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1.0 Introduction

Recently, the Army has Mdentified a need for researching methods to maintain older

electronic equipment built with technology that is no longer commercially available.

Consequently, Army Research Laboratory (ARL) has been investigating reverse

engineering methods to deal with this problem. One revem engineering method ARL has

been investigating is the use of the VHSJC Hardware Description LanSuage (VHDL) for

documentation of circuits for future redesign and engineering f efficient electronics

eprocurememt. The VHSIC Hardware Description Language (VHDL) became an

Institute of Elecical and Elmrnic5 Engineers (ME) standad in 1987. Since then, the

Depammt of Defese (DOD) has required that digital application specific integrated

ckcuits (ASICs) be docmuented by means of strucnal and behavioral VHDL

descriptions. Behavioral VHDL decriptioms must decribe the input/output behavior at a

sufficiently detailed level to permit the behavioral descrption to be used within a irger

VHDL model for test geneation and fault grading of the contained nwdeL? The VHDL

descriptions must also meet the guidelines stated in the Daft Item Desmiption (DD) for

VHDL deliverables.2

One recent vehdcle to drive the research of VHDL for revese ene in docmetion

was modeling three ASICS recently redesigned by EPSD to emulate three older ASICs

that the Arny could no longer procure. The U.S. Army Conminications-Electrows

Command (CECOM) identified a requienut for five hundred of each of the three

replacement ASICs. These three ASICs form part of the antenna coupler for the AN/

PRC-70 radio, which is used by Army Special Operation Forces. The three ASICs were a

relay and pulse counter (SM-B-746131), a time-out and delay counter (SM-14-746395),

and a controller circuit (SM-B-746396). The relay and pulse counter consists of two relay

counters, two pulse counters, a clock generation circuit for the pulse countes, a sensitivity

detection circuit, and a reset and switch required pgd genator. The time-out and delay

counter consists of a time-out counter, a pulse delay conter, a pulse generator, and a pulse

turnoff counter. The controller circuit consists of a program counter and the logic

1. M Sid 34SdSo t4.1.5
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necessary to control the associated circuitry (including the other two ASICs) required to

couple an antenna to the transmitter of the PRC-70.

The three older ASICs were designed by Riell Tmie Corporation, Whdppany, NJ in the

middle to late 1970s. They were manufacture in 7 micron CMOS and required a power

supply voltage of 9 to 11 volts with an absolute maximum rating of 15 volts on every pin

(instead of the 5 volts available in most of today's technology). The required st

frequency and operating frequency in the radio was 25 kHz. They were also required to

meet MIL-STD-883 class B qualifications. In addition to the problem of finding a

commercial source to meet the voltage, quality, and quantity requirements at a reasonable

cost, the new ASICs also had to match the original timing specifications to ensure that

they would operate correctly in the radio over the range of operating conditions. Often,

that is a problem with older components. The original circuits had lar path delays.

Circuit path delays are usually decreased as the technology to fabricated electronic

components changes

Initially, the orgipna specifiaons for the circuits wero needed for the prmary redesign.

CECOM delivered logic diagrams and ite vector tables along with the source control

drawings of the original circuits to ARL's Electronics and Power Sourves Directorate

(EPSD). The dirmns, tables, and drawings urved u documenadon for reference in
redesigning, simulating, fabricating, and testing circuits that could be used as

rc mts for the original cncuits. Tbbyhanna Army Depot (TOAD), where the

antenna coupler boards were to be rebuilt, provided several sets of the original ASICs for

use as rafence devices as well as access to the capAbity to test the redesigned circuits in

boards and radios.

ARL used the Defense Logistics Agency (DLA) sponsored Cmieralized Emulation of

Microcircuits (GEM) piocess, developed by David Samoff Research Center (DSRC) in

Piinceton, NJ, to fabricate new PRC-70 chips. The OEM process implements a gate array

with a capability to insert resistive and capacitive (RC network) components in order to

control a circuit's path delays. This option allows a gate by gate and cell by cell timing

match to the original circuit elements in order to increase the capability of the process to

efficiently emulate original ASICs in form, fit and function. DSRC customized the OEM
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po s slightly to include a power supply voltage requirement of approximately 10 volta

to complete the emulation of the original PRC-7O circuits.

In order to document the design In a consistently readable form, all three ASICB were

modeled in structural VHDL to match the schematic. The purpose of the VHDL modeling

was also to develop a geneal approach to designing and validating any digital circuit.

The VHDL models serve as a basis for futur design and validation of PRC-70 ASICs

Each 'EIDL model was validated by comparing its simulation results with: (1) the results

of it% respective ASIC's schematic simulation cnd (2) the ASIC's physical test results from

t~he IC tester. The VHDL models and documentation to help explain them must also

satisfy the requirements of the VHDL Data Item Description (DID) before they are

delivered. The deliverables include all levels of the model's hierarchy including maCro

cells and leaf level modules. These VHDL modules were created for the PRC-70 project

and for future work with the GEM cell family. This report discusses a method for

modeling and simulating designs in VHDL for documenting redesigned circuits originally

produced from obsolete technology It documents an approach to organizing a model and

its hierarchy. It also gives an account of problems that can occur and their solutions. The

discussion will use the PRC-70 models as an illustration of the methods.

2.0 Modeling Approach

ThtM methodology for stuctural modeling of integrated circuits is outlined in Figure 1.
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modeling to deal with at any given time, and simplify the modeling effort4 timing

calculations were separated from the structural. models. Thre packages were created that

contain functions, constants, and data to compute timing and delay values for each OEM

library cell. The three packages wene gemcpofatants, gein delays, and tabi.s (Appendix

A). Figure 2 illustrates how the packages were used to perform the nacessary ocalcuatioais

for each cell. T'he source control drawings from CECOM and the GEM cell library

specifications from DSRC contained all the parameters anid equations nece&sary to derive

the arithmetic functions in the packages. These functions calculated delays due to

ambient temiperature, fanout, voltage variation, and intrinsic delays due to rise and fal

dime. If any parameter values were out of a specific range declared in the package, the
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package would produce a message to notify fte usa and thin use the minimum or

maximum value of the parameter for its calculations depending on which end of the ange

the paramtem value exceeded.

The first package, gemonstants, contained a load constant, CL, used in the delay

calculations. The gmdeays package performed the necessary calculations for gate

timing and delaym. The tables package contained tables for each ibrary cell. Each table

consisted of slope M and Y interept values Y. of the charactmristic loading curves of the

respective cell. The gem .ddays package used these values along with the value of CL

from gemconhtats and values for lanout F to compute a delay due to loading *4 with

the equation:

tj - FMCLYO (EQ 1)

Then the load delay is scaled by a rise or fall delay scaling factor due to the power supply

voltage (S•Wm•) and SJADo) respectively), VOD and also a rise or fall deMay scaling factor

casd by tempratr (S,(. and Sfta..,)), T to give the tota rie or fall time ((io

and (iflw) for the rtspective cell:

, • s ,.. (EQ2)

and

lue- l (EQ 3)

where the equations for Sv'm) and SlYDD) are:

S,KM) - o.•4M + W5739 + Z.O/Vim + &4,941/JD (EQ 4)

and

$p)r=l.US - .-8 9 /Vgg + 18.3M VgW (SQ 5)
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and the equations f or rise mid fall delay scaling factors dte to ftsmpratire T In 'K are:

+,~ azw#~ + oxlfr')T (EQ 6)

and

*qw a$ff7 + (1.edpxrs)r+ (1jNmmW)T EQ7

The Sen Odeay. pakage will return the -rise delay and fai delay values scaled in
nanoseconds which will control the timn-dg of the model during simulation. F, V AMd
temperature, T we obtained from genewk paramean in each OEM cell behavioral
description.
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Following the package development, each element of the GEM cell library was modeled

with behavioral VHDL code (Appendix A). The models contained basic behavior and

timing that was calculated by calling the equation functions in the gemjdelays package.

For example, here in Figure 3 is the code for the behavior of the GEM inverter library cell.

The code contains variables INYRISE_DELAY and INV_FALL_DELAY to calculate

timing of the cell by calling functions from package gemndelays through

GETCELLDATA.

use worLGEMCONSTANTS.all;
use work.GEMDELAYS.all;
use wotk.tables.all;
use STD.Stazdard.all;
entity INV is

genaei (DELAY: time; FANOU7. integer; VDD real; TEMPERATURE:
real; INVJABLE: cellvalues);

port (INPUT: in bit:= '0'; OUTPUT: out bit= '1');
end INV;

architecture BEHAVIORAL of INV is
signal celltversion: String(l to 16):="
signal rwe..delfalLdel: real:= 0.0;
signal VNV_RISEDELAYJNVFALL_D.ELAY: time:= 1 fs;

begin
GETCELL-DATA(VTABLIEDELAYLOAD.VDDTEMPERATUREPANOUT,

celLversion, risedel~falLdel,
DNVjRJSEDELAYINVIALL...DELAY);

process

begin

if (INPUT - '0') then
OUTPUT <= not INPUT after INVRIS._DELAY;

else
OUTPUT <= not INPUT after INV_FALL_DELAY;

end if;
wait on INPU"P,

end psocess;

end BEHAVIORAL;

FIGURE 3. Behavioral VHDL Code for Inverter CClU

The second step involved the creation of macro cells (Appendix A) using some of the

GEM cell library elements. Figures 4 through 9 show the schematics of macro cells. Table

1 contains a list of the macro cells and the numbers of each individual GEM cell library

elemer.: or macro cell instantiated in each macro cell.
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TABLE L M Or. CON InmuBIJai0 In ASICs Mai Cro

G GEMd Drip "TucAro "e bit nine Wlflsm 18
cel lopw/ acm "pI Seq Meq r

ubrary D Op top seo ndlar fou bit down ripple ripple ripple
elmet with res *reet r+red B euNmter omutnr counter cinm counter

2Input 2 12 3
N~jND

3 Input 4 6 3
NAND
2 input 2 1
"3 Input 3 1

NOR

"4 put 1 1
NOR

"D ft 4 5 9 13 18
ftw/

rawt

Inverter 6 3 1 1 2
buffer, 22
OWN- 3 3

Sive no

"buff 1 1
2 input 12

AND

Modeling the three ASICs with the proper cell instantiations and signal mapping occurred

next (Appendix A). The schematics used to describe the structure were drawn and

simulated on a Mentor Graphics workstation. Figures 10 through 12 show the schematics

of the ASICs. Table 2 lists the three chips and the numbers of each of the macro cells

instantiated in the model of each ASIC. Each ASIC also included several of the basic

GEM library cells.
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TABIL 2. ZMar Ced Iz I ASICI

MIUM
cub

GIM D Op qmckcn be bit ane. thirnn is.
an $opw/ am Wp st&P Mp OW
b D fOip fop t+ . nd/er fbIrbt dowa ripple ripple ripple
dgmut wOh rust rem rqsr eto=! m ate matr mounftr countr

•t 6 1 3 2

5 1 1 1 1

d 22 2

After coding each ASIC description, a small modification file was created for each ASIC.

This file was used to pass the operating conditions (voltage and te tmeraur) to the model.

Figure 13 digrams the flow of parameters from the modification file through the

hierarchy. The operating conditions were coded into the modification file and were passed

as genetics through the model hierarchy to the cells and used to determine the cell delays.

This method allowed users to change the temprature and voltage conditions easily and

quickly without the need to recompile any code below the modification file in the

hierarchy. This permitted complete testing of the model throughout the full range of

operating conditions (-55"C to 100"C and 9 volts to 11 volts).
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Process r- -- -"-

modification I GENERIC MAP (TEMPERATURE=>?, V0D0w>?); I
file ,

L.-------------------- 
I ---------- 

ý

r ---------------------------- ---- -----------

ASIC model GENERIC MAP(TEMPERATURE->TEMPERATURE, I
I VDDOVDD, FANOUT.>?); I

Lr---------------------r- - -- -- -,
' - " - - - - - .

i GET CELL DATA I I I
1 (Temperatu're, VDDI - ' I

I Fanout,...) I I Rtn s

I I I I
I I I I
L ------ - ..-.--J L ---------- J

GEM gate GEMDelays

FIGURE 13. Parison Modicln Fbw Diagrm

After completion of the model of each ASIC, a test bench for each model was created.

Each test bench assigned signal values at specified times sent them into the ASIC model

through port map statements. The test benches for the relay and pulse counter and the

controller circuit models generated simulation run files that contained records of all signal

transactions that occurred during the simulation. These run files wee used to geneaate

output report flies for examination and verification of the simulation. To generate the

output report files, report control language files were created which the tool used as a

specification for extracting the outputs coded in the run files and formatting them into

readable chart files. Each test bench was simulated using both the Intermetrics version 2.2

simulator hosted on a VAX (6000-310) and the Valid (Interretrics version 3.15) tool set

hosted on a SUN Sparcserver 630MP.

Because of the large number of test vectors for the time-out and delay counter, manual

validation of the simulation output was not practical Therefore, a process was added to

19



the test bench to automate the examination and verification of the simulation results. An

ASCII file from the IC test (pp. 124-125, Appendix A) was used to provide the model's

simulation with the appropriate output results for comparison. The lines in the ASCII file

were numbered to match line numbers on the truth table supplied as part of the

icumentation. Frst the test bench sent input stimuli to the model through hard coded

signal assignment statements. After that, the added process controlled the comparison of

the output vectors. First, the process read In a line from the ASCII file as a string. Next,

the line numbers in the string were converted to tfi marks. The remainder of the string

was divided into input and output strings. Since the inputs for dhe model were hard-coded,

the tester's input string was ignored. The process compiled the output signals at the time

marks into another string that was compared with its corresponding output string from the

IC tester's ASCII file. Finally, the process wrote both output strings to an ASCII output

file (pp. 125-126, Appendix A). The actual converted time mark, a mismatch warning,

and the position numbers of any values that did not match between the two output strings

were reported after each string of output data in the ASCII output file. Th~s enabled the

user to quickly scan the output file for any incorrect output values.

3.0 Problems and Solutions

Functioning circuit designs do not always lead to error-proof VHDL simulMions. One

particular simulation obstacle to watch for is race conditions in gate pairs that arm in a

feedback loop. Modeling circuits with gate pairs in feedback loops in an idealized

simulation environment can lead to initializaton problems. This is due to a race condition

in the pair which prevents the outputs of each gate from reaching a stable, defined state.

The structural VHDL model of the D flip flop macrocells and pieces of the ASIC models

contained such a construct in the form of cross-coupled NAND gates. The outputs of

both gates had to initialize to a known state before the simulation could proceed past time

zero. However, because the gate delay on each gate was identical, the outputs were

continuously changing states during the time zero initialization process. This prevented

the simulation from moving past time zero. (Realistically, the feedback paths of a physical

circuit will not have exactly identical path delays.) Figure 14 shows a genera schematic

20



of the latch construct and the outputs at time equal to zero when simulated under race

conditions.

nand gate01,0,1.

FIGURE 14. Latch Construct With Output Stats at Mine Zero Durin Simudation

To compensate for this obstacle another generic parameter was added to the NAND gates,

AND gates, and NOR gates in the GEM cell library. This parameter, called INJTDELAY

was used to offset the synchronization of the gate pair. One of the gates of every latch

construct was given a non-zero value (1 femtosecond) for IN1TDELAY, making the path

delays unequal between the two gates. This prevented the timing of data through the gates

from being completely simultaneous and prevented any simulation race condition in the

pair. Figure 3 shows a general schematic of the latch construct and the outputs at time

equal to zero when sinulated under race conditions.

Another potential obstacle is in verifying the simulation data against IC test data. If a

device does not have the appropriate circuitry to power up in a known state, device

variation may cause differences in power up state, and therefore in tester results between

ICs. This type of device variation is difficult to model in a VHDL simulation. For

21



instance, the time-out and delay counter contained an eighteen stage ripple counter with a

pair of preceding D flip flops functioning as a divide-by-three prescaler (Figure 15).

d q d q

CLK c qbar CLK c qbar

from - from
input input
clock clock VDD

FIGURE 15. Divide-by-Thre Prescaler

The active low reset inputs on the two D flip flops were connected to VDD, causing the flip

flops to power up in an unknown state. This made it impossible to predict when the ripple

counter would start a counting sequence since the q output on the second D flip flop of the

prescaler connected to the clock input of the eighteen stage ripple counter. Depending on

the initial state, either one, two, or three CLOCK cycles would be necessary to initialize

the output to the correct state to start the first counting sequence on the eighteen stage

ripple counter. Once the first correct output appears the rest of the operation occurs at

regular CLOCK intervals. Therefore, the output sequence is completely predictable after

the occurrence of the first correct output. When the circuit was tested on the IC tester,

extra cycles were added to the CLOCK input when the first output from the eighteen stage

22



counter was expected so that there would be one, two, or three CLOCK periods possible

when testing the IC. Since it was not predictable which state 4ny given IC would power

up in, this allowed one test program to test all of the time-out and delay counter ICs with

no additional work. An idealized simulation environment does not identify this problem

since the flip flops of the divide by three prescaler will always "power up" in the same

default state. Based on the three IC tester results, the VHDL simulation results were

matched with the corresponding physical test to determine which test scenario version was

being simulated with the original test vectors. Once the correct scenario version was

determined, the input vectors in the test bench and the vectors in the ASCII file were

changed to correspond to all tbhee scenario versions of the physical IC test vectors. Thus,

the model could be verified for accuracy no matter how many CLOCK cycles were

necessary to correctly initialize the output of the two D flip flops and activate the eighteen

stage ripple counter. Though there are ways of forcing initiql states in simulators, there is

no easy method of verifying that a non-initialized design works correctly under all

conditions. It is advisable to design circuits that have the proper circuitry to ensure that

the circuits power up in a known state.

In order to investigate portability of the VHDL models between simulators, the VHDL

models were simulated on tools from three different vendors. Several potential

portability problems were identified. One problem is the fidelity with which the simulator

implements the ANSI/IEEE-1076 standard for VHDL. For example, the first VHDL

analyzer used in this effort accepted certain language constructs that did not comply to the

language standard. This was only discovered when the models were analyzed in a

different vendor's VHDL environment. Another potential difference is that the standard

only specifies certain bounds on the range of types: real, integer, and time. A problem that

arose while simulating the PRC-70 models on different simulators was that the 1

femtosecond delay selected for INITDELAY caused some simulators to run out of time.

A 1-femtosecond lime base with the standard's minimum time limit of 231 or

2,147,483,647 base time units gives a maximum simulation time of a little over 2

microseconds. Since each simulation must run for almost 2 milliseconds to pass all of the

test vectors, the simulation ran out of time units before simulation was complete. The

simulator's error message for this problem was also very difficult to understand.
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Simulators with a larger (263) time limit had no problems with the 1 femtosecond

INfTDELAY. If the base is one nanosecond, the longest simulation time allowable would

be 2.15 seconds. Changing INITDELAY to 1 nanosecond allowed the simulations to

complete normally on a simulator with a 231 time base.

4.0 Conclusions

The redesigned ASICs were manufactured using the 1218 cell GEM gate array. The GEM

ASICs passed the MI.,-STD 883B screening at ARL and were successfully tested at

TOAD on the antenna coupler board and in the PRC-70 radio. The PRC-70 ASIC

redesign served as an excellent vehicle for studying the utility of VHDL models for

documenting, simulating, and validating redesigned ASICs for replacement of hardware

composed of obsolete technology and with only paper documentation.

Improvement of the process for design, documentation, and validation is extremely

important. Much of the Army's electronic equipment has been in existence for a long time

and, in many cases, spare parts are in short supply and are not readily available

commercially. The high pace of technology change has caused this difficulty to be a major

obstacle in maintaining the operational readiness of equipment. Simulatable human and

machine readable documentation, such as VHDL, can play an important role in solving

this problem.

5.0 Acknowledgments

The author wishes to gratefully acknowledge the assistance of the following persons

during the work discussed herein: Kenneth J. Keyes for the models of the GEM library

cells and path delay calculations (tables, gem_constants, and gemLdelays), the D flip flop

macro cells, the relay and pulse counter and all other macro cells contained in its structure,

and the test bench for the relay and pulse counter, West Point Cadet Bryan Tung for the

models of the ripple counter macro cells, tle time-out and delay counter model, and the

special test bench for the time-out and delay counter model; John Erickson for assistance

with matching VHDL simulation results with physical test results from the IC tester and

24



for the ASCII files of IC teser data which were used in the test bench of the time-out and

delay counter, and Michael J. McCormick and George Sebesta for their work on designing

all the hardware which was modeled in VHDL

6.0 Bibliography

IEEE Computer Society Standards Committee, "IEEE Standard VHDL Language
Reference Manual," ANSI/IEEE Std 1076-1987, New York: IEEE Press 1987.

DI-EGDS-80811. VHISIC Hardware Description Language (VHDL) Documentimon.
Department of Defense, May 11, 1989.

Lipsett, Roger, Schaefer, Carl F.; Ussery, Cary, VHDL: Hardware Description and
Design, Boston: Kiuwer Academic Pubhishers 1989.

Perry, Douglas L., VHDL, New York McGraw-Hill, Inc., 1991.

25



APPENDIX A

VHDL Source Code

I 
II26



pwkagp tables is

Wyp cd~pwwMme is m~cord

Dmadptioni Sutring to 16);

C: Rehal;

Slopejims Real;

SlopejaU Real;
hlcrcqLfall: Redl;

tipe cevalue is amy (Positive ting <) of cd~psunltmh

constant inviable: celLyahlues (I1->

( I ns, "inv~lns ' 0, 0.0, 5.60, 8.00, 7.00, 8.00)

constant mvj-fastjabe: celLvalumele (1I

(1Ins, "InvAsL~ns 4,0, 0.0, 5.60, 8.00, 7.00. 8.00)

cmonstantux mble :celLvaluam- (I ->
(I s "and2_1m 4,0, 0.0, 6.80, 9.40, 7.30, 7.90)

constant an&YLftjable : coiLvaluces- (1 =
"1s,"mand2s.fitjm4 0, 0.0, 6.80, 9.40, 7.30, 7.90)

constant and3.jabl oslL.valws:- (I->
(1 s, "aW-nd3.li 0, 0.0, 7.00, 15.3. 7.60, 8.00)

constant and~jn~abul~e :celLvalues:- (I=>
(1 us, "and3...ast-Im 4 0, 0.0, 7.00, 15.3, 7.60, 8.00)

constant nand2_able ce~l..abLuem (1->
(1ns, "nmnda~lns ",0, 0.0 5.70, 8.10, 7.00. 11.6)

constant naridZasuable: ceiLvalues:- (1.>
(Inus, "nand-fasLlns ",0, 0.0, 5.70, 8.10, 7.00, 11.6)

constant nand3jtable: ceiLvalues:- (10
(1ns, "nanid3jlns 4,0, 0.0, 5.80, 8.20, 5.60, 22.6)

constant nand3jautable: ceU~valuerm (1In>
(ins, "nWfasdjLins ". 0, 0.0, 5.80, 8.20, 5.60, 22.6)



constant nhad4jable celLyflneE. (1 a>
I nh, "mMndIns 4,0, 0.0, 6.0, 8.70, 6.00, 29.4)

constant flud4JMstabbs: cefL.valmem (1In>
(1ns, "nMdbjaIlns 4,0, 0.0, 6.00, 8.70, 6.00, 29.4)

constant nands5.wbi: celLvaluec (1 W>
In 1 a s, nnd~lns 4,0, 0.0, S.80, 8.30, 7.00, 30.9)

constant nand5jas~tmobi: CelLvaluecm (1=>
(Ins, "nmdMjasLlns" 0, 0.0. 5.80, 8.30. 7.00, 30.9)

constant nor2_uabke ceLlyalm*c- (1-m>
(Ins, "nor2..ns ,0, 0b.0 5.90. 12.1. 7.30. 8.10)

constant flO._J~sLtab1C: cd~values-- (1->
(1ns, "nod-fast-Ins ",0, 0.0, 5.90, 12.1, 7.30, 8.10)

constant nor3_able cedLvaluesm. (1 ->
(1 s, "=o3jlns 4,0, 0.0, 4.30, 22.2, 7.30, 8.10)

mantant nor3fast...ble: ceitaluwsm (1=>
1Ins. "nor3_fast..ns 4,0. 0.0, 4.30, 22.2, 7.30, 8.10)

xc iatm nor4..tale: Calvaluesm (I1M>
i ns, "now4jps 4,0, 0.0, 5.10, 2.30, 7.30, 8.10)

constant noi4.Ujasae: celtjvalues:= (1->

constant nor~jable ceil..values* (1I
(Ins, "nor5-lns 4,0, 0.0, 5.20, 2.93. 7.40. 8.20)

constantoor5jasztjaie: ceLJ.values:- (1 a>
(ins, "norS..fstlns 4,0, 0.0, 5.20, 2.93, 7.40, 8.20)

constant xor-btble: osiLvalum-: (10
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cwmnlat exor-jAuIjale. Ce1Lyalmu~ (I mc
"(i.,".xor.Jt:" 0, 0.0, 4.00, 16.0, 6.80, 12.0)

constantemouzuxabl: cadtyamiu (1.=>

(1 u, "e norua 0, 0.0, 7.00, 10.0. 7.20, 10.0)

(1Ms "rc...uff " 0, 0.0, 7008, 10.40, 0.87, 30.20)

cOistnmt c.buffJ...ble: ceILvalues:- (1=>
(1Ms "tc-.buffj " 0, 0.0, 0.8, 1.40. 0.87, 3.20)

consmst rbuffLablo: cd~vaIWe (1- =>
"(1u,"Vh-NdUff "$ 0. 0.s0.92 1400830, 5.00,7.830)

constaintoubuff- jale: ceiLvalucs- (1 =
( Ws-"u.buff-.Ins ",0, 0.0, 4.60, 8.300. 7.00, 78.0)

constant hd-butf-able: ceiLvalnes.- (1 =>
(1us W"&buff..lns" 0, 0.0, 4.00, 8.30, 5.00, 7.80)

constan ctnmsjn...ble: ce~l...aluu:- (1 no
(1Ms "camogjaLlns 0, 0.0, 0.10, 1.10, 0.10, 1.10)

constant camos.out..abe: ceiLvalus-w (1=>
(1Im mo...uls" 0, 0.0, 5.60. 8.00s 7.00, 8.00)

constant crnos..puavabe: calvhluss.m (I=->
(1ns, "cmos..padjus Os 0,O.0 5.60, 8.00, 7.00, 8.00)

constant cni-5os..SutjLd: celt.values:- (1I=>
(1 us, 'cmos-.SvouLjns" 0, 0.0. 5.60, 8.00, 7.00, 8.00)

constant w122..tabe: ceiLvaluec- (1 C.
(2 ns, "aoi22ns ",0, 0.0. 0.25, 1.25. 0.37, 1.25)



constant aoi322b-Wb: colLyalveca (I=>
(2 at, "ad322b.20s 4,0 0.0M, 0M.25 1.2, 0.37, 1.2A

const anti332bjambbe: cvlLvaluumn (I =>

aid-

- use STD.Simulawrj.Stanghd ii
pnckag GEM-.CONSTANTS is

- 7M e "LOAD- constanut Is the h~ut Load Cqwfmcia of ench Inpi
- ftn of each gab In ftn GEM Librwy. 7Thu WLAD c..stmi s
- used to celculatdo te Fanwit De*a with rqctto *a. munbi
- of gates being &wen by a single Ougpu

constant LOADIWRAL,'0.15;

and GEZMLCONSTANTS-;

- use STD.Simulator_,Swiurdil;

use wo&kGE?&.CONSTANTSail;

use wcuk.TABLBS~aMl

- PFkage spcification

packag GEM-.DELAYS is

typ trLswae is ('x', '0', '1');

sigal calLverslonstrzng(1 to 16).

signal ftw..~a~dia

function GETLOAD_.DA~rA(cd~eetLvalueuDELAY-tiin)
return calltjwaeers

function OET.J.AD_.DELAY(SLOPReI;U~lIRC~flral;L AD~reml
FANMtMflnieg) uvmn real,

function VOLTAGE_.DULAY_.R(VDDmda) ratomnral;
function VOLTAGE-DEUY-Y(VDD:ual) reurn reel;
function TEl SRAMRB..DELAYJR(DELAYreal;INQERATURB~aL) mum real;
function ThM ERAMUREJDEaAYY(DELAYie.relTDEbRATUR =ea) reon zeal;

function RISB.DELAY(VDDreel;
LOAD-DELreld;
TEMPERA1T3UREual) netmR time
function FALL..DELAY(VDD~real;
LOADDEL:*tl;
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TEIPEATUIL -as dm-

proceim GET-CN.LL-DATA(cOLtdAbm hi ceiLvalsu DELA1X in
LOADM.72eERAM& k real;

FANOMf' Inl egh,
AP01 000-veu~rcr out Mg(1 0 16);
a1ulRJED o-AYALDEAY out Im;)

aid OWLDELAYS;

Pickag body OEI&.DBAYS is

function GET.LAD-DATA(0-ccd~ablcvadeDEAY~dme)

variable pwueterme

begi
for i in cal~iabe'Range loop

if celLgable).Vmuiom - DELAY dimn
Pwamem :- celL Wbl);

endift
crdloo;

Um a mu
Report -DELAY value not found in cell tabe.
Severity ERROR;

end GETJ)LOADP.ArA;

functon GETLOADDELAY(SWLOPwea;DRTCBFflzeaLOADreal
FANOUrllnteper) return real is

variablLOAD..DEL~rea;
conswa FANOUT-dAX: iname ,-40;

begin

if (FANOUT~ < PANOtJTJVAX) then

WOADDEL := mea(FANOUI)*(SLOP9 * LOAD) + RaTECEPT;
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LOAD.DSL:- rmW~AN=MAXr(SLO*VLOAD) + VMCMRf

~., ( EANOUr > 0)
tranm hawhn~b mtldYK~b" lsyldmbwow
aevedly WARM4O;

auni OWAN=T -c EANOUT-MAX)
sopofl left ho b uiw don 40 It ddft oo 4OplsAo WW
usveftyWARNMD40

-LOAD-DEL;
aid offLOAD-DMA!

- fumc~o VOLTAOLD)ELAY
- lis fuacdascalculat die buic Wao~mi delay atd Pheep
-given VDD.

fizncdon, VOLTAGL)K.AY.R(VDDMWa) ,'tu red b

variblaTE1IW...DLAY..R. tea;
cauwi VVDD)II zeaka 9.A;
conasmig VDD...MAX:. rd:m 110.0

begin

if (VDD <VDDJMM94 Oim
T51..DELAY-..R- (0.6478

"+ (D.0779*(1JY/VDD-WK))
"+ (L4494*(1.0/DD-A)1(.(WDD-.MI)));

.13 if (VDD > VDD-.MAX) them
TEMP..DEAY-...R- (0.6478

"+ (0.070390(l.0/VDD-iAX))
"+ (8.4494*(1.4WDDA)*(lAYVW...MAX)));

den
TEMe..ELAY-.1. - (0.64788

"+ (0.070739(1AVVDD))
"+ (L494*(1JV*VDD)*(1X.'VD)));

end if
ardif,

If(!MNP.DELAY..R < 0.0) then
funui 0.A

ad if6
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amn ClreWJ).AYR '- 0.0)
import 'calcuamdauvobp adaayisisa hms i.u -lamau

vasv*yWARNIN;

-I (VDD ). VDD.)QI)
impart 9IDD lam.UWimhun; VDD dubibtoVDD ml~nknýn

vakvry WARNING

OMui (VDD 0- VDDJWIAX)
raport "VD gream dm maxinsm: VDD duluth to VDD maukuun.7- ilWARNING;

return Th1MW..DZAY..tR

and VOLTAGBLDhAYJR:

~Aucin VOLTAGMDW..AY...FVDDSI)rebu real is

variabb TweI)LAY-..F rest
COWAN~ VDDJAIN: mL.k 9A.0
constat VDDMAX~ real 11.0,

if (VDI) < VDD...IN) han
ThW..DEAY... - (1.996

- (6.665*(1AVVDD-fN))
+ (183W*(IA0/DDJMOl)(L(YVDDJWQ4)));

elase if(VDD > VDITLMAX) doni
IEW-P.DELAYF -w (1963

- (8j695(1.QPJDDMAX))

1INWpm.AY- .a (1963
_ (&6695*(1AVVDD))
+ (1R.394*(1AYIVDD)*(1.WVDD)));

eA it

if CrEM-PDEAY-Y <0.0) then
MM~s0.0;

WA if.,

aseert (IDMP...DELAYJ' >a 0.0)
report -0"alcbd vol,.b. MeAY is I=m don OW; wro is sad.
aseveriy WARNING
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mmt(VDD . VDDIAMN
~mt "VDD hudamnmkwdnmuuuVDD dahatha VDD mboa~
.v~ky WARNDO;

auut (VDD 40 VDD.KMAJ
zupaut"4 WD SuMW dma mubain VDD Odmba IQ VDD Sam"~m
wmkdy WARlING

We VOLTAGODUAY-P,

- ha~~o eePKNNwDle
- U1h ftuedon comuanuft for delays cihix don 296. 15- 1ur K
- byapemw aseclifd bycoomui1Q1 WRI..CODP.

