

Name Pin Resource MCell # FTerms

diceld 7 RORF 13 2/ 8
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dicelc 8 ‘RORF 14 3/ 8 13
' 14

15

16

dicelb 9 RORF 15 3/ 8 ' 13
14

15

16

dicela 10 RORF 16 5/ 8 13
14

15

16
dicela 19 RORF 4 7/ 8 1
2

3

4
diceéb 20 RORF 3 4/ 8 1
a2

3

4

dicelc =3 RORF 2 4/ 8 1
‘e

3

4

dicedd ee RURF 1 3/ 8 1
2

3

4

*%UNUSED RESOURCES#*#*

Name Pin Resource MCell PTerms
- 3 - 9 8
- 4 - 10 8
- S - 11 8
- 6 - 12 <]
- 11 - - -
- 14 - - -
- 15 - 8 8
- 16 - 7 8
- 17 - b -]
- 18 - 5 8

*#PART UTILIZATION**

SO% Pins
SO% MacroCells
24% Pterms

NOTE: 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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ADF FOR PART D: TWO DICE SPINNING

Lakshmi Jayanthi

DSOU Applications
February 19, 1986

SCO&D

FART D: TWO DICE SFINNING

B Version 3.0, Baseline 17x, 9/26/85
FART: SCO60

INFUTS: clocklsclock2,switchad

OUTPUTS: spinladlO,spinlbd?,spinlcdB,spinldd7,spinadl?,spin2bd20,spincdBl,spir
2dage

NETWORK @

NOJF (inlasclockl,inila,GND,GND)

NOJF (inlbsclockl,inlib,GND,GND)

NOJF (inlcscleckl,inlic,GND,GND)
NOJF (inldscleckl,inllid,GND,GND)

la
ib
ic
id

ioHon i

2a
2b
2c
2d

NOJF (in2asclock@,in@ia,BGND,GND)
NOJF (in2b,clock,ind@2b,BND,GND)
NOJF (in2csclockd,in22c,GND,GND)
NOJF (in2dsclockd, in22d,GND,GND)

[}

4

NOT(inla)
NOT(inlb)
NOT(inlc)
NOT(inid)

inlla
inllb
inllc
inlld

oo

NOT(inga)
NOT(in2b)
NOT(in2c)
NOT(in2d)

ing22a
in22b
in2ec
in2&d

W

RORF (inslasclockl,GND.GND,VCEC)
RORF (insib.clockl,GND,GND,VEC)
RORF (inslc,clockl,GND.GND,VCE)
RORF (insldsclockl,GND,GND.VCC)

spinla,sia

spinib.sib
spinlcysic
spinld,sid

Howoun

RORF (insfa.clock2,GND,GND,VCE)
RORF (ins2bsclocka,BND,BND,VCC)
RORF (insBcsclock2,6ND,GND.VCC)
RORF (ins2dsclocka,EGND,GND,VCE)

spina,sia
spingb.seb
spin2cysic
spindd.s28d

N BN

clockl = INF (clockl)
clockd = INF (clockg)
switch = INF (switch)

EQUATIONS:

inla =(/1la*x/1b*/1c*/1d*/switch)
+{la%®/1lb*/lc*/1d*/switch)
+(laxib*/1c*/1d*/switch)
+(laxlb*lcx/1d*®/switch)
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+(/la*®/1b*/1c*/1d¥switch)
+{/la*¥lb*/lc*/ld*switch)
+(/la®lb¥lic*/1d*switch)
+{/la¥lb¥lcexld*¥switch)};
inlbh =(/la*lb*/1c*/1d*¥/switch)
+(la®lb*/lc*/ld*/switch)
+{(/la*ib¥lc*/1d*/switch)
+(la®lb*lc*/ld*/switch)
+(/la¥lb*lc*ld*/switch)
+(la%/ib*/1lc*/ld*¥switch)
+(/la*®lb*/1lc*/1d*switch)
+{la®lb*/lc*/ld*switch)
+(/la®lb*lic*/1d*switch)
+(la*lb*lc*/ld*switch) i
inlec =(/la*lb*lc*/1d¥/switch)
+{la*lb*lc*/1d*/switch)
+(/la*lb*lc*¥lid*/switch)
+{la*lb*/lc*/ld*switch)
+(/la*ib*lc*/1d*switch)
+(la*lb#*lc*/ld¥*switch);
inld =(/la*ib*lc*ld*/switch)
+{la*®ib*lc*/ld*¥switch);

in2a =(/2a*/Ebx/2c*/2d%*/(ld¥switch))
+{Sak/2b*/2c*/2d*/ (1d¥switch)
+{2a*Ph*/2c*/2d*/ {id¥switch))
+{Qa*¥2brZck/2d*/ (ld¥awitch))
+(/Rax/2h*/2cx/2d*(1d¥switch))
+{/Ba%eb*/2c*/2d* (1d¥switch))
+{/2a*2br2c*/2d* (ld*switch))
+{/Ra*Rb*2c*2d* (1d*switch) )

ingb =(/2a*2b*/2c*/2d*/(1d*switch))
+(RaxZbh*/Dek/2d*/ (ld*switch))
+(/2ax2b*2c*/2d*/ (1d¥switch))
+(DaRSh*2c*/2d*/ (ld¥switch))
+{/R2a*2b*2c*2d%/ (ld*switch))
+{2ak/Bb*/Bcx/Bde(1d¥switch))
+(/2ax2b*/R2e*/2d* ( 1d*switch))
+(2a*kh®/2c*/2d*(1d¥switch))
+{/Ra*Bb*2c*/2d* (1d*switch))
+(2a*Cbh*2c*/2d* (1d¥switch) )

in2c =(/2a*2b*2c*/2d*/(ld*switch))
+(2akSb*2c*/2d*/ {1d¥switch))
+{/2a*2b*2c*2d*/ (1d¥switch))
+({2a*2b*/2c*/2d* (ld*switch))
+{/2a*2bh*2c*/2d*(1d*switch))
+(2axtbrdcH/2d* (ld¥switch) )

1na2d =({/2axlb*Bc*2d*/(ld¥*switch))
+{Qa*Zb*Zck/2d*(1d*switch));

insla = (/switch*la)s

inslb = (/switch#1b)
+((2d*switch)*slid*/slc*/sib*/sla);

inslc = (/switch#®lc)

+{(Bd#switch)*/sla®/slb¥/slc*/sld);
insld = (/switch®ld)
+((2d¥switch)*/sla*/sib*slc*/sld);

1ns2a = (/switch*2a);
ins@b = {(/switch#*2b)

+{(Bd*switch) *s2d*/clc*/s2b*/s2a);
insgc = (/switch*2c)
+{(2d*switch)*/s2a*/s2b*/s2c*/s2d) 3
{(/switch#*2d)
+({2d*switch)*/s2a*/s2b*sPc*/s2d) 3

insad

END#
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LEF FOR FART D: TWO DICE SFINNING

Lakshmi Jayanthi

DBU Applications

Febiruary 19, 1986
SL060

FART 3
BECOL0

INFUTS:

clockl, clock2, switchd2

QUTPUTS : e

spinladld, spinlbd9, spinlcdB, spinldd7, spin2adl?, spinSbdZ,
spindcd2l, spinddald : et

NETWORE 3

cleckl = IMF(clockl)
clockd2 = INF{clock?)

switch = INP(switch)

RORF{insla, clockl, GND, GND. VCC)
RORF(insib, clockl. GND, GND. VCC)
RORF{inslc, clockly GND., GND, VCO)
RORF(insld, clockl. GNDy GND. VCC)

spinla, sla
spinib, slb
spinlc, slc
spinld, sld

Wou oW oH

spinda, s2a
spindb, s&b
spindcs sfc
spin2d, sid

RORF (ins2a, clock2s GND, GND, VEC)
RORF(ins@b, clocki2, GND, GND, VCC)
RORF {(ins2cy, clockd, GND. GND, YVCC)
RORF(ins2ds clock2, GND, GND. VCC)

[ ]

“  #=x%  Rescuwrce, NOJF, was m;nimized to NORF %% %
2d = NORF (..86007D, clock2, GND, GND)
%o kxR Reﬁpurce, NOJF s was minimized to NOTE  #%% ‘%
2c = NOTF(..86006D, clock2, GND. GND)
4  *%%  Rescurce, NOJF, was minimized to NORF  #x% %
2b = NORF(..86003D, clocks, GND. GND)
% *#%  Rescurce. NOJF, was minimi#ed to NORF #xx 3%
Za = NORF(..86004D, clocke, GND, GND)
%  #¥%  Rescurces NOJF, was minimized to NORF  *x%x %
1d = NORF(..S56003Dsy clockl, GND. GND)
% *#%  Rescuwrce. NOIFy was minimized to NORF  #%% %

lo = NORF(..SGO0ED, clockl, GND, GND)
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%  #%% Resource, NOJF, was minimized to

ib =

NORF (..S6G0O01D, clockl, GND, GND)

% #%¥% Rescurce, NOJF, was minimized to

la =

EQUATIONS:

ins2d

ins2¢c

ins2b

ins2a

ins1d

ins1c

ins1b

NORF (. .8G000D, clockls GND, GND)

= switch’ x 2d
+ 2d x switch x s2a’ x s2b’ x s2c x s2d’;

= switch’ x 2¢
+ 2d % switch x s2a’ x s2b’ x s2c’ x s2d’;

= switch’ x 2b
+ 2d * switch x s2d x s2¢’ * s2b’ x s2a’;

= switch’ x 2a

= switch’ x 1d
+ 2d * switch x s1a’ x s1b’ x s1c x sid’;

= switch’ % 1c
+ 2d * switch *x s1a’ x s1b’ x s1c’ x s1d’;

= switch’ x 1b
+ 2d % switch x s1d x s1c’ *x s1b’ x s1a’;

insla = switch® * laj

« « SGOO0OD

««86001D

« « SGO02D

-« SGOO3D

« « 86004D

. «86O0SED

= la® #* 1b" * 1c” * 1d°

+ la % lc® % 1d* #* switch®
+ 1a” * ib * 1d’ * switch
+ la * 1b * 1d" * switch®
+ la” #* 1b * 1lc * switchj

b * 1d”
ib * ta® * 1c * switch?
la # lc” #* 1d" * switch

+ + 0

= 1lc #* 1b * 1d?
+ 1c * la’® * 1b % switch”
+ la # 1b * 1d” % switchs

1d * 1a® % 1b * 1lc * switch?
1d® #* 1a % 1b # 1c % switchs

+

2a® * 2b" * et % 2d°

2a * 2c’ * 2d7 * 1d”7

2a * 2c” * 2d" * switch®

2a * 2b * 2d* * 1id”

2a * 2b * 2d" # switch®

2a’ * 2b * 2d° * 1d * switch
2a’ * 2b * 2c * ld ¥ switchj

+++++ 4+ 0

2b * 2d*°

b * 2a’ * 2c * id°

eb * 2a’ * 2c * switch®

Sa # 2c” #* 2d* * 1d * switchi

+ 4+ 4+ 1
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««8GOO6D = 2c * 2b°

+ 2c * 2a * 2d

+ 2c * 2d * 1d * switch

+ 2c” % 2a * 2b % 2d* * 1ld % switchj
. .8B007D = 2d * 2a” * 2b # 2c * switch®

+ 2d # 2a’ * 2b * 2c * 1d°

+ 2d° * 2a * 2b #* 2c * 1d * switchj

END$

NOTE: 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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RFT FOR FART D: TWO DICE SPINNING

Legic Optimizing Compiler Utilization Report @

*##%%#% Design implemented successfully
Lakshmi Jayanthi

DS0 Applications
February 19, 1986

SC0&0

FART D: TWO DICE SPINNING

B Version 3.0, Baseline 17x, 9/26/83

SC060
clockl -1 1 241- Vecc
switch —! 2 231 - GND
RESERVED -i 3 221~ spinad
RESERVED -1 4 211~ spindc
RESERVED -i{ S 201~ spingb
RESERVED -1 & 191~ spinga
spinld -1 7 181~ RESERVED
spinlic - 8 171~ RESERVED
spinib - 9 161~ RESERVED
spinla —110 151~ RESERVED
GND ~-111 141~ GND
GND -112 131~ clockd
* ¥ INPUTS*%*

Name Fin Resocurce MCell # FTerms
clockl 1 INF - -
switch e INP - -
clock2 13 INP - -

4-74
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16
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**OUTPUTS*%
! Feeds:
Name Pin Rescurce MCell # FTerms | MCells OE Clear Clock
spinld 7 RORF 13 2/ 8 13 - - -
14
15
spinlc 8 RORF 14 2/ 8 13 - - -
14
15
spinlb 9 RORF 15 2/ 8 13 - - -
14
18
spinia 10 RORF 16 1/ 8 13 - - -
14
15
spinda 19 RORF 4 i/ 8 1 - - -
2
3
spindb 20 RORF 3 2/ 8 1 - - -
e
3
spindc &1 RORF e e/ 8 1 - - -
2
3
spindd 28 RORF 1 2/ 8 1 - - -
a2
3
**EBURIED REGISTERS*#*
! Feeds:
Name Fin Rescurce MCell # PTerms | MCells OE Clear Clock
18 NORF S 3/ 8 1 - - -
5
)
"
2]
17 NORF - 4/ 8 2 - - -
1
é
7.
8
16 NORF 7 4/ 8 3 - - -
1
)
7
a8

475
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15 NORF 8 7/ 8

N e

3 NORF 9 2/ 8

NI IR S A

4 NORF 10 3/ 8 9

] NORF 11 3/ 8 9

) NORF e S/ 8 L4

*#UNUSED RESOURCES#**
Name Fin Rescouwrce MCell FPTerms
- 1 1 - .. —
- 1 4 -— - -
- ad -y - -

*##FART UTILIZATION#**

88% Fins
1 00% MacroCells
35% Fterms

NOTE: 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
s0 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.

