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Standard Cell Design:

Background:

The standard cell design methodology is a top down approach to digital design. It is also called
the ASIC approach and is used in EE287 . Any time you start with a HDL description of the
logic and work your way down you are following this kind of approach. The advantages of this
approach are that you can describe logic in words without committing to a specific circuit. for
instance A<=B+C, would define and adder, but you have not committed to a ripple carry of
carry look ahead architecture. You can optimize your adding at a higher level without have to do
a \n adder circuit by hand. This approach along with the use of standard cell library which has an
estimate of the delay and power for various circuits that are already laid out, can be used to
automatically generate layouts from a Verilog or vhdl net-list.

The design flow for this approach is:
1. Describe the functionality of your circuit in an HDL (In this case Verilog)

a. Keep re-writing code and simulating until the logic meets specification (No
timing information is created at this time.)

2. Synthesize your HDL description of your circuit to a library that has timing (delay)
information.

a. Optimize the performance of your design until you meet your logical, timing, and
power specification.

3. Place and route your design with area and topology information from a physical library.
4. Create a physical description of your circuit in “GDSII” format

5. Import this physical description into a DFII database (The view your are familiar with if
you have done the bottom up cadence tutorial. For example: the layout view.)

6. Runa DRC check on the layout. (draw a do not DRClayer over the pins)

7. Create a Spice netlist from the layout view by extracting the layout.




8. Create a symbol for the design
9. Create a test bench for this design, use the symbol to set up the spice test bench

10. Verify the logic, timing, and power specification for the corners (If you have them, if not
use the nominal values)

11. Send the design out

12. Verify the circuit when it comes back from manufacturing.

It is very important to remember that each step in the design flow you are estimating the
performance of your circuit. The accuracy of the simulation increases as you go down the design
flow, but so does the simulation time. Furthermore, it takes more time to fix an error the farther
you are along the design flow. As a rule of thumb it is better to give your design a 30% margin of
error at the beginning of the design, so you do not have implement costly fixes at the end of the
design flow or god forbid after the circuit has been manufactured. Currently the design cycles in
industry are so short that you do not have the luxury of fixing a bug in a later release.

For more on various design flows see chapter 1 of the new Kang and Leblebici book.

Getting Started:

This tutorial will take you through the basics of taking a design through synthesis and place and
route. At this time, it will not cover how to actually optimize a circuit in the higher level tools. It
assumes that you know how to optimize a Verilog description of a circuit from a Top-Down
design class.

Choose which technolgy you want to use. The available technologies are:
AMI06
TSMCO025

TSMCO018

Copy the start up files into your account, depending on which technology you selected (Figure 1,
Figure 2 and Figure 3.). In this case, we will be doing a 10 bit Ifsr. No matter what type of circuit
you are doing you need these files.




[ eecad28 - default - S5H Secure Shell
File Edit Yiew ‘Window Help

=101x]

Do 28 Be e 80 % W

eecadli. engr. sjsu. edul
eecadli, engr. 3jsu. edul
eecadid, engr. 2jsu. edu’
eecadzf. engr. 3jsu.edus cp -rf fappsscadence/siit* famidé/main 1fsr_amil6
eecadid, engr. 3jsu. edul

|

=

-
Connected to eecad2s |55H2 - 3des-che - hmac-mds - none 92x5 MUM
Figure 1: Files to copy if you are using the AMI06 process.
& eecad?8 - default - 5SH Secure Shell N [m|

File Edit “iew ‘Window Help

IR EEEEEEEG

eecadli, engr. 3jsu. edul

eecadid, engr. 2jsu. edu’

eecadld. engr. 3jsu.edul cd

eecadid,. engr. 3jau. edus cp -rf fappssoadencesiit*/temc0zZ5/main lfsr temc0zZ5
eecadi. engr. sjsu. edui

[

-

Connected to eecad28 |553H2 - 3des-che - hmac-mds - none 92x5 MUM 2
Figure 2: Files to copy if you are using the TSMCO025 process
8 eecad28 - default - 55H Secure Shell i =]

File Edit Yiew ‘Window Help

P IR LR

eecadli. engr. sjsu. edul
eecadli, engr. 3jsu. edul
eecadid, engr. 2jsu. edu’
eecadzf. engr. 3jsu.edus cp -rf fappsscadence/iit* /tsmc0ld/main 1fsr_ tamcOld
eecadid, engr. 3jsu. edul

Connected to eecad2s |55H2 - 3des-che - hmac-mds - none 92x5

m

|

-]

-
4

Figure 3: Files to copy if you are using the TSMC018 process

We will be following the AMI06 process for the rest of the tutorial.