- For ormpuwavumsabo 396&15 dep.. IC. he ds13y at 396.1 dsp.me K
-3 istamum*& Likwi. for uamopria below 0 Kmes

'vwhbTEMW...ELAY..R zal;
constant IENWJM.UN rel.- 0.0;
constantTE1W.MAX. un!-m 39&.15;

if CrBWURA1TJR < ThIW-WU den
7EW..D~AY_.*. - DILAYO(0.5224

+ ((1.2E-3)*TRbWdfW

dlm if (TMg~RATURB > TEWMPJAX) dun
7ENP.)ELAY_.-. - DELAY(D.5XZ6

"* ((1.23E-3)1TRMP.MAX)
"* ((I ISB.6)1*NP...MAXT*lbQ.JAXD;

TIEM-.DELAY..Ru Da AYP(0.5M
"+ ((.23B.3)7M1URAIU )
"+ ((1.23.6*ThMPRRAIVW*7MPERATURBD;

atddft
and if,

ff 9EWUMP.IAY.J < 0.0) dam
NIUMAgi.0

Wd If6,

&ama CrEWDELAY..R >m0.0)
fqpm tCalculd wnmppra delay his m dm xeu; zero is OWd.
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seventy WARNING;

asset (TEMPERATURE >- 0.0)
report "Irappuanzr specaid les than 0;, 0 is used.
seerity WARNING;

assert (TEMPERATURE <- 378.15)
report '1Tmprafture specified greater dhu 398.15; 398.15 is 1umd.
severity WARNING;

return TBMP..DELAYR4

end T~hfMPRAT1UREJ)ELAY..R

function TE ERtA REDE- AYYF(DELAYnsk7EMPERATUREr~a) ream real is

variable TEMP..DELAYJF: reWJ
constant TEUP-WIN reak- 0.0;
constant TEMrW..MAX, real:- 398.15:

be-gin

if (TEMFERATURE < 7EhP_..MIN the
TEMP..DELAY.y :- DELAY*(050673

+ ((1.6967E-3)*TEMP...IN
- ((1.388E-7)*TEW1MNTEMP.MlN));

else if CIEMYERMrURE > lEbV_.MAX) the
7EMP-.DE[AY-. -m DLAY*(0.50673

+ ((1.6967E-3)*TEMP-MAX)
- ((I.3S89E-7)*TEMP-AX*7TEP..MAX));

else
7EMPDELAY-J :- DELAY*(0.50673

+ ((1.6967E-3)flEMPERATURE)
- ((1.3889E-7)'TEMPERATURE*ThbMFATURE));

aid if,
end if.

if CrEMW..DELAY.y < 0.0) then
return 0.0;

endif,

assert CrEMP.DELAY-Y >= 0.0)
report "Calculated tarmpenure delay is less tha zero; zero is used.
severity WARNING;

assert (TMPeERATURE >= 0.0)
report "Umipemlure speified less tha 0, 0 is used"
seerity WARNING;
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asert (ThMPERATURE <m 378.15)
report "Termperalur specified greater tha 398.15; 398.1528s used.
severtyWARNING,

return TEMPJ)ELAY-Y;

end ThAMl'UREM-DELAY-Y;

-functio RISE-DELAY

- llis ftuncto combine the voltage delay, tefiperaur deay,
-fanout, and iw~AI ftme ratio to calcult d&e propagation time

ID ta om.output.

funacion RISEJ)ELAY(VDD~reaI;
WOAD.DEL~real;
TEMPERA7JRB~Eal) etm. time is

variable ThMF..DflAY.-R~rea
variable TEMP2..DBAYrea;
varible 1tTL-DELAY.realI

beg&

TEMP-.DELAY-R *- VOLTAGE_.DELAY..R(VDD) * LOADJ).EL.;
TEMP2..PEAY :.TEhQERATEDBAY-.R(IWDELAY-PI.WEMPfLJRE);

=TAL..DEAY :-T2MPDELAY;,

retur integer(1MTAL_.DELAY) * 1 w,

end RISE-DELAY,

-function FALL-DELAY

'Ibhis function combines the voltage delay, tunera~tur delay,
-fanout, and riseaaf time ratio to calculate, the propagation time
-to a zero output.

function FALL-DELAY(VDI),eal;
LOADADDEL~rWa
ThEvWERATURE.-real) return time is

variable ThAJELY..Fral;
variable TEMP2J)ELAY=rea;
variable 7OTAL..DELAY~real;
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begin

TEMP-DBLAY-F ,- VOLTAGE..DELAYJ(VDD) * LOAD.)EL;
7ENP2..DELAY m BPRTR.DLYMDwYyTMEA1R)
TOTrAL-DELAY :- IEMIP2...ELAY;

return integez(FOAL-DELAY) * I ns;

end FALL..DELAY;

- procedur GET...CELL-DATA
- 'This procedure gets all the necessay parmeters, frm all fies,
- thdate used to calculate the propagati dlay..

procedure GET-CELL.DATA(cefljable: in ceiLvalues; DELAY: in tume,
LOADVDDTEMPERATURE: in real;
FANOUTI in integert
signal ceiLveruion: out Strizig(1 to 16);
signal rise.dARfaIL out real;
signal RISEDELAYFALLDELAY: out time) is

variable rised~falldmeal
variable cefilce~li.parmeters;

begin

wait for I ns;
cell := GETJ.OAD..DATA(celLtableDElAY);
rised :m GETJOADDELAY(cel.SlopXedU-nmrisewLOADJANOUry.
faid :- GET..LOAD-DELAY(ceULSiopejeltlntezqptjAMlLOADFANOU1);
cell-version <- ceUI.Description;
rise_3 <= rused;
f9LtA <- Wait;
RISEDELAY <= RISE_.DELAY(VDD,

rised,
TEMPERATUTRE).

FALLDELAY <- FALL-DELAY(VDD,
falid,
TEMPERATURE);

wait;

end GEr..CELL..DATA;

end GEM..DELAYS;
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urse waxk.OB!&CONSTANThSAtI
use wo&GEM..DBLAYS~Ai;
uwe wotaiksmleai
- wen STD.Siinuiazr..StnmrdwaU,

- device AND2
- Me &Invh
- 2 Input AND Gate

entity AND2 is

generic (DELAY.-dme;
- LOAt.7021

FANOUT'llineger,
VD~hiea;
TEMMFATURE=4a
AND2JTABLE-cel~valuss);

part (INPUI :in bit;
GINPUT :in bit;

OUTPUT : out bit);

ed AND2;

architectuie BEHAVIORAL of A14D2 us

- Functons Rise.delay and FaiLdelay calulate the delay for
- dhe voltage.fanutml and ue mpemsof agiven gatinstan

signal celLvemion: String(1 oD 16):m"
signa rise-dei, falLdeIalm:- 0.0;
signa ANDZRISE..DBI AYA 2D2.YALL...DELAY-mtkne 0 fs;

begin

GEtý-CLL-DATA(AND2...TABLE,DELAY,
IOADVDD,TEMP9%RATURE,
FIANOUT,
celvemion,
rise..el~falLdol.
AND2_RISE.DELAYAD2JFALL-P.ELAY);

OUTrPUT c '1' after AND2..RIE..ELAY when (INUTI -'1' ad RIPLM1 m 1')
else '0' after AND2..FALL-)ELAY;,

end BEHAVIORAL;



use woxk.GBI&.CONSTANISjaU;
mr wodk.OEIMLpBLAYSAU;

- ume STDSimau~mr-SankhnjMU

- device AND3
- fib af&M.vhd
- 3 Inpa AND Gate

aitiy AND3 hs

geuc(DELAY~ftmie
- OAD3ua%

FANOUTflitwe
VDDraI;

AND3JTABL~cJlyaluw);*

pcut (DiPUT1 :in bit;
INPU72 : in bit;
INPUT : in bit;
OUTPUT : out bit);

end AND3;

archit~eu BEHAVIORAL of AND3 is

signa ceiLversn: String1 ID 16):N?"
3zgna riso...Deladsral=g. 0.0;*
signa AND3 ...DELAY.AND3YzALL...DELAY.time- 0 fs;

be&i

GET..CELLATA(AND3.TABLEDELAY,
LOADYI)DD,1WMRATURE,
FANOLTr,
cellysnion,
rwdlaefAlldeL
AND3jtJSE-.DESLAYA4ND3.YALL..DNLAY);

OUTPUT<= '1' after AND3U1SE-.DELAY when
(DGPUI -'1' and INPT - '1' ad INPUT3 '11')

else '0' afler AND3JFALL-.DELAY;

end BEHAVIORAL;



uwe ww*tGEI&.CONSTANTSiA
one wowL09EIPLAYS~All;
use wwkiiubles.
- use STDsiznulatc..Smtandar.a

- device BUFF
- fibe buffvbd
- BUFF

entity BU:F is

geneic (DELAY. time
- LOAD, rest

FANOUfl un~ger
VDD: real;
TENMPRATURE: ml;
BUFF-TABLHk ceiLvalue);

paitQNPL~fl in bit;
OITPUfl out bit);

architecture BEHAVIORAL of BUFF is

sipgn coiLvenison: Slring(1 to 16):-i"
signa rise-deALI..de: meaim 0.0;
sipna BUFFJISE-DELAY j)N..LLDEAYtime.- 0 fs;

OEC-T-ELL-DATrA(BUFF-TABLE,DE3LAY,
LOADYI)DDEMERATUREFANOUT1
ceiLversion,
rise-dedMLdel,
BUFF ISE-DELAY BFF-JALL..DELAY);

be&n

if (INPUT - '010Mhe
OUTPUT <= PCNPU after BUFF-YAIL..DELAY;,

else
OUTPUT <a NPUT after BUFFJUSE..DEI. AY,

enelif"

wait on INPUT;

end prcess;

end BEHAVIORAL;
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un wogk.GENS~ONSTAN1T.Af;
urse wogk.GEM-JDEIAYS~AI;
us woltubksal
- use STD.Simulwtr..SwniwdAU;

- device CMOSJIN
- fibe anosjn.vhd
- QAOS-JN

eatity CMOS-JN is

goneu* (DELAY:, ntim;
- LCAD: mal

FANOU'D intwu
VDD> reat

T MPEATUR~k rea;
CMOJN-TABLEk ceILvalmas);

port(DNFI1f in bit;
OUTPUP out bit);

e4 CMOSJN;

architectur BEHAVIORAL of CMOSJNK is

signal coiLvension: String(1 to 16):-i"
sigmal ris~e.4lfal~dsI: reak- 0.0,
signal CMOSNINRSE-DELAYCMO&R]NyALL..DELAY~Umen 0 f:;

be&i

GETCELLPATA(CMOS]NJTABLEELAY,
LOADVDD,ThMflWLATUREANOWT
cedlvandon.
rmso-eddAfdel,
CMO&-NUE..P ELAY,CMOSfr -YALL-.DELAY);

be&i

if (INPUT w 'O')then
OUTPUT <m INPUT after CMOSJN!YALL..DELAY*;

elso
OUTPTUT <-INPUT aftr CMOS.JN...RSEJ)ELAY;

end Mf

wait on MNUM,

end pxcen,

end BEHAVIORAL;

41



use waLkGEM..CONSTAN'IS~AI;
UUS WOakOB.DBlAYSAtL

- use STDShlmlgrw-Shrdm";

- &syie, CMOS..SVOUT
- fib Ono$sjvoutvhd
- CMOSJSVOUT

entity CMOS.SVOUTr b

gened (DMLAY dme;
- LOAD- not

FANOUFM inftege
VDDk mea;

CMOs5VoUTrrTA3LE* ceavalue);

part(INP~T in bit;
EN: in bit;
OUmrnM out bit);

end CMOSJSVOtrPl

Ekcitcure BEHAVIORAL of CMO&-SVOT~ us

signa CeiLverSio: SWrig( Io 16):-e44
signal rise-.delfAIHId: reW,- O.0,-
signa CMOS..5VOtlT JELAYCMOS..3VOUUT-ALL-DESLAY dMe,. 0 fs,

be&

GETSCELL..-L A(CMOSJ5VOUT-TABLEDEAY,
LOADVDDTEMPERATURB,FANOUI,

CMOS53VOUT-SEDMAY.CMO-5VOUT-YALL.DELAY);

if(ON =T1) then
U QI.JPUT .'P'

Otfl. -. ;m Al'Stn af-i u&5VOUTFJALL.DELAY;
elsn

O11tPUT <,Im '' aift rfcOS..VOM~.RISlLD]ELY;
enif,

OUtPUT <=W'' aW0C -Y5 VOUTJ-ALL..DELAY,
and*g
wait on DePtrf

end prc;
end BEHAVIORAL;
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se wa.LOEbLONSTANTSilU;
tue w~orEMD)ELAYSAil;
uoe woduable&4J

w Ue STD.inulwlaarSwibtaU

-device, CMOSJPAD

-CMOS-MD

entity CMOSYPAD is

gem*i (DELAY:* time;
- LOAI>. rea;

FANOU'll mteger,
VDD,. rank

CMOSYPAD...TABLE:, cel~yalue);

INIr(lNPt~r in bit;
OUTPUPf cm bit);

end CMOSJ'AD;

architecture BEHAVIORAL of CMO&-PAD Is

signa CeILVenion: SWUngU tD 16):e
sigral rise-MALfai..l: reah- 0.0;
signal CMOSPADjISEDELAYCMOSPD-YALL.DNAY-thueu 0 fs;

(GET..C..l.DATrA(CMOSAD-TABLE.DELAY,
LOADYI)DJEMMIATII2EANOUTfl
ceiLversic.,,
riae-delfAI~doL,
CMOSPADyUE_.DELAY,CMOSPAD-FALL_.DELAY);

begin

if (DWUT= - Ythen
OtYIU <= B411Er after CMO&PAD-YAILDELAY;

el80
OlYII'T <- RemU after CMOSYAD.RISB...ELAY;,

aw if,

wait ct nP~ll)T

and procam;

end BEHAVIORAL;
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m wmk.OEtCOtSTMITS7uI
m wUdLGBMKELAYS*%

use wodumbLafl
- use STD.shulow-Sumadu'd~Ai;

- deviosEXOR
- fibs ezc.vtad
- Bichuive OR 3Als

anityEXOkiu

paulo (D&AY.l1.e-
-LOADIft

FANOUrkintsg
VDD~rsa%

EXOK.TABLBwcsLvmhuu)

pozt(INPMI: in bit

OtfWMl b bit;

end EXOR;

architecbmr BEHAVIORAL of EXOR ib

ignal ceiLvasia.: Strng(1 oDI

signa uise-d..d fuJLft-owJm a0,0
signl EXOR-I1SE-DEAYEXORYALJUDWAY-timem 0 fs;

GE-EtmL...DATAPEXOkTABLEJ)ELAY,
LOADVDDTEMFERATURtE,
FANOUT,

EXOR..RISE..DEAY.EX0O9YALk.DWAY);

OUII1UT ='1' afte EXORJt1SEJ~ELAY wtam
RawlF='I * '1' udNPLI2. O'W) of(DowU w V OA uidINPI -'I'))

cea. '0' after EXORFALL_.DEJAY;,

end BEHAVIORAL;
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im woLOSI&.COMN7TANT.J
mvmcLG.EMJ)ELAYS*dl

- ms STD.SlmuWatar.Swnihdil;

- devicDEXNOR
- fie eznw~vd
- BzCWuui OR aSW

auty EXNQR is

gmawk (DELAY:dms
- LOADmaki

FANOUrklnwgu
VDDisaI:

EXOR.TABJL~x vshms);

poit(DOPUT: In bit;

OUWTflM owt bs);

aid LEOR;

schiMMc BEHAVIORAL oftEXNOR h

signal Cvoulyrson: Swrng(1 to 16):m' 44

sinlrise.AeI, falLdelmea.- U,0
sina BNORJISEJDELAYBLXNOYLAL1LDELY.-inic 0 fs;

GET...CELL-P.ATAOMXNO&TABLBDBLAY,
LA)AD,VDDT7hMPERATIURB,
FANOUT,
csfl-eruonl

EXNOR1SLr~kDELAYBNOIORYALL-DELAY);

OUTKW <m'0' afte BXNQRJALL..DELAY whon
OMNIU~ -TW '1' ailf~ *01) or (IPUTI ='0W uid hJF'-T'1))

aws '1it aftr EXNORJUSEJ)ElAY;

end BEHAVIORAL;
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u&we UE1&.CONTAMTAi;
ms Wuk&OM..DBLAY3AU;

- use STDSbnumbw..mnfrdnaII

- devic JNVERMI

- DIERTER

enRy INV is

goatd (DELAY: &Wme
-LOAD.- redl;
FANOTr.T lrqu,

VDDX NQ
TEWEAIURL' mtg
rNV..TABLE: ceiLvaluo);

port (lNP1Jl in bit:- SO;
OUTfllM out bk- 1');

inchlecotu BEHAVIOMA of M~V is

sigi ce-VernIOn: Strng~l ID 16):."-r
signal do-..del~jadeL red-. 0.0;
slgVu INV.R1E.DELAYThVJYALLDELAY:. dmn.u I fs;

be&~

GET-CELL DATA(MN VABLEDELAY,
LOAD".VDTEMPERATUREPANOUT,
cei~vendo,

R4V...rISE.PLAXJNV.YALLT4 .XDLA);

be&i

if MawPU- 0')dien
OUIXUT <nat ra P1I gem ter INVjUSBJ)ELAy;,

de~f
OUIPUT <- riot INPUT after INVYALL_.DELAy;

end if,6

itkon RoPUr,

aidBEHAVIORAL;,
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on waGIM..CONSTAN'SiaD;
on waLGEW).ELAYSAM

- davco HDJDUF

-HD-SUF?

andWy IID-UFP is

sened (DELAY:' fuis
- LOA&. red

FANOUr InMsg.
VDD> real

HD..BUFF-TABLE ceSL.values)

paxt(D&PLr. In bit
OUTIFI~f out bit);

crd HD..BUFF;,

architecbtur BEHAVIORAL of HD.)LW Is

fal nal~er~sion: Stiring to 16):e"
s~aigisire-.delMfsLdeI: re&- 0.0;
algia HIBUFF-MDELAYJiDJUFFJLI-DA'L~ojne= 0 fs;

GET-CELL.,DAMAQID..BUFF-TABLBDELAY,
LOAD,VDD,ThbEAIURE,FANOUTF

risedeL~fdel.
HD.)UFtISB..DELAYJID..D 'F-FYAI&DELAY);

begin

if(4NFUa '0)then
OtUrPU <- IGNPU aftuw HDAtBUPFYALL..DN.AY;,

die
OUTPUT <- INPUT afta HD,.BtfUF.RSlEL.DELAY;,

andif.6
yak (MNPut

WAd cce;
cud BEHAVIORAL;

47



- WaLtGEM-CONSTAMA[
'un WOkLGRMJAY38MD

- fienaoad2

- 2JqmzeNAND Oft

un*y NAND2 is

guandc (DLAY:- dwg
- LOAD: red;

PANOUr' -aW
IVrIDnMAY doW
VDD: teal

NANDZTABLM. cslLwum);

put MOMU~ :in bit;
DMMY1 :In bit:
OUTPU : owl bit:= WO',

end NANDQ

- INMXLDAY isa fnited.1q dw is Med toh ndo
- sm wtimds gatshsd to buiM a lacLItist
- reomryt~ogodkddslayonmaiby I hm A
- bUosso that die shuiuuld cmi isidallus Itsef ad..

Echilscur DBEHAVIORAL e(NAID2 is

siglbl cavemioynd: StrimAl( to 16):W

sigie N* D~1SDELAYJNNMD2AIJ..DAY.1I.. 0 ft;

GET.CELL..DATA&NAND2..TABLIDBLAY,
LOADYMMMUQEATURE,
FANOUT,

NAML2RISE..DELAY,NANDZYALL..DEAY);

OUTPUT <m '0' afte NANDUALUMEAY + gINIMEAY when
(DNPUT * '1' ad MEfl m sit)
edo '1' after NAND2jUSE..DELAY + INTDELAY;

end BEHAVIOR~AL;



3 wo&ENLCONSTANTSuU;
unewak.OEM-.DELAYS .*I;

se work~tabb~lmsa1
- use STD.SimultmorStamhdoal;

- device NAND3
- Wie nand3.vhd
- 2 Input NAND Gate

entity NAND3 is

generic (DELAY- tize;
- LWAD: real;

FANOUfl inwogmr
IN1TDELAY: time;
VDD: real:
TEMMAIURE. real:
NAND3-TABLE: cei-value);

part (INPUTlin:u bit;
DIPTL2 :in bit
DINPT :in uift
OUTPUT: out bit: ')1;

end NAND3;

- N1TDELAY is a finite delay that is adided to do nuad3
- gaftwhen thisgate is buse d I WaltI"It is
- necessary to offinetthe delay of am gate by 1fsin the
- latch so that the skimulation can initiaz tself at dumn
-sem.

architecture BEHAVIORAL of NAND3 ii

signal ceiLyersion: String(l to 16):-"
signal ris~ejle,fal1del~ral:. 0.0;
signal NAND3..RISE..DELAYANAD3_FA _ELAY~tm-.u 0 fs;

GETSPLL-.DAFA(NAND3JTABLEDIDLAY,
L.OAD.VDDTEI4PERAnmRE
FANOUT,
ceUl-version,

NAND3.jUSE_..DEAYNAND3.FALL..DELAY);

OUTPUT <w '0' after NAND3_FALL..PELAY + DMTIELAY when
(Rawl~ -'1 ndi olathIU2 1 sit INW Ut. -'1')
else'I1' after NAND3..RIE..DHAY + INITDELAY;

endBEHAVIORAL;
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use wov&GEM..COMTANTS~al;
us. wo&GEOMJDELAYSjM;
use wcruhwlesall;
- use STD.Simulafor...Stanhdmdal;

- deviceNAND4
- file nand4.vhd
- 2 Input NAND Gab

enibty NAND4 is

goewic (DELAY: time;
- LOAD, real;

FANOUP. inegmr
IN1rDELAY, time;
VD&. real
TEMPERATEf: real;
NAND4..TABLB: ceillvalues);

port (DWMUI :in bit;
DIEPM1 :in bit;

GINPMI :in bit;
ROM:T in bit;
O1IU IF: out bit)

oWdNAND4;

- Th4IDELAY is a finie dely tha is a&We to fte nm&d
- pazwhenft Sgaw isuwetoumlawA h~lis
- nece=" to offbaet Mdeay of on gaobyIfs infth
- lath w tha fth simuaon can Udinitiaz tef at time
- iai.

architectur BEHAVIORA of NANN is

signal ceiLversion: String~l ID 16):e"
signal rie elfAl1-delmk*- 0.0,
signal NAND4j1SE-DELAYNAND4_FALLJDELAYi~me-a 0 fs;

begin

GETCELLDATA(NAND4.TABLEELAY,
LOAkD,VDDITEbMPEAURB,
FANOUT,
cellversion,
rise.de~l~fl-del.
NAND4_ISE-DEAYNAND4yALL..DEIAY),

OUTPUT <= '0' after NANDU.ALL-PELAY + IN1TELAY when
(INPUIT1-'l'md RGL4P M '1'and 110M ='1'ankd IPUT4 -'1t

else '1'after NANN.RI1SE..DELAY + IlDMELAY;
ead BEHAVIORAL;
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use woxkLGEM..ONSTAMfSil;
use wo&kGEMJDELAYS~Af;
usenworkjtsles~A1
- use STD.SimuaWr..Stan~hrdla1

- devce NOR2
- file noi2.hd
- 2 mpit NOR2 Gate

entity NOR2 is

gmenic (DELAY. time;
-LOAD: real

PANOUM integer;
IRCDELAY:. time;
VDD:. real;
TE~WERATERIM wal;
NOR2..YABLE. ceiLvalues);

pcwt (INPfLT : in bit;
DRPU1 : in bit;

end NOR2;

- ITDMELAY is a finite dela dudt is adde to the ncix
- gatewhen dds gate isused iobuila latch.It is
- necessary to offset hdieMay of onegSae by 16sin the
- latch so that the sinulation can initialize itself at time
- De.

architecture BEHAVIORAL of NOR2 is

signal cofi~version: String(1 to 1)-
signal rise-.defUdcal~dek~m 0.0;,
signal NOR RISB.DIELAYNOR2_JALL_3ELAY: timie= 0 fs;

begin

GETL..CE.DATFA(NOR2_TABLEJ)ELAY,
LOAD,VDD,IEMPERATURE,
FANOUT,
celLv.ersion,
nsejlel,falLdcl.
NOR2...ISE....ELAYNOR2_FALL_)ELAY);

OUTPrUT <w II' after NOR2YISE-DELAY + NTDBELAY when
(INPUTi M'0' aNd INPqml -'0')

else '0' afte NOR2)FAIL..JELAY + TIDMELAY;
ead BEHAVIORAL:



use work.GEM-.CONSTANUS i;
osw wo&O.(EM.DELAYSa1I;

- ame STD.Simulawor-Standerd i;

- device NOR3
- file rsor3.vhd
- 3laut NOR Gate

entity NOR3 i

generic (DELAY: time
- LOAD: redl;

FANOUT'. integer;
INITELAY: time;
VDD: rea4~
TEIERATIUR ral;
NOR3JTABL: celltyalues);

port (INPUTI :in bit;
RINPM :in bit;
INPUT13 :in bit;
OUTPUT: out bit);

end NOR3;

- IN1DELAY is a finite delay tga is added to die nor3
- gate whenddsgate is ad SDbuild alatch.It is
- necessr o offsetthedelay ofone gueby 1uin do
- lath so tha the shmulation can initialize itself at tim
-yow.

architechire BEHAVIORAL of NOR3 is

signal ceiLyeusion: StrinS(1, tD 16):-"
signal rqde ,WaL&*el=:- 0.0;,
signal NOR3 SE..DELAYNqORF-ALL&DELAY:Ume- Oh:

begin

GET-CLL.DATA(NOR3..TABLE.DELAY,
LOADYI)DJEMFRATURE,
F1ANOUT,
ceillversion,
nis'edelf-dol.
NOR3YISE-.DBLAYNOR3JFALL..PELAY);

OUTPUT <w I' I rwNOR3..RSE-.DELAY* +NITCMEAY when
(INPUI -'0'W an H4UT2 m '0' and INPUT3 - '0')

else '0' after NOR3UALL-)ELAY + ITDMELAY;,
endBEHAVIORAL;
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use wwk.GEM-.CONSTANTSaD;
use woGEMJDELAYS~al;
use wo&tebhwdJ
- use STD)Snlmutcr.Stancbdnal;

- device NOR4
- file no[4.vhul
- 4 Input NOR Gate

entity NOW4 is

gamoic (DELAY: timt;
- LOAIX. real;

FANOU'll htegar,
IN1TDELAY. the;

VDD: real;
TE1NQMRAURE: read;
NOR4JABLE: celvahaes);

port (DIPUTI : in bit;
GINPY1 :in bit;
GINFUT : in bit;

INPUYT4 :in bit;
OUTPUT: ots bit);

end NOR4;,

- ndrrEmAY is a finite delay that is added to the nor4
- gate when this ateis used IDbuild alatch.It is
- neceusary tDoffet to delay ofone guo b~yfsin the
- latch soDthat the shuzmuaon can initialize itself at time

architecture BEHAVIORAL of NOR4 is

signal cellversion: String(1 to 16):=-"
signal risc..4elAlldelrsl:- 0.0;
signal NOR4JUE- EAYNOR4yU±...DELAY.-time- 0f:;

GETCLL..DATA4N0R4_TABLEDELAY.
LOAD,,VDDTENPfRffURE,
FANOUT,
coll-vezslio,
nuedeiAD-dsl,
NOR4_R1SEDELAY,NOR4YFAULLD.JAY);

OUTPUT <= '1' afe NOR4.RISE,_DEAY + INDELAY when
(IPUT I - '0' and. NPVT - '0' and D4PV'I - '0' AMd INP4 a '0')

else '0' after NORU.ALL-MDEAY + INIDELAY,
end BEHAVIORA14
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iunewok.OEMSCONSTANTSil;
uwew~o&B~DElAYSjft
use wowklmba~lk
- use STD.SlmulateS dmd~AD

- device OUT.)UFF
- file out-.buff~vhd
- OUT-.BUFF

entity OUT-BUFF is

goaeti (DELAY. tune
- LOAD: rad

FANOU1'I intowg
VDD: Tm%1
TEMPEWAURE: rea
OUT-BUFF-.TABLB: c94-valuus);

portQNPUT: in bit;
OUTPUT:1 out bit);

end OUTBUPF;

achisectUr BEHAVIORAL of OUT-~BUFF is

Signal ceik-version: String( uo 16):=P 4

signal zise..deJlAIdol: rcal- 0.0
sigual OLT-U E...P)ELAYOUTBFF-ALL..PELA~hnie= 0 fs;

begin

GET-CL...DATA(OLT U1~P..TABLBDELAY,
LOADNIVDDThNEMATURE,FANOUT.
ca-e~livron,
nise-delA11del,
OUTSEAYFUS TJPELAOT-LL.DUELAY)

begin

if(IMoJm .'O)the
OUTPUT <m INPUT after OUTBFFFALL..DELAY;,

els
OUTPUT <- INPUT after OUT-BUFPJUSB..DELAY,

endif-,

wait on RCUP

end proes;

end BEHAVIORAL;
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use wov&A-a• tsuse wuxk~gun.conatuisatll;
use worlg=emsela.aIl;

- device DFF-_PfDGRBAR
- file dff..peds..r.vhd
- D Flip-Flp with rest

entity dff..pe rbaw is

generic (Q._ANOUT: integer;
QN.JANOUP, intage,
VDD: real;
TEMPWRATURE: real);

poet (D.in bit;
LXL: inbit;

RESB1I% in bit;
Q: out bit;
QBAR: out bit);

end dff,.pedgjbsr,

- Swucuial a cum. e for the D-Flip-Flop with Reset.
-- "hsD-Flip.Flop is a positive dge figgered lip-fIop.
- he Q outis"all go to a logic "1" upon the isi••edge
- the CrA input if the D input is a logicl"" ndthe
- RESETinputis alogic"'1.
-- The Q output shall go to a logic MO" upon the rising edge
- fte CLK input if th D input is a logic "".
- The QN output shll always be the complement of the Q outp.
- A logic "" on the RESET input shall forcethe Q output to a
- logic "V" and the QN output to a logic "1" regadle of the
- stame of the CLK input.

architecture suat of dff..pedjbar is

component buff
generic (DLAY:time;ANOUT.ntcgerVDD:ztel

"TrMPERATUR:real;
BUFF•TABLE:celvalues:--work.tables.buff-table);

port( NPTU. in bit;
OUTPU1. out bit);

end component;



wmonmpnpt nor
generic (DBLAYa=meANOU flinft rNrIELAYakne. 0 tr

VDD.-a;7BWMEUTRMUEnu;
NAND2..TABLtLcILvI'ucmwottwblcwtnua-abi);

port (INPUTIl: in bit;
MM- inh bit;

OIJPU? -ut bit);
and campaiwt

generic (ELAYa~mPANOUTdD41TDETMAY.-c- O f.;
VDDThfadTBMflATURLtrm

NAND3SABLLheLtvaluecouwc~rttltnatw);
pit (IPTJT1: in bit

lN4tfltin Wit
INP1r3: in Wit
OUTflU1 out bit);

endcomnponent;

signal T3I, T2, TI, 70.- bit;
dina TU. M5 bit;

fom aibbuff onc entity wwk~buff(bebaviarnfl;
for ailtnand2 use entity wctaanC(bebavknl);
for atbnaud3 use entity wa~tnand(belvrlarl)

begin

A0- usd2
generic map (DELAYcD 1 iv, FANOUT->1, VDDm>VDD,

TEMPBRATURE->TEMPERATURED
part sasp M.1 Ti, TO);

Al: nand3
generic map (DELAY.> 1 iv, FANOUTJ-3, RU1DELAY-c 1 ft,

VDD->VDD, TEMPERATURB.ATEMFERAflJRE)
part masp (TO, RESET, CLK, Ti);

A7. usd3
generic map (DELAY=> 1 iv. FANOUT->2, VDD->VDD,

TBNPEPfATMUE->ThMFSRATURE
part map cr1, CIX, 73,12);

Al: nand3
generic map (DELAY=> lIv, FANOUrm>2, IVflELAYm> 1 fa,

VDD->VDD,T¶1'1 aA T fW : TEMFERA1VRiE)
poet map cMz D, RESET, T3);

A4: nand2
generic map (DELAYmc' I1m, PANOUT->2, VDDmoVDD,

TMb' p A4 FIJflflTEMPERATUJRE)

poet map(Tl. TST4);
AS: nand3

generic map (DELAY=> 1 nv, PANOLT-,2, flhTDELAYu> 16.s
VDDm>VDD, TBMflRATUREo.TSMFERMUEtB)

part map (T4,17, RESET, TS);
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BI: buff
generic map (DELAY-> I u, FANOUT=>Q.FANOUT, VDD->VDD,

TEMPTVRlmlflIEMPRM'JM )
port map (T4, Q);

32: buff
generic map (DELAYm> I mn, FANOUT->QN.FANOUT, VDD->VDD,

TbMFrJA.S • ETATLDRE)
port map (TS, QFRAR);

end sMruct;

use workjables.alli
use work•gemconstanLril;
use wo&ern.1..delays.al;

- device DFF-PEDGSRBAR
- file dff-pedgjb
- D Flip-Flop with preset and clear

entity dffpedgurbar is

gawr (QFANOUTinteger,
QN.FANOUTrintegw,
VDD:real;
TEMERATURE-al);

port (D:inbit;
CLL-inbit;
RESETdnbit;
SEl:ibit;
Q-outbit;
QBAR:outbit);

end dMpedg-.msrbor

- Structural architecture for the D-Flip-Flop with Reset.
- and Preset capsbiity. This D-Flip-Flop is a positive edge
- triggered filp-op. The Q output shall go to a logic "I"
- upon the rising edge of the CLK input if the D input is a
- logic "1" and the RESET input is a logic "I". and the PRESET
- input is a logic "I". The Q output shall go to a logic T" upon
- the rising edge of the CLK input if the D input is a logic"0'.
- The QN output shall always be the complemnt of the Q output
- A logic V"" on the RESET input shall force the Q output to a
- logic ') and the QN output to a logic "1" regardless of the
- state of the CLK input.
- A logic "0" on the PRESET input shall forte Q output to a
- logic "I" and the QN output to a logic "0" regardless of the
- state of the CLK input.
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architecture OWu of dffPuda.xhu bs

compmnet uff
generic 0EDAYtmneQJNUInwgmtVDD-rguR;

TEMPRATEIREmoea1
BUPF-TABL~ceLvdmwluouiua~bufaLts);

pirr(ThWUT. in bit;
OUTPUfl out bit);

end compownen

component nand3
generic (DI)AYlimeYANO hIko RTDE AYthms. 0 ft

VDDug;d*TEbPEL4TURE:iIe;
NAND3jTAEIB*Cd~!uem-wobkLa ned3-tabi.)

poct (INPUM: in bit;
DGP!r2.in bit:
RINPUT: in bit:
OUWPUI% out bit);

end comnponent;

si"nal,72,Tn,TM bit;
signalTW, T5: bit;

for albbuff use entity woktbuff(behavioral);
for alknand3 use entity workad(behavioea1);

begin

AO-. nand3
generic map (DELAY-> 1 n&% FANOUTu~l, VDD.C.VDD,

TEPEAUREW>EPRATRE
poat map (SET. T3, Ti. TO);

Al: nand3
generic map (DELAYu> 1 ns FANOEIr.>3, IN1TDELAYm> 1 fs,

VDD-VDD, 'jE IERATURE->!TEMPERAFURE)
port mVp (T, RESET. CLK TI);

A2. nand3
generic map (DELAY-> 1 ns, FANOUr->2, VDD-oVDD,

TEUPE~UI(E->T~b9RATURE)
port map (Tl, CLK, 13, T2);

Al:mund3
generic map (DELAY=~> 1 us. FANOUrca2, BUTI)ELAY-> I fs,

VDD=>VDD, TEM~PEATLUUBm>TEMPRATRB
port map (YZ D, RESET~, T3);

A4: nand3
generic map (DELAY-> 1 ns, FANOLTr-cm2, VDD-VDD,

TEMPERATURE->TEMPERATURB)
port map (SET, Ti, T5, T4);

se



AS: nand3
gnenuc map (DELAY-> 1 Mu PANvoU-ý2 DqnITD"AY> 1 f16

VD~wVDDI, 'T'ErAP IEEMP!RAMMEDB
port map CM4, T2, RESET, M5)

BI: buff
generic mop ODBLAYu-a I mt FANOIUboIQWI!7, VDD:)-VDD,

TL' ii a ME-ITETMPERATURE)
pact map (W4, Q).