® 5C031/032 data sheet, order number 290110-001

® 5C060/090 data sheet, order number 290104-002

® 5C060 errata sheet, order number 2906030-001

® 5C12] data sheet, order number 290098-002

® jPLDS 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 I LOC
MACRO | ESPRESSO
EBE‘;(JR EXPANDER | MINIMiZER |  FITTER JEDEC
y
MACRO
0" ] LIBRARIES | -
' ¢ TTL
H __J—— GATE ARRAY
! e eeoeod——— USER 2820351
Figure 1. Text Editor/ADF Macro Support for iPLS Il

A an
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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 TTL 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 ADF 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 ADF net-
work and equation entries from the macro file. The
expanded file is then compiled normally.

Macro Files

Figure 2 shows the macro file for a 74138 TTL 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 TTL 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 ADF.

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 TTL device. This information is
described in the .DOC file for each macro.

The second line of the macro file contains defaults 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 section. Macro files end with the
keyword “ENDEF”.

Macro Calls

All macro calls appear in the Network section of an
ADF. 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,G1,Y7,GND,Y6,Y5,
Y4,Y3,Y2,Y1,Y0,VCC)

74138 (D1,D2,D3,EN1,EN2,EN3,07,GND, 06,
05,04,03,02,01,00,VCC)

74138(A,B,C,NnG2A,nG2B,G1,nY7,GND,nY6,NnY5,nY4,nY3,nY2,nY1,nY0,VCC)

DEFAULT: (GND,GND,GND,GND,GND, VCC, ,GND, ,,,,,,,VCC)
NE TWORK :

EQUATIONS:

nYo = I(lA * IB * IC * InG2A * InG2B * G1);
nY1t = I(A * IB * IC * InG2A * InG2B * G1);
nY2 = I(lA * B * IC * InG2A * InG2B * G1);
nyY3 = !(A *B * IC * INnG2A * InG2B * G1);
nY4 = I(lA * IB * C * InG2A * InG2B * G1);
nYs = I(A * IB * C * InG2A * InG2B * G1);
nyYé = I(lA *B * C * InG2A * InG2B * G1);
nY7 = I(A *B *C™* ING2A * InG2B * G1);
ENDEF

$

292039-2

Figure 2. Sample TTL Macro File (74138.DEV)
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74138 (A,B,C,ENA,ENB,ENC,Y7,GND,Y6,Y5,
Y4,Y3,Y2,Y1,Y0,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 file based on the positions of
signals, not the names of the signals. For example, note
the following macro call to macro file signal assign-
ments:

ADF MACRO CALL 74138 (A, B, C, EN1, EN2, EN3, YCS, ...

111

74138 ( A, B, C, nG2A, nG2B, G1, nY7, ...
292039-3

MACRO FILE SYNTAX

TTL macro signals originating outside the target EPLD
require a prior INPUT macro call in the Network sec-
tion. All signals used as outputs require a prior OUT-
PUT 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 INPUT
macro call. Outputs are listed in the OUTPUTS: decla-
ration and have OUTPUT macro calls. (EPLD INP
and CONF primitive statements may also be used in
place of INPUT and OUTPUT macro calls, if desired.)

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 I/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 INPUT
and OUTPUT 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 TTL library
in the case of the 74138). The Macro Expander
searches libraries in the following order:

® uger libraries (filename.LIB)
e TTL macro library (TTL.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 TTL.LIB in the IPLSII directory.
Finally, it searches for INTEL.LIB in the IPLSII direc-
tory. The first occurrence of a macro is used.

YOUR NAME

YOUR COMPANY

DATE

1

A

5C060

One-of-Elght Decoder

OPTIONS: TURBO=OFF

PART: 5C060

INPUTS: A,B,C,G2A,G2B,G1
OUTPUTS: Y7,Y6,Y5,Y4,Y3,Y2,Y1,Y0

NETWORK :

INPUT(A,A)
INPUT(B,B)
INPUT(C,C)
INPUT (G2A,G2A)
INPUT(G2B,G2B)
INPUT(G1,G1)
OUTPUT(Y7,Y7)
OUTPUT(Y6,Y6)
OUTPUT(Y5,Y5)
OUTPUT(Y4,Y4)
OUTPUT(Y3,Y3)
OUTPUT(Y2,Y2)
OUTPUT(Y1,Y1)
OUTPUT(YO,YO)

ENDS$

74138(A,B.C,G2A,G2B,G1,Y7,GND,Y6,Y5,Y4,Y3,Y

2,Y1,Y0,vCC)

2920394

Figure 3. ADF File Calling the 74138 Macro
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The Macro Expander uses the ADF 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 ADF,

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

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=INP(G1)

OUTPUT(Y7,Y7) %

Y7=CONF (Y7,VCC)

OUTPUT(Y6,Y6) %

Y6=CONF (Y6,VCC)

OUTPUT(Y5,Y5) %

Y5=CONF (Y5,VCC)

OUTPUT(Y4,Y4) %
%
%
%

> >
R R

>

>

>
R R R

*IE*:I*IR*Iﬂ*zﬂ*iR*
R

Y4=CONF (Y4,VCC)
OUTPUT(Y3,Y3)
Y3=CONF (Y3,VCC)
QUTPUT(Y2,Y2)

%~% Y2=CONF(Y2,VCC)

% OQUTPUT(Y1,Y1)

%% Y1=CONF(Y1,VCC)

% OUTPUT(YO, YO) %
%% YO=CONF (YO,VCC)

%

R R
>
R

R R
>
£

EQUATIONS :

%°% YO=!(1A*IB*IC*1G2A*1G2B*G1);
% Y1=| (A*!IB*IC*1G2A*1G2B*G1);
% Y2=|(|A*B*IC*1G2A*1G2B*G1);
% Y3=|(A*B*I1C*1G2A*!G2B*G1);
% Y4=| (IA®IB*C*1G2A*|G2B*G1);
“% Y5=!(A*IB*C*|G2A*!G2B*G1);
% YB=!(1A*B*C*|G2A*1G2B*G1);
% Y7=1(A*B*C*!G2A*1G2B*G1);

74138(A,B.C,GZA,GZB.G1.Y7,GND,Y6,Y5,Y4,Y3,Y2,Y1,YO,VCC) %

292039-5

Figure 4. Network and Equations for 74138.SDF
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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,G24,G2B,G1,Y7,GND, ¥6,Y5,
Y4,Y3,Y2,Y1,Y0,VCC)

74138(A,B,C,G3A,G3B,Gl1,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: )

74161 (CLR,CK,A,B,C,D,ENP, ,LD,ENT,QD,
QC,QB,QA,RD1,) % SFA %
74161 (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:

.+ SFAN1,

«+SFAN2, ..SFAN3,

..SFBN1, ..SFBN2, ..SFBN3
where SFA/SFB are the user-defined instance names
and N1, N2, N3 are the node numbers associated with

each instance. For cases where no internal nodes num-
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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,G24,G2B,G61,Y7,GND,Y6,Y5,
Y4,Y3,Y2,Y1,Y0,VCC)

74138(A,B,C,Y7,G3B,G1,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 of 74175 latch-
es:

74138(A,B,C,G2A,G2B,G1,Y7,GND,Y6,Y5,
Y4,Y3,Y2,Y1,Y0,VCC)

74175 (CLR,0Q,n0Q,Y0,Y1,nlQ,1Q,GND,CLK,
2Q, n2Q,Y2,Y3,n3Q,3Q,VCC)

74175 (CLR, 4Q,n4Q,Y4,Y5,n5Q,5Q,GND, CLK,
6Q, neQ,Y¥6,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:

® 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 of p-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, ROREF, 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 ADF. 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 ADF support.

Macro Usage Summary

ADF macro calls must observe the following guide-

lines:

® Macros are called from the Network Section of an
ADF.

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 ADF are made based
on the names of the nodes.

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

Connections between the macro call and macro files

4-85

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.

O w >

74138

[ R e &
[ —

[ R e —— |

YCS
YCE

p———————c0
p—————cx1
p——————cE2
b ct3

74139

P CSO
P CS
P €S2
P e CS 3

74139

—

292039-6

Figure 5. Schematic Diagram
for Two-Stage Decoder

Figure 6 shows the ADF 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 ADF 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
ADF 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 1G 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
1G input of the second 74139.
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DANIEL E. SMITH
INTEL CORPORATION -
2/27/87

1

A

5C090

TWO-STAGE DECODER

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

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 (CS0,CS0)
OUTPUT (CS1,CS1)
OUTPUT (CS2,CS2)
OUTPUT (CS3,CS3)
OUTPUT (CEO,CEO)
OUTPUT (CE1,CE1)
OUTPUT (CE2,CE2)
OUTPUT ' (CE3,CE3)

74139(YCs,D,E,CS0,CS1,CS2,CS3,GND, VCC)
74139(YCE,D,E,CEO,CE1,CE2,CE3,GND, VCC)

OUTPUTS: YO,Y1,Y2,Y3,Y4,Y5,Cs0,Cs1,Cs2,Cs3,CEO,CE1,CE2,CE3

74138(A,B,C,EN1,EN2,EN3,YCS,GND, YCE,Y5,Y4,Y3,Y2,Y1,Y0,VCC)

ENDS$
292039-7
Figure 6. ADF File for Two-Stage Decoder Using TTL Macros
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 TTL macro design shown here:

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

2. Invoke the iPLS II Menu by entering:

IPLS <Enter>

4. Answer the LOC promts as follows:

Input Format?

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

4-86

. <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.SDF 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 BT1). 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!]1 from the first instance of the ADRF macro
connects to CARRY1 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

4-87

CO0 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).

e ADRF
A1 = A0 SUM————— SUM1
B1 BO crout
CARRY1 _|
I-— co ADRF
A2 A0 SUMp————sum2
B2 BO cyout 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 1, substituting the name
ADDER?2 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 (A0, BO,CO, SOUT,CYOUT)
DEFAULT: (GND,GND,GND, ,)

%FULL ADDER%

NETWORK :
EQUATIONS :
SOUT = AQ’' * BO' * CO
+ A0’ * BO * CO’
+ AO * BO' * CO’
+ AO * BO * CO;
CYOUT = AO * BO
+ BO * CO
+ A0 * CO;
ENDEF

292039-9

Figure 8. Macro File for Full-Bit Adder
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ROGER AUBLE

INTEL CORPORAT ION
2/27/87

1

A

5C060

2-BIT FULL ADDER

OPTIONS: TURBO=OFF
PART: 5C060
INPUTS: A1,B1,A2,B2
OUTPUTS: SUM1,SUM2,CARRY
NETWORK :

PTIN (A1,A1)

PTIN (B1,B1)

PTIN (A2,A2)

PTIN (B2,B2)

PCOWP2 (SUM1,SUM1)
PCOWP2 (SUM2,SuM2)

PCOWP2 (CARRY,CARRY)

ADRF (A1,B1,,SUM1,CARRY 1)
ADRF (A2,B2,CARRY1,SUM2,CARRY)

EQUATIONS :

ENDS$

292039-10

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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DANIEL E. SMITH
INTEL CORPORAT ION

2/27/87

1

A

5C090

DECODER WITH TWO LATCHED OUTPUTS
OPTIONS: TURBO=OFF

PART: 56C080 :

INPUTS: A,B,C,D,E,EN1,EN2,EN3,RD*,WR*

NETWORK :

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT

(A,A)
(B,B)
(Cc,C)
(D,D)
(E,E)
(EN1,EN1)
(EN2,EN2)
(EN3,EN3)
(Y0,Y0)
(Y1,Y1)
(v2,Yv2)
(Y3,Y3)
(Y4,Y4)
(Y5,Y5)
(€S0,CS0)
(cs1,cs1)
(CEO,CEO)
(CE1,CE1)
(CE2,CE2)
(CE3,CE3)

74138(YCs,D,E,CsS0,CS1,CS2,CS3,GND, VCC)
74139(YCE,D,E,CEO,CE1,CE2,CE3,GND,VCC)
RD = INP(RD*)

WR = [NP(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)
SET3¢c,SET3¢c = COIF(ST3,VCC)

EQUATIONS :

ST2 = RD + CS2;
CLR2 = /(WR + CS2);
ST3 = RD + CS3;
CLR3 = /(WR + CS3);

ENDS$

OUTPUTS: SET2c¢,SET3c,YO,Y1,Y2,Y3,Y4,Y5,C80,CS1,LCS2,LCS3,CEO,CE1,CE2,CE3

74138(A,B,C,EN1,EN2,EN3, YCS,GND, YCE,Y5,Y4,Y3,Y2,Y1,Y0,VCC)

292039-12

Figure 11. ADF File for Decoder with Latched Outputs

Sample Session

To implement this ADF in an actual session, follow the
steps described for Example 1, substituting the name
LDECODE for DECODE. iPLS II produces a JEDEC
programming file (LDECODE.JED), a utilization re-
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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 Array 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
ADF (Advanced Design File). Detailed information on
using the TTL and Gate Array 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 files to implement common circuit functions. Mac-
ros calls are subsequently expanded by the LOC (Logic
Optimizing Compiler) into the ADF 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.