B2.-buff
pneiic map (DELAY-o- I mlu FANOUT.-'QN-YANOUl', VDD-VDD.

port map M1, QBAR);

end stuct

use werkcgeni-constantsual;

- device AOR
- file aovhd
- ANDOOR function

entity ar is

gawkui (AOYFNOUPntog
]BO-FANOUrintager
CO-YANOtLflinawgu
DO-.FANOUr'intogw.
VDD=Wa;
TEWERATURE~mal);

port (Al, A2.inbit

Cl, C2.inbit;
Dl, D2.inbit;

AO, 1B0, CO, DO~outbil);

epd or.

-Structra arrhilectUme for the AND/O)R (AOR) functio.
-- THE outputs AO, Al, A2, A3 shal be forced toas logic "1-
ithorwofiiptsKloK2ealogic"l".Orif.

-AlogiculwonezthoAlorA2forcsAOtoalog "Ic '%~
A Alogic "Iwon eithrBl or2 forces 80 oalogicul".
A Alogic'lVoneidierCl orC2formeCO IDalogic"l".
Al logc"I"on eiwr DIorD2 forusDO Io alogic "m"

-- Else the outputs AO, Al, AZ A3 m a logic MOE.
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achllecum s uu of amr is

eeI=* (DMAY.**wX;FM 71 gJTDELAY.nInm: 0 61;
VDD~d; AEM TLhuE=4-

NAND2.TA3LEceIL..wa ss.w ogbdius~rmdi-mbb);

I~nP~l%*1a bk-a

nd component

u4gnaII6.O, 117PQ~t;
uignaIht-..Q I19...0bit;
ulgnmil20...1230...Obit
signaII2&.O 12O..blt;

for alkiuid2 orn entity wcakmnd2(belmvwa);

geneic mVp (DELAYm>1 as, FANOUT=>1, VDD->VDD.
TEPOnW E-JTh WOMRATURE)

port map (Al.KI,11_;

117: nand2
geermic map (DELAYm:P1 as, FANOIUr->1. VDN->VDD,

pert mVp (A2 K2M 117-0.);

118: nand2
genetc map (DELAYm-l as, FANOUTro>1, VDD.>VDD,

MATWE->TEMPERATURE)
part map (Bi, Ki, 118_O);

119: raind2
generic map (DELAY=>1 mu, FANOITN'1, VDD.>VDD.

TEP AURI3- TEMPFEATUR)
port map (B2, K2. 119-0O);

125: nand2
genetic map (DElAYm>1 as, FANOUT--l, VDD->VDI),

TEPEATUREm>ThlbQ9RATEhRE)
port mVp (Cl, KI, 125-0);

124: nand
gSmuticmap (DELAY=>1 vs. FANOUT.>1, VDD.>VDD,

TEPEA7RE.>ThMWERATURE)
part map (C, 1(2,124-0);

123: nand2



son*c map (DLAY.~1 ma PANOUr-hN, VD'DEOVDD,

par' map (DI1, KI, 123-O0); W RE

Suied map (DELAY-*ol mU FANOUT.1, VDD-oVW,.
TEhP~ATUK23A1VRAU )

pmrt map (D2. IMI M-2P)

gnatri map (DRLAY-)1 mr FANOUT->AOJRANOUT. VDNmVDD,
TMtAnb-ThE EM3LAM

part mVp (116-0., 117-0, AO);

121: nand2
Sam&o maV (DELAY>1 un,. FAN0UT.l>DOJ:AN0UT, VDD-VDD,

l9RThB E-A7RARMM)
pmrt wa (118P..O 1190..0 30);

127. nand2
sawri mVp (DELAY->I us, F NOUfm->C0.YANOUT1 V)DDa'VDD,

part maV (15.9,124.0, CO);

M2 nard2
generi map (DELAY.1 mr, FANOUT->DOYANOUfl VDDw>VDD,

TEMPRAME->7WRAURE)
port map (123-0,122O., DO);

and struct

ms wcrukiblesa11
Owe wako~kemnstents~Ai;
um nodrg-daysA~l

- evice SYN4CTR
- file W4ctrvhd
- Synchronos four bit upldowa cauta wit
- Im8t "~ Cuy Ouvtpu

ttihty synmcir is

&am&ri (AJANOMLinr-w.f
BFANOUT:nfteg
C_.FANOL~fntzgw,
D-P.ANOI~fintsge
CO-FANOUT~flonw.
VDD~d;
TEPRAT17JRRd);



port (QXC, MP RST. Ckhfbb

and -Y14r

- Sbuctura ardchlxctw for dom 4-Mk syncekumaw qp.down
- counter whith asymobroni. unook mmii. enbl d can ou
- capab~liy. A logic *I* an do UP hiqit awhii contu
- uio& wAa logic 'O on te W bW ea~Mes wsdowm.
-Thbe cOwrar dal! inemmnt or dsunmPw P W=o fte iki
- Wdg ot doe CK hintat Pwivding the RESET input is a bogi -W
- and dw kWits a logic "1713aCO ampmitimlgo to
- lID& -I- uopn ful cowig, ouquu - -1ilir sndal- "ror
- ouipw u ¶OoW rA CI I. Me a VAu admcdo CO on
- allows cascading ~uldiideanm winwb nt hgeouaws
- Whent the RESET input is a logic "I"1 doun coden M1 mset
- xNgdh.of 8Kdo L pUL
- ResetIn ooumup m*ivs oesuu.OaO ".
- Roms in count down model is ouub - "1l11M
- A isdie lSD w" sand D isdo MSB wut.u

uchhuctur sum of syn4ctr is

comnponmtnt v
generic (DEAY~InwPANOUrintegw.VDD,~at

TEMIUREL-rsl
DIJV.TABJL~cdvlues.wrLtubbim~nvuiieb);

port (MINPTIn bit;
OUlTKflout bit);

end composmut

component and2
generic DELAY~dmePFANOU%.efw.DD~rmLI

AND2.TAELE:-ceU.~vs~uw= wbw nsuwab
port (INPUTI:in bit:

INPUI2:in bit;
OU~hrfLrout bit);

aid component

compponent nand2
genatic (DELAY UmoFANOUr~intwegMfELAYtbnm- 0 fs;

VDD=W;ThMffZRA[URE:urd;
NANDL .TABLE-ekvl:cvu anuus =dinmbe);

part (2NPUTIhin bit:
INK ir~n bit;
OUTPUTrout bit);

and component

component nwWd
generi (DELAY,.me;ANOUIFfllwgu.fDMELAY.1bnO- 0 fr.

VDDieaI-Tbl;QRAWRB.'uul



NAND3..TA]BLE~celLvglueswowLm~abe imd3ja).);
part (B4wrfl:mn bit;

NPLTr2.1n bit;
JNPUT:in bit;
OtJUTPUi: bit);

end component;

comnponent nor2
generic (DELAY~timeFANOrl'.intogerN1TELAY-.tme=: Of fr

VDD.7WTEhffSRATURIL-a;
NOR2TABLL~ceIf-valuemwit~abkc~nr"2_abke);

port (INPUT1:in bit;
INPU-hm bit;
OUTPU1'out bit);

end component;

comrponent nor3
generic (DELAYlime;FANOU1'intwgerNflITDELAYtiMe:= Ofs;;

VDD~v9TEb9RATURtEeaw4
NOR3jTABLE.ceivlumoLw bksno 3jabke)

port (INPUT:iFn bit;
INP~r2:in bit;
INPLT3:in bit;
OUWPUfout bit);

end component;

compott.mt nor4
generic (DELAYtimeFANOUI~intcwge;IrELAYatime:- 0 fs;

VDDm1;,TEMPERATURF-ueaI;
NOR4TA3LE-cciLvalues:=&nor&..bk m4-bl);

port(INPUT1:in bit;
DNPUMhin big;
INPWr:in bit;
INPUT4:in bit;
OUTJWUTout bit);

end component;

component exnor
generic (DELAY~tmeTFANOIThintegwNDD:reat

TEIAPERATMugE;
EXJORTABLE:ce1I~yaJues:work.tables.ernojaWe);

port (DNPUT:in bit;
DINPU-in bit;
OUWrUT~out bit);

end component;

component dff..pedgrbar
generic (QjFANOritogwgQNYANOU1.intrega,

VDD:rea;7hNPF-nIUUBjW);
port (D:in bit;

CLI',inbit;
RBSETixbit;
Q:outbit;
QBAIZ~outbitQ;
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and component

signal CiCN, RSTN. UPN-.bit
aSinal QAN, QB3N, QMN, QDN bit;
signal M-6.0, 120709, 1208-.0, 129.fbitt
signal 1210..0, 1211LO, 1212-.0, 1214-0-bit;
signal 1215.0,121&O, 12179, 121l&0.bit;
signal MS2. -,1226_0, 1227.0, fl28..9bit;
signal 1201..O, 128L0, 1187-0, 1185Q...Oit;
silpial 12290.,12300.. 1200...0 1199....bit;
signal 11960., 1197-0., 1198-0, 1222S-bit;
signal 1302.0, 1183..0, 1223S) bit;

for aliJ~nv use entity work~inv~beaviorul);
for alkand2 use entity woik~and2(behaviomal);
for alnad use, entity woriaiand2(beftavioral);
for alknad3 one entity wwknand3(bebvixal);
for alknor2 use entity waok~nor2(behavioral);
for alknox3 use entity workiwdr(bebavioral);
for alknor4 use entity wwkrnouw4(behavioral);
for alkexnor use entity wor~emnor(beavioiral);
for a~hdff..pedgjrbe use entity worukff..pedgjrbar(slrct;

122,& inv
generic map (DELAY="1 na, FANOUTF>4, VDD=>VDD,

TEMPEATURE->TEMPERA7URE)
port map (CL!& CLKN;

1219: myv
generic map (DELAYm4 os, FANOUT=>4, VDDwc>VDD,

TEheMATURE-=>ThlbQRAThRE)
port map (RST, RSIh);

122: inv
generic map (DELAYw> I s, FANOUT->6. VDD=VDD,

TEffMMERE11JB7TMPERATURE)
port map (UP, UPN);

1222: imv
genetic map (DELAYa.>1 us, FANOUT=>6, VDDm>VDD,

TEMPERATURErnATENFERA7URE)
Ponl map (UPN, 1222.0);

1.25: exnor
genetic map (DELAYA> I s, FANOUT=>1, VDD=>VDD,

TEMPEMRATURB7EmAEMP3RA1TURE)
port map (QAN, CI, 1225.0);

123: dff~pedgjrbar
genetic map (0 ANOIUT->AYFANOUT, QN.YAN0UTJT8, VDD-VDD,

TEMPE>UR-TEMPERATURE)
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port mVp (1225..0, CLKCN, RSTN, A, QAN);

1217: and2
generic map (DELAYu~1 ms FAN0UT->1. VD~mVDD,

TENELTREl-TBhFAlLRE)
pmu mVp (A, UEN 12170O);

1218: and2
generic mVp (DELAY-cl 1 m FANOUT-ol, VDD-VDD,

TEPEAURE- ATEME4URE)
port snap (1222.., QAN, 1218-0);

E22: nod
generic map (DELAYwcl ns, FAN0UT*-'1, VD~mVDD,

TE1 RTURE ->TE M PERATEIRE)
port map (1217.0, 1218.., 1223..O)

1187: and2
generic map (DELAY->1 u4, FAN0UTrn>1, VDD-cVDD,

TEMPERATRTEMPERATURE)
port map (1223., aI,1187-0.);

1226: exnor
generic map (DELAY-> 1 n&, FANOUT->1, VDD-VDD.

TEMPERATURE->TEMPERATEWE)
port map (1l87-0, QBN, M2260);

11: dffpedgjbar
generic Map (QYFANOIUT->ByFANOTJT, QN-JANOUT->7, VDD-,VDD,

TEMPRTREm>T2 MF ERATUVE)
poet map (1226.0 CLXN, RSTN, 13, QBN):.

1281: nand2
generic map (DIELAY.,' 1 na, FANOUT-wcd , VDD=VDD.

TEMPERATURE=>TEMP!RAIURE)
port map (QBN, QAN, 123L0)-;

1212: and2
geneuic maip (DELAY=> I ns, FANOLTN>1, VDD=>VDD,

TEMPERATURE->TEMPERATE)RE)
port map (UPNJ28LO, 12120O);

1211: and2
generic map (DELAY->1 ns, FANOUTm>1, VDD=oVDD,

TEMRATURE->ThIMQERAIURE)
port map =-22..O QBN, 12110);

1210: and2
generic map (DELAY=>1 mis, FANOUT=>1, VDD=VDD,

TEMPERATRE->TEMPELATURE)
port map (1222.0 QAN, 1210-0);

M28: nod3
generic map (DELAY-> 1 ns, FANOUfl=>1, VDD='VDD,
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TEMPRTRE->TEI FEATURE)
part map (0212-0, 1211-0, 1210-0, 122&0):

1185: and2
generic map (DELAY->I nsk FANOUT->1, VDD.-'VDD,

TEPER.fDATURflg >4EDM¶JL4TR)

port map (1228.9 C', 1185-.0);

1214: cinor
generic map (DELAYao.1 n&, FANOUT=>1, VDD-VDD,

TEMPERATURE[->TEMPERATURE)
port mVp (1185-., QCN. 12140..);

19: dff-pedgrbar
generic map (0 FANOUT=>C.YANOUfl, QN-YANOUT->.9, VDDm>VDD,

TEMPRATRE ->TEMPELAIURE)
port map (1214-0, CLXN, RSTN, C, QCN):,

1201: nand3
generic map (DELAY>1 na% FANOUTw>a.. VD~mVDD,

TEMPERATURE->TEMPERATURE)
port map (QCN, QBN, QAN, W20L.);

1206: and2
generic map (DELAYm~>l ns, FANOUT=>1, VDD.>VJD,.

port map (UPN, 1201-0, 12060);

12107: and2
generic map (DELAYm> I s, FAN0UT=6>1, VD~mVDD,

TEMEATR-7EMR M PERATURE)
port mlap (1222., QCN, 12070);

1208 and2
generic map (DELAYm>1 ms FANOUT=.>1, VDNOPVDD,

TEMPERATREm>TEMPl3RATURE)
part map (1222., QBN, 120&0);

129: and2
generic map (DELAY->l ns, FANOUJTm>1, VDD->VDD,

TEMPERAXURE->TEMPHRA'1URE)
port map (12722_0, QAN, I209_OX0)

127: nos4
generic map (DELAY->1 as, FANOUT=4l, VDD=VDD.

TEMPERATURE->7EMPERATURE)
port map (1206-0,12W-0, 120&0, 120_O, 122709);

1183: and2
generic map (DELAY->I as, FAN0UTa=>1, VDD=VDD,

TEMPERAUREi-->7EM ATURE)
port map (127-.0, CJ, 11830..);

1215: cmor
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generic mVp (DELAY-> 1 as, FANOUTJT1, VDD-VDD,
TEMPWUEf TMERATURE~)

port map (118305, QDN, 1215-0);

112: dIf..pedgrbm
generic map (0JyANOlUT->DyANOUT,1 QN FAN0UTJT=P3, VDD-VDD,

TEMuEL4 URii-TEMPELATURE)
port map (1215.0, CLKN, RSTN. D, QDN);

1216: inv
generic map (DELAYmc'I n&, FANOLTo. 1. VDDm>VDD,

TEPERAURE->TEMERA1TJRE)
port map (Ca, 12160)T;

MO.( nor3
generic map (DELAY->In'. s, FANOUrw> I, VDD.>VDD,

TEMPR WERATURE-TMEAI)
part map (1216-0, QDN, QCN, 1230_0);

129: nor3
generic map (DELAY=>l ns, FANOUTao1, VDD=VDD,

TEMPERAUE->TElMERA11JRB)
part map (QBN, QAN, UPN, 129-0);

1196: nand2
generic map (DELAY->! I s, FANOUT=>l, VDD=>VDD,

TEMvPERAT(JREi>TEMPERATURE)
part map (1230_.0, 1229-...,1196..0).

1200:- nad3
genetic map (DIELAY->1 ms FANOUT->1, VDD.>VDD,

TENTYRATURE->TEMPERATrJRE)
part map (QDN, QMN, QBN, 12000);

1199: nand3
generic map (DELAY=>1 ns, FANOUTw>1, VDDU>VDD,

TEMPERATURE-TEMPERATURE)
port map (QAN, UPN, Cl, 1199-0o);

1198: nor2
generic map (DELAYm>1 as, FANOUTm~1, VDDx>VDD,

TEMPRTURE->TEMERATURE)
port map (1200_..0 11990,. 1198.0);

1197: inv
generic map (DELAYa=>l ns, FANOUTur>l, VDD=>VDD,

TEMPERATURmE>TEM~PERATURE)
part map (1198_.0, 1197-..0);

1302': nand2
generic map (DELAYm>I ns, FAN0UT->C0.YAN0UT. VDD->VDD,

TEMPERWURE-TEMPERA'IURE)
p=r map (1196_..0 1197..0, CO);

end sbuct;
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use woktobleeaU
use wcsk~gent~constuiusAl;
use wo~ga deldslaM

- device UJP5ClR
- file up5ctr.vhd
- Five bit up counter with reset

enily UPSctr is

generic (A-YANOUMintgers

CYANOUJTinteger.

DFNO1T~flitwge
E.YANO~finteger.
VDDmvW;
TENWEPAnmJP.*md);

port (CLXI, RS1'inbit;
A, B, C, D, R-oufbt);

end qp5ctq,

-. Structural architecture for a synchronous 5-bit counter wrih
-asynchronous Rasmt Mwi counter shal incrmet by one upon
-each rising edge of the CLX input if the RESET input is a
-logic IV'. Mme counter shal rollover to a count of 'VOOODw IF

thde present count is "11"
VAWh= the RESET input is a logic "1" the ouput shal be *VOOOOO

-- regardless of dr,~ sutat of the CLIC input.
A- is theLISB-bitnd E is thehSB1-bit.

architecture struct of up5ctr is

compoInentM' inv
generic (DEIAY~dwimANOUTinftegrVD):reaal

TEWYERATMERea
INVJABLE:celftvalueswo~ktabes.invjable);

port (INL~flin bit;
OMUWU'out bit);

end component;

component nor2
generic (DELAY-:dme;FANOU1~integeRGh11DELAY~dme:- 0 fs;

VDD:reiklTEbMRAJVRE&ial;
NOR2JTABLE:celLval ýwortbles.nor2.jable);

port (INUTL~in bit;
NPUT2hin bit;

OUTP~LMout bit);
end component;



comnpoeuM nC3
gnri~c PELAY.Im oFANOU en~wJr.BLAYthne:- 0 fr.

VDDjeaL1IQERATUREavd;
NOR33TABIE8.cd~vtyaJ.ewoLm~uuwc3jkbls);

part (DUINP:In bit
INPUMhn bit
RALNPT:in bit;
OETIPfLrout bit);

end coguost;

wmpomet nor4
generic (IELAY~dme;FANOUI'JntegwIXlDBAY.-tirne 0 fr.

VDDauMPERA1URLE~reI;
NOR4jTABLE-ciLvalue~mworkWbsjrou4...Wb);

port (INPUIf:in bit:
flDUUT2n bit;
2NPYF3in bit;
JNPUT4:in bit;
OUI1tPUlout bit);

end ospoent;

component cmno
generic (DBELAY-.dmeFANOUIn wVD)Dmral

TEMPERATEIRBEng:
EXNORJTAJBLEcefLvlwombiestdemnoable);

port (IdnPUT:in bit;
2NPUT2hin bit;
OLTI?tTI%.ot bit);

end component;

component dff-pods-rbar
generic (Q-FANOUI ifwQN-FANOU~intger VDD-*rat

7hMPERATURLEm);
port (D:in bit;

CL-inbit
RESEI.lnbit;
Q:outbit;
QBAR~outhit);

end componet;

signal CLIKJ. RSTN, QA, QAN~bit;
signal QBN. QCN, QDN, QEN~bit
signa 1106.0, 11070.., IlO0ftQbit:
signal 1109_0O, 11100.., I11LO,1112-0...bit:

for aflknv use entity workLinv(behaviwra);
for alknod ume entity worlumo2(belrvioral;
for alknor3 use entity woduwnr3(belmvioral);
for alknor4 use entity work~nar4bebvioual)
for ali~ezor use entity workeznm(bebavioral)
for alkdff..pedgjbar use entty wa&Wk~fpWe-gbmr(utruc).



be&n

1114: inv
generic map (DEL.AY-> 11 ma ANOUT->5, VDD.-'VDD,

ThbfRAHURB-TMP M)
port map (LLIK ami)

1124: myv
generic map (]DELAY'.c,1 ma FANOtT>S$, VIDD-WDD,

TEMERATER-TMPERATURS)
pact map WRT. RS7h);

119.xnar
generic map (DIELAY1> n&. FANOIUTcdI, VDD-VDD,

7EMPERAT[JRB>TEMPERATUEM)
por map (QA, QEN. 1109_(0);

1110.nor2
generic map (DNLAYso>1 mi FANOUTu>1, VDD=>VDD,

TEM.?ERATURB->7hMPMWAURE)
part map (QEN, QAN, 1110-0);

1111: Ma3
generic map (DELAY->1 Ms FANOU-> 1. VDD..>VDD,

ThEM ThMPRAT UR->EPMT )
port map (QCN, QBN. QANI, 11110);

I1112- no.4
generic map (DELAY-o1 n%, FANOUTm>1, VDDEw.VDD,

7E3RTR-TMH4M
port map (QDN, QCN, QBNI, QAN. 11120..);

1106: cmnar
generic map (IDELAY-1 Is m ANOUJT-'1, VDD->VDD,

7EMPERATURE->TEMPERTUR0)
part map (11120.., QEN. 1106-0);

1107: exnar
generic map (DELAY->I' ms FANOUT=ý>I, VDD-VDD,

7EMERATIJREai>ThMPERATURE)
part map (IlliLO, QDN, 1107-0.);

1108: exnar
generic map (DELAY-> 1 ms FANOTJT->1, VDD->VDfl,

7EMPERAMhRE->TEMPERATURE)
port Map (110....0 QCN, 11080):

1101: dff.pedgjxba
generic map (QJANOUTm>1, QN..FANOUT->5, VDDED>VDD,

TNEATURE->TEMPSRATURE)
pmrt map (QAN, CLKN.RS7NL QA. QAN);
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133: inv

generic map ODELAY->1 mi FANOUrTo'AYANOUT, VDD-VDD,

port map (QAN. A);

1102-' dff~pedgfmr
genaki map (QYANOUT->B.YANOUT, QNFANOUT->4, VDD->VDD,

TEWPAURE->TEMIFERATURE)
port map (1109_.0 CLKN, RSTh, B. QUN);

1103: dft-Wpedgja
generic map (QYANOUT-.C..FANOtTr, QN_!AN0UTm.>3, VDD-.VDD,

TEMERTUE-TEMPERATRE)
Port map (1108-0. CLKN, RSTN, C. QCN);

1104: dffpedjbar*
generic map (QJFANOUFT->D.YANOuT; QN FANotTrT.>2 VDD.>VDD,

TEMPERATURE->TEMPERATIJRE)
poft map (11070, CLKN, RSTh, D, QDN);

1105: dff.ped~mba
genmic mVp (QFANOUT->E.YANOUT, QN-FANOUTm>1, VDD.>VDD,

ThMPERAIhRE.->TEbIPERAnURB)
port map (1106.0, CLKN, RSTN, E, QEN);

end stuct;

use STD.Standardia11
use wodr-ble&al%
use wodcgun...onstnts~al;
use work.gmesn.AeAys;a

-This is the 9 Stage riiPPe countr module which is used in the PRC-70 -

-395 chiup model

entity rcur.9stage is

genwki (q9janotu: integer,
VD1>. real;
7EMPERA11REL real);

Port (clk9, res9: in bit;
q9: out bit);

end mreu.9stage;

erchitecture struc of rvtr....swge is

comnponent dff..pedg..rba
genwki (Q-FAN0LIfl integw. QN-FANOtUflintegw.

VDD:reaL- TEMPERATURF-real);
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port(D. in bit;

RESED in bit;
Q: out bit;
QDAR.: cut bit);

aid ocomponuit;

component hd-buft
genati DEIAY,=OeANOLUntW~eVDDxvea;

TEMPEATURLes
1ID-BUFF-TAKEdLvalussmwwkai&hd...bx.jbid~e),

part (INU?. in bit;
OITIRT.Tf out bit)

ead componnt;

Component uiv
generi (lELAYme;FANOUTinaegerVDD~ul;

TEMPRAIURical;
TINVJAeI~vLvuesaukýmbLssinvjabe);

partQNUrffl in bit;
OUWPUP out bit);

end component;

signal VOC: bit:- 1';
signal GND- bit- '0;

signal I901-Q, 1901..QN:- bit;
signal I90Z-..Q 1902-QN:, bit;
signal 1903-..Q 190..QN: bit;
signal 1904N, 1905 bat;
signal WW06..Q 190M.QN.: bit;
signal 1907Q, I9OtQN: bit:
signal 1908.Q 1908.QN. bit;
signal 1909Q. 190..QN:. bit;
signal 1910-Q, 1910...QN: bit;
signal 1911_Q, I91LQN: bit;

for all: dff..pedg~rbor uise entity wckdcff-peggb-sruct);,
for all: hd.buff use entity workMb&buff(beiiavioral);
for all: imv usc entity workinv(behaviora);

begin

1901: &pdffzber
genetic map (Q_.FANOUT-> 1, QNFANOUT-> 2, V)D~m' VDD,

AMMTURE.> TEMPRATURE)
pact map (190l.QN-cf9OJM-Npen,191.QN);
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DM-doQ. L~
Scouti map (QJ'ANOUT.> 1, QNYANOUT> 2. VDDm=m VDD,

TW4-RATRB.> EPRn
p~rt nap 09 OLN91QNpeN~J9OZ-QN);

1903: dff..peLtbw
gScout map (QYFANOUTv> 1, QN.YANOUT.-. 2, VDD-> VDD,

MWRNURE-> TMPELUIRE
POrt MVp Q90QN,19M.QNJWO..N~omnJ9O3QN);

1904: myv
generic map (DELAY->. Ins FANOUT-> 1. VDD.>VDD,

TEMERATURE-> TUAPRAIVRE)
part map (ir&9, 1904-.N);

1905: h&.buff
generic Map (D)ELAY-. 1 as, FANOUT-> 9. VDD-VDD,

ITE4PERATUREU>TEMPERATURE)
part map (1904, 1905JFX

190 dff~puw
generic map (QFANOUT-> 1. QNYFANOUTJT> 2, VDDm> VDD,

TEMPRATUJRE> 7EMPBRATURE)
part map MQNQNJM90N5NNopan,19QN);

1907:- ff-pedgjber
generic map (QYFANOUT-> 1. QN-YANOUr-> Z. VDD-> VDID,

TEMPERATURE-> IEMPERArURE)
purt map Q907QNJ906QNM51905n,19QN);

190&- dff-Werh
genetic map (Q..FANO~rr.> 1, QN.J*ANOLUT-> 2, vDD. vDD.

EMERATURB-m TEMPERATURE)
part map (M8QNJW90QNJ95j9OS.nQN),

1909 dffpedLrbar
generic map (QYANOuT-> 1, QN.YANOU-rm> 2, vDD.~> vDD,

TEMPEATURE> TIDOERATUR)
port Map Q909.QNJ90QNJWOLNmopcn9O.IMQN);

1910. dff...edLirbar
generic map (QYFANOU'N> 1. QN-YANOUT-> 2, VDD- VDD,

TEMPERATURE-> TEMPERATURE)
port map Q1910..QN,199..QNI9O...Nqopen,11QN);,

1911: dff..pedgjrbar
generic map (QYFANOuT-, 1, QN-YANOUr-> 1, vDD.c' vDD,

TEMPERATURB-> TEMPERATURE)
port map (J911QNJ91O..QNJ905YNq9j911..QN);

end struct:
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vsenSTDhStanddjAf
uwe WO&UbbALbe .
us- o wtx~em.constBan U;
Us wwrLgemdekYsA11

- Ibis b One 13 supg ripple couwit module used in dke PRC-70 395 chip-

entity rctrj13stwg b

generi (q13.fanout hftqur
VDD. red;
TEMPERATURE redt);

port (clk13,resI3: in bit;
q13: out bit);

end rcrj13stage.;

arcbiicturu smiuct of rctr_13stWg is

component ~d&Aedjw
generic (Q..FANOIMfl intager. QN-YANOUI'.intager.

VDD~rea! TEAEAEkMlErcst);
port(D:* in bit;

CLK~ in bit;
RESBT. in bit;
Q: out bit;
QBAR' out bit);

end Component;

Coll ponent tx~buff
generic (DELAY: PmANOI ntgarVDDruad:

7EMhNATUR~R=I
HD..BUFF..TABLE:ceLvaluesmwegLWblesJAhbLbuf~a);

pod Q4Pt~f in bit;
OUWTPUP out bit);

end comnponent;

component 1etv
gene&i (DELAY~ftOANOrDintegcrVDDrav4;

TEMPRAIREjual;
lNVTAKE~ceBLvalumwcukw~xtbbLinvjabl.);

port (DWNPUf in bit;
OLTIPLrf out bit);

e nd oponent;

signal VCC: bit:-'1';

signal UND: bitm '0';
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signal I Q.13OLQ, i3 l. bit;
9l" 1 11302-.Q I13(MQN: bit4
signal 11303..Q, 11303_QN: bit;
sina 11304-.Q, I1304QK: bit;
sina 11 305-..Q 11 305QN bit;
signal 11306-N. I30731 bit;
d"na 11308..Q, 11308-QN: bkt
signal 11 309-Q, 11 309.QN:. bit
sigal11310LQ,11310 N..Ql bit;
signal 11311...Q, 1131l..QN:* bit;
signal 11312Q, 11312Q.QN W4t
signal 113 13..Q 113 13W.QT W4t
sigal113 14.Q, 113 14W.Q bit;
signal113 15-Q,1134IS.QN W4t

for all: dff..pedg-rb osn entity watdfiedg..rbw(svuc);,
for all: hmbuff use entity wo&.Wbff(bebavIasul);
for all: inv use am*k war~Icv(be~vicxal);

begin

11301: dff-pedLdrsr
genari map (QFAl4OUT-> 1. QNt.PA~IOUT-> 2, VDD-> VDD,

port map (11301LQN4clk3,1130 ,opN flJ301_QN)

11302 dff-ped~tbs
gene&i map (Q.YANOVT.> 1. QN.YAXOVTuL> 2, YDDw> VDD,

Th1MPERAURB.> TMPERATURE)
port map (11302..QW,130l..QNJl3O7j-,a 1,nJl302..QN;

11303: dff-pedLztUr
generic map ((Qo FANOUT-> 1. QNYANoUT-> 2, VDD..> VDD,

TEMERATURE=> TEM~WATRE
port map (11303...QNJ1302..QN1l3O7tHiagpeJ1303..QN;

11304. dff-peodLAu
geneuic map (QYFANOUT-> 1, QINCFANOUTh-> 2, VDD.> VDD.

TEMPRATUEw> TEMPERATURE)
port map Ql1304QNJl303-QNJ13O7JMnJ1304.QN)

11305: dff-*dLrboez
genrmic map (QYANOIUTu> 1. QN-YANOUfl.> 2. VDD.L> VDD,

TSPRATUREw> TEMPRATURE)
port map Q11305..QN.11304_QNJ1307J1,opemjl3O5j)N);,

11306: inv
greneic map (rDELAY-Al as, FANOLJT-o 1. VDD->VDD.

TEMPERATURE->I TERATUMt)
pout map (resl3, 11306-N);

11307: ld-buff
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genai map (PPLAY-0-1 iii FANOUTca. 13. VDD-oVDD.

pact map (11306Y. 11307..N;

1130&- dffPdL*W
enmic MVp (QJFANOUT-N 1, QNYANW40UT- 2, VDDCp VDID,

TEIM~n~m>TEWRMF9A RE)
pmrt mWp (1130OLQNJ13O5-QNJ1307y~pJ1306..QN);

11309. dff-p~WL
puiuk map (QJPANOUT-, 1, (NJANOUT-. 2, VDD-> VDD,

pmat map (11309..QNJ1308LQNJ13O7YNopen,1309..QN)

genoic map (Q..PANOUT..> 1, QN.YANUT-~> 2, VDD-D VDD,

port map (1131O..QNJ1309..QNJ13O7fiNapuI,31O-Q..Q)

11311: dffpedg.r,,w
Smnoic map (QYANOUT-> 1. QN-YANOUTJ> 2. VDD- VIDD,

TEMPRATUEM~>TEMPERATURkE)
port map (113 1LQNJ131O..QN,113O7JopsnI131LQN);

11312: dftjpedLjbm
gimic mVp (Q...ANOUT-> 1, QN-YANOUI'h 2, VDD-> VDI),

IMIfERA7UREB> hMPMRATURE)
port map (11312RQNJ131LQNJ13O7JNAren,1312..QN;

11313: dff..edýrimw
gmaic map (QYANOUN'> 1. QN-)ANOUT.> 2. VDD-> VDD,

T~GfMUlw EVUM
port map (11313_.QN,11312..QN.11307Y4NenJ1313..QN)

113 14: dfl-pedgjtmr
genaic map (QYFANOIJT-> 1. QN-YANOUT-> 2. VDD-> VDD,

WRMEL4UR.> ThMPRALTUE
port map (11314...QNJ1313-.QNJ1307J1NomJI314-.QN);

11315: dft-pcdgjtar
panmic map (QYFANOUT&> 1, QN..YANOUTu> 1, VDD=> VDD,

7EMPERAIURE.s> 3hPRAIVRB)
port map Q11315-QN,11314...QNJl307YN4 13J1315..QN);

aid sbtrc
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-um STD.Standard~aII;
Iibruy gemlib;
use geinlib.tables~All;
use garnlih~gern-onstants~all;
use Semlib.gem..delays~all

entity r-.trjlgstage is

generic (qlgjanouL integer
testlockjanout: intoger;

teswouqtpu-anout: integer,
VDD: real;
TEMPERATUIRE: real);

port (cikis, resiS: in bit;
q18, testclock, testoulput: out bit);

end ictrj8stage;

architecbir st~ct of rctr_.18stage. is

componut dffpedgjbar
generic (Q-FANOU1': integer, QNYFANOUTP~integer,

VDD:mda; TEMPERMUlREatal);
port (D: in bit;

CLYL in bit;
RESET: in bit;
Q: out bit;
QBAR- out bit);

end component;

component hdjbuff
generic (DELAY.*tine;FANOU7'itegwrVDDralW;

7ENOERAMUREmral;
HDBUFF-TAB :celi~yalues~mgemlb.tables.hd buff-table);

port (INPtITP in bit;
OflUT:U out bit);

end component;

component inv
gameic (DELAY-.timne;ANOLrntgerVDDreal;

TMOERATURB:real;
UNV..TABLE:ceil..vaues:=gemlib.tablesinvjablet);

port (MVPIf in bit;
OUJTPLrfl out bit);

end component;

signal VCC: bit:= 1l';
signal GND: bit:- '0';

signwl 11801..Q, 11801..QN:- bit;
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signal 11802..Q, 118M2.QN- bit;
signal I1803-Q, 11803QON: bit;
signal 11804..Q, I1804..QN: bit,
signal 11805.Q, I180BO.QN: bit;
signal 11806Q. 11806QN: bit;
signal I180F7..N, 11808!: bit;
signal I1809_y: bit;
signal 118 0...Q. 118 1O..QN: bit;
signal I1811...Q, 11811..QN:- bit;
signal 118 12Q, 118 1Z.QN:. bit;
signal 11813..Q, 11813W..QN bit;
signal 118 14_.Q, 118 14_Q..QN bit;
signal 118 15..Q, 118 15..QN. bit;
signal I1816-..Q 11816 W..QN bit;
signal 118 17..Q, 118 17W... bit;
signal 118 18_.Q, 118 18W... bit;
signal 118 19..Q, 118 19W... bit;
signal 11820..Q, 11820..QN- bit;
signal 11821..Q, 11921QN: bit;

for all: dff...pedg-rbar use entity wogktffW.pedgjrbar(sirt);
for all: hdjbuff use entity gemlib~hdbuff(bebavioral);,
for all: inv use entity gemlib~inv(bebaviosaI);

begin
11801: dff..pedgjrbar

genetic map (QYFANOUTrn> 1, QNFANOUT-> 2, VDD=> VDD,
TEMPERATURE--> TEMPSRAFUIRE)

port map Q11801_QNJ1807..NI1808N~openJOLQN);

11802: dff..pedg-rbar
generic map (QYFANOUT=> 1, QNYFANOUT=> 2, VI)D=> VDD,

TEMPERATURE.> TEMPERATURE)
port map g1I02QNJ1801..QNJ1808..flen,1802.QN);

11803: dff..peddrar
generic map (QJPANOUT-> 1, QN.YANOUT=> 2, VDD-> VDD,

TEMPERATLRE--> TEMPERA-TURE)
Port map (I1803..QN,1802-QNJ18O8J~en~11803..QN);

11804: dff..pedgjrbor
generic map (Q.YANOUT=> 1. QNJFANOUTi.> 2, VDD=> VDID,

TEMPER'ATURE-lfl> TEMPERATUJRE)
port map (1804-QNJI1803ýQNJ1808YNopenJ1804...QN);

11805: dff..pedgrbar
generi map (QYPANOUT-> 1, QN.-FANOUT-> 2, VDD=> VDD,

TEMPERATURE-> 7EMPEILATURE)
port map~ (I I ...QNJ I 8%4.QNJ I SM-Nopen. I80S...N);

11806: dff-ped&-rbar
generi map (Q..YANOUT-> 1. QN. FANOUT-> 2, VDDo> VDD,

TEMPERATUIRE-> TEMPERATURE)
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part map Q1IS06.QN,118S..QN,118-o8pnj18O6-QN):-

11807: imv
generic map (DELAY-.>I ns, FANOUT-> 1, VDDw>VDD,

TEMPERATUREU-> TEMPERATUE)
port map (cikI8, 11807$);

1180M: hd..buff
generic map (DELAYzol ns, FANOUT.> 18, VDD.>VDD,

TEMERATURE->TEMPERATiRE)
part map (realS, 10.N)

11809- myv
generic map (DIELAY=>1 ms FANOUT->l, VDD.->VDD.

TEMPERATIflfl ThE4PE~LCRE)
port map (11812,-.Q, 11809J4;

1181(0 dff-pedLjAr
generic map (QYANOUr-> 1. QN-YANOUT-> 2, VDD-o VDD,

TEMPERATURE=> TEMPERATURE)
port map (11810_.QNJ1806...QN,I1808YNapen,11810_QN);

11811: dff..pdg..bm
generic map (QYFANOUr=> 1, QN YANOUT=> 2, VDD= VDD,

TEMPERATURE.> TEMPERATURE)
part map (118I1QN,11810..QN,11808J-,cpenjI81L ON);

118 12.- dff..pedrIla
generic map (QJYANOUT-> 2, QNFANOUT=> 1, VDD= VDD,

TEMPERATURE-> TEMPERATURE)
pamt map (11812LQN.1181L-QNJ11808yJ1812_QJ1812LQN);

11813: dff..peg...Ius
generic map (QYFANOUT=> ftasou~putfmout, QN.YANOIUT-> 2, VDD-> VDD,

TEMPERATURE-> TEMPERATURE)
part map 011813_QN11S09YJ~fl808JJ,tesutputjgl83-QN);

11814: dff...pedgjrbar
generz map (QYFANOUTrn> 1, ON-YANOUT-> 2, VDD=> VDD,

TEMPERATURE-> TEMPERATURE)
port inap (11814...QN,11813...QN,1808YNcpen,1814_QN);

11815: dL...pedg.rbar
generic map (Q...ANOUT=> 1, QNJFANOUT-> 2, VDN-> VDD,

TEMPERATURE-> TEMPERATURE)
part map (11815_.QNJ11814..QNJ1WSY1,open,118l5.QN);

11816: dff...pegsba
generic map (Q....ANOIUr> 1. QN-yANOUT=> 2, VDI).> VDD,

TEMPERATRE.E> TEMPERATURE)
port map (11816.QN,11815j)N,11808$,oeJl8l6-QN);

11817: dff..pedg-rbar
generic map (QYFANOUr-> 1. QN-YANOUT=> 2, VD~m VDD,
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TEMP. A41Uflfl TMRPERATURE)
port map (11817..QN,11816_.QN,11808Yopem,1117_.QN);

11818: dffj-egfibr
generic map (Q..FANOIUT-> 1, QN-yANOUT-> 2, VDD- VDDi,

TEMPRATRE>TE MPfERATJUR)
port map (1181&-QN,11817..QN,11808YpN,11I818_.QN);

11819: dff..pedgjimr
genetic map (QYANOUTm> 1, QN-PANOUT-> 2, VDD-> VDD,

TSMPSATURE- TEMPERATMR)
part map (11819...QN,11818QN,18o8.yN~pel8l9_QN);

1182D. dffpedgrbar
generic map (QYFANOUyrm> 1, QN-yANOUT-r. 2, VDD-> VDD,

TEMPERATURE-> TEMPERMUTRE)
port map Q1820-QNJ1819-QNJ1808BopNmJlS2O..QN);

11821: dff...pedrbor
generic map (QYANOur.> qlg-janut. QNyANOUTJT> 1, VDD-> VDD,

TEMPERATURE-> TEMPERATURE)
port map (11821..QN11820..QNJ1808!,q1SjI821QN);

testciock <= 11S12..Q,

end sbuct

use work~tables.aUt
use work.gm...constants~aI;
use work~gem.delaysia1

Structura VHDL descripion of Ow CHP131 for
thde PRC70 Radio.

entity CHP131A is

generic (TMPESRAfJREareal;
VDD-a1);

port (PRCF~inbit;
DIRL-inbit
EXDISNtinbit;
IZRSE:inbit;
HOMB:inbit;
EXEC~inbit;
SEMT3tinbit
RLEGFP~inbit;
PUSEIkinbit;
MOrDSAMFNinkbit:
LC-MD~inbit
ENPCML-inbit
ENFIG:inbit



PSU10-inbit;
DNE.1nbit;

BNEusdinbiLveceg( downto 1);
LULN:outhit
RLEG:oubki;
RSTSW-.outbit;
PNRX~oubit;
SENS:outbit;
P8NI&*tbi
P4N-outbit;
P2N~outbit;
PIN-outhit
RRBUS:oulbit~.yecto downio 1);
PRBUS:OutbLvectocg3 dowrno 1);
PHSEN-.outbit);

and OIP131A;

architective s=2z of chp13 la is

componentcmosjn
generic (DELAY tmeFANOUrmtgVIDreaL

TEbffE&ATURExe~;
CMOS&NCTADLE:cd~value&ý.wctables.cmosjn ta~bl);

port (INPUT-in bit
OUTPU1'outbit);

end component;

component cm064nd
generic (EAY dmeFANOUr~ger,.VDD~reaI

TEbWEAUExW;
CMOSYPAD-ABLE:cil~vaues =woxdtablestcmos-.pad-table);

port (INOtMfin bit;
OUTPUflout bit);

end component;

component ouLbuff
generic (DELAY-ume;FANOt~ntgm1DD~reaI

TEMPERATUMEnd;
OUTBUFR.TA lE:ceb..vahie:=worLtable~ouc buff tabl);

port (INPUTin bit;
OUTPtLflout bit):

end component;

component cmosL.5.vout
r~eiLc (DLAY.timeFANOU1~im ger;VDD~eu1

TENMRATLUREna
CMOS..SVOUT-TABLEccuesdmwogrLtmbes~mos5vouttable);

port (JNP¶Yfin bit;
ISN:in bit;
OUTPtTflout bit):

end component;

component inv
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generic (DELAY~tmwFANOtMgutwVDD=&%L
TENM9RATURB~d;
NV-TABLEZ~wILuvualw o&tble~nv...bb);

part (INPU74n bit;
OUTFLlncuE bit);

enA component;

cmiponlenta M2
ganac (E)AYtiimeFANOU7nintew-VPDDre*

T1WRM9A1UREad;
AND2_5ABL~onLvsluem-woruWuidmCjbbe);

paru(INFUIhin bit;
RNPUT2.i bit
OUTPETlout bit);

aid component;

a 4M onent arks
renaic (DBLAY~twrFANOU~igt.rVDDmak

TE&9RATURE=&L
AND3-TABLL-clLvaluta-wwk~tbkLesMnd3..bb):

part (INUW1:ln bit;
lNGrr2:in bit;
DOL~PTin bit;
OUTPMfl.itbit);

and ompwwatn

coINponent naiid2
geneic (DELAY~tew;ANOUnin qer, D AYdwne- 0 fs8
VDDRA1VMPRATLUivl

NAND2_TABLLcoU~vauem-woesjimd2.Wb0s
Port (INPUT:in wit;

INPU~in bit;
OUrPMnout bit);

wndcomponent;

coisipcwent nand3
generic (DA~=FNU~n~~7)LYtm O ft,
VDDLd;7MFERATJExuiw

NAND3JTABL1&ceiLvaluec-wa*Ak amWtabuud3.ubke);
part (INPLIrin bit;

DNPUT~in bit:
IN&Mrin bit;
OUTPtUflout bit);

and component;

component nac
generic DIELAY.WinFANOUT~infteaaU ELAY~tiane- Ofir.
VDD.aaT~hJRAEM~ftal:

NAND4-TABLE:coet~value8nwok.Wblesjnu4jabbe),
port (DINPLIT:in bit;

DNPU-in bit
INPUT3in bit;
NINPT4:in bit;
OUTfPUP~out bit);
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end component;

comnponent nor2
generic (rELAY-.dme PANOU? gerflt1ThEIAY-.tueo- 0 fs;
VDD.7rEbIn)W7UREm.I

NOR2jTABLE-.ceILVduSWMwatd,)essor2..Wb);
poirt (INPUT:Lin bit;

DWMr-in bit;
OUWPLfloaa bit);

endcomponent;

component nor3
gameic (DELAY.-dmFANOU?~jneegerIWlELAY.diu:- 0 fs;
VDD~eslI11MPERATURrEill

NOR3JTABLE:cedLvalue-wwk~table~ncr3jable);
port (INPUT1:in bit;

INPUT2hin bit
DINPUT.- bit;
OurPUPlout bit);

end capmpwnt;

component no.4
geamic (DELAYdme;FANOUfintegerINIDELAY.time. 0 fs;
VDD-rk7M PEPRATUR~rnI

NOR4-TABLE-cdiLvual~mwogkabkesJor4..Wb*);
port (2NPUT1:in bit;

INPUT2in bit;
JNPUT3:in bit:
INPU4-n bit;
OLTrPUI%.out bit);

end component;

component exer
generic (DELAY-me;FANOUT-irnegerVDD=&t

TENMPERATUR=Wea
EXOR.TABLEcc~auem-wo~tdabls.or-tabl);

port (DNPUT:in bit;
2NPUT2:in bit;
OUrhP~rout bit);

end component;

component dffjped&tbsr
generic (QFANOoritger.QN -ANOtrflinteger;
VDD:rakL-TES2RATUREvreaI;

port (D:.nbit;
CLK-inbit;
RESEI.inbit;
Q~outbit;
QBAR~outhit);

end component;

component up5ctr
generic (A-FANOUritegewBJ-ANOiThjiftsgr,

C..YANO~rmwgwaD-NOU1'Anfe,-AOUflint w,
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VDD.-rea~l;hUffBRAURELread);
port (CLK.1inbit

RST~inblt;
A.*outhit
B-outbit;
C~outblt;
Dkoutbit;
Roud~it);

end component;

COMPOnent -y~
gameic (A-AYANOrin wB-ANO U~finmeger,

C-YANOUThinegurD.YANOIY.irezCM-ANOUr-ineiegur
VDD:eatIEWMERATIUREL-rem);
port (CULdribit

TJF-.inbit
RSTflinbit;
Clinbir,
A.inoutbit;
B-outbit;
C~outbit;
D:outbit;
CO-outbit);

and comnponent;

componet aor
generic (A0..FANOU?~biegerDOJANOUflinteger,
CO-jNI~newD.YA~D .. NoUr.integerx
VDDrnJ;,TEhfMPAIURE-rea);
part (Al, A2.-in bit;

B1,B2:in bit;
C1,C2d.n bit;
DI, M~in bit;
KI,K2Min Wit;
AO. B0, CO. DO~out bit):

and comnponent;

signal VCC: bit- '1':
signal GND, bit:- '0';

signal 1909.0, 111910 9.l0-, 1912.9. 1913-.bit;
signal 1915-.0, 1916.0, 19170, 1918...blt
signal 1919.0, 19200.,19210...O,19 ..0 1923 j):bit;
signal 1151-O, 152..Q, 1152...QN, 153.0, 1154-.0 it;
signal 1155-0, I156-0,1157-0, 1158-.0, 1159..0:bit;
4inal 1160A.. 1160-B, I160..C, 11603), 1160..CO-.bit;
signal 1161lA. 1161B. I161-..C 1161..D, I16LCO-bit
signal 1162.A, 1162B., 1162_.C, 1162..D. 1162_.C(>bit;
signal I163-..Q 1163..QN, 1164Q..Q 1164..QN, 1167..0.it;
signal 1168.0, 1169..., 1170-0., Ii? 1-...1172J>.-bit;
signal 1173.0, 1174_.0, 1178_0, 1179_.0, I180.S0.bit;
signal 118 L-0. 1182-. 0,183-.0, 1184..0, 1192..0:bit
signal 1193.0, 11950.., I197.0, 119S0.0,1199O..bit
signal 1200.0, 1204.0, M-0..0, 1209-.01210..0-bit
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sOpal 12110.0,122.01213.O, 1214O, 1215-.0:bit;
signal 1216-0,1217-0,1219-0,122-09, M220.bit;
signal 1222-.0, 1223-., M42&0, 1250...O f26-..0bit
signal 1270.9,1228. =-2., M2-0., 196Skbit;
signal 1962-.9,1963.01964-0, 1196-..0bit;
signa 1966-0,1967.9, I7O&Q V70.QN, 17L-Q~bo
signal 7I7QN, 1720.0 17Q, 17&QN, 194ft.bit
signal 14 1-., 1420..0,143-0, 104.9 145-.0,1460..0Wt;
signal 147-0, 14-0, 156-.9,15.0, 16L2., 163-...bit;
signal 164-.0, 124-09,125.012609,127-0, 140L0.bk
signal 14-k 14-..D 14-.C, 14-0. 14.J:bk;
signal I5..A, 15-B, 15-..C 153), 15..Ebk;
signal 16..AO, 16-..BO 16.CO, I6..O.Dbit;
signal 17-A, 17-B. 7-C. 17-.D, I.EL-bit;
signal I6L-Q, I6L-QN, 17709, 134-0.bht
signal 12068., 1200, 120700, E7Lftit;
signal 12072.9,12079, EW04.0, Z205..0>bit;
signal 12076-., M1207.. 12 -06.,1206L_0,bit
signal 1202...V, 1064-0O, 12 -06., MM0.Obit;

for alk-cmnos-M we entity woikconotsjn(bekisvion1);
for allkcmnos..pad use entity ww~mosjd(behxvioral);
for alkout..buff use entity wwkout..buff(bdiaviosal);
for alkcmos..Svout use entity wvi~ios...Svoutabehayioral);
fir aLkinv wue entity waxkjnv(behaviauu);
for alkand2 use entity wokxwd2(bebvical);
for stiand3 use entity wwk~and3(behaiora);
for alknand2 use entity wodamfl~beaviorml);
for alk-nand3 use entity workunand(betaviong);
for alknand4 use entity wcjxkIan4(belaviosul);
kgr alkno.d use entity woduxwv2(tbelivicwal;
for alknor3 use entity waikjno3&belvior&Ia);
for alknor4 use entity woikjboM(bvhavioral);
for alkexor use entity wowk~exor(behaviomO1;
for allkdff._ped&.rba use entity wok~dff..pedg..rbzmht);
for SaLkupsur use entity WOk&UPSCU(struct);-
for alksynkcr use entity wotksyn~ctr(struct);
for alkair use entity wvokwao(swxut);,

1923: cmos..in
generic tnap~ (DELAY=> I us, FANOUT=>3. VDD.>VDD,

TEMPWERATJ~ >ThMPERATLURE)
poit Map (FRC7R, PM2-O.);

1922. cmios-in
generic map (DELAY-> 1 ns, FANOUT"8, VDD->VDD,

TEMfPEP-4URE->ThbnSATLRE)
port map (DIR M9220);

as



1921: cmosjin
generic map (J)ELAYuD- 1 m., FANOUr.2,ý VDD.>VDD,

WEFRATUEW7EaWTRE)
port map (EXDISN. 1921L0);

1917: cmaejn
generic nap (DELAY.> 1 m.,FANOUT->2, VDD.>VDD,

TEMRELThMP>EMERATURE)
port map (CRSE. 19170);

1918: CMOu-in
generic map (DELAY-> 1 m,6FANOUT.>l, VDD->VW.,

ThERPLABR.>TMPELA1URE)
pan map (HOME, 1918-0);

1919: cnmojn
genetic map (DELAY-> 1 mm, FANOUT-4.> VDD->VDD,

TEMEL.>TUREM ERAIL4URE)
part map (EXEC, 1919~.0);

IM2 cios-jn.
generic map (DELAY-> I m., FANOIUT->2, VDDw>VDD,

TEMPER.A>U]M3FTEERATURBE)
port map (SETDMR 192M-0);

1916: CMOs-n
generic map (DELAY=.> 1 mm, FANOUTm>1, VDDU>VDD,

TBEMERATURE->TEMPERATURE)
port map (RLEGFF, 1916-.0);

generic map (DELAY.> 1 ms, FANOUTm.3, VDD->VDD,
TEMPERA2TJRE->TEMPERATURE)

part map (PULSEI, 1909-0.);

1910: CMOsjn
genetic map (DELAY=> I ms, FANOUTN>1, VDD=>VDD,

TEMPER-ThMEmRE~WUlURE)
pant map (MODSAMPN, 1910-0);,

1911: cmnos..in
generic map (DELAY=> I mm, PANOIUr->2, VDDw>VDD,

TEMPERATURE->TEMPERXIURR)
pant map (LCMD, 1911.0);

1912: cmos-jn
generic map (DELAY=> 1 ns, PANOUT6>2, VDD.>YDD.

TEMEATURE->TEMPERATURE)
pant map (ENPCM 1912_.0);

1913: cmosjin
generic map (DESLAY.> 1 zm, FANOUT->2, VDD->VDD,

TEMPERATURE->ThMEPATURE)
part map (EMPIG, 1913-0.);



1915: ioj
generic namp (DELAY.> 1 m. FANOUTw.>1 VDDw>VDD,

ThMQ9RA1hRE.>TEMPflATEURE)
pWr map MFIE, 1915-.0);

1151: mnv
generic map (DELAYu> 1 en, FANOUT.>1, VDDm>VDD,

Th1FERATr1URE->1SWEATURE)
pm mVp (1919-0,1151-0);

1152' dff..peftgjbe
gawkri map (Q)FANOUIN>1, QN-FAN0UT->1, VDD->VDD,
TEMR9RATUIRE.>IEhERATURE)

port map (1152..QN, 1919-.0,1918...., 1152..Q, l15n..QN);

1153: nor3
genetic nap (DELAY.> 1 en, FANOUT.>1, VDD~m>VDD,

TEMPERATURB.>TEMPERATURE)
port map (19210, Wl9...0, I156.0, 1153.9);

1154: wo3
generic mV (DELAY.> I as,FANOUNw>2, VDDft>VDD,

port map (11370, 1209., I921_.0. 1154_0);

115S: inv
generic map (DELAY.> I en, FANOUTuo-1, VDDw>VDD,

TEMPRAEI->TEMPEATURE)
port map (19 180, 11S550);

1156- eor
generic map (DELAY.> 1 en, FANOLUTa>13. VDD->VDD,

7EPRAlREm>IEMPBRATURB)
pant map (1152-.Q, 19160, I156-0);

1157: inv
generic maV (DELAYmo- 1 as, FANOUT=>9, VDDwm>VDD,

TEMPRBUREB-AEMPERATURB)
partmnap (11%_0, I157_0);

1158: nand2
generic map (DELAY.> 1 en, FANOUT>1, VDD->VD1),

TEMlqMAURE=>TEMPERAI1JRE)
port map (1920.0,1157.0,11580.9)

1159: nand2
generic map (DELAYu> 1 us, FANOUT=>1, VDrlm>VDD.

TEMPERATURE->TEMPERATURE)
port map (11 56-0, I9200, 1159.0);

1160- syn4ctr
gentric map (A-YANOUT->S, B-YANOUTV.>2 C_.FANOUT.>:5,

ID-YAOUT->1, COYANOUTI'.>1 VIDD->VDD,
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port mVp (1153.0,192L2.91923., VCC,

1161: syn4ctr
generic map (A-)AN0UT-A'6 UJANOLIND-5 C...%NUTo>3,

D...FNOUT.->2. CO-YANOIUr.>1, VDD->VDD.
7BlTIlAU '"'1IR E-MPERATURE)
port imap (1154_0, 192L0, 1923-0, VCC,

1162. syn4ctr
genetic map (A-YANOUT->3, B-YANOUT->3, CJAN01UT->3,

ID-FANOUTm>1, CO,.YANOUT->1, VDD.>VDD,
'-:UERATERBATErBURH)
port map (11SL40.1922-.91923_0, 1161_CO.
1162.A, I16Z..B, 1162_.C, 1162D..D 1162.00);

1163: df.pedg..bar
generic map (QYANOUT.>1, QN..FANOOT.>1, VDD->VDD,
IW 1IV 1ýD TEMPERATMR)
port map M122.0,1158-0, VCC, I163..Q, 1163.. QN);

1164: dffWpedmba
generic map (QYANOtT1Im>1, QN.FANOUTu-m1, VDD.OVDD,
7EMPERATURE.>TEMPERATrJRE)
port mVa (1922..9, 115909, VCC, 1164_.Q, 1164_.QN);

1167: nor3
genetic map (DELAY*> I ns, FANOUT=>1, VDD=>VDD,

TEMMRATURE=A~lfMWAflRES)
port sna (1160-.A, 1160-B, 1160_C, 1167_0);,

1168: nand2
generic imap (DELAY.> 1 nsu, ANOUT=>1, VDDm'VDD,

TEMPERATURE..>TENIRLA3URE)
port map (1161-..B 1161A..A 11680..);

1169: nand2
generic map (DELAY=.> 1 ns, FANOUT.>1, VDDw>VDD,

T~E=TMPERATUMmIWRURB)
port map (1161-0,1161-C. 1169..0);

1170. exor
genetic map (DELAY.'> I en, FANOUT->1, VDDn>VDD,

TUEwPRTU>TEMPERATURS)
part mVa (19M-0, 1163...Q. 1170OX0)

1171: a=o
generic map (DELAY.> 1 ns, FANOUT=>1, VDD.'>VDP,

T~fTWUR1MB-IERATURH)
port mVa (122.0, 1164-.Q, 1171La);



1172.- nv
gonsti map (DELAY-> 1 ra.FANOUT1>1, VDD.>VDD,

M3PEJURBm>EPRA URS)
pmrt mop (11670., 1172_0O);

1173: no.2
generic map (DELAYu> 1 m. FANOJT-A1, VDDm>VDD,

TEMPBRATUR~mTEM RA1TUE)
port map (1169_0.. 1168-.0,1173-O...

1174: nand3
generic map (DELAY-> 1 maFANOUTE>1, VDD-m>VDD.

7EMP RTUREm>TEMP~lRA17R)
port map (1162-.C, 1162B. 116Z.A, 1174_0.);

1178: myv
generic map (DELAY> 1 m FANOUr.>1, VDD=>VDD,

port map (I 1730.1., 178_0.);,

1182. nod2
generic map (DELAY=> 1 m FANOUTm>1, VDD.>VDD,

pomt map (1174..0, 1178_.0, 1182_0.);

1206: ouLbuff
generic mop (DELAY=> 1 s, FANOUr->1, VDD=>VDD,

TEMPRTURERAIVMPRAE)
port map (1162-..A 1206&);

12141: cmnos..pm
generic map (DELAY=> 1 nsFANOUT'>1, VDD.>VDD,

THMPL4UE-ATUEM.>WRE)
pmr map (1268., RRBUS(5));

1269: ouLbuff
generic map (DELAYm> 1 iw, FANOUT->1, VDDm'VDD,

TEMPERTURE> MA1URAI )
port map (1162-. ,12W9.);

190. cmosed
generic map (DELAY-> 1 m, FANOUTm>1, VDD->VDD,

TEMPRATRE>TEMPEATURE)
pmr map MMO. RUUS(6));

WlO:4 out~buff
generic mVp (DELAY-> 1 ns, FANOUTm>1, VDD.>VDD,

TEMPERATrJRE->7EMPERATJRE)
port map (I 162_.C, 1207(L);

1899: cmospM
generic map (DELAY=> 1 ms, FANOUTm>1, VDDu>VDD,

TEMPERA1TJRE->TEMNERATURE)
pofft map (1207.0 RRBUS(7),;
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12D71: ouLbuff
Pateric map (DELAY--> 1 mn FANOUm>i, vDD.>vDD,

WJRB1TUR->EM PELATUR)
port map (I16LA, M27L0);

19. cumenW
Pateric MWp (ELAV-:- IuM FANOUT->1, VDD.>VDD,

TERAMTURE->TMftGRAlM~)
part MWp (10L0, RRUUS(1));

12M-2 ouLbuIf
Pateric mop (DELAY-> I as.,FANOUJT.>1, VDD.>VDD,

TEPRTR-TE MPERATUEB)
port map (1161), M72-07),

1903: cmosWpg
Pateric map (DELAY-> 1 en, FANOTJT->1, VDD->VDD,

TEMPRATURB -o.>EMPERATURE)
port map (120720, RRflUSC2));

1207: out~btff
Pateric map (DEAY-> Inas, FANOUT-'1, VDDm>VDD.

TEMERTUREAITJPERm)
port map(16LC. 1203.0);

m9: Cff=spW
generic map (DELAY=> 1 ns, FANOuT=>l, VDDm>VDD,

TEPRT URE>T mPTE~MPBJRE)
port map (1273.0, RMBUS(3));

2074: ouLbuff
Pateric mop (DELAY='> 1 en. FANour.>1, vDDUI>vPD,

TEMPERATUlRE->TEMPERATURE)
port map (116LDA um0740);

190: CMOSpad
centric map (DELAY-> 1 ins,FANOUr->1, vDD->VD

ThM[PERAUE>TEMPERATURE)
pan tamp (12404.0 RREUIS(4))-,

12075: ouLbulff
gPatric rap (DELAY-'> I en, FANOUT=>1, VDD=>VDD,

TEMPEATURE->TEMPERA41M)
port map (1160..A. 12075.T;

1906: cnmoeWu
gPntric map (]DELAY-> I en, FANOUT->, VDID->VDD,

TEMPRATUREP>TEMPLJR )
part ma (12-07.0 PRBUS(I));

12076: oot~buff
genci.w mop (DELAYm> 1 us, FANOUTxs>I, VDD=>VDD,

TEMPRATRE>TEMPERATURE)
port map (1160-.B 12076_0);
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5W0: cmnos-jad
generic map (DELAY-> 1 s, FAN0UT->1, VDDmOVDD,

TEWRATURB.> hJMATRE)
port map 10=6-0. PRBUSC2));,

1207: uff
generic map (DELAY=> 1 ms, FANOUT->1, VDD-,IVDD,

TRh ERTRE->Th MPERATURE)
Port map (1160-.C, 12-07.O);

190: CMOs-pad
generic mop (DELAY=> 1 ns, FANOUTm>1, VDDn>VDD,

TEMPEATURE.>TEMFEL4TURE)
port mop (1207..O PRBUS(3));

generic mop (DELAY=> I ns, FANOUT->1, VDD-OVDD,
TEMPERATURB=>IEMFERATURE)

Pon map (1160-...A 1'92-0.);

1195: nand2
generic mop (DELAY-> 1 ns, FANOLUrs>1 VDD->VDD,

TEMPERATURE->TEMPERATURE)
port map (1192_0., 1160_.C, lt95_0);

M2~almo2
generic map (DELAY-> 1 ns, FANO.TF=>1, VDD->VDD,

TEMPERA11JRE[->TEMPE1RA1JRE)
port map (1195-0. I160-C, 1200-0);

M20: and3
generic map (DELAY.> 1 ns, FANOUT->1, VDDw>VDD.