By following the macro file format described in this
note, users can also create their own proprietary mac-
ros with an ASCII text editor. These macro files 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 ADF 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 support for user-de-
fined macros (see in Figure 1) includes the following:

e MLIB, the optional iPLS II Macro Librarian for
creating macro libraries from individual user-de-
fined macro files.

® 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
files, 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 ADF format.

SCHEMATIC :
CAPTURE [ )
r 3
SYMBOL
LIBRARY
IPLS II LOC
>
TEXT \ MACRO | ESPRESSO | sepec
EDITOR ADF EXPANDER | MINIMiZER |  FITTER " e
)
MACRO
A~ LIBRARIAN v
" MACRO
v LIBRARIES | -
TEXT MACRO
EDITOR FILES MLIB ¢ TILLIB
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,2Z)
DEFAULT: (GND,GND,GND, VCC,VCC,VCC, ,,,,,
EQUATIONS:

/(A * B);

/(/E ®= A * B);

/(D *C*A®* /E);

N<XE<LC

ENDEF

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. 1/0 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:
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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,,,,,,)

Defaults for inputs A through C are 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:

OUT1 = 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 ADF.

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.

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 ]

[ @emdfile ] [ filel file2 ... ]

Equations Section <Enter> .
The EQUATIONS: section lists the Boolean equations ™9 fﬁ“’lc.g"y' ?)SPI&Y s d‘t‘?w’y information for
for the desired functions and follows ADF syntax rules, ¢ lbrary . lpg create .
with one exception; intermediate equations are not per- -v verbose. Print status during processing. When
mitted in macro files. If no equation entries are re- not specified, status messages are suppressed.
quired (i.e., a macro implemented entirely in the Net- -1lib  list. Lists the contents of existing macro li-
work Section), the entire Equation section may be omit- brary to console. This option may not be used
ted, including the keyword EQUATIONS:.. while building a library.
-0lib name of the target macro library.

. MACRO.LIB is the default when no name is
Comments and White Space specified. TTL.LIB and INTEL.LIB are re-
Comments can be placed anywhere in a macro file ex- served for Intel libraries and may not be used.
cept before the name and signals on the first line. Com- -s string include version stamp in macro library. The
ments must be enclosed in percent signs, as follows: version string can be up to 7 characters long.

“V1.00” is the default stamp.
% THIS IS A SAMPLE COMMENT %
White space can appear on any line except the first two
lines.
TEXT COMMAND
EDITOR FILE
)
TEXT MACRO MACRO
eomor [ Fues MLIB LIBRARY
LIBRARY
LISTING

292040-3

Figure 3. Macro Librarian Block Diagram
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-cstring 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.

filel... name of device files to be included in the

macro library. Separate files by spaces.
For example, the following command line:
MLIB -v -5 2.00 -0 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 PATH 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.
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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.

-0 PROJA.LIB % macro |lbrary name %

-v

-8 V1.50 % version number %

-c “"Copyrlight (C) Date, Your Company, Your Name*®
% copyright Information % :

~d % display directory %

% Include the following macros %

INPUT .DEV OUTPUT.DEV 7408 .DEV
7487 .DEV 74138.DEV  74139.DEV
74151.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 -1 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 1-Megabyte of memory and about two
dozen 1/0 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.

® /O ports are also split between on-board devices
requiring active high signals and off-board devices
requiring active low signals. I/O devices between
the address range FOOO-FFFFH are on-board; de-
vices below that range (0000-EFFFH) are off-board.
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o 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

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).

ADDRESS AND

DATA BUS

COMMAND

OFF = BOARD

SYSTEM BUS
P

SIGNALS [ o manol
DECODER |

T 0T

l

ENABLE

ADDRESS
DECODE

WD

ON = BOARD

COMMAND
DECODER |

1T

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.DEYV). 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
INTAIN 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.

D
MRD
g
"D
MWT
a
[
P
IR
q
* .
MO ow
CMDEN
[
INTAIN b&—mn
AEN
282040-6

Figure 6. Schematic Diagram of
Command Decoder

Building the Library

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

% show status %

“1987, AP-312 Sample Macro Library”
AP312.LIB

% show the list %

-V
-
-0
-d

% 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.

DEFAULT: (GND, VCC, VCC,VCC,GND,GND, , , , , )

NETWORK :

MRD = CONF (MRDC, AEN)
MWT = CONF (MWTC,AEN)
IOR = CONF ( IORc, AEN)
IOW = CONF ( |OWC, AEN)
INTA = CONF(INTAIN,AEN)

EQUATIONS :

MRDC = /MIO + RD + CMDEN;
MWTCc = /MIO + WR + CMDEN;
IORC = MIO + RD + CMDEN;
IOWC = MIO + WR + CMDEN;

ENDEF

CMDLO(MIO,RD,WR, INTAIN,CMDEN, AEN,MRD ,MWT, IOR, |IOW, INTA)

292040-7

Figure 7. Macro File for Command Decoder (CMDLO.DEV)
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DANIEL E. SMITH
INTEL CORPORAT ION

INPUT(MIO,MI0)
INPUT(RD,RD)
INPUT(WR,WR)
INPUT( INTAIN, INTAIN)
INPUT (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, 1OWC)

OFFBDEN = CONF (OFBEN, VCC)
OFBEN = NOR(OF1,0F2,0F3,0F4)
ONBEN = NOR(ON1,0N2,0N3,0N4)
NRD = NOT(RD)

NWR = NOT(WR)

NINT = NOT(INTAIN)

NMiO = NOT(MIO)

NUPPER = NOT(UPPER)

NA13 = NOT(A13)

EQUATIONS :

UPPER = (AF * AE * AD * AC);
ON1 = (MIO * A13 * NRD);
ON2 = (MIO * A13 * NWR);
ON3 = (NMIO * UPPER * NRD);
ON4 = (NMIO * UPPER * NWR);
OF 1 = (MIO * NA13 * NRD);
OF2 = (MIO * NA13 * NWR);
OF3 = (NMIO * NUPPER * NRD);
OF4 = (NMIO * NUPPER * NWR);
ENDS

4/7/87

1

A

16209-001

COMMAND DECODER

OPTIONS: TURBO=ON

PART: 6C080

INPUTS: -MIO, RD, WR, INTAIN, CMDEN, AEN1,
OUTPUTS: MRD, MWT, IOR, IOW,

NETWORK :

CMDLO(M10O,RD,WR, ,CMDEN, AEN1,MRDC,MWTC, IORC, IOWC,) % OFB %

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

A13, AF, AE, AD, AC
INTA, MRDC, MWTC, IORC

, IOWC, OFFBDEN

292040-9

Figure 9. ADF for COMCODE.ADF

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
AEN1 (Address Enable 1) and CMDEN (Command
Enable). CMDEN allows the appropriate signal to go
high or low, and AEN]1 causes the outputs to indepen-
dently enter or exit a high impedance state (three-state).
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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
CONEF feeding another CONF).
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Compiling the Design
Proceed as follows to compile the ADF.

1.

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.

. Invoke the iPLS II Menu by entering:

IPLS <Enter>

. Invoke the LOC from the Main Menu by pressing

<F4>.

Answer the LOC prompts as follows:

Input Format? <Enter>

File Name? COMCODE <Enter>
Minimization? Y

Inversion Control? N

LEF Analysis? Y

Error Message File COMCODE.ERR <Enter>

5.

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 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 ADF output by the Macro Expander.

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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Introduction:

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 - TTL/SSI/MSI) and Customy/Semi-Custom design
methods(fabricating a custom logic chip to solve the problem at
hand, and then building a much simpler board).

With the Board Design approach, PCB'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
PCB'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, microcontroller,
RAM, EPROM, transciever, etc.) all have different protocols, and
all speak different languages at different speeds.

Integrating the major devices of a board together involves much
"glue" logic. The typical designer spends time and effort looking

through a TTL parts catalog to find the best fit for a design based -

on functionality, performance and price. After a preliminary
function-based board is laid out, 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 effective production of end-user
systems. PLD's reduce the complexity of the end-user board,
hence reducing the length and risk of the implementation and
manufacturing process.

With the Custor/Serni-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 &
few custorn 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 built, as each device is custom crafted.
Finally, in the CAD tools area, a highly functional, but hard to use
set of tools guide and control the whole process. The tools are
the best in terms of functionality, but the worst in terms of cost
and ease of use.

The job of ASIC vendors in the next ten years is to make the
Customy/Semi-Custom problems disappear or become acceptable
to the logic designer of the next generation. The facts 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 CustonySemi-Custom design methodologies
are working hard to overcome the inherent problems of this type
of design.

The use of PLD's in a design is a compromise between the
flexibility of a CustonySemi-Custom design, and the standard
Board design methodolgy .

The definition of PLD which | am using for the purposes of this
paper is very general. A Programmable Logic Device is any
device, which can be programmed by the user, to realize a chunk
of combinatorial or sequential logic. A subset of the most
popular, or newest types of PLD's are: PAL's, PLE's(Monolithic
Memories), EPLD's(Intel, 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 form of two-
level(AND/OR) registered array logic. [ will mainly be concerned
with two-level array logic devices.

The good points of designing with PLD's are:

1. The integration of many small chunks of TTL and SSI/MSI
logicinto a few PLDs. Essential for efficient use of resources.

2. An-easier overall development cycle than the Custom/Semi-
Custom route. Also easier than standard board TTL 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 TTL design method.

4. The breadboard character and modifiability of PLDs makes
thern an excellent R&D and learning vehicle in the design
environment.
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5. PLD CAD development tools are available to convert
stangiaxd 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 i
: . 3 use the
design techniques. roun

The bad points of designing with PLDs' are:

1 For large designs, using PLD's is not as functional o robust
as using Custom/Semi-Custom logic.

2. Thg CAD tools available for PLD design are not as useful in
automating the whole design process as those in the
Cu§tom/Senn‘-Cu5t0m arena. Infact, most of the tools are
derived 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. The PLD Development Environment

There are three pieces ina PLD development environment First
is the input part The design specification needs to be entered in
some form, such as a schematic, a finite state machine, or a high
level language 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 means for
accepting input in other forms, which then translates into the
underlying language. We shall use the standard term "Hardware
Description Language"(HDL) when refering to this language, as
this is where these languages are heading in terms of complexity
and future directions.Exarnples of PLD HDLs' are ABEL by
Data/10-Futurenet, CUPL by Assisted Technology, ADF by
Intel(Altera), PALASM by Moriolithic Memories, LOG/IC by
Kontron, and AMAZE by Signetics.

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

Question 1: 1s it easy to learn and easy to use(User-Friendly) ?

Questig'n 2: 15 it generic enough to support the current
applications and new devices yet to come ? (HDL expressiveness
and functionality)

Question 3: Does the compiler use optimization techniques to
produce JEDEC code ? (i.e. logic minimization)

Question 4: Are there alternate logic entry tools, like schernatic
capture and Finte State Machine entry, are there hooks for
simulation and other design methodologies, like gate arrays 7

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

Question I s it easy to learn and easy to use ?(User-Friendly)
Answer: The ADF language is made easier to learn for the
novice user by two items:

a Graphical Interface 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 graphical JEDEC file editor,
which allows the user to modify the JEDEC file. 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 part directly from this interface.

b. Frimitives:

Alarge("80) set of logic and I/O Macrocell primitives which
capture all of the current standard ways to represent small chunks
of mernory 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 rore generic HDLs'.

Question 2: s it generic enough to support the current
applications and new devices yet to come ? (HDL expressiveness
and functionality) .

Answer; Yes, itis 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 supports only Intel
and Altera devices.