TEPRTURE->TEMFERATURB)
port map (1200.0, 11603B, 11570, M-00);

IM06: out~buff
generic map (DELAY=> 1 ns, FANOU~m>1, VDNw>VDD,

TEbGVATh1RE=>hMFERATURE)
port map (1206., 12067-0);

1895: cnmos.pa
generic map (DELAY=> 1 ns.FANOU~m>1, VDD->VDD,

1TERAJLTURE-.>TBMPERAI¶JRE)

1198: nano2
generic map (DELAY.> 1 as, PANOLTI'=>, VDD=>VDD,

ThMP9iRAT!JRE->TEMPER.ATURE)
port map (C3ND, 1160_A, I198_0.);

1197: nand3
generic nmap (DELAY.>- I ns, FANOUT->1, VPD->VDD,

TEMPERTURE>AMPEATRE)
port map (1160A. 1160-B, I160...C, 1197-0);



12 mad2
generic map (DELAYum> 1 ns, FANOUT6>1, VDD.>VDD,

TEMMRATUREw>7TEkMATMR)
part map (1198_0, 1197_0, !204...O);

1962. cmos-in
generic map (DELAYm> 1 iv. FANOUT6>1, VDD->VDD,

TEMPERAURE->EPth ATMR)
pamt map (BNBUS(2),1962_0);

196: comosn
generic mVp (DELAYmc* 1 s, FANOUr.>1, VDD->VDD,

TEMPERATURE->TEMPUlAnWR)
port map (BNBUS(3), 193..0);

1964. cmms a
generic mV (DELAY-> 1 m.,FANOUTflmI1 VDD->VDD,

TEMPLCR~Em>W&WAURB)
port map (BNBUS(l), 1%4_0);

1965: inv
generic mop (DELAYm> 1 na, FANOtTm~l, VDD.>VDD,

part map (1960,1965.9);

1966: imv
generic map (DELAY-. Ilt, FANOUTm>1, VDD->VDD,

ThMP!RATRE->EMPERATURE)
part map (1963-.0 196..0);

1967: inw
generic mop (DELAYm> I a, FANOUJTm>1, VDD->VDD,

7ME~RATUREm>7EMFElKATMR)
part mop (1962., 19670);

1210. nand3
generic map (DELAY=> 1 as, PANOUTrm>1, VDD.>VDD,

TEMP9RAIURE->TEM lATURE)
portmup (1161-A.1161_.B, 1967.o, I210_0);

1211: nand2
generic map (DELAY-> 1 ns, FANOUT=>1, VDDm>VDD,

TEMPflATUR->E~TMFUlATURE)
port map (1161-A. 1966-0,121109);

1212.: nand
generic map (DELAYmc I ns, FANOUT=>1, VDDn>VDD,

ThMFERJTREm>7EMFERATURB)
port map (1965-9,11613, 1161..C, 1161..A, 1212-..0);

1213: nwAn3
generic mop (DELAYmcu I no, FANOUTm~1, VD~mVDD,

TEIQERATURE.>7EMP~lAnWR)
part map (1212-.0, 1211-0.1210-0,1213-0);



1214: nor2V
genti mop (DELAY-D- 1 Wn FANOVI01. VDD-VDD,

part map (11-0.0,1213.0.1214.0)

1215: nar3
pwoic 1U9 (D.MAY-> 1 w PANOUTWl.'. VDD.-'VDD.

Pat m (116UC, 1161-, 1161-A, i15..0)

emeti OWp OKAY-> w, RMNC1624. VDD->VIDD,

Pon1mw ..CC, 116U.. 116LA, 1161-..D 1216-.

1217: uman
emei mow DELAY-D 1 in, WUJOLM-*1 VDD-VDD,

pot mW (1216-0,1215.0. 1217-..0)

1219: Inv
gmuk. mow (DAY-o- I P. FANOL1o2. VDD-:VDD,

TEMPEU [R boTEMFURA'JR)
pact mwp (39., 1219-0);

generic map (DELAYm. I1n, FANOUT=>1. VDD.>VDD.

port mWp (1219-.9,12R0..0 W-.010. ML);

M22: nod3
generic mVp (DELAYC. 1 as, FANOUTN>1, VDD->VDD,

TEWPERAUE ->T1EMPRA11JRE)
port MWp (1219-.0 1490. 12040.0 122L0)

12M2 nand2
generic map (DELAY=> I m., FANOLTr=>1, VDD=>VDD,

TENWSRATURE-TEWERATURE)
port map (12200, 11560. 1222.0);,

1223: nand2
generic mop (DELAY-> 1 in. FANOUT.>1, VDD->VDD,

TEMPERATURE E.MMWRBTM)
p3ort mop (1221-0,1157.9, 1223..0);

1224: rPv2
generic rmap (DELAY-> 1 m. FANOUIT=>1 VDDn>VDD,

T~bfM V~~lRE->rnoEbAW uRB)
dporip(1217-. O11570 ,1224_.0);

125: nar2
eseti aW (DEAYu>, 1 ins PANOUT-c'4, VDD.>VDD,

9tQ3ATURE-mTuesATUR)
part mv (115&-0. 1172.... 1225Y.9



-ow mup (DE.AYsop 1 en, FAN?~r)ur.I, VDmoVDD,

por ow (z222.0,23.0, m26...0

gm*I 9M (DAY-. 1.,k FANO~bo.o1 VD~moVDD,

po maq (M224.0,122.0 m27-.0);

Poe&c Eq (VILAYmoo Iu w RANIIN, VD~mcVDD,

puft c (Eq ffAco. wm FAI~MUNP1 VDYDDVM
I~ MMAURBThMUFIAn3)

pmt am (12230,12M60,1220);

Imifv-aw Eq (DEAY~ lm, Iw APMXFN~ol, VDDm.IVDD,
tIa IMUMS07hbflATMEU)

port map (1917-0. 123..);

EM O~ uLbu-ow Eq (DELAY-o I en, FA~XNOUwN, VD~moVDD,

part mm (1360. 1236L..);

1393: caos-W
generi mop(DILAYcD 1 m. FANOUFrsp1 VD~mXDD,

pmxt mop (1206..0 RLEG);

12061: ou~bff
gnrcmVp (DELAY-> mrn FANOUTm>1, VDD-VW,.

port mop (129..0. 126L0);

1894: cmospmd
generic mop (DElAYu>. 1 mn FAN0U7m,1, VDDwoVDD,

TEWERThREATUEATM)
pmrt mop (t206L0. LLIMN);

1179: nand2
genetic map (DELAY=> 1 mn, PANOUIT->2, VDD->VDD,

ThMEtGRUREI>7SMPEL4MU)
port map (1170-0, 1157-0., 1179-0);

I1190 nand2
genmrc mop (DELAY-> 1 ac FANOUT-:-, VDD-OVDD,

TEMP9RATURE->TEMFU~tATLRE)
pmrt map (1156-0.1171-.0 I180...0)
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generic map (DBLAY-> 1 usn, FANOUTWcI, VDD.,VDD,

part map (145J0, 1181-0);

1183: nara
gone& map (DW.AYm> 1 mrn FANOU16>1, VDD.>VDD,

1184: ncw3
smuri mnap (DRAY-a- I w FANOUT-D4. VDD-VDI),

TH M UEoT EMPMATu R E)
pxt map (1917_.0, 1181_0, 1183_0,1184-0),

1193: mad
pooki map (DMAYmo- I wrn FANOUT'm1, VDD.OVDD,

pat map (11800.0,1179-.0I193_0);

1196- =s2
pm m (DEAY-o, I w FA1IXT1w2, VDD-VDD,

part map (1199.0. 1193..0. 1196.0);

Pontc map (DLAYu> 1 a. FANOUT-A.2 VDVDDvm
TZMP ATRWa-T IMPML4MM)

pact mWu (1155_0, 1184-0, 1199.0);

somork map (DE.AY-> 1uw FANC ~m3 VDDO.VDD.

port mwap (M19.0 191 10.. fl0...)*,

194: mnv
gmudc map (DELAYu=' I u, FAN WN6m4, VD~mVDD,

port map (199., 194.0);

IM& dff-poftavl

pea&c uW (QYFAKNOU-o2 QNJPANDh4, VDD-,VDD.

pmt sup (VCC. 194-0,19100.0 ILQ, 1783QMO;

141: nor3
powe icmap (DELAYu> 1 u, FANOUNm>1. VDD.>VDD,

II ATR->D WMUE
part mapQ (1136_0, 1196_.0, 17LQ, 14 1-0).;

144: =.63
pekmaic np (I2LAYm> I m, FAIN)Ur.~l, VD~mVDD,

part map (1157..0, 1179-0,1912-..0,144..0k;



142.~ nod3
gawic mop (DELAY-> 1 w FANOUT->1, VDD-VDD,

MATRB ->UA MATRE)
port map (11570. 11960, M7..Q, 142.9);

143: nuid
asiwi nup (DELAYu> 1 w ,FANOUT'N-., VDDm>VDD.

TBMP9RATUAThIMR~ATRIR)
part mop (1156-.0, 94-0.011800.0 1430);

paulo uq (AJANOWru1, BJPANOUT.>1, CJPANOUIflho1
D-FANOUrwo~, EJAN40I~o.1 VD~mVDD,

UtATU 1wUhIPZRA2~URB)
part map (144-.0141-0, 14-.A 143, 14-.C. 14-.P 143O

15: uplr
,p I c mVp (A-YAN(XJTmW1. B..MMNU.,>1, CYAPq3Urcl.
D-JANGrwo.~ I..FANcNr-o1,. VDD-VDD,

port map (143-.9142_.0 13A. 13_.A 1S.C~ 15-.D, 153);.

145: nw2
gawic mW (DELAY-> I1a. FANOUr-:-l, VD~mVDD,

pmt mwp (143,153,145-0);

-hai map (AQJ*.NM".T-o3. D0..R41OJTuo3.
a).1ANOLJTo-3. D0)A?5X.T1o,3,

VD~mVDD, I .[-AME-o- 1TEM CM)
pwt amp (14_..A 113A. 14_.3-13. 14_,C~ 13_Q 14_D. IS_..D
1157-., 1156-.O 16A, 1630, Ma)C, ILDO);

rm auo
pal W (DELAY-: lI w FANW~-I. VDD.>VDD,

part map (1184_0. 171_Q. 172.0)

t7. dff-psdLAw
pludo map (QyPANOUWr-.~ C*4...NOUTsm.1, VD~ocVDD,

part map (VCC, to93, 172.0, 170Q, I7O-4)

171: dff..podg...d
paulo map (QJFANOUD*2. ANJN=T-u.4 VD~csVDD,

part map (170-.Q, 115O,1-0. MQ, 171_Q, 171_4~f.

154: man4
powk imW (DEAY-o- I w, FANOU-.fh1 VD~wVDD,

part map (16-M. 16_WO 16..CO, 16_MO 154_0);



M, now4
pneadc mqp (DELAY-- I1Wm FAN=t-r.2, VDD.-IVDD,

Ponl map (16..AO, 16-KO 16.0), 16J)X, 146.0);

163: inv
gnmti map (DELAY-> 1 m, FANOUr-o-1, VDD->VDD,

T~BA TMD 0-EMSlAT URR)
part map (1913-0, 163-.0);

164: iaui
pmedc map (DE.AY-o. I w. FANOUr-o2. VDD->VDD,

I MATURW--TERA TME)
part map M132-., 540, M64-0);

pawic rmp (DM.AY..> I u. WW1ýI, VDDa.-VDD,

part mop (1630, 1156-0.16s-0);

14: im,
pmti ma* (DE.AYm. 1 Wp RANU11%3, VDD.VWD,

uudc map (DELAYs.o 1 up FAICOJ'1M. VD~mvDD.

pai, uv (1460.0,56-0);

pimic mop (DMAY-D- 1 mi PAW1ol, VDfl>VDD.

14?: no&
gawc mop (M.AY-;- 1 ws PANWND1. VDD-cVDD,

I MM~MOTASWURE
pm ma* (161..QN, 1136-.0,3-09.0146-.,147_0);

pawri map (DRLAY". I PA FNIOTr..>2 VDP>VIDD,
I~ WATEUb-:TWMMAflhR

Pot ama (1620,1770. 1915-0.158.0);

jmad mip (Q.FANOU1o. QNJNOUr.,2, VDD-CVDD,

Pan mop (17.C, 1911-0, 1401O., 16LQ, 161i-);

1401: bw
pudc mVp (DEAY=:* I ws FANOU76p.l, VD~mVDD,

Pan mv (158.0, 140OL0);
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17: up5ct
gmwc tmop (A-2AN0IUTm>1, B-PANOUT4-, CJMNOUDuO 1,

D-PANOUT.>1, EPYAtNO1Tho, VDD-VDD,
T9PRDAThMkofiERATUR)

pmt tmp (147-0,1J58-.17.A, 17-8.17-..C 17-..D I?-&.

12A: nwWi
&me&w tmop DELAYucl I wm, FANOU~no4, VD1).VDD,

port amV (19 130., 16M. 124-0..);

VS5: nand2
gmaedc tap (DSLAY=u- 1 sk PANOUTu>1, VDD->VDD,

put mop (3913-.0,16-O 12S.-0);

12L man2
pawic aMo DEAY-> I Wm PANOUT-II>, VD~mVDD,

part mW (39 13-.0 T6j0 326..);

12: t2
gemrka"i. (D.AYuca I w, AMUTW->', VDD-VDD.

-.. ""Y- TWkMWATE
partVW(9 13-0, 16-M.A. 12-.0);

EM06: ouibuf
guasw .9 (DEAYmco I w FMWI'm=>1. VDD.>VDD.

'I OCR-MeRTI
ptht .9 (M7..QN. M)64..0)

Mo~. em-p
peak mV (D1AYm> I inMM~1od, VD~mVDD,

IM:6o:t-buff
',I .9 (DUAY-a w, PAMIUNP1. VDDmoVDD.

Put WAP (1640), 32-06.);

1391: CMws-.ps
Prd*~ .9 (DELAY-> 1 FANWU6t, VD~a~VDD,

part n.9 (1M6..0. PIX);

pnwkmop (DMAYm> Imw FAN WP.s-1, VDDmoVDD.

port .w (161A.Q 1206.0);

gewic mW D.AYw- 1.v, FANOUTu-1, VDD-VDD,
UL r -Tnvm~ATuR)



184:. emos..Svout
geami mop (DELAYso. I u. PANOUrno1,1 VDD*VDD,

pm mop (M40.0 MO11, PSN)

18M: cmotjVcpt
geamic mep (DW.AY~.~ 1 m PAN0U'Nm~1, VDDm>VDD,

TBhPMtAURmEbTB1PMR)
poutmapm(12L0mP5111 , PN)

pamtc map (UMAYmo 1 m FANOUTiNl VDNmnVDD,

potma~p (12.0P5110, P2N);

188: CMOIsjvow
Semac map (D9LAY=:o 1 muFANMUTmo1, VDD.>VDD,

part map (127-.0 PSUID, PIN);

andsoutu

an wodtubh~dt
amwksrILgemstobnatan~

use wokjm-delayiLd

-File which cofital the opmuing volugs WA OWMpuu
-- puamulu which the CHP131 chip is hlmulamAd at.lin
-pmrneuas we paind iD the CHP131.vhd1 ftb during simqkilc
-via the geneic maolnata.

entity chp13lImmod is

part (PRCTLI-i~t
DM~inbit;
EXDISN-.inbit
CRSElinbit;
HOME-inbit;
EXBC:inbit
sETXminbit;
RLBGM~lt;t
PULSEI~f
MODSAbMQ-Iinbit;

CMD-ciR~nbit;
ENPSniO~nbit;
P5UlOInbit

DNMUS:IrsLvecbo,( dVWMAo 1);
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PSNWuubh
PNN~ou~t

PMBUS'Oa*(Ltecbc.( dowMi 1);
PR~usmuf4 v* O dwmI;

mid chpl3laino

uthhbc~mr chPl3la of chpl3lumod b

copmtchpl3la

-mr (f EMEATREnal; VDD~d);

DMl~nbit;
EXDJSN-inbit;
aRS~dnbit;
HOMbbibl
EE~.iabit
SETDIR-inbit;
RLBGPP~inIt
PULSBI-inbit
MODAWN-tinbit;
LcM~anbit;

EPCflhnint;
ENPSIG~hinbai
PSUIO-inbit;
FEN~hiabit;
BNBUS:aNvectcr(3 downto 1);

RLEG-.outbit;
tSTISW..Owbt

SENS:outhit;
PON~outbit;
PNN.oudtbk
P2N.*outbit
PIN-.outbit;
RR.BUS.outbiLvccwx( dowmt 1);
PflUS~outbi~vectax(3 dowuto 1);
PHSEN.outbit): .

and component;

for All: chp13 la use entity wce~chpl3l&(stiuc:);

be&~



N40*chp13I&

PMn mop (FRCIR DEL, NXDSN.S, CM OME, EX2C,
Sff IMALOF PULSI, MODSAWN, LCU,

3PROM ENFSIG PSLJ1O, MC3,I, MM LLEM,0
RLEG. RSTSV1. PURX. SENS, PIN, FNN, P2N,
PIN, RRBUS. MRBUS, PIISEN);

end chpl3la;

we wodrbbLAU

- 'Tha Bench for the almulado of the CHP131 chip in
- dhe PRC70 radio.

entity ImsLchpl3la is
end asat.chpl3lsa

cthitecture tchpl3la of tesLehp131% i3

- input Signols

dsgnalHMEnLbit- '0';

signal MMISCbit:. '0';

signal HOML-bit. '0';
signal RIEGFPbita40 '1;
signal SMOLSBbiL-'0W.
signal MIODSAPNbit- 40';

signal MODPAFN.Rbt. '0';

signal ENPIG.-bit= 40';
signal PSUlO~bit. '1';.
signal FINB.,blt- V0;
signal BNBUS-.blLvecbol(3 downto 1):w "III";

- Output Signals

signal ILL1IAN-bit;
signal RLBG-blt- iASTSW-bit:
sigaIuP1MRX.bit;
signal SENS-.bit
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igan NR~bit;
dpul M-MMI

ulgua RRJUS.-bILvwcWo 6Mdow 1):
aigiu PS3US:blLvscsa.( dowut 1);
algud PI~BMNbit

- Sh~unlao Slip*i whA ichmulator uses to ewiN. doe
-. clocks ad to honini do. hnudmulu.

aigz.Ll:bkt
Mp. L2.Ntk
d1BdJ3INA~bit- '3'
sipia NPCIRA.,bit- *0':
alga STOP-.b:. '0';

component cbpl3lamod
port (PRCMRInbit

EDISN-nbit

CKSEiznbit;

mXC~inwi;
SETDI~nblt;
RLEGFF-inbit;
PULM.EInbIZ;
MODSAbM~lnbit;
LCMD[inbit
ENPC-idnbit;
BNPSIG:Inbk;
PSUIlalbit;

BNBUS~inbiLv~ecbx3 dowutD 1);
LUMNQ-ouiit;
141EOoutbit;
RSTSW-.oudki
PbmRXoutbit
SENS:outbit;
PBN~oulbit;
P4N~outhit
P2Nmotbit;

RRBUS:outbiLvectw(7 dowuto 1);
PRWUt..yLvctai(3 dowuto 1);
PHtSEN~outhit);

end component;

fbr DC: chp13 lunod useentity woikchpl3luuod(chpl3l1),

BNBUS<cm I4lw&att0 ti,



"011" aftr45800 ,lll" aftr46000 n,
"101" after 47000 s, "111" aft 47200 s,
"110" after 49000 M, "111" Afer 49200 0g

PRC <- 'T after 200as. V0 after 400 u,
'1' after 103U00 as, '0' afte 103600 s;

DIR <= '0' aft 52600 ns, '1' after 10380 ns,
'0' after 106800., '1' aft 124800 ns,
'0' after 125400 ns, '1' aer 12%5600 ;

CRSE <- '0' after 111400 ms, '1' after 136400 a;

HOME <m '1' after 111200 ra, '0' after 112400 us,
'1' after 124400 us, '0' after 126000 m,
'1' after 127200 ns;

EXEC <-'1' after 111800 as, '0' after 112000 ns,
'1' after 112600 ns, '0' after 112800 ns,
'1' after 126800 as, '0' after 127000 ms,
'1' after 136000 as, '0' after 136200 s;

SEIDIR <= '' after 110200 ns, '0' after 110400 us,
'I' after 110800 nS, '0' after 111000 w,
I' after 113800 ns, '0' after 114000 us,

'1' after 125000 ms, '0' after 125200 us,
'1' after 128400 ns, '0' after 12S600 ns;

RLEGFF <- '0' after 103200 us, '1' after 110000 mu,
'0' after 110600 ns, '1' after 1136}0 m,
'0' after 127400 as;

PULSEI '1' after 113200 m, '0' after 113400 ns,
'1' afttr 114600 ns., '0' after 114800 s,
'T after 115000 ns, '0 after 115200 ns,
'1' after 115400 us, '0' after 115600 us,
'1' after 115800 ns '0' after 116800 us,
'1' after 117000 ns, '0' after 117200 ns,
'1' after 117400 ns, '0' after 117600 m6
'1' afr 117800 ns, '0' after 118000 us,
'I' after 118200 ns, '0' after 128000 ,
'1' after 128200 ns

MODSAMPN <= '1' after 113000 us, '0' afte 126400 u,
"1' after 126600 ns, '0' after 127600 ms,
"T' after 127800 ns, '0' after 135600 ns,
'1' after 135800 us;

LCMD <= '0' after 111600 ns, '1' after 112200 us,
'0' after 116000., '1' after 116200 ns,
'0' after 118400n, '1' after 118600 ns,
'0' after 12620 m, '1' after 135200 m,
'0' after 135400 us;
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ENPSIGo '1" after 114200m, '0' afte 118M00 s,
'1' after 124600 ns

INE '1' aafre 114400 s, '0' after 116400 m,
'1' after 116600 um

LI ' after •o s, '0' after45600 us,
'1' after 47(40 us, '0' Vafte 48M0 us,
T aftr49400 m, '0' aftr 52400 ns,
T after 52800 ns, '0' after 103000 D,
1 after 104000 us, '0' aftr 106600 u,
' after 107000 s,'0' after 108800 raE

12 4- '1' after 118800 ns, '0' after 124200 ms,
T after 128600 m, 40' after 134700 us

EXDISNA < '0' after 60 ns,
T ater-45600 m, '0' after 46M00 ns,
'1' aftr 46400 as, '0' after 46600 us,
'1'afzer4GSOO as, '0'afte 47400 ms
T after 47600 m, '0' after 47800 s,
'1' after 48MO ns, '0' after 4860 us,
'1' after 48800 ns, '0' afmr 49400 ns,
T after 52400 ms, '0' after 52800 us,
'1' after 103000 ns, '0' after 10400m ns,
'1' after 10660 ns, '0' after 107000 m,
'1 aer 108800 Ds, '0' after 109400 ns,
T after 109600 ns, '0' after 109800 us,
'1' after 118600 ms;

ENPC <RA <- '1' afte 124200 mn '0' after 1280D m,

'0' after 135000 ns, '0' after 135200 ns;

STOP <-'1' after 160000 ns;

DC: chp13 lamod part map (PRCT, DIR, EXDISN, C HONE, EXEC,
SEIDM, RLEOFF, PLSEI, MODSAMI, LOD.
ENPCT ENPSIG. PSUI0, FINE, BNBUS, LLIMN,
RLP , RSTSW, PMRX, SNS, P8•,, P4N, P2•1,
PiN, ERDUS, PRBUS, P1-S]EN);

- This pmcess senates the SXDISN clock. Te lock is
- -Sa with dte LI signal to dimble locking whae

P1:Froceus

begin

EXDISN <- EXDISNA;
wait for I fs;

whileLl * '1 loop
EXDISN< '0';
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wait for20Ons;

walt for200 n%
am loop;

waitouLEXDJSNA;

and proca P1;

* pT n c procw scrams the ENP1 clock. Mes dock i

-pasd wid doLI AMW . disable clocking whmn

Pcesceu

begin

wait for I fs;
ENPCTR <-ENPCTRA;

While L2 w'1,loop
ENPCTR cn'0';
wait for 200 as;
ENPCM c 419;
wait for 200 as;

aid loop;

wait on L2, ENPCflRA;

and procss P2;

P3:prooms
basin

wait unt STOP- I1';
agma stop -'10' ep "Pon ImOf Siniubdon"
severity FAMLURE;

aidPro. P3;

and ochpl3la;

we STD.StmxbddAt
use work~tabluA4
use work.,;an.couanztsoAi;
use workLgan..dslys~Al

entity chp395 is

guuk (VDD: rmd;
TRMPRATURE: too;

port (VSWR. TUNECMD, FREQCIL HOLD, HOME* in bit
SBTDI., CA. PULSEOFF, RSTM3IL: in bit
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IsTICLOc CS, CC. wr1M w I1a1'M TUI .a
F~ -~-T~ M ww OI- ut
EIIOLONK, MLUI PUMowWO

MddrMS:

- All Iow~ o i~v fm (Mmvu paI iapu ho y
- KOR K"Mu Eub Xo p 11 ý ~ ddl vAM. be a Mb mi pkqps-.
- which calculus delay ,.l.. bued on haum VDD, k Vi m ipinso -

compounta cnMo1u
gawki (DLAY-dmae;ANOUalgVDDremi

7EAMPRA1TJR~zi;
CMOSJNjTABLE~ceLvulueswo.ubLwscmosjn-tIs);

port(IPMf in bit;
OUWrfLP out bit);

endecmponent;

component cmos.pad
generc (EAY.%meANOU?.integeVDDreaI

hMPERATMJEnel;
CMOSYPAD-TABLIeues:-wlcs abmos...~psc~twble);

port(INPLrP in bit;
OUlTU'L. out bit);

end component;

component dff~pdLjbe
geneti (QYPANOUr. in~we QN-YANOUI'Jntwge

VDDiuI TEMPERAIURExeaI);
port (D. in bit;

C-L in bit
RESEM in bit;
Q, out bit;
QBAR.~ out biu),

end component;

component dff..pedgjratr
generic (QYANOt~r inftege QNFANOUfl.integer.

VDDrnJ; T~hMERAMUR~ra);,
port(D: in bit;

CY.in bit;
RESEI1. in bit
SEPl in bit;
q. out bit
QBALR out bit);

end component;



- -~wwf
smut3III nM

cuONMi n bk

-M (DLAY~nmRWI0Uf*WuVDD~vst
ThMPERATULMa

IV-TA3ZExdLW~mMEwoNLtbbSJDv..WXN
pmtU(Dom. hI it;

oumrr. ow bit);
axi copoomm;

c= mm d2
Smaeic (DA.m6F~Mi~X D A.n:f

VDD~v;RA1VMATRL~ein
NANDWTABIE.*cdUvagumwa- t~kaabbnant~jbk);

pMt(JNFl~r: in bit
RiPUM- in bit;
OUIOUT.f owt bit);

endcomponent

componet mW2
genm&i (DEIAYdmeNOUFMintegwr1DELAYtdzneu-Of;

VDbd-;Th1bQERATURrE*d
NOR2JABIB~cei-valnea-wozt*aLesnor2.W~be);

port(INPUI: in bit;
DOMUI: in it;
OU1TU'fl out bit);

endcmnponet;

componet nm3
gtenei (DELAY~nePAN4OU~r-.r4 DEg AY-.tme.fs

VDDa*dTEBFRAW1AEreaI
NOIR3jABIE~ceIU-uem-wosktabk~nar3.jab);

pmr(I~nPTI: in bit;
fl'PUT: in bit;
HNPUT: in bWt
OUTIT.?T ow bit);

endcomponet;

component od-buff
generic DELAY:UmcPANOiUflin*tegrVDDrav1;

TEbWA7URBd:
OUT-Uff-.TABLE:Lavaluwktabw~o~utwLff....Wbe);

por (INPIUf in bit:
OUITPUT out bit);

endcmaponet;
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C(of a ost atr9sua
genaki (q9Ahnoit integer

VDV. teal:
ThMFERAnhRE: real);

port (0119, PA9: in bit;
q9. out bit);

end cmnpoent:

coumpoent rMh-.13stage
gezmic (ql3juaout IneW,

VDD: rea;
TEMFBRATUYRE: ead);

pm t(A1k3.resl3: in bit;
q13: cmt bit);

end compomec

cocmpmnt rctrj-sgmp
generic (qlaNaut: intgw.

ostconkam -fw
1 1- up t -hcA itW

VDD not
ThNFERAITJRB: real);

port (cikis, M8a18: in bit;
qiS,ftemclcck~ uamuqit out bit);

cml componwj

-Ani signal nuns conuapod tD ans U bffil part turns, (ecept for doe
- S sgip which isa teeurvs dmchu in VHDL) foreamyeto srfumrnc
- with doe deals drawings which wene produced from a m graphics -

- wodautim. Each part has an - aflutwod to iniicaf d. omput signal -
- ofeach putt in ftireqipectivs port map

signal VCC. bit- T1:
signal OND~. bit. V';

signaaIlOBl...NlO2YNjl1Il..QIllllQN bit:
sinl17OyJl79_N~J2 2fl...:2=QN : bit*

signal 12$YJ382YJ195..Njl84Y,1183YN: bit
signal 1189YNJZS8YRC1Rj8,RCTRJSQ1S: bdt;
xignalRCMhJSTXM_96J295_NJ686Y bit;
signl 1294y,11682Y,1683Y,11684! : bit;
signal 1192J1J193!NJ1686!J10D41-N bit;
signal IlO84-NI1O85NjlJO86.NIlO6l! : bit;
signal 1321NJ168Y,1169Y,1172Y : bit;
signal 3333..QJ3333...QNJ173YNJ204Y bit:
signal 1205YJ27Y,1167Y,1166Y,1300..N: bit;
signal 11685Y,11087YJ,1693YN,1188YN : bit;
signal Il108 jl8Y 09YNjl692-N,299YN bit;
signal I1151-N, 1152-NJ155-J4,147-N : bit;
signal I1O9O-Jl44..QJ444tQNJ5555.Q: bit;
signal I5555.QNJ187"J292Y,1095-N bit;
signal 11696_NJ290J29134,11698-N :bit;
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dpd 1293JRU1I637Y,16"8,27JMI bit
dpsd WM1~..j3QI3,RCm1JQO9IJN~ffA22J: bit
dpd 113kX 1281346QL6QJ6MQ bit;

adpe M164J13934JM-J1434U83 b it:
dp 12S434J163O9JW85341301 b it
dad E173YUSJM4JI&LJ159O.N :bit;

for atk cuosb - of m owl
fbaN: cmamjodusIfwa~yoo a.0d 1.m
for a3. dRf-poda.Aer m coft wa&k.f.gskbusftO
foat- dffjudgmbw m softi o& -- p 'mi1 u wmucO
for at hdjmff us suly woukM)b(bdwsvoui);

foa t wCva usof a~l dmav
bwat mir2msmftyw~nr~x vea
for at =3 us udiy Wa&r3p(bshleul
for At atdbWffu m .lty wo= be~b ,*.
for at mrct..oop us ady wadwkimqe~mucl
for atk rcer..3upmg wula w=m ~mk.3u mcawe;
for at rwt.18ms US eoy wvmlhqps~auct;

11081: CmouJa
3U'Uk in (DELAY-a-I n, PANOUT-m-1, VDD)>VDD,

TMMAn.Jflfl 1EMFRXIIJR)
pmt mVp (VSWR, 1106134;

pSht map (DELAY->1 M FANM'nXfl1. VD~mVDD,

part map cnfa m i10vi2I,

nin1: &jdff~wem
gemrl map (QYANOUTWOO 2, QK.-PANOUN), 1. VDD.> VDI),

part mWp (11061-N. 106234,1270!, I111ILQ. lil11LQN);

1270:inw
gnrc map (DU.AY-cl1 VA, FANOUI1o 1. VDV->VDD,

port map (1189-N. 12703

1179: no2
genric map (DHLAYmc; Iu a& ANOUTsc1,. VDD'O>VDD.

Part maP (11111..QJ1OBSSY,117934)

12&. inv
generic map (DELAY-lm1 s FANOUT=>1, VDD-VDD,

TEbWETUR3>E~TMFUATURB)
part map (1179-N, 126934
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mm df-odo

mmdic .jW tQJRAN1UT- 2. Ct4jANOUD*> 1. VD~w0 VDD,
I 9ATqRl,.* I AUB

part mq (CM, 12693, 13823, i111l-Q"W22,Q. 1M22_2QM

poork map MEAYu>l Ma RAN~r.T1I1 VDD-VDD,
I OtrnAWO¶pM 1EIATURE)

pmt mW(13333,.QJ38234;

1195: 1mv
aorfic mW ONLAY-col M, FANOUT2.~I VDD-oVDD.

puot mqW (f222QJ19S.N);

1184. =u2
peakC umW (DEAY-o- Ia& FANOUM.>1. VDD-VDD,

pmt mqW (fl222..QN,116&NjlS4_);

-Same SO im~omiduI joube - anhi13 duo* becom dasy -.mm poked,

- Oft wbon sminkulio beg.. 7b ff~thet dorae cuadhifut in d. feedback -
- low am o d aftindwepown wu swna 16 diy towait mm -
- dohed ~hadm tal ved and zequamde oD it b

1183: =a2
wmmrk mqW (DELAYnD.1 oc FANOUTrucp.1,DMlDAYmc~4 h6n

VDD.>VDD, IE~ WA7hRE FELTBOURAI )
part mqW (118431J111.N~83.N);,

1189. nod3
poemc mWq (DELAYu-.1 ma RANOIJT->2, VDD-DVDD.

ThMP~lAlUREm>ThMFIRTURE)
pan mqW (Il83YNJlOSN.333._QJria9_;

W&- =w2
paomic map (DELAY->l ma, FANOUTu> 1. VDD.VDD,

TMW RMUUMM AUR E~R )
part aqi (11952 ,15555..QJ29631;

sawsmap(qlg3FANO1,rTb> 1
Wo~n.1,VDD-oVDD,

ITILR~ATUW1EJ Mh9ATURE)
part uqi fl9631,fl2731,RCIBjQIBcMjmtRCYrRIro);

11401: cam-pad
pguiu napq (DE.AY=:- mu, PANOUTrmi1 VD~mVDD,

TThbWtlREAM3PtAURE)
poit map (1CThj81t, 7hSTCLOCIQ;
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peft fay R1jfWJ

-w MWp M&Ayu. 11%u RUMTNY104. VDDWO'VDD,

generi MW (DBAY.1-obII RAMUriol VDD-0VDD,

Pont mwp (12333-NJ294M,)

Punkri uMW (DLAY-lol IM FANOLM-o-1, VDDS'.VDD,
-GAnYmJ1*.7s&QRATURB)

part map (fl96Y,116624);.

11663: out-buff
keei map (DELAY->I W, FANOM.>i, VDD,-VDD,

Ti FLAURBT-EMF!RAUIR)
Port MWp (1N51J68JI);M

11683: vut~buff
ganwki map (DELAYw>l Wu FAMN D-T1. VDD=>VDD,

TEMPEAUJREPUoThMPEMRARE)
Port MWp (1294YJ1684.y);

11684: Ocmuf
gameic map (DELAYm=m1 w.FANOUr6> 1, VDD-VDD.