Question 3: Does the compiler use optimization techiniques to
produce JEDEC code ? (Le. logic minimization)

Answer.  Yes, logic minimization, DeMorgan's inversion of
outputs, and autoratic fitting of resources and pins to the given
device are supported in an integrated fashion.

Question 4; Are there alternate logic entry tools, like schematic
capture and Finte State Machine entry, are there hooks for
simulation and other design methodologies, like gate arrays ?
Answer: Alternate enrty methods include schematic capture,
FSM entry, and Graphical Netlist entry(LB). There are currently
no tools for functional sirnulation, nor is ther any way of
interfacing to other design tools. Both topics are being
considered for the future.

The third party HDLs', like ABEL, CUFL, and LOG/IC are, in
general, harder to leamand use. They afford greater
expressivness and generality in addressing design prablems.
Because of the need to work with most devices on the market,
these HDL's resemble more closely their high-power cousins in
the Custorn/Semi-Custom design arena. They have no automatic
resource fitting and pin-assignment, but do have a robust set of
integrated tocls involving functional simulation, schematic capture
and FSM entry available.

3. PLD Optimization Tools

Here we introduce and describe the current rnix of optimization
tools in the PLD development workshop. The goal of CAD
optirnization tools for PLD design is to speed up the design cycle
by reducing designer time, and to cram larger designs into a fixed
device. The optimization tools of a typical PLD development
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system usually reside in the HDL compiler. The tools can be
viewed as compiler optirnization tools.

The four optimization tools of 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 desmpuon and translates or compiles it 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 autoratically
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, (Figuresi-3) most of these features.

Logic Minimization:

Logic minimization is currently the best optirization tool available
for PLDs'. Logic minimization for current PLD developrment
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. For two-level logic(AND/OR), most cornpilers
use a single or multiple output heuristic minimizer. University
research and industrial experierice show that the NP-complete
problem of two-level logic minimization has been effectively
solved for the size of problems currently being considered in
practice. Currently, the most effective minimizers are Espresso,
McBoole, and Presto-1l. Espresso has been shown, in
aggregate, to be within one-percent of the minirurn answer on
104 test cases. On current PLD size problems, the test cases
indicate that Espresso will find the minirnum solution almost
always [1, 2, 3,4).

The user of minimization tools usually has a concemn about the
process. The minimization tools have the side-effect of

producing a reduced equation set that doesn't always reflect the ..

designer's thought process relative to the un-minimized equation
set. This results in confusion in trying to understand the 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 the meaning of the design
and the resulting minimized boolean equations, functional test
vectors should be created and run through a functional simulator.
This will catch design errors and give a truth-table verification of
the design. For some HDLs', there are tools available that will
automatically generate test vectors. Actually, due to the fived
architectures of PLDs', automatic test generation is much mare
{easible in the PLD arena than in the Custorn/Semi-Custom area.
Of course, a designer can choose to not have the equations
minirnized if they already fit into the target device before
minimization, but in complicated designs, this is rarely the case, as
the Dice Example at the end of this paper shaows.

Future PLD tools will depend more and raore on logic
minirnization. Just as a high-level language prograrnmer looks

less and less at the object code produced by a compiler, the logic
designer will not be concerned with the minimized code output
of the PLD logic cornpiler.

FSM Compiler:

An FSM compiler is included in the list of PLD optimization tools
because it allows for a compact representation of a sequential
circuit. This leads to ways to introduce systematic optimization
techniques like logic minimization and autornatic state assignment
at a transparent level for the user. Designing at the level of states
and transitions results in a more cormpact HDL description for the
same logic function, with fewer mistakes being made. FSM
description also allows the user to change memory elernent types
and state assignments in an error-free manner. FSM's are also
well understood, theoretically, and are a ripe area for future tool
developraent. Most logic texts present many hand tabular
methods for optimizing FSM designs. These hand metheds can
be autornated and extended to produce new tools for FSM-based
design

DeMorgan's Inversion:

DeMorgan's inversion, in AND/OR type PLD architectures, with
inversion control in the [/O macrocells, refers to logically inverting
an output signal phase in such a way that the number of p-terms
realizing the complement function is less than the original
function. This can save the user from an un-solvable p-term fitting
problem due to too many p-terms when using one sense of an
equation. For devices with single output macrocells, like PALS,
and EPLDs, thecomplernent of the single output equation is
cornputed and then minimized The sense of the equation with
the least nurnber of p-terms is then the one that is implemented
inthe device under programming.

Fitting and Pin Assignment.

The fitting and pin assignment problem refers to compiling a
design file, and having the corapiler autornatically choose those
device resources and pins that the user did not assign in the
design file. In the past, device architectures have been simple
enough and small enough so that fitting and pin assigniment were
not a probler for the user. Now, with increasing size, complexty,
and non-homogeneity of the device architecture, a heuristic C 1-\['
tool, which is like an automatic place and route tool, is a necessity.
If a device architecture is hormogeneous with respect to structure
and resources, fitting is not a probler, as there is no contention
for resowrces or placement of those resources. Fitting isa
problem when there are muitiple clocks and types of clocks,
raultiple device secticns(like quadrants), varying nurabers of p-
terms per quadrant, product terra sharing and steenng, input pins,
/0 macrocells of varying types, or buried registers. The greater
the nuraber and size of the features, the greater the fitting
problern. Without a tool to help, the designer must do the fitting
by hand, leading to errors and not finding an allowable fit,

Zome of the large scale devices that exhibit these problerns are
Intel's{Altera’s) SC1Z1(EP1210) and SC180{EP1800) . The fitng
and autornatic pinazzigrrnent tools of iPLDS relieve the user
from having to deal with this probler
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3. Future PLD Optimization Tools

This section describes new directions for PLD development
systems optirization 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 frorm, or interfaced to the Custom/Semi-Custom
environment The current logic description and synthesis tools of
silicon compilers and Custom/Semi-Custom CAD tools fit into
this classification. The second type are new tools which will
address the architecture-specific optimization issues. The toals 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
autornatically into multiple devices, or in taking multiple abstract
specifications and realizing them in one device.

Portation of Custom/Semi-Custom Tools:

Available ideas ready for porting to the PLD environment down
the HDL path include implementing a subset of VHDL(VHSIC
Hardware Description Language)[5), 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 learm one HDL
which will last for a long time. Also, PLD tools which interface
with the Custory/Serni-Custom toolset invalving hoard 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 alzorithras, like Espresso, and new
state assignment tools, like KI3S([7] and STASH [8]can be used in
the PLD environment. The algorithms and rethods of tools
involving placement and routing can be applied to the fitting/pin
assignment problern. On the logic synthesis side, new toals
which combine expert-systems with multi-level logic optimization
can be applied to PLD devices which allow multi-level logic to be
easily implernented.

The key point, inegardless of the actual toals from the
CustomySemi-Custorm arena which are productized is that the
user have an essentially transparent view of any new optimization
tnols.

Ornce a PLD is manufactured, the functionality cannet 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
devices by doing automatc logic partitioning. The converse
prablem of fitting multiple chunks of cormmunicating lagic into one
device may also be addressed. Tools to fit rultiple state
machines into one device, of 1o partition a schermatic or FSM into
two or more devices is a first step. For exarnple, the Dice
Exarnple(Figures 1-3) has three srall state machines, which are
integrated into one device and design file. ‘Expert-systemns can
capture the rules {or partitioning, and the database of all allowable
devices, while optrization techniques can make the expert-
systems work as well as, or better than a logic designer.

Conclusion:

We have surveyed the reasons for, and components of PLD

develqpment systems, with emphasis on the Hardware

Description Languages, and optimization methods in such
systems. The conclusions of the survey are that the HDL's are
the essential cornerstane of any PLD system, and will control the
future directions of any new PLD development tools. The second
conclusion is that two-level logic minimization, FSM compiler,
and autoratic 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
awide range of new tools will appear. The key emphasis will be
or 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 that will roll two dice. Push a switch to
start the dice rolling. When the switch is released, a (pseudo).
random set of numbers will be displayed.

The example is written using the FSM compiler module of iPLDS.
This example is a moditication of an existing Application Note[AP-
279] design, which is written in ADF language.

The Dice Example pseudo-randomly rolls two dice. The Dice
Example is composed of three FSMs'. The first two are essentially
up-counters, which count from one to six, using the notation groups
of one or two LED's, for each of four outputs, to represent the six
faces of a die. A picture which indicates the LED groupings, by
listing the output signal name next to the LED controtied by it, is
given in Diagram 1. The groupings for both die are identical, an:
hence, listed next to each other. .

The third machine generates a short pseudo-random bit sequnce by
implementing a Linear Feedback Shift Register(LFSR) , with three
registers. The pseudo-random bit from the LFSR are
used to add probabilistic transitions to the up-counter model of
each die. The implementation of the LFSR is by straight
memorization of the sequence, by means of the state variables of an
up-counter.

‘Dice LED Encoding
1b, 2b % % 1, 2¢
14, 2d % % % 1d, 2d
1c, 2¢ % 1a,2a % 1b, 2b

Die 1 Signals: 1a, 1b, 1c, 1d
Die 2 Signals: 2a, 2b, 2c, 2d

The Dice Example shows the usefulness of logic minimization.
Figure 2 shows the FSM Language(State Machine File)
representation of the Dice Example under the iPLDS system.
Figure 3 shows the ADF code which resulted, as an intermediate
step, in the compilation process.

The target device, the 5C060, has 16 1/O macrocells, but each
macrocell has only enough room for 8 pterms. There are 11
equations that result from the Dice Example design. Four for each
die, to control the LED's, and three from the state variables of the
Linear Feedback Shift Register.

table, showing the effect

We present a before and after
inimi ic DeMorgan’s Inversion step. :

of the ation and the

p-erms p-terms
before after
Equation Inputs  min min
Svd.d 3 3 2
Sv2.d 3 3 2
Svl.d 3 3 2
2dd [3 3 3
20.d [ 9 4
2bd 6 [ 4
2ad 6 10 6
1d.d [ 3 3
1cd 6 9 4
ib.d [ 5 4
tad [ 10 7

A necessary condition to fit into the 5C068 is that all of the numbers
in the fast column be no more than 8, as there are no more than 8
p-terms connected to any macrocell. This particular problem took 2
minutes of CPU time on an 8Mhz PC/AT. Reducing these equations
by hand, even for this simple example, would be difficult. The need
for the automatic minimizer is clear in this example. Withoutit, a
designer would either have to reduce the eqations resulting from the
FSM Language by hand, or not use an FSM Language at all, and do
the whole design using hand-crafted methods.

Figure 1.
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Dice Example
FSM Language(SMF) Description

Alan Coppola
Intel
July 21, 1986

Roll a pair of die
LB Version 4.01, Baseline 27.1 4/9/86
PART: 5C060

X No pins assigned:
Automatic Pin Assignment and Fitting %

INPUTS: clkt, cik2, Go
OUTPUTS: 1a, 1b, ¢, 1d, 2a, 2b, 2¢, 2d

NETWORK:
clki = INP(clki1)
clk2 = INP(cik2)
Go =INP(Go)

1.3

Three term LFSR, imp\ d by stori

in state variables, which act as flipping coins.
x

MACHINE: LFSR
CLOCK: cik2

STATES: [Coint Coin2 Coin3]
S0 [0o00) :
St [100]

S2 [110]

§3 ([(011)

S4 [101)

§5  [010)

S6 [001]

X

State equations are:
Coain2 := Coinl
Coin3 := Coin2
Coin1 := {{Coin2 xor Coin3)

MACHINE : Die_Roll_1
CLOCK: cikt

L3

State variables are used as outputs to die.
Each state encodes the set of LED's to light

txu realize that die value.
STATES: [1a 1b 1c 1d)
Reset [0000]
One (1000
Two f[o1o00
Three [11000
Four (61140
Five (1110
Six (01113

%

Coin2 is a pseudo-random coin, which cantrals the

up-tounter transitions,

pseudo-—random.
X

Reset:

i Go Then One
One:
f Go%Coin2 Then
o

it Go®Coin2 Then
Three:

f Go®Coin2 Then
Four:

It Go*Coain2 Then
Five:

it Go®Coin2 Then
Six:

i Go®Coin2 Then

Tw

MACHINE: Die_Roll_2
X

so that the dice roll is

Two
Three
Four
Five
Six

One

Duplicate of Die_Roll_1 machine, except for
a different die, using a ditferent pseudo-random coin.
x

CLOCK: cik2
STATES: [2a 2b 2¢ 2d]
ResetDie2 {00600
OneDie2 100 0]
TwoDie2 [6100]
ThreeDie2 (1100
FourDie2 o110
FiveDie2 ft110
Sdie2 [01113
ResetDie2:

# Go¥Coin3 Then OneDie2
OneDie2:

it Go*Coin3 Then TwoDie2
TwoDie2:

If Go*Coin3 Then ThreeDie2
ThreeDie2:

if Go®Coin3 Then FourDie2
FourDie2:

i GoXCoin3 Then FiveDie2
FiveDie2:

#f Go®Coin3 Then SixDie2
SixDie2:

if Go*Coin3 Then OneDie2

END$§

Figure 2.




Dice Example

Hardware Description Language(ADF)

Alan Coppola
Intel

July 21, 1986

Part No.: LasVegas

Ver. 3.0

5C060

Roll a pair of die

LB Version 4.01, Baseline 27.1 4/9/86

SMV Version 1.01 BETA2 Baseline 26.1 4/3/86
PART: 5C060

INPUTS:
clki, clk2, Go

QUTPUTS:
1a, 1b, 1c, 1d, 2a, 2b, 2¢, 2d
NETWORK:

clki = INP(clki)
clk2 = INP(cIk2)
Go = INP{Go)

Three term LFSR, implemented by storing sequence
in state variables, which act as flipping coins.
X

%
1O's for State Machine “LFSR™
%

Coin1 = NORF(Coin1.d, clk2, GND, GND)
Coin2 = NORF(Coin2.d, cik2, GND, GND)
Coin3 = NORF(Coin3.d, clk2, GND, GND)

X
1]0’s for State Machine “Die_Roll_1"
%

1a, 1a = RORF(1a.d, clki, GND, GND, VCC)
1b, 1b = RORF(1b.d, clki, GND, GND, VCC)
1¢, 1c = RORF{1c.d, ciki, GND, GND, VCC)
1d, 1d = RORF(1d.d, clki, GND, GND, VCC)

%
1}Q's for State Machine “Die_Roll_2"
3

2a, 2a = RORF(2a.d, clk2, GND, GND, VCC)
2b, 2b = RORF(2b.d, clk2, GNO, GND, VCC)
2¢, 2¢ = RORF(2¢.d, clk2, GND, GND, VCC)
2d, 2d = RORF(2d.d, clk2, GNO, GND, VCC)

EQUATIONS:

1.3

Boolean Equations for State Machine “LFSR”
%

%
Current State Equations for "LFSR"
b3

S0 = Coin1'3Coin2'%Coin3";
S1 = Coin1%2Coin2'2Coin3’";
82 = Coin1%Coin2%Cain3’;
$3 = Coin1"®Coin2%Coin3;
S4 = Coin1%Coin2'®Coin3;
85 = Coin1'%Coin2®Coin3";
is = Coin1'%Coin2'%Coin3;

SV Defining Equations for State Machine "LFSR"

%
Coint.d=St.n+ S2.n +S4n;
Coin2.d=S2.n+ S3.n +S5n;
Coin3.d =S3.n+ S4n +S6.n;
%

Next State Equations for State Machine "LFSR”
X

S$1.n =80;
82.n=8§1;
83.n = 82;
S4.n = 83;

S5.n = §4;

S6.n = S5;

X

; lean Equations for State Machine “Die_Roll_1"

%
Current State Equations for "Die_Roll_1"
%

Reset = 1a'®¥1b'®i¢'®¥d’;
One = 1ak1b'®{c'®1d’;
Two = 1a’%1b¥1c'¥1d’";
Three = 1a®1b¥1¢c'¥id";
Four = 1a'®b¥1cRid’;
Five = {a¥{b®{c¥1d’;
Six = 1a'®¥b®1c¥id;

%

SV Defining Equations for State Machine “Die_Rol_1"
%

1a.d = One.n + Three.n + Five.n;

1b.d’' = One.n + Resetn;

1c.d = Four.n + Five.n + Six.n;

1d.d = Six.n;

b 3

Next State Equations for State Machine "Die_Roll_1"

b 3

One.n = Six ¥ Go ¥ Coin2 + One ¥ (Go ¥ Coin2)’

+ Reset ® Go;
Reset.n = Reset ¥ (Go)';
Three.n = Three ® (Go ® Coin2)’ + Two ¥ Go ¥ Coin2;
Four.n = Four ® (Go ® Coin2)'  + Three ¥ Go * Coin2;
Five.n = Five ® (Go ¥ Coin2)’ + Four ® Go ¥ Coin2;

Six.n = Six ¥ (Go ¥ Coin2)’ + Five ¥ Go ¥ Coin2;
%

Boolean Equations for State Machine “Die_Roll_2"

%

%

Current State Equations for "Die_Roll_2"
X

ResetDie2 = 2a'%2b'%2¢'%2d";
OneDie2 = 2a¥2b'¥2¢'%2d";
TwoDie2 = 2a'%2b¥2¢'%2d";
ThreeDie2 = 2a%2b®2¢'%2d";
FourDie2 = 2a'¥2b%2¢¥%2d";
FiveDie2 = 2a%2b¥2c®2d";
SixDie2 = 2a'¥2b¥2c¥2d;

%

SV Defining Equations for State Machine “Die_Roll_2"
%

2a.d = OneDie2.n + ThreeDie2.n + FiveDie2.n;
2b.d" = OneDie2.n + ResetDie2.n;
2¢.d = FourDie2.n + FiveDie2.n + SixDie2.n;

2d.d = SixDie2.n;
X
:exl State E i for State Machine "Die_Roll_2"

OneDie2.n = SixDie2 ® Go ¥ Coin3

+ OneDie2 ¥ (Go ¥ Coin3)’

+ ResetDie2 ® Go ® Coin3;
ResetDie2.n = ResetDie2 ® (Go * Coin3)';
ThreeDie2.n = ThreeDie2 ¥ (Go ¥ Coin3)’

+ TwoDie2 ¥ Go ® Coin3;
FourDie2.n = FourDie2 ® (Go ¥ Coin3)'

+ ThreeDie2 % Go % Coin3;
FiveDie2.n = FiveDie2 ® (Go ® Coin3)’

+ FourDie2 ¥ Go ® Coin3;
SixDie2.n = SixDie2 * (Go ¥ Coin3)’

+ FiveDie2 ¥ Go ¥ Coin3;

END$

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 CJ5C180-75 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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SECTION 5

PLA TO EPLD 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
20RA10 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.

5-2

5C031/5C032 As a 20-Pin PAL Replacement

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 16L8A
14L4, -2 16RP6A
16L2, -2 16RP4A
16R8, A-2, A-4 16P8A
16R6, A-2, A-4 16R8A
16P8, -2 16RP8SA
16RP8, -2
16RPS6, -2
16RP4, -2
These are These are
25 ns-45 ns PALs. 15 ns PALs.

5C060 As a 24-Pin PAL Replacement

Modified Functionally
Replacement Compatible
12L10 20L8A
1418 20R8A
16L6 20R6A
18L4 20R4A
20L2
20L10
20L8
20R8
20R6
20R4
20RA10
With hardware These are
modifications 15 ns PALs.

5AC312 As a 24-Pin PAL Replacement

100%
100%

Compatible
Compatible (Qualified)
20L8 22V10
20R8 32v10
20R6 Dependent on the
20R4 number of product
20RA10 terms used.




ORDERING INFORMATION

Intel EPLDs are identified as follows:

M D 5 C X X X —_— S S
—— - —— . — J ——
Device Speed
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
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 BQB), 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.



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
170
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
LOCAL/GLOBAL BUSSES Y Y
CLOCKS 1 1 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




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 Il 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.

5-5

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 I

A partial list of computers that have been verified to be software compatible with the Intel Programmable Logic
Development System (iPLDS 1) is given below:

AT&T 6300 and 6300+

Compagq family of PCs (88, 86, 286, 386)
IBM AT .

IBM XT

IBM XT-286

HP Vectra

Sperry IT

Tandy 3000 HD

5-6



ALABAMA

ansmmnr #2

Td (205) 530—4010
ARIZONA

tintel .
||225°N°.'&m Dr., #D214
Phoenix 85029

Tel: (602) 869-4980

intel CME

1161 N. El Dorado Place
Suite 301

Tucson 85715

Tel: (602) 299-6815
CALIFORNIA

Corp.
1515 Vanowen Street
Suite 116
Park 91303
18) 704-8500
1 e
E. Highway
Suite 21 laway
El 90245
Tel: (213) 640-6040
Intet Corp.
1510 M&ﬂ stslz. Suite 101
imento 95815
Tel: (916) 920-8096
1360 Executive Drive
g‘:oumogo‘os 92121
Tel: (819) 452-5880
Intel Corp.*
400 N. Tustin Avenuve
Suite 450

Santa Ana
Tel: (714) 835-9842
: 91 1114

e

2700 San Tomu Expressway
sma ctnra. A 95051 4

e
S. Cem St., Suite 915
m’{m 321-8088
910-931-2289
CONNECTICUT
;6 Mill Plain Road
08811
3 “48—3130
: 710-456-1199
FLORIDA
Intel Corp.
42 vag-mnomo Dr.

Ansmmor 32714
FAX: 305-682-6047

6363 Wom ;Sune 100
TOI u71-0600

: 510-956-9407
FAX: 305-772-8193

Intel Com
11300 4th Street North
Suite 170

St. Pmrsb%g 33702
Tel: (813) 577-2413
FAX: 813-578-1607

tSales and Service Office
*Fieid Application Location

DOMESTIC SALES OFFICES

GEORGIA

intel
éﬁﬂo Pm Parkway
Norcross 30092
Tel: (400) 449-0541
ILLINOIS

300 N. amm le Rold. Suite 400
Schaumt 17
Tet: (312) 3?0-306‘
INDIANA
intel Corp.
1773 Sode Rosa
Suite 125
Indi lis 46268
Tel: (317) 875-0623
1OWA
IMﬂ Corp.
t. Andrews Building
19@0 St. Andrews Drive N.E.
Cedar Rapids 52402
Tel: (319) 393-5510
KANSAS

m Corp.
W. 110th Street
Suite 170
Overland Park 66210
Tel: (913) 345-2727
MARYLAND
intel Corp.”
7321 Parkway Drive South
Sum [
21076
Tol 301 796-7500
-1944
Intel Corp.
5th Floor
7833 Walker Drive
Greenbelt 20770
Tel: (301) 441-1020
MASSACHUSETTS
fintet Corp.*
Westford Corp. Center
3 Carlisle Road
Tor (617 ab2.8222
T 1b s s
MICHIGAN
Intel .
;071 Orohawp rd Lake Road
Suite 100
Waest Bloomfield 48033
Tel: (313) 851-8096
MINNESOTA
3500°ng80m St., Suile 360
Bloomington 5543
Tel: (61 036-6722
: 910-576-2867
MISSOURI
505 iy
essway
suu 131 P 4
Td: (31‘? 2911 990
NEW JERSEY
intel Corp.*
Chriosoneco,
s
Red Bank 07701 "9
Tel: (201) 747-2233
Intel Corp.
280 Center
75 Livingston Avenue
First Floor

Roseland 07068
Tel: (201) 740-0111

NEW MEXICO

intel Corp.
8500 Menual Boulevard N.E.
St 295

Alub'}.l. o 87112
el (308) 22-6086
NEW YORK

Intel .

127 m Street
Binghamton 13905
Tel: (607) 773-0337

Intel Corp.
350 Crosl ngs Office Park

W"GA_&S 2750

300 Mmor Plrkw-y
TM 16) 231 3300
TW)é. 10-227-6236
Suna ZB Ho!lowbvook Park
lyers Corners Road
r Falls 12590
297-6161
-248-0060
NORTH CAROLINA/

Intel Corp.
5700 Eucum Center Drive

Suite 21.
Charlotte 28212
Tel: (704) 568-8966

Intel Cory
700 m Road

Tsmg'l‘Q) 781-8022
OHIO
intel Corj
3401 Park Omm Drive
uite 220

Dayton 45414
Tel: (513) 890-5350
TWX: 810-450-2528
Intel Corp.*
25700 Science Park Dr., Suite 100
Beachwood 44122
Tel: (216) 464-2736

: 81 7-9298

Suite 11
Oklahoma Clty 73116
Tel: (405) 84

OREGON

15254°°W Greenbrier Parkway, Bidg. B
erton 97006

Tel (503) 645-8051
TW)é 67-8741
PENNSYLVANIA
Intel Corp.
1513 Cedar Cliff Drive
Camp Hill 17011
: (717) 737-5035
ntel Corp.*
455 Pennsylvania Avenue
Fort thmgton 1
Tek: (21 55_8& -1000
1-2077
Intel Corp.*
400 Penn Center Bivd., Suite 610
P'rtuburgl 15!
Tel: (412) 823-4970
PUERTO RICO
Intel Mn:roprooessor Corp.
South Industrial Park

Tel: (809) 733-8616

TEXAS

ynm Corp.
13 E. Anderson Lane

Sui 4

Austin 78752

Tel: (512) 454-3628
Intel Corp.*

12300 Ford Road

Suite 380

i
Dallas 75234
Tel: (214) 241-8087
TWX: 910-860-5617

Tel: (713) 988-8086
TWX: 910-881-2480

UTAH

Intel Corp.