TMEU lRAWII%
1 1  ThMERAIM~)

Port map (M-N1682....NtESQ3IU

11093: cmw-p
gnicmap (I)BLAY->I nkFANOUlT.> 1, VD~mVDD,

Port map (ll683.NX,1~JnNRS

11092- cmospml
gameic map (DELAY.>1 -, FANOUTm> 1. VD~mVDD,

M~eQla1RB-M3MWRAUE
Port Map (I1684JIAHFN);

119"± UMv
geneic map (DELAYs>I ws, FANOUTo,1, VD~woVDD,

part map (1111LQJ19234);

generic map (QYAN~Y->I 3, QPANOUT 'Ni. 1, mVD~ DD
lEMPRAThRE.ThMRPER~rUR

port map (VCC,1173-N,169-N3333..QJ3333..QN)M



1193: nwAa
awe*ei MW (DELAY.'D1 FA, FANOUT02, VD~ocVDD,

part MV (1192 13333-IJ193-ft

geneic MWq (DULAYmwm1 Mie R42NJT-D.1 VDD-VDD,
MiNpgERNIUMl P1-1'E1ATURE)

PMn IW (11935YJ167YNJM044)

pooerc mV (DELAYno-1 r, FAMLUTo VD->VDD,
I WATUR!jPUM1S? TURS)

Pon enq (m24Y,20jm );

1227: inv
g..rlc ua (BI2AYm'i1 A., 1FANO 26, VDD--VDD,

1YM 5 AWIRRThM~fATUB)
port ID (1193_$=27..M;

11134: anuasin
Sm*i mW (D13AYm>l w. PAN WFD-.o1 VDDoVIDD,

port mv (PRBQCH10S4)IM

1173: iaw
genri mop (DELAYco1 mii FMN~wo1, VD~woVDD,

pmt map (11064_NJ173-N);

11065: CMOs...
gnrick map (De5Ar-o- m. FANour-c-3, vDowviDD,

pnwk map (IIOLDJ1OS.I FNLN);D--V

generi mop DW.AY-o4 m. FANOUTa-', VDD-o-VDD,

port .iq (BMBJ.1OS61J4)

1106: ceosa
owdwki mwp (DBAY-o.1 FAouo R~I. v2, i.vDD,

-3 PERATURSdo-TAWE MI)

1318: =h2~
PenRO& tmp (DLAY->I vA. FNOUru-1. VDD-oVDD,

TEMj, ATV¶m ThMPERATR)

port tmV (11OSSYNJ321-N116SJ4);
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Da~ bay
Ped ak No MMAYwoo ws RMNWI'.',I VD~mlVDD,

pwt mw (IiESYJi*34

-1 .cMW (DULAY=D'1 W, RMIOJThPI, VDD-DVDD,

1103S: COKW~b
8,U N o w (DULAY-2-1 ask PAOUWo1. VDD-VDD,

pmut map (ld00YJ1534);

11075: cmov
-1 saw (D9LYso4 Ks ANM 0~f.1, VDPDEOIVDD,

TSPEATUR 3-CI WROMM
port saw (I16MY.1NTC1)

116M: la
vmi MWp (DELAY..1 as, FANOUM01, VDD-DVDD,

part NWp (1106LN,1166-M$)

11066: cmoo
g Ied mop (DBIAY-Do wa R4NOU1o 1. VD~mVDD6

poet mWp (I11JIJ16N);

110693: coujmIf
sp~l NWp (DEIAY~1-, w ANOU76:r..1 VD~m:VDD.

port NW (1I5N13yCB);

gStan mVp (DBLAY=Dol un& PANOUr.io1, VD~ocVDD.
TW RAUIL? UP~A1Y1  IIJ~ MWJB

port mop (115..NU3J1M;

pn1ic map (DELAY..! a., FANOUTb1,. VD~mVDD,

par map MM5Yj262JI)

11041: couobuff
3W1C NW (DELAY=>l muFANOUT6>1, VDDo->VDD,

WRB.>UWR~eBATURED

pout mW (=686YTUNBCYC);
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110m. anotJn
sawo* MV (DELAY.0-1 Wn MNOUTeNo1. YD~mVDD.

pact MWp (CAJ1COUJI-

1151: nod2
POigk map MMAY-0-1 im. R~UM1c1. VDD-LVDD,

Part MVp (M~SYNJiU8YJI1....N)

puini mwp (DELAYu*4 mn FANOUt'oi1, VDD--VDD,

pmut ow 151Y15J)

pnsdc MWp (DAYuo1 8a, PANOUT*03. VD~mVDD.

Pon mVp (1SY1152534)S-;

psowkic np (DRAY-0-1 ma, FANOUT-42 VDD-VDD,

port mVp (RcntR..8Q18,1187...$BJ188...)

1187: =o2
gomac Map (DELAY--> mA% RANOIUrcIjNITDE1AY-0-1 fs.

VW.aVDD, 7 LGUDIIT'rnThMMEATURE)
pMoutmp (II88-PJ193Y,1187..N;

Pao&~ map (DAY->I m, PANOUiol, VDD-0VW,
TEMPERAnME-TRMFMXATLqM)

Port"ma (118SY,110S6YJ290Y);.

1291: In
pnic mVp (DRLAYu-1 IMa FANOUTuo 1. VDD-VDD.

port amp Q29OYJ291J-);

J293: imv
gsnt* mamp (DBLAfm>1 ma FANOUIo1, VD~mVDD,

pout map (1291_N293J4);

11687: ouLbuff
Sam&c map (1DLAYW4ma1i, FANOUrm>1, VDDEE>VDD.

pmu mVp (W23YNj16StN;

11096. anotpw
pmedic tmp (DELAY.>1 mA, 1ANOIXrr. 1. VDDEO'VDD.

pout maFOV SYaflN)
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generic MWp MLAY-0-1 Ms MNOU'Iho'1, VDVD-oDD

Part mwp G1SSYNJ2S7Y

1168k OuLbuf
gIec MWp (DELAY-a-I W RANOUT6'1, VDDm-VDD,

part mop (I287YNJ168UM)

11097: "NLAs.
genr lvmap (LAYw~m R4Ns, A UTwa 1,VDD-VDD,

MWLgj~t-TVw A ~7jfl n 1? TjpWJ)

port map (116UNyCLOCX);

11089: auOu-pm
gercmap (DBAYu>1 ms PANOUT'-o 1, VDD-,VIDD.

7WeMCnRPfl Me1tATUJE)

port mop (11692-NCC);,

116M,! ouLbuff
swatnrimap (DBLAY-1 as, FANOt71>1. VDD.>VDD,

port mwp (f99!NJ1692Y

M 9~inv
soinic map (DEAYo>l rs, PANOUT.-iS, VDD-VDD.

part mwp (It55YJ299J-);

1147:- nand2
generic map (DW.AY-c1 a%, FANOUT-ol VDD->VDD,

part map Q15555_.QJI44_4QJ147-M

14444: dffperf
sonric mop (QYANOUT)> 2, QN- ANOUT-> 1, VD~mD VDD,

MMVEAIURpfl 1MFRAWLAVUR)
port map (1147Y,1299-,VCC14444.Qj~pe);

15555: dWf-pedajbuw
soneic mop (QYANOUT-> 2. ANJNOUr-* 1. VIDD- VDD.

7SDERAWQ-9MrA11RAE~)
pmr map (1"44_&QJ299YVCCJ555..Qmn);

11090 cmosjnM
seneric map (DELAY-=in wa FANOUTWAm, VD~uVDD,

TEWL4URE->TMPZA~UR )
port amap (PULSEOFFJ1O9O0y)

genmi mop (DELAYmw1 us& FANOUr.>1, VDDm.AVDD,
TSbW9RA7URE-T~ EL~WRm

port map ([109OJ-,RCrF&13Ql3jV272M;



ensic mVp (DELAY-uol iVA RANOU,01, VMOVMD

tunic ,n(ql3JFANOLT1->1,VDDmo'VbDD
7WAATR IMPBRAMMI

pan mVp (TM99J138!RACI-j3Q13);

Pontri Ma (0~jW4UT-:-NVDD-.VDD,
I ATUREOUM ATURA1 S)

pmt Map (1299J139..$,CM-M..Q

11091: cmosjin
gmeneri mVp (DBLAY->I Wv FANOUr-.',2, VDD.-IVDD.

part map (RS7WU1409LN);

113M inv
pmkned mp (PELAYmo-I iv, FANCJUT13, VD~w*VDD.

pmt map (1136Y.1138Y)

1281: in,
paerl map (DELAY.>1 iv, IANOULM->1 VDD-VDD,

TEl 1RATEfl ThMPERAT¶UM

VA% dffJudLw
genaki map (Q..ANOU76> 2, QN ANOUIIN> 1. VD~oc VDD.

Tb4A7VTUR, EMThPgRAMAH
port mop (VCC=J27N,12tY,6W6..Q~pen);

genri map (DELAY-c1 iv& FANO(JT6u4 VDD-VDD,

port map (16..-.Q1191_NJ136..N

1139: nod
genoki mop (DELAYsv.>. mv FANOULuo2, VDD-VDD.

port map (1666(L...QJ4031J139Y4);

1140: ncw2
generi map (DMAY->1 mrn FANOUT-'o2, IWMDEAY1> fl,

VDD-VDD, M eMMUR1T 1F1O'3ATU3)
part map(1139) ,RCIR...9Qj14Q));

gen ricmap (DELAYm.o I r, 1IANOUYF.o1, VD~mVDD,

pact map (1140YNJ136YW9Y);.
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128:iuw
poeteic map (DELAY->1 mFANOUT-c-1. VDD-VDD,

Part MAP (=29YNJ283-)

poeic map (DEL#AYu>1 ok FANOUT->1, VDD-VDD,

part map (183YNJ284Y)

11689: ouLbuff
genetic map (DELAY-clas., FANOXTY=cal VDD->VDD,

ThMERTURE=-ATEMEARE)
part map (128W.NJ1689Y);

14.098: cmospW
generi map (DELAY.,1 uns, FANOUT->1, VDDm>VDD,

WMHRTREm> WRP~~nH
port map (I1689YEJMOLDN);

1285: inv
generic map (DELAY->1 I s, FANOUflmca1, VD~mVDD,

poct map (1138YNJ285);

11590: ouLbuff
generc nap (DELAYc>l ns, FANOtT=ca'1 VDD->VDD,

T1MERATrJRR.>TEMPRATIJRE)
port map (185!NJ15903I);

11099: cmos...pa
generi map (DELAY-cal vs, PANOXJT-,1, VDD.>VDD,

TEMPfERATUJRE-> TEMPERATURE)
part map (11590YPULSES);

1301: inv
generic map (DELAY=>1 as, FANOUT-ci, VD~mVDD.

ThMPERAIURE->EMPERMWJR)
pert mop (1138YJ.301.y);

11691: out-NOf
generic map (DELAYwa1 ns, FANOUTuA1, VDD->VDD,

TEMPERATURE-TEMPERAT1URE)
port map (130134J1691M.)

11100. cinosW
generic map (DELAY-cl ins, FANOUr-cal, VDDUI>VDD,

TB-MTUEMPERAMTURE)
port map (11691 NLNUISEI;

end struct;
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use wcrktab&a4
un wcuk~gan..onuuimall;~
uOn wcxsemLaysual;

entity dhp395mod is

pm (VSWR.. TUNBCMD, PRBQCK HOLD. HOME*' in bit;
Sm-nm, CA, PUILSEOP RS'ITUL:. in bit;
-TESTI cLCB. CC, ThS1OI~rPLFI TUNERSI out bit;
ICHFFN. TCI, TUNEBCYC, NOTUNE, CLOCK.- out bit;
EXHOLDN, PULSES, PULM-I out bit);

aid chp395mod;

xciectuii cbp395 of chp39Smod is

component chp395
generic MEMFERAflJE: real; VDD, mal);

port (VSWR. TUNEJCMD, PREQCH HOLD, HOME in bit;
SE7DM. CA. PULSEOFF, RSTPUL: in bit;
TESTCLOCK CB, CC, TES UTO PlTUT JNERST out bit;
FCHFPN, MC. TUNECYC, NOTUNE, CLOCK., out bit;
EXHOLDN, PULSES, PULSE!: out bit);

end component;

for NO* chp395 us entity wok~chp395(wuuc);

begin

- This secton pune tluwgh the Vboltg VDD and tempeawmbe value to the -
- swictufe whaich passit though gaenric maps into doe gmLs Ihis -
- mnethod allows the user to change doe values as needed witou having to
- change anything else in othe moure codle pwgumaw.

NO, chp395
generic map (T~hMERATURE->'298.15, VDDu'4O.O)
poct map (VSWR., TUNECMAD, FREQCIL HOLD, HOME,

SETIRW. CA, PULSEOFF, RSTFUL,
TEST(1OCK, CB, CC, TESTOW1WflT TUNERST,
FCHFPN, M.l TUNECYC, NOTUNE, CLOCK
EXHODN, PULSES, PULSEI);

and chp395;

lit



use STD.teLlo~All;
use STD.StandardAi
we wodubabls~aIl
use wcik.gemnconswntsAf;
use wodgam.Aelays.a~ll

- Test bench for simulation of die SM-B-746395 integraftd circuit of the -
- PRC-70 uadio. Mwe clock cycle is84000 fl5.

entity eSu~chp395 is
end ftsLchp39S;

architecure zet95 of tea-chp395 is

signal VSWR :bit=-'0';
signal TUNECMD : bit=*0';
signal FREQCH :bit:='O';
signalHOLD : bt''
signal HoMw : i:';
signal SETDIR : bit='l';
signal CA :bitm'l';
signalPULSEOFF : bit:-'O';
signalkRSn1PL WWIt=l'
signal TESTCLOCK bit;
signal CB : bit;
signal cc : bit;
signal LESTOUWIUT bit;
signal TUNERST :bit;
signal FCHFFN bit;
signalTcl :bit;
signal TINECYC :bit;
signal NOTUINE :bit;
signal CLOCK : bit;
signal EXHOLDN : bit;
signal PUSES :bit;
signal PULSEI bit;
signal Li : bit-'O';
signal 12 :bit:=O'(;
signal CLOCKA : bit:-Tl;
signal CLOCKB :bt''
signal CLOCKC :bt'
signal STOP bitz-'0';

component chp395mod

port (VSWR, TUNECMD, FRBQCH. HOLD, HOME: in bit;
SElDIR CA. PULSEOFF, RSTPUL: in bit;
7ESTCLOCK, CB, CC, ME V 'T1 TUNHRS1% out bit;
F-CHPN, To1, TUNCYC, NOruNE, CLCw ot bit;
EXHOLDN. PULSES. PULSEI: out bit);
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for CH.- chp395mod ms caity wok~chp395auedc1p3q5);

be&n - bputvimuhus

VSWR 1*w'after2000as:

TUNBCMD -o'1'affirSDOOmus 'O'aftw22O00ns,
'1' after26000m us,'0'kir42000 as,
"1' after44000 us, '0' after37936000 us
'10 after 3796000 us;

FREQCH cm '1' afwBOGOus '0 after 1000nu
'1' afte320D0ns, '0'aft34000us.
'1' after 1610910000 .,'0' after 1610912000 us;

HOLD <w'I afte 6000 Ms V0 after 12000 aM
'1'after48OOns. '0'afteSOOOns;

HOME com 0' afte 1400D0u,
'1' after36000 ns, '0' afterd4lOSOO8 n
"1' after 1610906000 as,*'0'after 1610906000 us;

SFIDIR 0w'after240O0as '1'after28Wmns
'0afte30000ns, '1afte3gOO~ns,
'0' aftsr40000 us, 1' after46000 m,
'0' afer37958000 s, '1' afer 37962000 us;

PULSEOJFF <a 'I' afte 1078000ns.
"0' after 18494000 us;

RSTPUL <0' after 176000 s ''afTdkl8r1000 s,
'0' aftr2106000 us, '1'after 18492000 us
'0' after 18496000 us, '1'afer 3795400D ms;

Li <= T1 after 108200 us, '0' wlfer 2100DO015m
'I' afte 18498000us, O'0' Nfe ~952000 us,
I'I' afte 37964000 ns, '0' afte 44102000 ms;

L2 <-'1' afterS5200D0ns. '0' after 1074000 ns.
T1'afte 210800 as,'0'fte 18490000 ms
'I' afte 44106000 ns, '0' after 1610904000 us;

CLOCKA <= '0' after 2001) s, T1 after 4000 us,
'0' after 6000 us, '1' after52000 ni
'0' after 1074000 us, '1'after 106200 as,
'0' after 210000 mu, '1'afer 2102000 as
'0' after 2104000u m 1 Tafter 210600 a&,
'0'afte 18490000 us, '1'after 1849800W ms
O0' after 37952000 us '1' after 44102000 Ws
'0' ate 4410600 ms '1 after 1610904000 us;

CLOCKB <= not CLOCKB after 2000 as;



CLOCKC <- not CLOCKC after 2000 ns:
STOP <- '1' after 1610914000 ns;

CI-: chp395mod
port map (VSWR. TVNBCMD, FREQCIL HOLD, HOME,

SEMDIR, CA, PULSEOFF, ROM.,
TJSTCLOCK, CB, CC, TESOUTOFU, TUNERST,
FCHFFN, TC1, TUYNECYC, NOTUNE, CLOCK,
EXHOLDN, PULSES, PULSEI);

P1: proces - process to incorporme a perpetual running clock into the testbeghi

wait for I fs;
ifLl -'1' dien

CA <- CLOCKB:
elsifL2= '1' rhen

CA < CLOCKC;
else

CA <= a OCKA;
end if,

wait on LI, L2, CLOCKACLOCKBCLOCKC;

endprocess P1;

-- Thds next process is a specially designed process based on work done by -
Georgia Tech University to abbreviate the simulation rport because it -

--ruired too much spae in memory to repo t all output signals atal -

- time intervals. Specifc lines representing events in the test wm tdn -

-from a physical test swep ofthe chip and put into an ASCII file tobe -
-used as a control for the VHDL simulation. The simulation outputs at -
- selected times are compared to the ASCII file. bfismatches and where -
- they occurred are remrt along with the outptm mt the selectd times. -
- The selection of time depends on the line nmnber co the vector given in -

the physical tt sweep ASCII file,

P2: process

file INPR ..JILE: text is in "PhysicaltesLfile.dst";

- the ASCII file of physical test sweep

file OUTPUT..l. text is out "Comparemdu.dat";

- the output ASCII file which reports simulation output and mismatches with
-test

variable Johnsline: line;
variable Myjline: line;
variable Smcibenne: line;
variable Johsiiput: string(1 to 13);
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variable Johnsjignal ubSrln( to 13);
variable My..paknl uine(1 to 11);
variable Jobnsbit: bit;
variable My-bit: bit;
variabkle llu.nunbw. hnteger
variable Thedme: Iliac,
variable Jolumsfiin time;
variable My...dne time;
variable cod- Boolemn.mfalse
variable enrr sftrg( to 5);
variable iow...signal: strinS(1 to 11):-"103456789A7;
variable bexdiguals strizig(1. to 11);
vazimbleZ: chuuctecdm'Z;
variable oldjiin time.-OUs;
variable nimejignals: utriqg(1 to 11);
variablej: intesec;

begin

wait for 1.8 us;

LI: loop

-Sections or cohauns frum ASC31 file are put into stuing variables.

bsdOpigals.*=" " ;
Jolis-line = new STflING'Cj;
My-linem new STkING("j;
Scribejine :-new STRNGO'Cj;,
READLINE(INPUTJU..Ejolinsjne);
cod := aWdhl(INPUTJPLE);

REA iuJoInsjejohns~nmber);
READ J~asjline~iohnsjnput);
READ(JohnsujineJohns-signals);
Joh-tnsjime (2am * (Johns-.nwnber-1)) - oldime; - time of an event

M2 for i in 1 to 13 loop

if i/- 9and i/- 13 then
j:mj + 1;
nine..sigals):-johns-jgnalsi);,

end if6,
end loop L2;

wait for Johns...tme;
Thejime:- now;

-signal outputs of simulation am put into single suring vauible.

if tesilock ='0' then Myjignals(1):- '0';,
elm My...gnals(1):- '1;

endif-,
if hwsouPut U.0, then My...ugnals(2)4m '0';
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ff moume -'0' the MyjlgnAla(3) '0';
els My~jignul():= '1';

ff tuneru -'0' don My..plnala4)*-'0';
else My...ugnals(4)m= I'1';

ad if.,

If amec ='0' ten Myjiinau(5):m O';
else myjignals(GY- 61';

ff tufney -'0' then Myjignals6)M ,'0';

endiP,
ff cchf .'0' diui Myj rimsC7u'0';

efte MyjlgnalsC7):- "I';
awdif;
ff cc-'O' then My~gAms(8):m '0';

else My..sgnalsc8):u I1';
end ff
U ~id -bm01 dim MY-jignalu(9): '0';

elme My-jigmla9):'1';
end ff-

if pulses -'0'dthe My...sgnls11):- '0';
elseMy.,.sgnabls(1)- '1';

end ff-

-.Compare loop: coMpares suneUlion outp to phYsicl tes SWWeP.

L3:for iin I to 11 loop
if nzne-jigawls) INI- Myignls) WAn

nine..sigak(t) IZ then

WA if.6
end loop M3;

old-.dme:= 2= * (Johnsunwnber - 1);
wrhe(sczibEe 301 ..nwberjuutfiod-'RlghtField->9);
Write(Scsibejn,Johm~ajignalsjusdfledm-'Right,.Feld>14);
Writse(Sbejinunnejig-wnasjusadie>RghtFieldm>13);
Wite(Scribejineý,My~sMinasjustihd,"RightFzld~m>13);

Whte(ScibejioHefIImejusdfiedmRightPieddm15);
iWht(Scribenemarjusdfied'm'RightFieldm4g);

V/rie(Saftzibejie~dugnas);,
WRnmp4WoLmwUT.ylL,Scribe-line);

exitLi when ood - Thme
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aid loop Ll;

ead jwoce P2-

P3: ; nr P, - procem loslop dio imublio at a aacMWo time
begi

wait Until STOP= '1'%
WMIvSl WOP '0

report --eid of sitnuaslon atwr 2 rWs
severity FAILURE;

aid proemssP3;

endmws,5;

-ASC nput ile frofipbyslcan slab -

1 101110000 0ZZO11 10Z00
2 100110000 ZZOOZ11001ZDD
3 101110000ZZOOZ1I1IOZ'A)
4 1011110002ZOO11111OZOD
5 101111100 ZZOO1II11IOZDO
6 101111000010111011(00D
7 I0111O000010011111(00D
a 101100000O10IO111OZOO
9 100100000 010010111(00D
10 100100010 0100101110Z00
11 100100011 010010111(00O
12 100100001 010010111(200
13 100000001 010010111(00O
14 10000011 O1O1O1100IZOO
15 100100011 O10001IOO1ZOO
16 100000011 01000110DIZ00
17 10000011 01000110DIZ00
18 100000011 010110011(00
19 100010011 0101110001Z00
20 100110011 01W011100IZOD
21 100010011 0100111001Z00
22 100010001 0100111001Z00
23 100010011 01010110DIZOD
24 100110011 0100011001ZO0
25 100111011 0100111001Z00
26 100110011 0100111001Z00
538 10011001 010011100110
539 000110011010011100011
540 010110011010011100100
541 110110011 010011100000
1051 1101100110100111001000
1052 1111100110100111110100
1053 1101100110100111001100
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1054 010110011 0100111001011
9246 010110011 0100111001011
9247 113110011 0100111001100
9248 100110011 0100111001100
9249 000110011 0100111001011
17439 000110011 0100111001011
17440 001110011 01O0111110000
17441 000110011 0100111001000
17953 000110011 0100111001100
18465 000110011 0100111001000
18977 000110011 0100111001100
18978 1001100110100111001100
18979 100110001 0100111001100
18980 1000100010100111001100
18981 1000100110101011001100
18982 100110011 0100011001100
20512 1011100110100011110100
20513 100110011 0100011001100
20514 101110011 0100011110100
20515 100110011 0100011001100
20516 101110011 1100011110100
20517 100110011 1100011001100
20518 101110011 1100011110100
22047 100110011 1100011001100
22048 101110011 1100011110100
22049 100110011 1100011001100
220 101110011 1100011110100
22051 100110011 1100011001100
22052 101110011 0000011110100
22053 1011000110000011110100
805373 101100011 1000011110100
805453 101100011 0110011110100
805454 101110011 0100011110100
805455 101100011 0110011110100
805456 1011001110110011110100
805457 10110001i 0101100110100

- ASCII output file for compaison of smunlamd and phy est dab -

1 ZZOOZIIIIOZOX ZZOOZIIIO0 01000111010 1800 NS
22Z0)0Z1I001Z0 ZZOOZ11OIZO 01000110110 3800NM
3 ZZOOZIIIIZO Z IXIUZ1II(D0 01000111010 5800 S
4700111110ZI00 ZZ001111(.0O 01001111010 7800MS
5 ZZ001I111OZOO 1( 0011110_, 01001111010 9800NS
60101110110Z00 010111010 01011101010 liSO1NS
7010011111Z(00 010011110Z0 01001111010 13800NS
8010010111(200 01001011(}0 01001011010 15800 NS
9 0100101110Z00 010010110Z0 01001011010 17800NS
100100101110Z00 01001011(20 01001011010 19800NS
11 0100101110Z00 01001011•0Z 01001011010 21800NM
12010010111(D00 01001011(Z0 01001011010 23800NS
13 010010111(00 01001011(00 01001011010 25800NS
14 0101011001Z00 010101101Z2 01010110110 27800NS
15 0100011001Z00 010001101Z 01000110110 29800NS
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160100011001Z00 O0OOO11OIZO 01000110110 3100NS
170100011001M00 OIOOO1 OIZ0 01000110110 33800S
180101100110z00 01011001l02 01011001010 35M00NMS
19010111000IZO 010111001Z0 01011100110 37800MS
200100111001Z00 010011101Z0 01001110110 39800MS
21 010011100IZOO 010011101Z0 01001110110 4180ONS
220100111001Z00 010011101Z0 01001110110 43800NS
230101011001200 01010110120 01010110110 458OMS
240100011001Z00 010001101Z0 01000110110 47800M
250100111001MZ00 010011101Z0 01001110110 49800NS
260100111001Z00 010011101Z0 01001110110 51800NS
5380100111001100 01001110110 01001110110 107M80 NS
5390100111001011 01001110101 01001110101 1077800NS
5400100111000 110100 01001110100 1079800NS
541 0100111001000 01001110100 01001110100 1061800NS
10510100111001000 01001110100 0100110100 210181ONS
10520100111110100 01001111010 01001111010 2103800NS
10530100111001100 01001110110 01001110110 2105W01NS
10540100111001011 01001110101 01001110101 21078001MS
92460100111001011 01001110101 01001110101 18491800 NS
92470100111001100 01001110110 01001110110 18493800 NS
9248"0100111001100 01001110110 01001110110 18495800D S
92490100111001011 01001110101 01001110101 18497800N
174390100111001011 01001110101 0100110101 348778001MS
174400100111110000 01001111000 01001111000 3487960010M
174410100111001000 01001110100 01001110100 34881800 NS
179530100111001100 01001110110 0100110110 35905800NS
184650100111001000 01001110100 01001110100 36929800 NS
189710100111001100 01001110110 01001110110 37953800NS
189780100111001100 01001110110 01001110110 379800NS
189790100111001100 01001110110 01001110110 379•780MS
189800100111001100 01001110110 01001110110 37959600 NS
189810101011001100 01010110110 01010110110 37961800 NS
189820100011001100 01000110110 01000110110 3796MNS
205120100011110100 01000111010 01000111010 4103800 MS
205130100011001100 01000110110 01000110110 410250 S
205140100011110100 01000111010 01000111010 41027800NS
205150100011001100 01000110110 01000110110 41029800 NS
205161100011110100 I1000111010 11000111010 41031800 MS
20517 1100011001100 11000110110 11000110110 41033800NS
20518 1100011110100 11000111010 11000111010 4103800MNS
22047 1100011001100 11000110110 11000110110 44093800MS
220481100011110100 11000111010 11000111010 4409SOMM
22049 1100011001100 11000110110 11000110110 440978001S
220501100011110100 11000111010 11000111010 44099800MS
22051 1100011001100 11O00011011 11000110110 441018001MS
220520000011110100 00000111010 00000111010 44103800NS
220530000011110100 000001101 00000111010 44105BDMS

805373 100001110100 10000111010 10000111010 161074800MNS
8054530110011110100 01100111010 011001110!0 1610905800 NS
8054540100011110100 01000111010 01000111010 1610907800MS
8054550110011110100 01100111010 01100111010 1610909800 NS
805456010011110100 01100111010 01100111010 1610911800 MS
8054570101100110100 01011001010 01011001010 1610913800 MS
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us STDjtmdodgas-

an wofmxckdwa

un woftem-dfmIut

uulty CHP396 ib

soiul aEfMPEA!RAIVR VDD> ml);

pm~t (CLOcL, in bit;
RSTSW: in bit;
SWHOLDII: in bit;
NXHOLDN: in bit;
1FHPFN: in bit;
LLW:. in bit;

VHFHL in bit;
RG1EM in bit;
RPL1 k I bit;

POr. in bit;
PMAX: in bit;
TCI: in bit;
TLVUtES1'. in bit;
NOTIJNE.k to bit
SWENAN:- out bit;
FINE: c~ut bit:
HOME: mi bir.
TUJNL oput bit;
RLEGFF:- out bit;
NORMAL: out bit
RSWUL- out bit;
EXEC: out bit;
ENPCMh. out bit;
LCMD: out, bit;
MODSAMPN: out bit;
BNPSIO: out bit;
RMDNLJSN out bit;
RPLUSN:* out bit;
SB1IRL out bit;
PULSEDIE: out bit;
DIR., out bit;
CRSL out bit;
EXDISN:, out bit;
PRCrL* out bit;
HOLD: out bit);

aid CHP396;

ichitecbir struct of CHP396 is

- All component obtaind from GEM pite behaviora domipdm~ wditen by -
- Kmn Keyes Bueb component gets its delay value from a tabis ad pwkaees-
- which calculte dela value boned on bfuout VDD. mid ampeatw. pid -
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ce m 1-1 t CMas-in-ok)LY*oA0rl16 ,UVDD~.