5201 Gfean Street

Mum 84123

Tel: (&1) 263-8051

VIRGINIA

tintel Co

!504 Slntl Rosa Road
23200

Tq: (804) 28260&

WASHINGTON

Intel Corp.
165-108 Avenue N.E.
Suite 386
i o
el:

TWX: 81 5—443»3002
Intel Oo’r‘p
408 N. Mullan Road
Suite 102
Spokane 99206
Tel: (509) 928-8086
WISCONSIN
;Isvgél Corp.

S. Exu:uﬁve or.
Ey

m
Tel: (414) 784.
FAX: (414) i

CANADA
BRITISH COLUMBIA
Intel Semiconductor of Canada, Ltd.
4585 Canada Way, Suite 202
Burnaby V5G 4t
ol:
FAX: (604) 298-8234
ONTARIO
;Inlel Semiconductor of Canada, Ltd.
Queensview Drive
Suite 250
s
TLX: 0534115

tintel Semiconductor of Canada, Ltd.
éQO Attwell Drive

500
R.Xﬂlh Mow
Tel:

intl Semiconductor of Canac, Ltd
St. Joan Boulevard

€G-10/20/87



ALABAMA

Arrow Electronics, Inc.
1015 Henderson Road

Hunts
Tel: (205) 837-6955
IHlmlnon/Avrm Electronics
Huntsville 354
Tel: (205) 837 7210
TWX: 810-726-2162
Pioneer Technologies Group Inc.
4825 Ur/;rlvusn{ Square
itle 35816

205) 837-9300
TWX: 810-726-2197
ARIZONA
gslsaminon/Avnet Electronics

S. Madison Drive
Tempe 85281
Tel: (602) 968-1461
TWX: 910-950-0077

Kierulff Electronics, lnc
4134 Wood Sl

el ( 437-0750
FAX @ 252-9109
w,n Distribution Group

1 N; Inc:;( Canyon Highway
Tel: (602) 866-2888

FAX: 602-856-6937
CALIFORNIA

Arrow Electronics, Inc.
19748 Denrborn Street

311
Tal (B|270|-7500
-772-8930

Arrow Electronics, Inc.
9511 Rldgehava:r; Court
9212

San
Tel: (619) 565-4800
FAX: 619-279-0862

Arrow Elecmamcs Inc.
21 Weddell Driv
Suni 1094089
Tel ( DG 745-6600
FAX -743-4770

Arrow Electronics, Inc.
1 Dow Avenue

Tustin 92680

Tel: (714) 838-5422

FAX: 71 151

mnm Electronics
McCormick Avenue
lesa 92626

Tal (7!4 754-6051
FAX: 714-754-6007

Hnmilton/Avnel Electronics
175 Bordea ive

Sunnaale 94
Tel: ( 03 743-3300
FAX: 408-745-6679

tHnmmon/Avnet Electronics
Viewridge Aven

S 0 92123

Tel: (6m§ 571-7500

FAX: 619-277-6136

tHamilton/Avnet Electronics
ve.

Chatsworth 91311

Tel: (818) 700-1222, 6500

FAX: 818-700-6553

1Hammon Avnet Electronics
te Boulevard
Slcr

mem 95834
Tel: (916) 920-3150
FAX: 916-925-3478

y;i';mmon/Avnet Electronics
2 G Street
Ontario 91311

Tel: (714) 989-9411
FAX: 714-980-7129

DOMESTIC DISTRIBUTORS

CALIFORNIA (Cont'd.)

Kierulff Electronics, Inc.
10824 Hope Street
Czrvoss

Tel: (714) 220-6300
FAX: 714-821-8420

tKierulff Electronics, Inc.
1 180 Mu Avonue

Tel 408 971 2600
( 0&947-

1Kierulff Electromcs. Inc.

14242 Chamber Rd.
Tustin

Tel: (714) 731-5711

FAX: 71, -4235

;Klsrul" s‘lectmmcs Inc.

Chattsworth 91311
Tel: (213) 725-0325
FAX: 818-407-0803

Wyle Distribution Grou
2& W. Agoura Rd. P

880-
FAX: 818-880-5510

tWyle Distribution Group
17872 Cowan Avenue
Irvine 92714
Tel: (714) 863-9953
FAX: 714-863-0473

Wyle Distribution Grou
11!51 Sun Csmar Dnvg

m (9|5 5232
3—638 1491

Wyle Distribution Group
map:nks Drive

Snn Diego 92123
Tel: (619) 565-9171

TWX: 910-371-9592

FAX: 619-565-9171 ext. 274

EW‘le Distribution Group
wers Avenue

Tel: (408) 727-2500
FAX: 408-727-5896

Wyle Military

18910 Teller Avenue
Irvine 92715

Tel: (714) 851-9958
TWX: 310-371-9127
FAX: 714-851-8366

Wyle Systems
7382 Lampson Avenue
arden Grove 92641

COLORADO

Arrow Electronics, Inc.
1390 S. Potomac Street
Suite 36

Aurora 8
Tel: (303) 698 1111

tHamilton/Avnet Electronics
765 E. Orchard Road

uite 708

Englewood 80111

‘el: (303) 740-1017

TWX: 910-935-0787

1Wyle Distribution Group
451 E. 124th Avenue

Thornton 80241
Tel: (303) 457-9953
TWX: 910-936-0770

CONNECTICUT

tArrow Electronics, Inc.
12 Beaumont Road
|| ford 06492
) 265-7741
TWX 7|0~476 0|62

Hamilton/Avnet Electronics
Commeroe Industrial Park

10950 W. Washlngton Blvd
Culver Culg“

Tel: (213) 558-2458

FAX: 213-558-2248

Hamilton Electro Sales
170 Puliman Street
sta Mesa 92626
Tel: (714) 641-4150
FAX: 714-641-4122

e
Tol 12(% 797 2800
FAX: 203-797-2866
1P nw Northeast Electronics
112 Main Street
Norwalk 0685
Tel: (203) 853-1515
TWX: 710-468-3373

tMicrocomputer System Technical Distributor Centers

FLORIDA

Arrow Electromcs Inc.
Fuwwuy

Td 305 429—8200
-955-9456

|00| N.W. 62nd St Sta 108
t. Lauderdale
Tel .’”5) 475—4297

‘tArrow Electronics, Inc.
1530 Bottiebrush N.E.

Palm Bay 32905
Tel: (305) 725-1480

Huminon/Avnet Elocvomcs
1 N W. 15

Tol (305) 971 -2900
TLX: 510-956-3097

Hamilton/Avnet Electromcs
3245 Tech Drive N

Petersburg 337 02
Tel (813) 576-3930
TWX: 810-863-0374

Hummon/Avnei Electronics
694 Boulevard
Winter| ark 32 92

: 628-3888
FAX: 305-628-3888 ext. 40
Pioneer Electronics

Pioneer Electronics
674 S. Military Trail
Deerfield Beach 33442
Tel: (305) 428-8877
TWX: 510-955-9653

GEORGIA

Arrow Electronics, Inc.
155 Northwoods Parkway
Suite A
Norcross 30071
Tel: (404) 449-8252
FAX: 404-242-6827

Hamilton/Avnet Electronics
6825 D. ree Comners East

Norcross 30092
Tel: (404) 447-7500
TWX: 810-766-0432

Pioneer Electronics

3100 F. Northwoods Place
Norcross 30071

Tel: (404) 448-1711

FAX: 404-446-8270

ILLINOIS

Arrow Electronics, Inc.
000 E. Alonquin Street
Schaumbovg 17
Tel: (312) 397-344
FAX: 312-397-3550
tHamilton/Avnet Electronics
1130 Thorndale Avenue
Bensenville 60106
Tel: (312) 860-7780
TWX: 910-227-0060

Kierulff Electronics, Inc.
1| OW Thorndale

Tel( 22 0500
FAX: 312-250-0916

MTI Systems Sales
1100 West Thorndale
Itasca 60143
Tel: (312) 773-2300
tPlonoer Eleclromcs
1551 Carmen
Elk Grove Vllla e 60007
Tel ( 1 a‘ 80
222 1834
INDIANA
Arrow Electronics, Inc.

Tol: (317) 243-9353
TWX: 810-341-3119

INDIANA (Cont'd.)
Hamitton/Avnet Electronics
185 Grache e

Carmel 46032
Tel: (317) 844-9333
FAX: 317-844-5921

KANSAS
;Hamlnon/Avm\ Electronics
219 Quivera Road
ark 66215
Tel: (913) 888-8900
FAX: 913-541-7951
Pioneer Electronics

92 7832
KENTUCKY
Hamilton/Avnet Electronics

-A Newtown Circle
Lexington 40511

Tel: (606) 259-1475
FAX: -252-3238

MARYLAND

Arrow Eiocaromcs, Inc.
8300 Guilford Road, Ste. H
Rlverl Com

Td (30‘!)_995—6002
FAX 301-381-3854

ga imilton/Avnet Electronics
22 Oak Hall Lane

FAX: 301-995-3593

Mesa Teamol

720 Pnluxent v
Columbia 21046
Tel: (301) 720-5020
TWX: 710-828-9702

Pioneer Electronics
100 Gaither Road
Gaithersburg 20877
Tel: (301) 921-0660
TWX: 710-828-0545

MASSACHUSETTS

tArrow Electronics, Inc.
| Anow Dr

Tel: (8! 7) 933-8\30
TWX: 710-393-6770

tHamilton/Avnet Electronics

100 Osmsmsislé Drive

P 1

T:’bg;’;) 532-3701
10-393-0382

Kierulff Eloctronu:s Inc.
13 Fortune

Billerica 0| 82‘

Tel: (61 7&‘8674331
TWX: 710-390-1449
FAX: 617-863-1754

Pioneer Northeast Electronics
44 Hartwell Avenue

Lexi 02173
Tel: (617) 861-9200
FAX: 617-863-1547
MICHIGAN

Arrow Electronics, Inc.

08
Tel: (313) 971-8220
FAX: 313-971-2633

s;ummon/Awm Electronics
487 Schooicraft Road
Livonia 48150

Tel: (3!35- 522-4;

700
42»8775
FAX 313-522-2624

Hamilton/Avnet Electronice
2215 Street S.E.

Space A5

Grand Rapids 49508
Tel: (816 243-8805

TWX: 810-273-6921

FAX: 616-243-0028

MICHIGAN (Cont'd.)

Pioneer Electronics.

4505 Broadmoor Ave. S.E.

fraaT

FAX: 61 1831

tPioneer Electronics

{a4es stamfora

For 33 :m 55,1800
2423271

MINNESOTA

Arrow Electronics, Inc.
230 W. 73rd Street
55435

Edina
Tel: (61? 830-1800
FAX: 612-830-1856
Hamilton/Avnet Electronics
12400 Water Drive
Minnetonka 55343 -
Tel: (612) 932-0600
FAX: 612-932-0613
tPioneer Electronics
10203 Bren Road East
Minnetonka 55343
Tet: (61 22 935-5444
FAX: 612-935-1921
MISSOURI

Arrow Electronics, Inc.

Schi

St. Louis 63146
Tel: (314) 567-6888
FAX: 314-567-1164

tHamilton/Avnet Electronics
13743 Shoreline Court East
Earth City 63045

m (:m) .uuzoo
Eloctronlu. Inc.
St. Louis 831, 46
Tel: (314 997-4956
FAX: 314-567-0860
NEW HAMPSHIRE
3Amwv Elsctronk:l. Inc.
Perimeter R
Manchester 08|0@
Tel: ( 668-6968
FAX: -668-3484
Hamilton/Avnet Electronics
444 E. Induﬂll‘l Drive
Manchester 0310
Tel: (603) 624-9400
FAX: 603-624-2402
NEW JERSEY
Arrow Electronics, Inc.
Lincoln Drive East
Mariton 08053
Tei (w 596-8000
AX: 609-596-5632
smm Elomronicu, Inc.
Parsij 7054
Tel: ( )"l:uwsoo
FAX: 38-4962

tmmllwn/Avnot Electronics
| oystmn Ave., . 36

940-0262
FAX 809-751 -8624

tHlmII'on{Avnei Electronics
IO Indullr7ll

Fail
Tel: (201) 675-3390
FAX: 201-575-5839

Pioneer Northeast Electronics
5 Route 46

Pinebrook 07058
Tel: (20? 575-3510
FAX: 201-575-3454

IMTI Syslezm Sales

Tol (201)227 -5652
FAX: 201-575-6336

€G-10/20/87



NEW MEXICO

Alliance Electronics Inc.
11030 Cochiti S.E.
ue 87123

Al

Tel: -3360

FAXS 503-2’2-6637

Hmmon/AvM Ehctromcs
Dﬂv. E.

m'éos ems«_

NEW YORK

Arrow Electronics, Inc.
25 Hub Drive

Tel: (516} '973447-6000
M 51 L -224-8126
FAX: 516-391-1401

137 Drwmmm Townline Rd.
Roches tor 14623

FAX: 7163-427-0735

Arrw Ebcvonm. Inc.

TM (516) 23‘ IM

FAX: 516-231-1072
Hamilton/Avnet Electronics
2060 Townline Rd.
Rochester 14623

Tel: (716) 475-9130

FAX: 716-475-9119

MT) Systems Sales
Harbor Park
Tel: (516) 621-6200
FAX:( 51&-625—@39
Pioneer Northeast Electronics
Corpomu‘ Dr.
Tel: (607) 722-8300
FAX:‘ w‘)—m-ssez

Tel: (516) 921-8700
TWX: 510-221-2184
FAX: 516-921-2143

Ploeru Novg:kul Electronics
Fairport 14450

Tel: (716) 381-7070
FAX: 716-381-5955
NORTH CAROLINA

tArrow Electronics, Inc.
5240 Greens Dairy Road
27604

Tel: :gl !t 876-3132
FAX: 91 132,
;gammon/mm Electronics
shpri27 Forest Drive
T esons
: 510-928-1836

DOMESTIC DISTRIBUTORS

NORTH CAROLINA (Cont'd.)
Pioneer Electronics

9801 A-Southern Pine Bivd.
Tel: (704) 25231871“

Wil o1bso1 066

OHIO

Arrow Inc.
7620 McEwen Road
Centerville 45459
Tel: (513) 435-5563
FAX: 51

4352049

xArw# Electronics, inc.
Cochran Road
Tel: (216) 248-3990
FAszﬂsg-ZﬁI 106
mmmm/mmet Electronics
Bhd

Tol (6“1—682 700‘

;g‘minon/Avmt Electronics
Senate Drive

D:'y\m 45459

Tel: (513) 439-6700

FAX:( 5|3—‘39-671 1

;002 /Avnet Electronics
5 Bunbncgo Rd., Bidg. A

Tel: (216 340—5‘(”

FAX: 21 9-1894"

tPioneer Electronics

4433 Inwpoim Bivd.
(513 236-9900

FAX 513-236-8133

1Pioneer Electronics

4800 E. 131st Street

Cleveland

FAX: 216-587-3906
OKLAHOMA

3‘585 100Eu(Ave . Ste. 210

Tulsa 7:
Tel: (91 MS 7700
FAX: 91 -7700

OREGON

PSS er

iy

FAX: 1327
Distribution Grouj

é‘%‘:% Elam Young gukwty

1o S doon

FAX:

PENNSYLVANIA-

Arrow Electronics, Inc.

lonroeville 15146
Td (4112 856-7000

12-856-5777
Hammon/Avrm Electronics
2800 Liberty Ave. Bidg.

T.l: (412) 281-4150
FAX: 412-281-8662

‘tMicrocomputer System Technical Distributor Centers

PENNSYLVANIA (Cont'd.)
W Electronics
Pm:bur?! 15238
Tei: (41 L.7B2~m
: 710-795-3122
FAX: 412-963-8255
Iem Electronics
1 Gibralter Road
e
Tw)é 515—066—67
FAX: 215-674-31 07
TEXAS
ywow Electronics, Inc.
Commander Drive
Carroitton 75006
Tel: (214) 380-6464
FAX: 214-248-7208
tArrow Electronics, Inc.
10099 Klngh tDr.
77099
Tel: (7 13) 530-4700
FAX: 713-568-8518
"Arrow Electronics, Inc.
W. Bnker Lane
Austin
Tal (5‘2 335-4180
AX: 512-832-9875
‘tHamilton/Avnet Electronics
1807A W. Braker Lane
Austin 78758
Tel: (51? 837-8911
FAX: 512-339-6232
Hamilton/Avnet Electronics
11| W. Wllnut Hill Lane

n&“ 550-6111
FAX 214-550-6172

Hamilton/Avnet Electronics
Wr? ht R7°ua. Ste. 190

fsl (713& 40-7733
40-0582

Kierulff Ek»ch;nics. Inc.

8
H
~§

Garla 5040

Tel: (214) 840-0110
FAX: 214-278-0928
tPioneer Electronics
1826-D Kramer Lane
Austin 78758

Tel: (6\? 835-4000
FAX: 512-835-9829
tPioneer Electronics

13710 O Road
Dallas 752

Tel: (214) 386-7300
FAX: 214-490-6419
Pioneer Electronics
5853 Point West Drive
Houston

Te: (713) 988-5555
FAX: 713-988-1732
UTAH

‘tHamilton/Avnet Electronics
|SBS West 2100 South

TM (801 97’?2000
FAX: 801-974-9675

Kierultf Electronics, Inc.
1946 W. Parkway Bivd.
Salt Lake 811 9
Tet: (801) 973-691
FAX: 801-972-0200
% Distribution Group
1325 Wu( 2200 South
lee City 84119

Toi (801 974-0983
FAX(%%|)4972 2524

WASHINGTON ONTARIO
Imo S.E. Eastgate Wa 1093 Meyerside o
Lo (206) o) ats 0002 ' Vi LsT |;44
iS! ja
PR a8 eexe0s Tol: (416) 6727769
FAX: 416-672-0489
Arrow Electronics, Inc.
14320'N.E. 21st Street Arrow Electronics Inc.
levue
Tek (206) 643-4800 Tor (61 3 2206003
 206-746-3740 FAX: 613.723-2018
14212 N.E. 218t Street 6«5 Rexwood Road
m 453-5874 iaslsaugs L4V 1R2
3 IS ja
TR0 6430066 Tek (418 §r7-7432
FAX: 416-677-0040
Distribution Group
1750 132nd Ave., NE. /Avnet Electronics
Tel: (208) 453.8300 e
. Ini
o dssion Missiasauga LAY 1145
Tek 418) 6770484
WISCONSIN FAX: 416-677-0627
;00 Inc. tHamilton/Avnet Electronics
0 N. Patrick B, Ste. 100 190 Colonnade Road South

Tel (414)192 50

Hamilton/Avnet Eiectronics
2975 Moorland Road

CANADA
ALBERTA

milton/Avnet Electronics
zm 21t Sreet NE.

Tol
B FAX! 40&-250-!5&

Zentronics

8815 81 Stroet, N, Ste. 100
Calgany T2E 7

FAX: «xf-mam

BRITISH COLUMBIA

Hamilton/Avnet Electronics

2550 Boundary Ad. Sie. 115

Barrack €31 0887

A vhival)

Son3400 eria Road

Richmond V8X Q%M

Tek (604 273-5875
2732413

MANITOBA

Zentronics

60-1313 Border Street

o

Tel: (204) 694-1957

FAX: 9255

FAX 41

tZentronics

155 Colonnade Road
Unit 17

K2E 7K1

Te 13) 226-8840
FAX: 613-226-8350

SASKATCHEWAN

Zentronics

173-1222 Alberta Avenue

Saskatoon S7K 1R4

Tel: (306) 855-2202, 2207

FAX: (306) 244-3731

QUEBEC

IoAggrw Electronics Inc.
Jean Taion Quest

Montreal H4P 1W1

Tel: (51 %35-55‘1

FAX: 51 1-4821

Hamitton/Avnet Electronics
ue Hal gem
St. Laurent H4S 1P8
Tel 1514 335-1000
AX: 514-335-2481
Zentronics
g17 McCaf S
Tel: (514 737 9700
FAX: 514-737-5212
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DENMARK

emqu 61, 3rd" Fbor
TM (019)“3 60.%"
FINLAND

Ruosilantie 2

00390 Helsinki 39

Tel: (0) 54 46 44

TLX: 123332

FRANCE

Intel
1 mo Edlso»-BP 303
Quentin-en-Yvelines Cedex

Td (1 57 70 00

Intel

Immeubie BBC

4, Quai des Etroits

69005 I.Ion

Tel: 78 42 40 89
 TLX: 305153

WEST GERMANY

Intel*
Seidistrasse 27
AR
-

Intel

Hohenzollern Strasse 5
3000

Tel: (051) 134 40 81
TLX: 5

Intel

Abraham Lincoin Strasse 16-18
Tel: (DSI&2|7 60 50

TLX: 4186183

B

EUROPEAN SALES OFFICES

ISRAEL

Intel*

Attidim Industrial Park
P 0 Box 43202

TOI (03 49 90 80
TLX: 371215
ITALY
Intel*
Milanofiori Palazzo E
20090 Assago
Milano
Tel: (039 824 40 71
TLX: 341286
NETHERLANDS
Intel®
Alexander Poort Building
Meesweg 93
R
ol:
TLX: %3
NORWAY
Intel
Hvamveien 4-P.0. Box 92
2013 Si

Tel: 420
TLX:(‘)BN 8

SPAIN
Intei

cuu Zurbaran no. 28-1 Isq
8010 Madrid

Tﬂ (‘ 410 40 04

SWEDEN

17138 Soma

Tel: (09!2;34 0100

TLX: 12261

SWITZERLAND

Intel”

Talackerstrasse 17

8065 Zur

Tel: (017) 8292977

TLX: 57989

UNITED KINGDOM

B

rs Wa)
Sp. 3 ‘xllmmr. SN3 1RJ
Tel: (0793) 89 60 00
T 7

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Elocvonics GmbH
Rolmmuehloas

1n
Tel: (0222 835 64 60
TLX: 131:

BELGIUM

ium S.A.
A d&sa&molxdeeuemm

DENMARK
ITT-Multikomponent A,
Naverland 28 /s

2600

FINLAND

TLX 124224
FRANCE

2Z.A. de Courtaboeuf
Av. de la Baltique-BP 88
91943 Les Ulis X
Tel: (2969 077878
TLX: 691700

Jermyn S.A.
g , fue des Solets

lic 585
Tel: (1 F:ng |‘04 00
o Detae7
Mﬂrﬂoxie
Tour d'Asnieres
4, av. Laurent:
82606 Asnieres Cedex
Tel: 1‘3 47 90 62 40
TLX: 611448
Tmmw
Cite des B
g;ae cum-v.mot BP2
Tel: (1) 45 34 7535
TX: 2

“Field Application Location

WEST GERMANY
Electronic 2000 ¥gﬂl§ebs-AG

8000 Muenchen 82
Tel: (003542 0010
TLX: 522561

Jarmyn GmbH

Yol (06‘5)251 %0 80

Metrologie GmbH
o sss 49

luenchen 7'
Tel: (089) 780420
TLX: 5213189

Proeiectron Vertriebs GmbH
Max Planck Strasse 1-3

6072 Dreieich

Tel: (00!)903 304343
TLX: 417972
IRELAND

Micro Marketi
Park

Co Dublin
Tel: (1) 85 62 88
TLX: 31584

ISRAEL

Eastronics Ltd.
11 Rozanis Street

.0. Box
ks,
TLX:
ITALY

Corporation Italia S.A.

Mllumﬂon Palazzo E/5

Tel: (02) 82 47 01
TLX: 311351

ITALY (Cont'd.)

Lasi Elettronica S.p.a.
Viale Fulvio Testi 126
20092 Cinisello Baisamo
"Y‘o'lm(& 244 00 12
TLX: 36)2040
NETHERLANDS

Koning en Hartman
Ew;?owog 1

2627 AP Delft

Tel: (015) 60 99 06
TLX: 38250

NORWAY

Nordisk Elektronik A/S
P.O. Box 122

Ditram

Av. M. Bombarda, 133-1 D
1000 Lis|

Tal (1)5453 13

SPAIN

ATD Electronica S.A.
Plaza (ilaum‘% de Viena no. 6

28040 Madri
Tel: (lj 234 40 00
TLX: 42477

ITT-SESA

Calle Miguel Angel no. 21-3
Tel: (2 419 09 57
TLX: 27461

SWEDEN

Nordisk Elektromk AB.
Huvudsta

P.0. Box 409

17127 Soina

Tel: (8) 734 97 70

TLX: 10547
SWITZERLAND

Industrade A.G.
Hertistrasse 31

8304 Wallisellen
Tet: (01) 8 30 50 40
TLX: 56788

Comway Ltd.
P,
Western Road
Bracknelt
Tel: (m‘ %81 g’r1 1
TS
Jermyn
Vestry Estate

stry
Sevenoaks
Tor (a7 45 01 44
TX: 95?&2
Rup&d Siticon

Hou

Bucks HP11 2ER
Tel: (0494) 44 22 66
TLX: 837931
R Systems
Rabi Hovss
Denmark 81
ot
oSt
YUGOSLAVIA
H.R. Microelectronics Corp.
2005 de la Cruz Bivd., Ste. 223
Santa Clara, CA 85050
Yok tioe) sss.0286
T Sauee
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INTERNATIONAL SALES OFFICES

AUSTRALIA
Intel Austrafia Pty. Ltd.*
rum Buildi

Pacific Level 6
Crows Nest, NSW, 2085
Tel: (2) 957-2744
TLX: 7
FAX: (2) 923-2632
BRAZIL
LTDA

Intel Semicondutores do Brasil
Av. Pmu. ||50-CJ8404/405
013“ Sum SP.