CMOSjN..TABLAcuLvatuenwuWbsscmuoujs*);
port (fUr.P3' in bit

OUTPUfl out bl

-nr (DAY~h V DDW0LP.ft.VD=

Ot~UTFLTAKRce~duuuwatmbbLOA-buf-t6bXs
pcut(INPM.f in Wk

Otrrrii ma bitk
and compomrt

-mri MEYUiM*V D DrJft.V =k

pait(vNPITI in bt
OUTM.rr oW bit);

ad cmnponent

gemuc BLAY~m'ANOUI~jnftp,VDD=@4I

DWj-ALBce1Lvahbmvwa& obb~iv..w);
PW (R41UP in bit

OUrrn out bi*)

caw qep i one

pratl (DBLAY.lm YA? T'.ka.Iue MELAY".meý- fi;

NAND2JTABI~cdLvdu sk wobLsajmad2jwl.);
past(INMWI: in bit

OUTUI%. out bi*)
end cotopoms;

Component Ran
penerc (DELAY.UmsFANOU1InfwprJ41flEL4Y.1Ime fa;*

VDDauQTbUMAURemX
NAN1D3jAKI~dLvdhes-wao~tb&ubbamnd3..b);

part (ROINIi: in bit:
INPMT1 in bit;
DW4PM: in bit:
OUIPUf% out bit)

eadcoasnponeIt



-m (9LAY.dmejMNO kNg11DBLAY.hMstu kb
VDD~mThMFBL1J~nMIu*
NAN 4jTAiL3.uLvakusUweLabb~s~an4j-b);,

pon(INPUT: in bit
DAWPJT21 In bit;

GINFUT: In bit;
ROMT4 in bit
OUWMMl WAK st)

uc mpomt=2

generi (DULAY.*w*NOUMerRU1TLAYd.*wuO k,

NI...TABMcsLvduscammaabuuwma2jiIs):
pw MOMIfl In bit

VMMIfl.in bit

Ow PUI out us*

=,mprmmnar3
generi (DIIAY.ms**ANOUI .fl~~DEAY~twntu ft;

NOm3..TABcedLvahe-wo&kWM*Lna3jmbko);
portONPFUTI; In bit;

Mm, inl bit
RemUT: in bt
ouIwfl OPA bi

aid camognpsn

ccxmpnnt =c4
gawkri (DII lmM.W.,flUBLgj~r)EAY .tkM,_o fk

VDD~wm4*ENSThiA1RlnIf
NR4jABLLcd~value -wo&lug ~no4jabk);

part(INPUT: in bit
INUUM in bit
1NPUEf: in bit
INPIM4: in bit

aownpmt -

geneic OBLAY.mmdn VerDD~ikm

EXOR..TABLB-eI-vahaemwoWkjabss=wr...bs);
part (INPWY: in bit

RVPTTI2 In blir
0171TI WlOPt bit)

compmont dff-owedLw-m (Q-AN0U7%.bSS3S QN-JMNUITftwsg
VDDnea; 7EAPlATURiEmI*

part(D: in bit



MUK b bit
RESET to bit;
Ql. out bit;

Poo (QMNO~Iflkosg QNfJANOIbMOW.
VDDsnaL- TWfl1UR3Nml

am. in bit;
REMiIn bit;

Q: Ottbit
QMAL, out blO

-Alsgl ddaunucsrsqwd teMW U Ab dna =mm (excepfor mo -
-Ssigtwhich isazummdchwauhrim VHDL) tzmuy a - 00 rw -

- witd dmi. dsgnkwiawlp wblwom wda-ifd t a umor Srqiab
-wamim

signal VCM bk~m 1,;
dsinal gnbit:-0';"-

signa Nl7~l,NINl 11M29,N132,N143,N144H148,N154,N155.$15617,N3: bit

WSWga N953, 735,N959 461N9IN974,N906N79NNJl968N99,Ng97 bit

signa NIODlIlO (1006 N1013)nI,N1017 O9J.(ON lW6.NI 10S3,NO56 big;
signal N1063.Nll5OSNM54,NI159.N1161 11175NlU1N11S N1196,N1196- Ut;
signal Nl2OIX12N226 N1234,N123 )21263Nl2SSN13,N94Sj46X4& bit;
signal N301,N103 N3133,N1316,NI325,Nl329,Nl341,Nl343,N1344,N348& bir.
signal N135 1356,$1359,N362,N1381,N3139,N1394,N139SN845N28& bir.
signal N1400.N1404,N140 1N415,N1417,N1418I2,NlO.N43U1144W1Q446., bir.
sgald N1447,Nl449JR14S 14S8,N146114N1471,N1472N1474,N47Lt bir.
signa N1489,Nl49S,N1496,NS 1S041506,N1509,N1516$1533J(1534: bit;
signa N1539,NlS 41Sl45,tNl54,N550ONW9,Nl5Nl1572ZN1581JNlS bit;
signa MDN16)1, 162722,Nl72s.hl733,N17Jl?* soNl76.%I763,NI767: bit;
signa N 778,1(1 7 8l179fl797NlM79S,N1799NlOJR180 l)(1SO3JI: big;
sgalW NI831.N18S7,Nl894)(l89 87M99l9ON102Nl9OW l9o7: bit;
signa N1908,N191l,1I19l4,N(916.NI920.NI9~22.M934,NI940.NI941J1l143: bit;
signa N196NW19481I950.N1951,N19S3.N1961,N1962,N194,1966,N96& bit;
signal N19 W1N974J19,N1977 64J1987,N1989,N1991 N92J~l99,I20l: bit;
dsigna N2003,1N 20SJt00,1ý213J(2I.NI24O)(4O,1246,423& big
signal N2439J~.4Z442,443, M4671249N2472,474NX475,N277,N2479* bit;-V N248 11.MU JM 248.M*.493I2497.W9 bit
signa N25002 SCM IMS1W 17,12l8,N2S N28~43,11S4: bit;
signa N T29 4 8?aJ9S NSOM N25l,~ 353t4284,lSs,285 bir
sgalW N2W57 86l,1W62W2)S62 SJGW2S6 26,1i2M7 bit

fbr &Ul: cmwj~n use utlty wmkcanouja(behaviomL)
for &a: crns-pe us. wandy woumq-pmI(bshavlmo,a



for afl: outjbuff uwe entity wodcouLbuff~belufaioral);
for all: nv us. entity wuknk(bdwiavm1)
for Al: amd2 use entity worLcaui2(bchavloml);
for ai: nand3 use entity wowkjimd3(bduavioam);
for all: nmnd ow. entity w rarkAui(bebavlara);
for aU: nar2 mse enftt wo&nwi2(bulviaorol);
for Al: 2KE3 use entity wodLncr3(belmviarl);
forall: now4 use entity wod~no.'4(beltviouul);
for au: car us. entity wkzrbhvoa)
for all: dff..pedgjbw m~ entity wo&.dff-pfjW~sKuc).
for all: dtfpedguwbw use entity woduff-pedg-oubazuow);

be&m

11301: cmosjn
geneic map (DELAY-> 1 as, FANOUT->2, VDD..>VDD, I M ATURE-l] 1BMFRATMI)
port map (CLOCKXMNI01,

11302 cnos-pd
gene*i map (DELAY->l a., FANOUTw1I, VDD.>VDD, F~T~m2 nM-cTEMPERATURS)
port map OW860VWDAN);

11304:. cmos-in
gmeneic -map (DELAYm>1 as, FANOUJT->3, VDN->VDD, MWEATRE TMPRAUI
port map (RSTSWN2407;

11307. CMOs-ilk
gewknerca (DELAY->1 us, FANOUT-1I, VDD.-'VDD, MMELATRE-c>ThEdPERAURB
part map (SWHOLDNN1417);

11309. cmbos-n
generi map (DELAY->I us, FANOUTu->1, VDD.)VDD, TlLPEAT-j w 1~bvmRa1mRE
port map MEXOLDNN1418);

11311: cmos-im
generic map (DELAY>1 us, IFANOUT->2, VDD.>VDD. T E !h ATMl E u>M MATRXER)
port map (RHFFNXN1803);

11313: cmos.pad
g eneric map (DELAYwA uis, FANOUTm>1, VDDw>VDD, T'U E ATUREa1TEWRATURE)
port map (N2861FflNE);

11314: cmos..pad
generic map (DELAY->1 us, FANOtTr-1, VDDw>VDD, T~bfiRAXU11D 7MPERA7MR)
port map (N2866JOw~B;

11316: cmas-n
generic map (DELAYw1 w., FANoEtTr.4, VDD=>VDD, T~bMPRATRE=>TEbffRA1TJRB)
part map (ILUMNN1881);

11320. emoospti
genkeric map (DELAYm>1 us, FANOUT=>1, VID-w>VDD, T~eRTRo7EaUAUE
port map (N2438.TUNB);
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11321: cn=osjWu
gameic map (DELAYw>1 as, FANOUT->1, vDD.wPVDD. -j MATURE- 7M4ERTJ )
port map (N2864AMLEGF);

11322- cmospmd
geicmap (DELAYw>1 en, PANOUN,1~, VDD.>VDD, ThbM~fRATqEs>T~hfMFURURE)

potmap (N2442,NORMAL);

11323: omosijn
generic amap (DELAY->1 en, FANOUT-0a, VDD->VDD, TEMPER~LJRE-.TEMPERM'URE)
port map (RLTN2443);

11328: cmos-jn
generic map (DELAY->1 as, PANOUT->1, VDD->VDD, TEMPERAURE..oI!MPERATUBE)
port snap (VHFIHNI,458);

11329: cmos.Jn
gameic map (DELAY->1 ns, FANOUT6>6, VDD->VDD, TEMPERATURE->7EMPERATURE)
port map (RGTN1763),

11332-. cmosjin
generic map (DELAY.>1 no, FANOUr.>1, VDD->VDD, TEMERATUR~um'ThMERATURE)
post map (PLT$1539);

11333: cmosjn
gameic map (1)ELAY=>1 vs, FANO'UT->4. VDD->VDD, TEMPEAUn3E->EMPERATUIRE)
post map (PTN1722);

11334: csnos..pa
generic map (DELAY=>1 rm, FANOUT.>1, VDD->YDD, TEmPERATUREm-'TEMPERA1uRE)
post map &N2469,RSTPUL);

11335: cmosjin
generic map (DELAY=>1 ms, FANOUT6>1, VDD=>VDD, ThMfERATEREao'1Eb9%A1JRE)
port map (PMAXN178 1);

11339: inv
generic map (DELAY->1 as, PANOUJT->1, VDD->VDD, TEMPRA3'URE-TEMPBRATURE)
port map (N945,N2467);

11341: inv
generic map (DELAY->1 as, FANC)UT->1, VDD->VDD, TEMPERATURE->TEMPMRThRB)
pod map (N24M h25 1);

11344: imv
gameic map (DELAY->1 ns, FANOUTa>1, VDD->VDD, TEMPRATU1Wu.>TEMPERAflJRE)
port map (N948,N2472);

11345: cmos..pad
generic map (DELAYm>1 I s, FANOUT.>1, VDD.>VDD, TEMPERATUREw>TMPERATURE)
port map (N2850,EXBC);

11347: inv
generic map (DELAY=> I s, FANOUT6>1, VDD->VDD, TEMPEnMUEu>lhMffRATURE)
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port map (N953,N2475);

11348: myv
generic nap (DELAY=>1 as. FANOUT-1,. VDD-'VDD, TEMF&WAURE->lEMPELAIURE)
port map (N2475,N289);

11349: cmos-Wpe
generic map (DELAYm>1 ns, FANOUT=>1, VDD.>VDD. TMRaTfUFM->TEMPSRATURE)
port mVp (N2474,ENPCMh);

11351: bv
generic map (J)ElAY=>l iw, FANOUT6>1, VDN->VDD, 1F WInJIIJ- EMPERATUltE)
poet map (N4MN24Th);

1135'2: cmo&.pac
generic map (DELAY->1 en, FANOUT=>1, VDD->VDD, -3 WP AI¶- TENPEA¶URE)
port map (N284-CMD);

11354: iny
gawkri map (DELAY->1 en, IFANOUr.>1, VDD->VDD, TI1M'E ATjIJJ TEMPERATURE)
port map (N156,N287);

11355: cmos..jm
gameic maV (DELAY->1 en, FANOUT-1I, VDD->VDD, TEMPERATUE'ITI rTEMPERATURE)
port map (N2479JdODSAMiU't);

11358: inv
gameic map (DELAY'.>1 vs, FANOUT6>1, VDD->VDD, TEMFRATUE=c>TEMFSRAflRE)
port map (N2481.N2484);

11359: inv
generic map (DELAY=>1 en, FANOUfn>1, VDD.>VDD, TEMPERATURE.w.TBMFSLAIURE)
pmst map (N2484XM48);

1136D. cmos-pa
ganmic map (DELAYu-'1 no, FANOUT->1, VDD->VDD, TEMPBRATURE->TEMPERATURE)
port map (N2846,ENIG);

11362: imv
gawkri map (DELAYu>1 en, PANOUT->1, VDD=>VDD, TEMPERATURE=>TElMLBRTURE)
port map (N2485,N284);

11363: cmos-jia
gameic ump (DELAY=>1 ns, FANOUTm>1, VDD->VDD, TEMFERAflJREm>TEMPERAIURB)
post map (N2487NflNUSN);

11365: iny
generic map (DELAYm>1 ns, FANOUTm>1, VDDn>VDD, TEMlb!'ATUR~nTEMIYERATURE)
pert map (N21 1,N2489);

11366: cmospad
generic map (DELAYw>1 no, FANOUTm>1, VDDw>VDD, TEMFERATURBTEMPMRLflJRE)
port map (N284,RPUSN);
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113W. iv
generic Iap (DELAYm1l en, FANOUr->1, VDD->VDD, TEMMM JRlU ThMF!RATURE)
port MVp (N154,N294);

11370. inv
generic map (DELAY->1 no, FANOUT->1, VDD.>VDD, TEMPEUMB.>ThI4FRATURE)
port map (N2494,N283):

11371: cmos..ps
generic map (DELAY->l en, FANOUTmN,. VDD=>VDD, TEMFEAT¶Mfl ThbMFRArUIRB)
part map (N2493,SMIRD);

11373: cmc'sin
genrmic map (DELAY->1 en, FANOUTu'>2, VDD->VDD, TEMPERATURtE-TEMPRRATEURE)
port map (TC1,N1780);

11374: imv
genesic map (DELAYm>1 en, FANOUT=>1, VDD=EVDD, ThmFRAURE=>7EheERKA2V1)
port map (N297,N299);

11375: cmoe..p*
generic map (DELAY-:'1 en, FANOUT=>1, VDD=>VDD, TIRfATJRBwaTEMffSRMURE)
Port Map (N253,PULSEDIR);

11377: irv
generic map (DELAY=,1 en, FANOUT=>1, VDDm>VDD, 7hMPERATUJREw>IMPMERAT¶jRE)
port map MS2OO,N2852);

11378: cmoa.pad
geneic map (DBLAY-M1 en, FANOUT=>1, VDDm>VDD, TEMPRATURWuc>TEMPERATU)RE)
port map (N2502,IR);

11382: izw
geneic map (DELAY-M1 as, FANOUT->1, VDD.,.VDD, TEPRTR-7MEAUE
port Map (N995$2507);

11383: cmos...pa
generic map (DEIAY=>1 as, FANOUTr->1, VDD=>VDD, ThEMEATURtE->7EbMAMFE4f)
port map (NM87,CRSE).

11385: inv
gameic map (DELAYuo1 as, PANOUT=>1, VDD=>VDD. TB BERATRUM>TEMPBRAIB)
port map (N968,N251 1);

11386: inv
generic map (DELAY=,1 as. PANOUr->1, VDD.>VDD, TEhfRATUREL=T7bMPRATIURE)
port map (N2511,N255);

11387: cmos-.psd
geneic map (DELAYm,'1 en, FANOUTw> 1, VDD.=>VDD, TEMPERATRB->TEMPERATlJR)
part Map (N2854,EXDISN):

11389: cmosajn
generic map (DELAYu>1 en, PANOUT=>2, VDN=>VDD, TBEk9RATRUct~oThMPERA1URBt)
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paint map (TrNMTN1992);

11391: inv
generic map (DELAY=>1 in, PANOUNfl>1, VDD.O.VDD, I~j MATUR->MHOATUR)
pornt map (N2515,N2518);

11392-: iv
generic map (DELAY->1 ns, PANOUT=>1, VDD->VDD,7 MNBATURE.>TEMPERAU7fl)
port map (N2518,N2857);

11393: cmos..pal
generic map (DELAY->1 m,.FANOUI'=>1, VDD->VDD, TEMRATLU~a1W MR ATURE)
port map (N217.PRCTIR);

11395: imv
generic map (DELAY->1 us, FANOUT=>1, VDD.>VDD, TEMFERATUREm>TEMPERATURE)
port map (N1301,NW252);

11396: cmos..pail
generic map (DELAY=>1 us, FANOUT=>1, VDNw>VDD, TENORA1HTUR-FEUTATERB)
pant map (N2856,IIOLD);

11399: cmos-in
generic map (DELAY=>1 I s, FANOTJT=> 1, VDD=>VDD, TBM9RATUEME-TbTBMPERA1V)
pact map (NOTUINE~N1778);

11701: ouLbuff
generic map (DELAY->1 ms FANOUJT=>1, VDD-'OVDD, TEMURATREao'TEMFERATRE)
pant map 0N285,N2854);

11702: out-buff
generic map (DELAY->1 s, FANOUI'->1, VDD.>VDD, TEMPERATURE->TEMMMUEtRB)
pant map (N251,N2469);

11703: out.buff
generic map (J)BLAY->l ns, FANOUT=>1, VD~sVDD. TBSRATU1RE.-'TMUTRA1URE)
pant map (N4?72,N2$50)*;

11704: out..buff
gmneric map (DELAY=>1 ns, FANOUrn>1, VDD=>VDD, T~hVRATfURE-.ThMbaERTURE)
pornt map (N284%N274);

11705: ouLbuff
generic map (DELAYm>1 us, FANOUT->1, VDD..>VDD, TBEL ERTURE=>EMb9%RATUR)
port map (N2477,N2M4);

11706: outjbuff
generic map (DELAYw>1 us, FANO'UT=>1, VDDE.>VDD, TEMPELJRrd%~wThMPERATEURE)
port map (N2847N2479),.

11707: ouLbuff
generic map (DELAYw>1 us, FANOUT=>1, VDDw>VDI), IR02ATURE-.TSbQ9ATURE)
port map (N2483,2W4);
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11708: out~buff
generic map (DELAY.>l asn, FANOUT=>1, VDD->VDD, T1beRA1TRE=>T~hGPERAnME)
post map 285,N27;

11709: ouLbuff
Saicuic map (DELAY->1 nsi, FANOUT.>1, VDD->VDD , 7 MATUR->TMPRATRE
port map (N24S9W);

11710. ouLbuff
gaimic nip (DELAYm>1 in,. FANOUr.=>1, VDD->VDD, TEh W SRAI - ThMPERAT1URE)
port map (N283,N293);

11711: ouLbuff
generic map (DELAY->1 usi, FANOUT.ý>1, VDD-,VDD, TEbnlfM3RMB->T~bMERATfLhR)
port map (N2499=~253);

11712. outbuff
gameic map (DELAY->1 nh, FANOUT-o1, VDD=>'VDD, MOSRATUR'TBMVERATMTR)
port map (N2852,N2502);

11713: out-buff
generic map (DELAY=O1 ns.n PANOUT=>1, VDD->VDD, TEbflRATIJREm.TEMPERATUIE)
Port map (N2857MN2 17);

11714: ouLbilff
generic map (DELAY=>l nsi, FANOUTa.>1, VDD=>VDD, ThMPERAflJRBw>TMFRATURE)
port map (N221,NM.4;

11715: out-buff
gameic map (DELAY=>1 um FANOUT=>1, VDD=>VDD, TEAflRE>IWF=IPERA1URE)
post map (N2858,N2860);

11716: ouLbuff
generic map (DELAY=>1 in, FANOU~r.>, VDD-,VDD, TEBMPERAWREa=>TBMPERAThR~E)
port map (N2862N86);

11717: ouLbuff
generic map (DELAYw>1 us, FANOUT=>1, VDD=>VDD, TEhMPRATURB3=>T~MFERATEURE)
port map (N2426X2866)

11718: ouLbuff
generic map (DELAY=>I ns, FANOUTacl, VDD->VDD, TF.MPERATVRB~mcT1EMERAIURE)
port map (N2865,N2438);

11719: ouLbuff
generic map (DELAYw>I as, FANOUJT=>1, VDD->VDD. TEAMPRATUEME>ThMPERMTURE)
port map (N2439,N28W4)

11720: ouLbuff
generic map (DELAYw>I nsi, FANOUT.> 1, VDD.>VDD, TESGRAfl3REm>ThEbaMTURE)
port map (N2qMX242);,

11721: ouLbuff
generic map (DElAYs>1 nsi, FANOLTN>1, VDD->VDD, TEMERAflJREm>TEMWAERIURE)
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poet map (0W2867)

I112D: ca=
generic map (DELAY->I s, FAN=->2.o2 VDD.-.VDD. TBWdRAflRE->ThEqWERA~TJR)
port map 14N1974,N1767,N1973);,

11162- czar
genetic map (DELAY,1I ns, FANOur->2. VDI).>VDD, ILMMRA'I'!Lfl r TMPERATEVRE)
port map (14157.N196,N214);

11161: nod2
geneac map (DELAYm>1l, Fs ANOUT->2, VDDwm>VDD, TEWSRATURm>T WIMATU )
pmt map (N1431,N1562,N1799);

11141: nod2
generic map (DE[AY->I nu, FANOUT='1, VDD-VDD, ThMPERAREin>Th1MQERA1R)
pan map (N1181,N1175,N1 198);

1915: imv
generic map (DELAY=>1 m, FANOUr=>2, VDD->VDD, TEMPERATURE->TEPERA11JRE)
poci: map (N154,N203);

1913: inv
generic map (DELAY=>1 as, PANOtJT->1, VDD.>VDD. -1 U72Dfl - '1EF2M1REn)
port map (r11017XM00);

1912: inv
generic map (DBLAY->I as, FANOUT->1, VDD=>VDD, TEM RATURE->ThMPSRATURE)
port map (N1934,N2008);

1911: inv
generic map (DELAY->1 as, PANOUT->1, VDD->VDD, TEMATLURB.-Th~dPRA1TJRE)
port map MNDO1,W2M);

"10: inv
generic map (DELAY->1 ns, FANOUTJT1, VDD.>VDD, TiN EATURE->M'ThPFSA1VRE)
pan map (N1161$1I997);

1907: inv
generic map (DELAY=NI as, FANOIYTm,1, VDD->VDD, TEMPRATURE-TEPEATUPE)
port map (N1992ZN199 1);

190: inv
generic map (DELAYw-N as, FANOUTM..I VDD-u>VDD. TMOSATR~n>ThMPERATURE)
part map (N1987W1989);

1905:v
genetic map (DELAY-Nl as, FANOUT->I, VDD->VDD. TEMPERATEMfE->IEWPRAT1URE)
pan map (N41966,N1977);

M-0~ nod2
geneic map (DELAY-Nl as, FANOUT-M.1 VDD->VDD. TEMPSRATUREm.TEMPERATURE)
part map (N1968,N1973,N1966);
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1901: imv
generic map (DBLAY..l m,.FANO'UTm>1, VDI).>VDD, ThENEATRE"TMFERAflJR)
part map (NI96ZN1964);

1M9. mnv
generic mbp (DBLAY=i1 u,,FANOIUr->1, VDD.)VDD, ThMEMTRAURE=oTBMPERAIURE)
part map (N1948.N195 1);

1891: in,
generi map (DELAYuol ns, FANOEIT=1, VDD.>VDD. ThMPEMRATUREwoTEMPERA¶IUR)
port map (N1478,N1946);

low0.inv
geawki map (DELAY->1 ms, FANOUT->1, VDD.>VDD, TEMhATUREuc>INERAITJW)
port map (N1940,N194 1);

ISO.. mnv
generic map (DBlAY=>l ns, FANOUT=>I. VDD.>VDD, lEhMPERATUJREw>ThMPERATVRE)
pact map (N1922.N1797);-

1888: imv
generic map (DELAYw>1 as,FANOEIT=>I, VDD.>VDD, M'Lht 4 UDE ThMENRAMUE)
port map (N1914,N1916);

188: imv
genetic nap (DELAVm>1 s, FANOIYN>1, VDD->VDD, 1FEbRATURElmT~hfMPERA1 E)
pott map (N1920,N1911).

1886- imv
generic map (DELAY-> 1 Mn PANOUT- 1. VDD->VDD, ThMPSRATUREoThMFERATURB)
pou map (N1908,N1907);

M88: imv
generic map (DELAY->1 ms, ANOLT6>1, VDDEO.VDD, T~h2MRATRE-c.ThMFERATUR~E)
portmt iI903WN798)-.

18M: 9oax2
generic map (DELAY->1 ms, FANOUTm>1, VDD->VDD, TEWFERATUBEw'ThMERAHL4URE)
port map (N1303,N1572,N1903);

I8M: imv
generic map (DELAYm>1 mu, FANOUTN>1, VDD->VDD, IEbGRAT> ~ wTHM ERAIMURE)
pout map (NI 899,N1897);

M82 imv
gseq (DF :4 ms, ANOUT.>4, VDD.>VDD, ThliQRATURE->TIRMFERATURB)
part map (N189'4N1895);

1811: dff..jdt-sdwa
generic map (QYFANOUT->' 9. QNJFANOUTN> 1, VDD-> VDD,

TEMPERAT,ý' i> ITEMPATURES)
port map (N18u0N '!.,j,ý-1907JR1801,NI420.qpen);
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1810: myv
generic map (DELAY=o4 ns, FANOUT->'9, VDD=>VDD. 1TBMPERATURBmA7EMPRRA7MR)
podt map (N1420,N2005);

1786: imv
generic riap (DBLAY=>1 as, FANOUJT->2, VDDm>VDD, 1Nff9MATURE->7hMELG2RAIRE)
port map (N1950,N1953);

r784: iwmMd
geamic mnap (DELAY-> 1 as, FANOUJTm>1, VDD->VDI), MThMRATURB>EWMERATURE)
port map (Nl478,N194OM,bi8lN9M7;

1783: nand2
gaeneic map (DELAY=>1 ns, FANOUT=>1, VDD=>VDD, 7BhRAE=ABMPBR>TE flM TJRE)
port map (N1495,N1506,N1733);

178Z- dff...pedg-abar
generic map (Q.FANOUT=> 3, QN-YANOTI~u-> 1, VDD=> VDD,

ThbWE4PiREME=> TEUPEATURE)
port snap (NI941,N1951,N1943,N1478,N1725,open);

1781: nor4
generic map (DELAY=>1 ns, FANOUT=>3, VDD=>VDD, IThMPERATURE=>TEMPERATLUE)
port map (Ni468,N1420,N1472,N1756,N1478);

1779: nor4
generic map (DELAY=>1 ns, FANOUT=>1, VDD=>VL)D, ITAGPERATURE=->T~hfPEATEJRE)
port map (N1934N1799,N1601,N1415,N1920);

1653. nunl3
gameic map (DELAYz>1 us, FANOUTm>1, VDD=>VDD, TBMPERATURE->TEMFERATEURE)
part snap (NI159,N1803,N1431,W1161);

1652: nor2
generic map (DELAY=>1 us, FANOUT=>1, VDD=>VDD, TENERAaIRE=->TEbftERATURE)
port map (N1582,N1502,Nl58 1);

-Some gite instantmaons required an initial delay bause they were paWed-
-- With Other gateS to form a Flip-Flop pattern that would have an undefined -

statae when simulation began. lib offset the race condlition in the feedback -
loopone ofthegates infth patternwas givn a 1fdelay towait unil --

-fth other had received and responded to its inpuL -

1651: nor3
geneic map (DELAY=>1 ns, FANOUT=>2, IN1TELAYue>1 fs, VDDNATDD,

ThMPqRATURE=>TEN9EBATURE)
port map (N1l581,N1756,N1763,N1502);

1645: nand4
generic map (DELAY=> I ns, FANOUT-> 1, VDD=>VDD, TEMPElRATUJRE=ATEMPERATURE)
port map (N1962,N1533,N1516,N1559,N1 562);

139



1643: naud
twatri np (DELAYw'1 Mi PANOUtnhn1, VDDs>VDID, -L? MAT~pL UMFoBbRA7TJRB
pOet MV (NI550,N1458,N1559);

gamiuc map (DELAY->I Ms FANOUT-4~', IWllTELAYucm fs, VDD-VDD,

PMu mop (N1545,N17"56,NSS);

1641: nmnd3
generic map (DBLAY->1 Ms FANOUT- A1, VDD-oVDD. TSMBRA3EUMc4U9SRAVE=)
pout map (N1548N1544,N15005U, 45);

gameic map (DBAYN> M FANOUTr->1, VDD->VDD. ]MJ L2 A fFD-flE¶VRATR)
Port maP (N1356,N1756.N1763,N1544);

1639:- nod2
gawkri MV (DELAY->I Mu PANOU-I7-1, VDD-.VDD, ThMPfl4TtB-ucThNQ~tATRB)
Part maP (N1539.N1722,N98);

1638: nand3
gaminc MVp (DELAY->I w. FANOUTao'2. VDD->VDD, TEMPERATURE-OTEMPMIATURE)
Port Map (N1950,N1763,N1767,N1534);

1637: nand3
generic mVp (rTBLA=>1 as, FANOEIT=>3, VDDm>VDD, neRAflRfl-FERxha
polt map (N1489,N1534,N1763,N1533); n m vm

1635: dfi-jedgjimr
generic Map (Q...ANOUr- 2, QN-!ANOUr.-. 1, VDD.> VDD,

Port map (NI733,N1961,N195O,20)4Mcen);

1633: nou2
gameic MVp (DELAY->I no, FANOUTI-4, WhM)DBAYuN fin, VDD->VDD,

TERA1VTRE->TEMPBRATURE)
part map (N1582,N1748,N1S16);,

1632-. Rod2
gameic Mbp (DELAY-M us, PANOUN>2, VD~mVDD. TBMPMFB RA1STMPSRAIVR)
port map (N1516,NI504,NI748y,

1630: nand
gameic map (DELAYm>1 ns, FANourTF>i, vDmwVD. TEmBRAuREu.>TEmERMVRE)
port map (N1962,N1940,N1509);

1629: nawl
generic map (DELAY-NI nu, FANOUT-'N, VDD->VDD, TEMPERATUREu-.TEMFBRATEIRE)
port map (N1767,N1533.N1 506);

1629: nod2
generic Imap (DELAY-NI no, FANOUT>1, VDD->VDD, 3RATURJE->T~bMFRAn=B)
port map (N1509,N15(2.W15O4);.



1627: nod2
generic map (DBlAYw>1 I e, FANOUfl6IE4, VDDw>VDD, MetL4UB.MUMFS7NURA¶1URB)
part map (N1496~NI4690194O);

1626: i1w
gameic map (DELAYm1 umFANOUT-42 VDDma.VDD, "TEML4 EWDU TE1MPBRLAIVB)
padt map Q11533,N1469);

1625: imv
gawuki map (DELAY->1 m. FANOUIYN)1, VDD-VDD, TEMPERAUREW;MPBW1JRAM)
part map (N149S.N1496);

1623: nand2
gameic map (DELAY->1 as, FANOUT-24, VDD.>VDD. T1bflRATEME->7ENM9SRATEUE)
past map Q2443N1763,N1489);

IM2 nand3
gameic map (DELAYmu'1 ns, FANOU~w>2 VDDm>VDD, TEMF!RATURE->ThMF9RATURB)
port map (N2443$1I489%N1534,N1495);

12.nod2
gameic map (DELAYn> Ias, FANOUTin)'1, VDD.>VDD, ThMEbRATURB=>7EbWRATVBE)
padt map (N1946,N1961,N1948);

1618: nand2
generic map (DELAYri -1 , FANOUT->3, VDI)->VDD, *1DWFl R A'M1 ; ThMPRATURE)
part map (N1472,N1474,N1750);

1617: nand2
generic map (DELAYm>1 ns. FANOUTur>, VDD=>VDD, ThNSRATEMBuo>7hMFRATURB)
part map (N1471$1I469,N1442);

1616: imv
generic map (DELAY->I as, FANOUTf->1, VDD->VDD, ThMffSRATWEMLA>MelHiRATURE)
pac map (N1471N1452);

1615: myv
geneic maop (DELAYwd ns, FANOUT->1, VDDw>VDD, TENW AWYURE"MafRATMR)

part map (N1953XN86);

1614: imv
gesmaic map WELAY->2 ms FANOUTf->1, VDD-VDD, TEbMRATVRE8-,TRbMPEATM~)
port map (N2005,N226);

1613: imv
generic map (DELAY->1 as, FANOL)T->1, VDD->VDD, 7BMF1.RATUREw~Th~lMPRThlE)
part map (N143 ,N2863);

1612: imv
generic map (DELAY=>1 w, FANOUT=>1, VDNw>VDD, TEFEAT U'¶E TEMP9RATURE)
part map (N1452,N286);
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1611: ift
gameic mAP (DELAY.11l IW FANOUNN,1 VD~wVDD. I f ~JJ MT B-P-W EA
PMu maP (NI725,N1449);

1610: mvl
samic map (DELAY-NI m, FANO~rrsmN, VDbw>VDD, t f I WATqV1 no-7EMPRYJ3)
port mop (N1449,N239);

genwki mop (DELAY-NI re, FANOUT6N, VDDn.WDD. -11 IhATURE1coMPSRATUR)
port map (N1756.N1767,N144~N447);

1608: nand3
gameic amop (DELAY->I w.FANOIYN,'2, VDD.'VDD, .7 MATUPJ1 UDMFRAflJR)
port mop (N107,N1442,N1730,N1601)

1607: numd
generic mop (DELAY-Nl ra.FANOWN,2, VDD.>VDD, TEMERAX UM7EffRATIJPI)
poit map (N1447.N16G2,N1415)

1604: imv
gameic maop (DElAYw-N m FANOUTm.3, VDD.>VDD, T~bQ AIYIFt~u:UMPEffRAlTJRE)

port map (N1756,N143 1);,

1601: =i2
geneic imp (DEAY l wNu.FANOtI~m>2, flh1ThAYu>I fa, VDD.mIVDD,

TEM2RATURE->TMPERATURE)
pout map (N1471,$1446$1I548)

1IWO. nor2
gamwic mop (DELAY->I ns, FANOU'b6o2, VDD.,VDD, TENSRATDfl UMPEWRXIIJRE)
part map (NIS48,N1420,N1446

1599. =a2
geneic imp (DELAY-Nl ns, FANOUTr->2 VDD.WVDD, TEMPERA!JREI-II1IMERA7MJR)
podt mup (NI234,N1S81,N1800);

1598: nor2
seneic map (DELAY-NI as, FANOUTw>1, VDDW>VDD, 7ShERAt~l->lSHERAflJ)
port map (N17S6,NI950jNJ234);

1597: nand3
genen map (DELAY.NI as, FANOiYNNl, VDD.o.VDD. TE AI4ERATUP&> mERMM)
pout Map (N2401,N1417,N1418.N1894);

1594: nod2
geerwic mwp (DELAY-Nl ns, FANOUrjkkN, v]DD>VDD, R~uiAflRE=>ThM9%RAlUtE)
port map (N1911,N1800N1914);

1591: nod2
gameic map (DELAY-NI us, FANOUT-A2 VDD>.E>VDD, TMARAITJRE-om4EMFERAURBE)
pott map (N1400,N1293,N1404),



159M. =2
S.mua map (DULAY->1 M, PANOW-r.a D MLAYui- I, fe DD.>VMD

~'IL tATLWW- TMMW AMfB)
pwt map (1404.N134 1? l93X

M. man
-ut ',ap (DLAY->mF1mANOIr-$,3VDD->VDDjL ! E U- B11DSM~FLAIURB)
post map (N1303,N1325.N1303)

I"&. man
Suil map V(DELAY-1 uPANOUT1>1, VDD-VDD. WA!TUR i ElMPTU9UAI1)
pact map 404"N1SSW323X

15I7: inv
guulc1 map (DELAY->I wy FANOU76i1, VDD-VDD, Th IMATLMwflfl ginA7Mfl)

poat amp (N1329)11400);

15, mDon
gnatl map (DELAY-m1 my FANOUTW .1VDD->Vt1D, 7111WMW~ tBII TBO'ELURAMM
port map (N1420,N1887,H1329)

1585: inv
91 ..r map (DELAY'm>1 my PANOUTm1,. VDDm>VDD, T~WRT~t >TWEAIW ~ tYfiE)
port map (N1398,N=85);

I584: aar2
genedc map (DELAY->'1 m.wFANOIYN>1, VDD.>VDI), T'imiMtA .T~hMFRATtURE)
pout map (N1394,NW47N139CX;

1581: im
gm*i map (DELAY->1 m PANOUTm,'3, VDD.>VDD, TS EATURBTEMERAURl
port map (?2omUbm);

1581: nand3
gaotm map (DELAY"! re. PANOUTw>l, VDD.CIVDD, 11MFpL41¶1uR~c*Tw~ TmMP4¶R)
part map (NI221.N1973,N1984.N1381);

1567: =r3
gaisui map (DELAY->1 ns, FANOUT->2. ViDD-'VDD, TIi.ERATUllE - TMPEIAn[U)
put map (N1420ON1725N1992N1150);

LW-5 nmd2
gawed map (DELAY.>I'., FANOUT=>1, VDD->VDD ThSRAURR-nj~>ThEbERAjmR)
poet map (N1572,N1362.N1389);

W56: =2~
gaicuc map (DELAY->1m. FANOUT->2. INMITLAY-:-1 fs, VDD.>VDD,

TEMWERATUR TMPERATIURE)
port map (N1348,N192W1N362);

1564: ad
gem-dc, map (DELAY->! m FANOITFAl VDD-m'VDD, TBMFERATURE.>iThMPERA1URBE)
port map (N147I.Nl201,N16GZ)
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M53 =2
guiet dsmp (DBLAYs.*o1 ra, IANO2WN', VDD-.oVDD, A1 W-MR 1Uo-bR fllB)
pout war (Nl881,Nl7M0,1359)

0S61: noMt
sueo not mm ELAYm-'1 in PANOUTN>4, VDDw>VDD. 'E -1 ~ I MALM->UMtUA7MR)
part map (NISS1N1962N1201);

15. -o
gaunt Ship (DULAY.l wv RANOUrrw4I VDD.w'VDD, "T'IL~ ATUw¶Rfl U-ffA1UR)
pmut map (N1SU1,t174CN1474);

1559: nod3
gae&ei map (DELAY.>! mn FANOUTm>1, VDD.>VDD, MLM11ATU -> UMPRAlUR)
pmut map (N1933,N1343,N1344,N1341);

1553: inv
SOnR~iC ma (DELAY->1 wv PANOUT-4 VDD->VDD, "T'tLATM~"- IMPRAPE RE)
pwu map (N17.Ml*

1552: Inv
jauntr map (DELAY->I m, PANOTJ-r>2, VDD.>VDD, TMOUL hATIURE o-JdPEATURE
pmu mov (N13OW.I1SO);

1551: naud2
genroc map (DELAYw1l us,FANOUT>1, VDD>oVDD, TWbesL~a A >7EY'9

flflB

pmu mop (N1301,N1801N2001

150. nuand
geneic map (ELAYo1l us.FANOUT->1, vDD.,>VDD, TEMPfL4fl Th7MPBRA¶IURB)
pmu map (N158ZN1293,N1394)

1547: nand2
gameic mop (DELAY=>1 mv FANOUT->! VDD=>VDD, T~b4MAURI 1UMPEWRA~uRE)
port maV (M417,N1285.NIM9);

046: -ubd
genrwic map (DELAY->1 us. FANOIUr->1, VDD.>VDD, TRMPERA1URELw>¶JrhIRATURE)
pott map (N1313,R13 16,N12MU)

U545: dgfpedL~rbmr
geaeri Map (QYFANOUT-> 3, QN-FANOUT-> 3, VDD-> VDD,

TEWUERAEMu> TRMPBRAIURE)
port map (Nil266,N1S95,N1301 ,N1793~N1313);,

154: dff~podgrb
genouic tmop (Q.YANOUTw> 4, QN-FANOUTu'> 1. VDD.> VDD,

T>hERTEU->MORATURE)
port map (NI793,N1895,N1301,N17Mope);

0543: dff..podgrbm
gerieric mop (QYANOUrrm> 3, QNPANOUT=> 3, VDD.> VDD,

TENERATERE->ThMPURMU)RB)
part map (NI897,N1995N1301$1I900,N13 16);
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1542: dffjpedg-An
geamic Map (QYANOUTra 2, QN.JANOUT-m> 3, VD~m VDD,

TEPRE ATUR~ns- RATURE)
part map (N'1900.N1895,NI301,N1902N1266);

1541: dffpegjSr*
gaweki map (QYANOUrc> 8, QNJANOUT-> 1, VIDD-> VDD,

TREMMMTUE-RATSMU~TRE)
pmut map (N1EO1,N1572,N2005N1756,oen);

B540 dffjiedft-rb
SONeri map (QYANOUT-> 5, QN.YANOUT-> 1, VDD). VDD,

TEMPERA1VRE. TEMPERATURE)
port map (N1799,N1572,N2005N1471,N1943);

1539: dff..podgjbAr
geneic Map (QJFANOUT-0 6. QN-.FANOUT-. 1, VDDN-> VDD,

TEMPERATURE-> TEMPERATURE)
port map (N1415,N1572N2M5N1950,ope);

1537: dff...pedgba
gameic map (QFANOUT-> 8. QN-yANOUTa=i 1, VPDD> VDD,

TEMPHL5 ?ATUREI- TEMPERATFURE)
port map (Nl916,N1405,NI797,N1S72,Apz);

1535: imy
gaminc map (DELAY->1 ns, FANourm>1, vDD=>vDD, TEwpERAruREwunmEMPEnfJR)
poit map (N1750,N1226);

1533: dff..pedgjxbe
gameic map (Q-YANOUT-'u 1, QN-YANOUT-> 1, VDD-> VDD,

TEMPERATUJRE-> ERWPERATURE)
port map (N1964,N1405,VCCN1221,N1974);

1532. imv
gameic map (D)ELAY->1 as, FANOUT=ol, VDDm>VDD, iTE IL4' UDII TSMHL4TURE)
port map (N1961,N1968);

1529: nod2
gameic map (DELAYw>1 ns, FANOUT=>1, vDD->vDD, TBmpERAVREuc>ThMERAMuRE)
pout map (N1908,NI 198,Nl196);.

1528: nod3
gameic map (DELAY->1 Ps, FANOUT=>2, VDN'>VDD, TEMPRATUREw'TEMPBRATURE)
pout map (NI196.N1303,N1405$1I908):

1526: dff..pedgziur
gawkri map (QYFANOUYN> 1, QN-YANOUTu> 1, VDD-> VDD,

TEPRTR E-> TEhPRAflJR
poit map (NII75.N196I.N142OJN1184,open);

1525: dff..pedgjisar
geneic map (QFANOUT.> 2, QN-YANOUT-> 1, VDD.> VDD,

TEMP~ffB=> TEMPERATURE)
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par map (t411S4,Nl961,N142O,'X1181,o~);

1524: dff.pvdgjbsr
sa~mic map (QYANOUTu-. 1, QN.)ANO1YN-' 2, VDD- VDD,

TEMP jRATt REp -O LAUE

pmt map (N1181,N1961,N142O0ApmnN175);

1S21: inv
gamic map (DELAYuo.1 vs, FtNOUTm>4, VD~mVDD, 7' ILA U'DD EMFERATURB)
poit map(N1472,N1159);

gawkri map (DELAY->I w,, FANOUTm>1, VDD->VDD, TbfwxxrU uTEM~F ERA1rJRE)
post map (N17S6,N1950XN1471,N1354):,

1475: nod2
gameic map (DELAY.,l m., FANOUT->1, VDDm>VDD, TBMPEL~xuRuo,.T *WfMIAT!JRE)
pomt map (N1359,NBG164 ,1348y,

1471: dff..pedgwu
gawkri map (Q..FANOUT-> 1, Q14.FANOUT-> 2, VDD- VDD,

TEMPERTfU~RE= ATURE)
part map (N1063,N1977,N1IlO~cpff4N1063);

1470. dff-jedgjlur
gameic map (Q.YANOUT-r. 1. QN-PANOUT- 1, VDD-> VDD.

TEMPER.l R A= 2HMJRE)
port map (NI9&9X96IEN1991,N1056opon):,

1469: dff-pegjftr
guieaic map (QYPANOUT=Q 1, Q!NLYANOETfl> 1, VD~m VDD,

TTEMPERATR- EPLTURE)
port map "N053,N1063,N1ISON1984,Nl053);

1468: imv
geneic map (DELAY->1 n., FANOUT->1, VDD->VDD, TEMPRU 1->TMPERATURE)
part map (N1381,N1046)

1467: nod3
gameic map (DELAY->1 m., FANOtTr->6, VDD-VDD, TEMFPRMURE->.TEMPERATURE)
port map (N1056,NI046,$1778.N1301);

1466: nand2
geamic map (DELAY,.1 n., FANOUT->1, VDD.wIVDD, ThlML4TAuRB->TENMF9RTURE)
port map (N04WN1389MN255)*.

1465: nod2
geneic map (DELAYw,1 n., FANOUTm>1, VDD.>VDD. i~ TM RATUYflfl RATRE
port map (NI019,N1226,N1020);

1464: nod2
geneic map (DELAYm,.1 ns, FANOUr->2, VfTDMLAYcm>1 ft, VDD->VDD,

ThIMQ9L41VRB->TBMEMSAURE)
post map (N1922,N1O20jq1O19);
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1463: nuid2
generic map (I)ELAY->I Its. FANOIUr->1, VDDwVDD, TEfPRA1'UREu='TEMllERATRE)
part map (N1OO6,N1O13JN1O17);,

generic map (DELAY->l is, FANOUTm> 1, VDD-,VDD. TEM]PEATURE-1 7METRATRX1JE)
port map (N1405,N1O19,N1O13)ý,

1461: nand2
generic map (DELAY=>1 ats, FANOUT=ol, VDD-VDD, TEMEflATREs>TEWER!ATURE)
port map (N154,N221,N100S);,

1459: myv
generic map (DELAYwm4 us, FANOUITm>1, VDD=OVDD, TEWERATUE? TE ERTUE
pmrt map (N129,N1004);

1458. dff...edjtAr
generic map (QYANOUTN> 1, QN-YANOUT-> 1, VDD.> VDD,

TE->TVRAUEzMPENRATUR)
port map 1508,l72 N2O9N1OO1open);

1457: nod2
generic map (DELAY->1 its, FANOUTm>1, VDDk->VDD, TEMPERATUREaoTEMFERATURE)
port map (N1472,N997N95);

1456: dff...pedg.rw
generic map (QFANOUTr=> 1, QN-.FANOU'r= 1, VDDw> VDD,

TEMPERTRE>TE SIPSIRATRE)
port map (N88,N1922,N2O13,N997,an),

1455: dff..pegjtxar
generic map (QYFANOUTo> 1, QN-YANOUT-, 1. VDD-> VDD.

TEKERATURE=> TENVRATURE)
port map (VCCN1159$2013,N988open);

1454: nod2
generic map (DELAYw,1 ns, FANOUT->1, VDDm,>VDD, TMERAFL4URE=oTEM4PBMTURE)
port map (N154,N974,N979);

1453: nod2
generic map (DELAY->1 ns, FANOUTr->1, VDrmVDD, T~hGSBLTURE=>'T~hMFRAflJRE)
port map (N1472,N1344,N96);

1452: nor3
generic map (DELAY=>1 ns, FANOUT->2, NTD=ELAY->1 fs~, VDDt->VDD,

T¶MPRATUE-TEM PERATEIRE)
pmt map (N979,N976,N1004,N94);

1451: nor2
generic map (DELAY-> 1 ns, FANOUT->3, VDD-,VDD, TEAUERATUE'>ENWERATURE)
port map (N974$1001,N96);

1450: nod2
generic map (DELAY-A1 ns, FANOLT1->3, VDDm,'VDD, TEMPERATURE->TEMPERATURB)
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port map (N1781,N955,N248);

1449: myv
generic map (t6ULY.>1 ns, FANOUT=->1, VDD.>VDD, 'I~1M?ERATEB=>lffTRAT¶JT)
pout map (N959,N96);

1448: nand2
generic map (DBLAY->l ns, FANOEIfm>1, VDD->VDD, TENRATURB-'TEMPERAaRE)
pout Map (N1159,N968,N959);

1447: myv
generic map (DELAY->1 im, FANOUT->2, VDD->VDD. ThlMQERATURE-.TEMwERAflJRE)
pou map (N1344,N55);

1445: ncr3
generic map (DElAY-NI ns, FANOU->1, VDD->VDD, TBMPERATURB=-aTEMPEWRAT)
port map (N968XMNI34N354,N3);

1444: nor3
generic map (DELAY->I us, FANOUT'>1, VDDw>VDD, TEMPERAT IRB->TEMbWRATURE)
pout map (N%961,N94N420)N946);

1443: nr"2
generic map (DELAY-Al ns, FANOUT=>1, VDNw>VDD, MWERAflREma'1EMPERAMUE)
pou map (N95,N946,N945);

generic map (DELAY=> 1 n, FANOUT->2, VDDw>VDD, TEMbFRATURX->Eb(hPERATURE)
port map (N214,N2497);

149. nod2
Seneric map (DELAYw>l aM FANOUTolI, VDD.CIVDD, TMEMRATEUREIMiFERAMUR)
pou map (N241N2497,N211);

148: nod2
generic map (DI)EAYsm>I n, FANOUT->2, VDDw>VDD, 1M PM.2 A >7EbfSRAlflE
port map (N281,N2I4XN245);

144: myv
generic map (DELAYw>1 nm, FANOUTr->1, VDD->VflD, ThMPSRA1RE->TEN4PBRATURE)
part map (N200N196):

143: myv
generic map (DELAYsN> am, PANOUT->4, VDD=>VDD, ThMPfRATUR2=IEN4PERA]URE)
por map (N1962,N1767);

142. nand2
generic map (DELAY=>l ns, FANOUT=>2, VDD=>VDD, ThMER.ATURE->TMPBRA1VE)
port map (N156,N1940$1I90);

M41: nand2
generic map (DELAY-Aimn, FANOUTm>2, IHrIDELAYwol ft, VDD-VDD,

TENGTRAThNIEsREN ATURE)
pou map (N16ON184,N18O);



140. nmnd
generi map (DELAY->I m. PANOUT->1, VDD.>VDI), TEMPOL~AUREuo>TMPERATURB)
port map (N18OXWN144,N19ON184);

139.mnon
genelic map (DELAY-NI a, FANOUT->5, VDD.>VDD, . h TNEATURuPJ2 EATRE
Poct map (N174,N1722N1962);

138: mad2
generic map (DELAYwN is, FANOUT-N,. VDD->VDD, TEMFRATURF*='TEMlRAflJR)
port map (NlgON168,N174);

137: imv
generic map (DELAY->I ns, FANC)UT=>1, VDNw>VDD, T~hMFRATquRjm>TEMPERAmUR)
PMr map (N1722,N173);

136- nand2
generic map (DELAY=>1 ns, FANOUT->2, VDD->VDD, T HMP aTURE->TEMPERAnUR)
port map (N156,N173,144);

135: nand4
generic map (DELAY-NI rd. FANOUTr=>1, VDD=>VDD, TEMPERATUREm>TMFERATEJRE)
port map (NI68,N1356.N1763,N172ZN16O);

134: nod2
generic map (DELAY=>1 ns, FANO'UT=>l, VDD=>VDD, TEMCPERRE->7EMPERATERE)
port map QG2407,N132,N157);

133: iny
generic map (DELAY=A ns, FANG-LIT->3, VDD=>VDD, TEMPRAflJRE-1EMFPLiaUE)
port map (N155,NI56),

132. nand3
generic map (DELAY>1 iii, FANOUITm>1, VDD=>VDD, TEMPRATREw>TEMPERATURE;)
port map Q8W5,N725,N1950,N4148);

13 1: nand4
genriesc map (DELAY-Nl ns, PANOtTfNI, VDD->VDD, T9?WFERAflJREu.1EMllW.AxuRE)
port map (Nl68.N2005,N144,N190,Nl43);,

130. nand2
generic map (DELAY->1 as, FANOUT->3, UM1DELAY-Nl fa, VDD---VDD,

TEMPERATURE->TEMPERATURE)
port map (N148,N143,N168);

129, nod2
generic map (]DELAYw>N as,FANOTUT=>1, VDD=>VDD, TEMPERAIURE->TENERAIVRE)
port map (N3,N154$1 32);

127: nand2
generic map (DELAYw>1 ns, FANOLIT->1, VDNw>VDD, ThERaATURE-='TEMP9RXURB)
port map (N2201,N1572,N129);
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M2: dffpedgjirb
generic map (QYFANOUr-> 5, QNYPANOUT-> 1, VDD.> VDD,

TEMPRAT.~ sTEM PERA1URE)
pmrt map (N1934,N1572n200,N1472,*peq);

12m: nand2
generic map (DELAY.>i tas, FANOUTr.>1, VDD->VDD, TE1PL LMB-ThM[PHRATURE)
port map (NI343,NIV2flN17);

121: ncr2
gaweki map (DELAVu-a1 tn, FANOUT=>1, VDD.>VDD, T1HMPERATRUa'ThMPERXWRB)
poet map (NI236,N1780.N102);

118: rao3
generic map (DELAY->1 I ., FANOUr.>3, VDD-,'VDD, TEMP RAUBE-TEMPERATURE)
port map (N178),N1236,N1343,N1934}-

117: dff.pedgjbau
generic map (QYFANOUT=> 1, QN-FANOUTa> 2Z VDD=> VDD,

TEqP RAT MWYIfl TEMPERATUJRE)
port map (VC(205N1N997.N146B.N1236);

I16: dff..pmdgjbw
generic map (Q..FANOUTxc 3, QK..FANOUT=> 1, VDD-> VDD,

WBTEMPEAUE>TFELA2VRE)
port map (VCCN1159X=.O3Nl343,coaeO)

113: nuard2
generic map (DELAY->I as, FANOUTm>1, VDD->VDD, T' L I'ATURE- TEMPERATURE)
part map (N1961=1N220$15);

112. hiv
generic map (DELAY->1 ns, FANOUT->2. VDD=>VDD, TEM~P RAT ~fUR1-TEMPBRATUR)
port map (N1922,N3);

Ill: imv
generic map (DELAY=>1 ns, FANOUT=>2, VDD->VDD. TEMPEATURE-fl M EL4YJR)
port map (N1887,N94);

110. my
generic map (DELAY-1 tns, FANOUT->1, VDD->VDD, T1SVERATO1->13MPSRATURS)
port map (N207N29);

19: nod2
generic map (DELAY->1 tn,. FANOUT->2, VDD->VDD, TEMPERAflJRE->TEMPERAIMJR)
port map (Nl793,N19(02.N136);

18: nod2
generic map (DELAY->1 a., FANOUT->B, VDD)>VDD, TEMPERATUREmATEMPERATURE)
port map (Nl7.N1313,N1961);

17: nand2
generic map (DELAY->1 ns, PANOUT.r>3, VDD-,'VDD, TEMPE RAT¶1UI TEMPSRATURE)
port map (N29,N3,N1344);
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16:- nod2
geneti map (DELAY-N1 as, FANOUT-A4 VDD-WVDD, ThRAT~flB.Si1!bQERA1VRE
port map (N13I6,NI7jNI582);

MS nod2
genetc map (DELAY-M 05, I'ANOUT6-5. VDD.WVDD, TEMPEM1U I TBMMMERIB)
port map (NI266,N1313,N154);

14: nod2
genetic map (DELAYw>I we, PANOUT->5, VDD.>VDD, TEMMfiATURE-W'TEMPERAflJRE)
port map (NI902,N1316.N1922):

1B: nod~
genetc map (DELAY-N m., FANOUT->Z, VDD-VDD, TEMPRAfWThR-7MPERATURE)
port map (NI901N266,N1887y

11-nod~
genezc map (DELAY-Nl m, FANOUT=4, VDD=>VDD, ThbGRATURI->ThbQSRTURE)
pod map (NZN1900.NI4O5);

11: nod2
genetic amap (DELAY=N I m, FANOUT.>2, VDD.>VDD, ThMFSRALTJRB-u'~bGRAlURE)
pail map (N1793XNZN);

end stuct;

use STD.StandardLa11
use wor~ok~al&4i
use work~gan-ostantgAnl;
Use woik~gem...deays.afl

entity chp396mod is

pmt (CLOCK in bit;
RSTSW: in bit;
SWHOLDN: in bit;
EXHOLDN: in bit;
FCHPfN:, in bit;
LLIMN:. in bit;
RL1. in bit;
VHFHL in bit;
ROT' in bit;
PLTr in bit;
PGT: ilk bit;
PMAX: in bit;
TC1: in bit;
TUNERSI` in bit;
NOTUNE: in bit;
SWENAN: out bit;
FINE: out bit;
HOME: out bit;
TUINE: out bit;



RLG'FF: out bit;
NORMAL: out bit
RSWUL.- oat bit
EXBC: out bit;
ENPCM out bit;
LCMD: out bit;
MODAMPN: out bit;
E•IGO: out bit;
R•1ULSN: eu bit
RPLUSN: out bit;
SETDIR:* out bit;
PULSEDIR: out bit:
DIR: out bit;
CRS&- out bit;
EXDISN: out Wt;
PRClR: out bit;
HOLD. out bit);

end chp396mod

uchitecur cdu,396 of clp396mod is

component chp396

reneic MMPERAIUREk Pea; VDD; red);

pon (CLOCK :in bit;
RSTSW : in bit;
SWHOLDN : in bit;
EXHOLDN : in bit;

CHFFN :in bit;
LIMN :in bit
RLT :in bit;
VHH ::in bit
ROT : in bit:
PLT : in bit;
POT :in bit;
PMAX : in bit;
TCI : in bit;
TUNERST :in bit;
NOTUNE :in bit;
SWENAN : out bit;
FINE :out bit:
HOME out bit
TUNE :out bit;
RLEGFF : out bit;
NORMAL : out bit;
RSTPUL :out bit;
EXEC : out bit
ENPCM :out bit;
LCMD : out bit;
MODSAMPN: out bit;
ENPSIG : out bit
R1IUSN : out bit;
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RPLUSN :out bit
SEMhIR : out bit
PULSEDIR : out bit
Dlk : out bit
CRSB : out bit
E)MISN :out bit~
PRCMI out bit;
HOLD out bit);

end componat

for NO. chp396 uae entity workxcb396(stnuctY)

begin

-This section passes dvough die Voltage VDD and tenpraahe valuesD tohde -

-smaucure which pmses it drough generic maps into dke gates. TINS -
- mehod Allw die User to change the valme as needed withou having toD
-change anything else in other source code progwrns.

NO: chp396
gemc a (TflMPERiATURm

fll298.15, VDDm> 10.0) - 29&.15 K, 10 Volts

part map (COKSS.WODXHLNCFNLMtTVF.GPT
PGT.(AXTCI,TUNERSTNOTEUNE,SWENANFIN,HOME,TUNERLEGFF,

NORMAL SWULEXECHNPc ,CM ,MXODSAloNMXPIGlMDUJSN,
RPLUSN,SETDIRPULSBDIRDIRCRSEBXDIsN,PRcrR.HOLD);

end cbp396;

use STD.Standard*al
use woLublesall
use worlkgan...onstats.aU1;
use woik~gem-delaysWaU

-- Test bench for simulaton of the SM-B-746396 integrated circuit of the -

-- PRC-70 r#Aio. The clock cycle is scaled to 4000 ns.

entity tes~chp396 is

end tesLchp396;

aschitectue Mcs396 of teuLchp396 is

signal CL.OCK : blcm'0';
signal RSISW :bit='0';
signal SWHOLDN i I'
signal MXOLDN :biv-T1'
signal FCHPN :bituo'1'
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algnlP.J : bitu'O';
algalROT :blt=m'O';
avwlga I bit-'O';
aignalr POT:nba'O*;
algalPM~AX : bkm'?O';
algacl JN ST :bitsml';
algal NOWIND bitm'l';
algal SWENAN :bit;

signa HOUR bit;
SilW Tl)B :bit;
SlgalIUEOPP : bk*
algal NO1RMAL : bit;
algalRSWPUL : bit;
algalEXBC bit;
siaignlemP~ bit;
avwgalL D :bit;
Alga MODSAMNt : bit;
alglmmPSG bit;
aigal IINUS : bit;
algalRPLUSN :bit;
aMga SETDIR :bit;
algalPUISEDIR : bit;
ai"naDIR :bit;
d~alglCRSE :bit;
algalEXDISN bit;
alg" PRClR :bit;
algalHOLD :bit;
algalLI : bit.'O';
algal2 :bit-l'O';
algal CLOCKA :bit:-O';
alga CLOCICB bit-='O';
dalglcLOCKC :bk.'I';
algal STOP :biL--'O';-

compooMn cbp39Emod
part (aCLOCK in bit;

RSTSW Aln bit;
SWHOLDN : in bit;
EXHOLDN: in bit;
FCHFFN : in bit;
LLDO :lin bit;
RLT : in bit;
VHFEHI :lin bit;
ROT : in bit;
PIX : in bit;
POT :in Wit
PMAX : in bit;
TCI iln bit;
TUNBRS:lIn bit;
NOTUNB An bit;
SWENAN : out bit;
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FB: out bit;
HOvf out b
n= :out bit;

RLEGFF : out bit;
NORMAL : out
RSnPU : out bit;

XB ::out bit;
ENl CMI : owt t;
LUM :out wt;
mODSA"PN: mut bit;
ENFSIG : out bit;
RMINl : out
1RPLUJSN : out bit
SE1T)IR : out bit;
PULSEDIR.: out bit;
DIR : out bit;
CRSE :out bit;
EXDISN : out bit;
PRCJP. : out bit;
HOLD : out bt•);

mid cmoet

for • chp39&nd u• endl ww•cpg•nd(chp396);

begin - mputsmul

RGT'c- '1'aftr 454000 as,'0' afe'460000 ns,'1'atr SOOOO)0ns,
"0' afere'l18000nu, '1r ate. 536000 ri, '0" after 5380010..,
'1r afimr 862000 us, '0' afe 87"000 us, '1' aftet 1192000 us,
'0' •afe 1264000.., '1r fte 1372000 ns, '0' afe 1408000..s,
1'rafte 145200]0 urn, '0' after 1460000 .s, '1' afu 1522000 n3,
'0' after 1778000 us, ' 1' stft .• 5000.s, '0' afte 1906000 n.;

RLT<- '1' bitm"37SOO0 m, '0'aftr82;000m. "1' afthG2000m,

"0' after 830000 ns, '1r afte 1184000 us, '0' afe 1228000 as,
'1' afte 1336000 us, '0' after 1370000.z, '1r after 1410000..,
'0' afe 1450000 uns, '1' afe 1458000 us, '0'afm" 1524000 iis;

VH-PHI •: '0' afte 1140000 as, '1r fte 1170000 us, '0' afe 1814000 us,
'1' after 190400Dm, '0' afte 1906000..;

?GTi• '1" afte 1174000.s, '0' afte 1196000.s, '1' after 1266000.n.,
'0' after 1300000..s, '1' af• 1414000 us, '0' afte 146200' us,
'1' afte 152600]0 us, '0' after 1780000 us, '1' afe 1904000 us,
'0' af"e 1918000 us, "1' afte 195600 ns;

PLT~. '1" fter4gO000 ns, '0' afte" 6000 ns, '1' after 578000ns,
'0' sfter 6OSOO ns, '1r af•te 1136000 us, '0' after 1162000 ns,
' 1' after 1302000 uns, '0' af'ter 1412000,m., '1' after 1782000..,.
'0' a 1958000.. ;

TUNE To'0' aftS r 2000 us, '1 af•r 574000 Vs, '0' ft8 6000 n s,
'1' after 618000 ns, '0' after 2000O ns, 1 aft1 122600 ,
'0' after 1228000 s, '1' aft 1920000 ns, '0' after 1922000 a;
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PCHFFN =W'0' ar 2000 us, '1' " er4000 us. '0' uw 198000 ,
1 after 200000 ri

TCI •, '0' aftr 3S2000sm, '1' aftr38000 ns, '0' ftaer834000rs,
'1' ater848000Mn, '0' afe 110i000lm, '1' t., 113600Gm,
'0' after 172800 n;

PMAX" '1" aftr 28400m, '0' at• 360 0m, '1' after 8440 s,
'0' after 902000 Wl, '1' aftr 150600. '0' aVter 1528000 as

RS =SW '1' after2 0 , "0' ae" m3 00 0, 'I' aWter 428OM ms,
'0' after 628000 M, '1' ader 90000 s;

EXHOLDN -=m'' ater 230000 s, '1' aftl 240000 ns

SWHOLDN om'O' aftm 238000 "s.1' aft 246000 4M

NOTUNE <='0' after 2000s, '1" after 196000 a., '0' aft 198000 ms,
T after 830000 as, '0' after 832000 ng

LLDIMN <a ' after418O0 m, '1' after 44000ns, '0' afterS•7O) Ms,
"1' after 604000 as, '0' after 910000 s, '1' after 1106000 a,
'0' after 1538000 r, '1' after 1726000 i.s, '0' afte 1760000 m,
'1' after 1772000 as;

Ll<m '1'aI•t4000 is, '0' after 194000 us,
'1' after 288000 is, '0' after 350000 s,
'1T after 384000 ns, '0' after 420000 ns,
"Iaftr43200is'O` after 442000, 2 s,
'1' afte 492000 m, '0' after 498000 m,
"1' after 52000m n, '0' afte 534000 ns,
'1' after 580000 ns, '0' after 606000 M,
'1' after 836000 ns, '0' after 842000 u,
'1' afte 852000 is, '0' Af 858000 ns,
'1' after 864000 ns, '0' after 870000 s,
'1' after 912000 ns, '0' after 1134000 m,
'1' after 1144000 M, '0' after 116600W m,
'1' after 1176000 ms, '0' after 1190000 ns,
'1' after 1268000 M, '0' afer 1298000 ns,
'1' after 1304000 .s, '0' af 133400 ns,
'1' after 1416000 as, '0' after 144600 m,
'1' after 1464000 n.' ait" 1502000 is,
'T' after 1540000 us, '0' after 175800G m,
'1' after 1784000 , '0' after 1854000 m,
'1' after 1924000 as, '0' after 195400M n,
'1' after 1960000 is, '0' aft 1968000 ns;

1.2 <w ' aT 202000a, '0' after 22WO o ,
T' after 24MW nd, '0' after 2 8000• m

'1T after 354000 ns, '0' after 37600D as.
'1' aft'4,6000 4sn '0' after 452000 m,
'1' after 462000 ms. '0' after 48800 m,
'1' aft SO2000 ns, '0' after 516000 ns,
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'1' after 538000, '0' V ft 000 ,
'1' aftw6I0m, '0' m O 616000 Mr,
'1' aft O sm , '0' f 8280•0ou,
'1' aer P4000 r, V0' aft 89M000 ,
'1' d 1198000 n '0' after 1224000 ',
"1' ater 1230000im, '0' afer 12S00 r,
"' after 133800 0s, '0' afe 1368000 W,
'1 afdte 1374000 , '0' after 1404000 M,
"1' after 1510000 s, '0' aft 1520000 u,
'1' af S 1530000 s, V' after IS36000 u,
41' afteir 176M000 , M0' aftr 1768000 m,
"1' afer 1862000 a, '0' after 1902W00 ,
"1' after 1910000 m, '0' after 1916000 u

CLOCKA -'1' aier 194000 s, 0' after 202000 us,
"1' daer 228000 ns, '0' aftr 232000 u. .
'1' after 234000 m, '0' afr 236000 ,-
'1 after 242000 us, '0' after 244000 ms,
'1' after 280000 ns, '0' after 282000 ts,
'1' after 286000 ns, '0' after 28M00 ns,
"1' after 350000 uns '' amt 3 a000ns,
'1' after 376000 us, '0' afterS84000 us,
T1' aft418000 s, '0' after420000 s
'1' after 424000 ns, '0' a/e426000 us,
'1' after43000 s, '0' af432000 m,
'1' after.442000 s. '0' a•f'446000 ns,
'1' after 452000 s, '0' after 456000 ns,
'1' after 458000 ns, '0' after 46M00 us,
'1' after4S8 0 ns, '0' after492000 us,
'1' afk498000 us, '0 aftw5O2000 us,
'1' after 516000 us, '0' aft"520000&s,
'1' after 534000 us, '0' after 538000 us,
'1' after 564000 ns. '0' after 570000 as,
'1' after 572000 us, '0' after 58M000 m,
'1' after 606000 ns, '0' afte 610000 ms,
'1' after 616000 ns, '0' after 624000 us,
'1' afte626000 s, '0' after 630000 ,
'T' after 828000 s, '0' after 836000 us,
'1' after 842000 s, '0' after 846000 nr,
'T' after8500 s, '0' after 852000 us,
'1' after 858000 as& '0' after 864000 ns,
'1' aft 870000 s V after874000ns,
'I' afte. 896000 as, '0' aft 8980 s m,
'1' after 904000 as, '0' aft 960006 s,
'1' aftwr 90000 ms, '0' after 912000 ms,
'1' after 1134000 ns '0' after 1138000 us.
'1T after 1142000 ns, '0' after 1144000 s.
'1' after 116600 0M ns, '0' after 1176000 as.
'1' after 1190000 ns, '0' after 1198000 s,I
'1' after 1224000 ns, '0' after 1230000 ms,
'1' after 1260000 m, '0' afw 1268000 s,-
'1 after 1298000 u, '0' aft 1300 ns,
'1' after 1334000 s, '0' afer 1338000 ns,
'1' after 1368000 m, '0' athw 1374000 us.
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.1' Maftr 1404M0un '0'afte 141600 Mu
T1 daftr 144600 wa ''afte 145400M M
T1 dier 145M00 m0 after 14640MmA

41' aft. ISO= M0. '0' afk, 150O0"0mm
'1' afte 150600 raO V ie 151000Dmm,
'1T diwe 152000D m, '0' afte 133000D0mm,
'1' after 153600M m. V0 afte 154000Dmm,
T1 aft. 1758000 mu,'0' afte 17600Mmk
T1'*., 176S00m "WOaft 177000DnaM
'1' dier 1774000 m'0'afte 17840Mmr,
T1 aftr 185400 m.,'0' aft 18I0MM M
I'1l afte 186000 w V0 afte 186M 0mm
is aft. 190M00mm 40'dafer 190M0 mm,

T1 afte 190600M .m'0' ate 1910000 Mm
'1' der 1916000D n'0' afr 1924000mm,
'1' after 39S4000is, '0' afte 1960000m

CLOMK -c not CLOCKB aftr 2000 .m

CLoCKC -o w't CLOCKC afte 2000re

STOP< cm 1'after 200000ns - aop mewhen luiatioaends.

CM chp396enod
Part Map(cO

NORMLRS~v=cc pTRMD~0S1t,NRqPSWXIOAMSN,
RPLUSN,SEMDtPUVýEJR.DIRCRSBBXISN,flcnthO );

P1: Process - 1xMCeS ID iWPncopi* peetualt rMning -:l- hit tm tWs

waitfor 1ift"

CLOCK <a CLOCKB;
elsf L2 '1T the
CLOCK <- CLOCKC;

elm
CLOCK <r CLOCKA;

end ff,

wait on Li, L2. CLOCICA. 0.00CR, CLOCKC;

end Process Pl;

p2. pmoces - pmmes to stop dr- Aimumult at a specfiod dine.

wait until STOP -T1;
assertS MOP - '10'

report -end of shnulation aftar 2 mns"
seveitij FAILURE;

nd proceuP2;

end mst396;
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