B i
R 851 127631
CHINA

Intel PRC Corporation
15/F, Office 1, Citic Bidg.
Jian GuomMm Wal Street

5004850
TLX: 22947 INTEL CN
1) 500-2953

intel Semiconductor L!
1701-3 Gennmgm Centre

W L@Gg ISLHK HX

FAX: (5)

ARGENTINA

DAFSYS S.R.L.
, 90-4 PISO
Aires

1089-Buenos

Tol: 54-1-334-1871
54.1-34.7726

TLX: 26472

Reycom Electronica S.A.L.

S e

e (21 11722

TLX: 221

AUBTRALIA

Total Etectronics

PM.B. 250

9 Harker Street

Burwood, Victorla 3125
Tel: 61-3-288-4044
TLX: AA 31261

BRAZIL

EWI Microelectronica
Gwddo Flausino Gomes, 78

DIN Instruments
Suecia

Casilla 8055, Correo 22
Santi

Tel: 5?2-22&01@
TLX: 440422 RUDY C2'
CHINA
M.WM; Co., Ltd.
Fllt D, 20 Kingsford ind.

Phase 1, 26 Kwai Hei Street
. Kowloon

ol: 852-0-223-222
TWX: 39114 JINMI HX
FAX: 852-0-261-802

*Field Application Location

JAPAN

Intel J.pln KK,

Faikamagun farasiien B

Tsuky uba—gun raki-ken mze
Tol 0297

FAX 0297474450

Intel Ji o K.Dl(f

DM s .

P,
u-shi,

FAX 0423-60-0315

anmI Japan KK.*

mm-Hlu Shin-machi Bir.
1-23-8 Shinmachi

a-ku, Tokyo 154
mz@m1 ve

FAX: 03-427-7620
Intel Japan K.K.*

. Kumi
o oo
Kumagaya-shi, Saitama 360
Tel: 24-887
FAX: 0485-24-7518

Intel Japan K K

915 Shinmaruko, Nakahara-| Bieg-
i-shi, Ki 211

Tol: 044-733-7011

FAX: 044-733-7010

JAPAN (Cont'd)

L .
imel Atsugi
-2 1 Asahi-m: ug

i-shi, K%gnwa 243
FAX 0462 -29-3781
Intel Japan K K.*

2—'31‘ Tommu
Toyonaka-shi, Osaka 560

Tel: 863-1091
FAX!%\W
Intel Japan K.K.
shlnml?: 3

Intel in K.K.

Tokal Bidg.

1-18-30 Meieki Minami
Nmn‘zg‘r’rku. Nagoya-shi

Aichi
Ttl 052-561-5181
AX: 052-561-5317

INTERNATIONAL
DISTRIBUTORS/REPRESENTATIVES

CHINA (Cont'd)

Schmidt & Co. Ltd.

1OIF Gml Eagle Centre
mn H Kong

e
s
3¢
&

E n%ummoo‘
‘ei: 91-812-600-631
TLX: 0845-8332 MD BG IN

rolgronlcbwlcn

12, ledule

New Deihi 110 008

Tel: 91-58-87-71

TLX: 03163235 MDND IN

Micronic Devices

No. 518 5th Floor

Swastik Chambers

Sion, Ch Road

Boml

Tel: 91-52-39-63

TLX: 9631 171447 MDEV IN
JAPAN

FAX: 083-551-7861

C. Itoh Techno-Science Co., Ltd.

C. ltoh ., 2-5-1 Kita-Aoyama

Minato-ku, UW 107
03-497-48

FAX: 03-497-4969

JAPAN (Cont'd)

Dia Semicon S, wns. Inc.

Wacore 64, 1 jaya

Setagaya-ku, Tokyo

Tel: 7-0388

FAX: 03-487-8088

Okaya Koki

?4.:0( ‘k N hi 460
- u. l%.-!

Tel:

FAX: 062 -204-2901

Ryoyo Electro Corp.

Konwa Bidg.

1-12-22 Tsukiji

Chi Tokyo 104

KOREA
.I-Tok Corporation
6th Floor,

Government Pension Bidg.

34-3 Yoido-

TLX:

FAX: 82-2-784-8391

Samsung sanleondum A

IBO 2 kA Tafpyu Omm-k

, 2-1 a no—ro W

Seoul 100

Ttl: 82-2-751-3987
LX: 276 370 KORSST

FAX. 82-2-753-0867

MEXICO

Dicopel S.A,
Tochtil 388 Fracc. Ind. San Antonio

C.P. 02760-Mexico, D.F.
Tel: 52-5-561-3211
TLX: 1773790 DICOME

KOREA

Intel Te Asia Ltd.

Room 906, Slng:ofy

25-4, Yoido-Dong oungd«mwo-ku
(2 7 84-8186

TLX 12 INTELKO

FAX: (2) 784-8096

SINGAPORE

Intel smgapore Tech Ltd
101 Rold 21

FAX:

TAIWAN

Intei Technol (Far East) Ltd.
7 logy (¢ )

10/F., No. 205, Tun Hua N. Road
T .0.C.

Tel: 886-2-716-9660
TLX: 13159 INTELTWN
FAX: 886-2-717-2455

NEW ZEALAND
Northrup Instruments & Systems Ltd.
459 K"g’ﬂ Pass Road
P.O. Box 9484, Newmarket
wckland 1
Tel: 64-9-501-219, 501-801
TLX: 21570 THERMAL
Northrup Instruments & Systems Ltd.
P.O. Bog 2408
wuuwon 856658
Tel: 64-4-856-658
TLX: NZ3380
FAX: 84-4-857276
SINGAPORE

Francotone Electronics Pte Ltd.
1317 Harvey Road #04-01

Tel: 2 280-1618

TWX: 58541 FRELS

FAX: 2895327

SOUTH AFRICA

Electronic Bulding Elaments, Pty. Lid.
ronic S ing PYy.

TLX 3-227788SA
TAIWAN

Mitac Corporation -
No. 585, Mlv(? Shen East Rd.
Taipel, R.0.

Tel: 886-2-501-8231
FAX: 886-2-501-4265
VENEZUELA

P. Benavides S.A,
Avilanes a Rio
Residencia Kamarata
Locales 4 AL 7

La Candelaria, Ci

Tel; 58-2-571-0396
TLX: 28450

FAX: 58-2-572-3321
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ALABAMA

Intel .

501, S%TDMOM Drive, #2
Huntsville 35805

Tel: (205) 830-4010

ARIZONA

11225N 2BI'|D1 #D214
Phoenix
Tel: (eomm-mo

intel Corp.
500 E. Fry Bivd., Suite M-15
Sierra Vista 85635
Tel: (602) 459-5010
ARKANSAS

Intel Corp.
Box 206

P.O.
Uim 72170
Tel: (501) 241-3264
CALIFORNIA
Intel Corp.
21515 Vanowen St.
ite 116
Ca Park 91303
Tel: (818) 704-8500
Intel Corp.
2250 E. Imperial Highwa
Suite 218 ahwey
E! Segundo 90245
Tel: 1-800-468-3548

Intel Corp.

1900 Prarie City Rd.
Folsom 95630-9597
Tel: (916) 351-6143

l‘714 035-57
-595-2475

Intel Cory

00 San Tomas Expressw-y
Santa Clara 95051
Tel: (408) 970-1740

1
San
Tet: (61 Ay 5880
COLORADO

931-2289

CALIFORNIA

2700 San Tomas Expressway
Santa Clara 95051

Tel: (408) 970—17w

CALIFORNIA

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

DOMESTIC SERVICE OFFICES

CONNECTICUT

Intel .
26 Mill Plain Road
068°

11
Tel: (203) 748-3130
TWX: 710-456-1199

FLORIDA

1500Nx 62, Suite 104
t. Lauderdale

Tal (305) 771-0600

TWX: 510-956-9407

242 N1 Waslmome Drive

TM (305) Sigrm&ﬂm’ ¢

GEORGIA

Intei Corp.

3280 Pointe Parkway
Suite 200

Norcross 30092

Tel: (404) 441-1171
ILLINOIS

Intel COPT

300 N. Martingale Rd.
Suite 300
Scnmmbm? 60194
Tel: (312) 310-5733
INDIANA

Intel Corp.

8777 F::r%ue Rd., #125
Indunngol s

Tel: (317) 875-0623
KANSAS

Intel Corp.

8400 W. 110th Street
Suite 170

Overland Park 66210
Tel: (913) 345-2727
KENTUCKY

Intel Corp.
3525 Tu(sscreek Road, #51

Lexington 40502
Tel: (&6) 272-6745
MARYLAND
Intel Corp.

th Floor
7833 Walker Drive
Greenbelt 20770
Tel: (301) 441-1020
MASSACHUSETTS
Intel CO!J)
Waestford Corp. Center
3 Carlisle Road

Waestford 01886
Tel: (617) 692-1060

CUSTOMER TRAINING CENTERS

ILLINOIS

300 N. Martingale, #300
Schaumburg 60173
Tel: (312) 310-5700

HLINOIS

300 N. Martingale, #300
Schaumburg 60173
Tel: (312) 370-8031

MICHIGAN

Intel Corp.
7071 Orchlrﬂ Lake Road

m Bloom
Tel: (313) 851 -3905

MISSOURI
Intel Corp.

4208 Earth Expresswa,
Sults 143 Cly Exprossway
63045
Tel: (314 291-2015

NEW JERSEY

Intel Corp.
365 Sy!nn Avonuo

Cliffs
Tol 201 567-0821
991-8593

Edison 7
Tel: (201) 225-3000
NORTH CAROLINA

Intel Corp.
2306 ‘goGM,MM Road

Greensboro 27407
Tel: (919) 294-1541

Intel Corp.
2700 Wycln" Rd Suite 102

lg h 27/
TM: 919) 781-8022
OHIO
gﬁel . oidg
hagrin-Brainard .
Sung 305
28001 rin Boulevard
Cleveland 44122
Tel: (216) 464-6915
TWX: 810-427-9298
Intel Corp.
00
Dayton 45414
Tel: (513) 890-5350
OREGON
Intel Corp.
15254 N.W. Greenbrier Parkway, Bidg. B
verton 01886
Tel: (503) 645-8051
TWX: 91 7-8741
Imd ; Elam Y Park
lam Young Parkway
H 97123 "9 Y
Tel: (503) 681-8080

MASSACHUSETTS

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

SYSTEMS ENGINEERING OFFICES

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

PENNSYLVANIA
Intel Corp. y
201 Pc::r?m Boulevard
Sute 301W

15235
Tel: (313) 354-1540
TEXAS

313
Sum 31‘
TOL
TWX( 925-07443‘7

|2300Fovdnmd

TW)F“I 24! 2820

intet Corp.

8815 Dyer St., Suite 225

Tel: (915) 751-0186

VIRGINIA/

Intel Corp.

1603 Slm Rosa Rd., #109

Richmond 23288

Tel: (804) 282-5668

WASHINGTON

Intel Corp.

110 ||om Avenue N.E.

Suite 510

Bellevue 98004

Tel: 1-800-468-3548
WX: 910-443-3002

'WISCONSIN

Intel Corp.

330 S. Executive Dr.

Suite 102

Brookfield 53005

Tel: (414) 784-8087

CANADA

Intel Corp.

190 Attwell Drive, Suite 500

Rexdale, Ontario

Canada M9W 6H8

Tel: (416) 675-2105

Intel Corp.

620 St. Jean Bivd.

Pointe Claire, Quebec
anada HIR 3K3

Tel: (514) 694-9130

Intel

mcmpm"m Drive, #250

iwa,
Canada K2B 8HB
Tel: (613) 829-9714

MARYLAND
7333 WM Dr 4th Floor

Greenbett
Tel: (301) 22043!0

NEW YORK
300 Motor Fm:gy
'ru (618) 231-3300
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intgl

UNITED STATES

Intel Corporation
3065 Bowers Avenue ;
Santa Clara, CA 95051 '

JAPAN

Intel Japan K.K. 1
5-6 Tokodai Toyosato-machi |
Tsukuba-gun, Ibaraki-ken 300-26 e

FRANCE i

Intel Paris
1 Rue Edison, BP 303 -
78054 Saint-Quentin-en-Yvelines Cedex

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.
Pipers Way

Swindon

Wiltshire, England SN3 1R]

{
WEST GERMANY i
4 'f Intel Semiconductor GmbH ' I

Seidlstrasse 27 =
D-8000 Muenchen 2:

HONG KONG

Intel Semiconductor Ltd.
1701-3 Connaught Centre
1 Connaught Road

CANADA

Intel Semiconductor of Canada, Ltd.
190 Attwell Drive, Suite 500
Rexdale, Ontarip M9W 6H8
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