Now cd into the directory you just created and copy the actual verilog file into it (Figure 4).

[ eecad28 - default - S5H Secure Shell
File Edit Yiew ‘Window Help

=10l

x|

D dE 28 B8

SO % W

eecadli. engr. sjsu. edul

eecadli, engr. 3jsu. edul

eecadid, engr. 8lsu.edu% cd 1fsr_amile
eecadld. engr. 3jsu.edu cp Afapps/scadence/iit*f1fsr.w .
eecadid, engr. 3jsu. edul

Connected to eecad2s |55H2 - 3des-che - hmac-mds - none 92x5

m

|

-]

-
4

Figure 4: Copying the verilog file into the proper directory.




Use a text editor to make sure the code matches the code in Figure 5.

Getting ready for Synthesis:

H eecad2d - default - 55H Sec
File Edit iew Window  Help

D 2 2 2R 8|80 %

eecadiZd. engr.sjsu. edu¥ cd 1fsr_amilg

eecadsd. engr.sjsu. edus cp Sappsfcadence/iit*¥/lfsr.v .
eecadZd. engr.s)su. edus nedit 1fsr.v &

[2] S50&

eecad2f. engr. sjsu. edu% I

Connected to eecad28 |55H2 - 3des-che - hrac-mdS - noi

fsr.w ({read only)

File Edit 3Search Preferences 3Shell Macro Windows

ST
// 10-bit Linear Feedback Shift-Regiszter
;i

/4 Johannes Grad, IIT
FATELTET T LA i i i iiiidiiiiriiiidiiiilsy

module lferig, e, reszet, clk];

input clk; // Global clock

input e; // Counter enable
input reset; // Counter reset
output [9:0] g; // Counter output

redq [9:0] gy

alwayz (Ri{posgedge clk) begin
if [(rezet)
q <= 1;
elae ifl(e)

g <= { g[8:0], ~(g[8] " glel) 1},
end

endmodule
Figure 5: Code for Ifsr.
Now we have to make sure you are running the correct version of Synopsis tools.

If your account was created before the 19'th of September 2003, copy a new .cshre file into your
home directory, and then log out and log back in(Figure 6).




H eecad?8 - default - 55H Secure Shell

File Edit Wiew ‘Window Help
D 3|2 2 B R 0|88 % w

eecadsd. engr. 3jsu. edus

eecadsd,. engr. 3jsu. edus

eecadis. engr. sjau. edus cd

eecad2i. engr. 3jsu.edut cp Afapps/cadence/iic¥ /. cshre .
eecad28. engr. 3jsu. edus

Figure 6: Getting the correct .cshrc file (Remember to log out and log back in.)
Change back into you Ifsr_ami06 directory.

Before we synthesyze the Ifsr we have to modify the script file that the Synopsis tool uses to
compile your design into a net list.

Open the text editor and open the file compile.scr

eecadid. engr. 3)su. edus pwd

fhome fdparent/lfsr_anils

eecadli. engr.sjsu.edu% nedit compile.scr &
[2] 5522

eecadld. engr. 2. edu I

Figure 7: opening compile.scr.

The script file is slef explanatory. You have have to search and replace TOP_LEVEL _NAME
and FILE_NAME with Ifsr.




fl.-"'.*::*:'.*.".*:1":'.*:'.*:'.*.".*::*:'.*.".*:1":'.*:'.*:'.*.".*:'.*:'.*.".*:1":'.*:'.*:'.*:'.*:'.*:#***#tt###*t#*tt##**#*t#

/* Compile Script for Synopsvs £3
/* Johannes Grad, IIT *
/o *
/* *
/* Change "TOP LEVEL NAME" to your design name £3
/* Change "FILE NAZME" to your verilog sourc &3
A code file. If you have more than 3
i* one, you need one line for each *
;* Do not include the testbench *

*

e ok ok ok ok ook ook ok ok ok ok ok e ok ok ok ok ok kK e o o
link library=target library={iitl&t stdcells pads.db
define design lib WORK —-path

read —f verilog FILE Na&ME.w

zet flatten true

verilogout show unconnected pins = "true";

max area 0.0

current deszign TOP LEVEL NAME

compile —ungroup all -map effort medium

get max fanout 5.0 TOP LEVEL NAME

compile —incremental mapping —map effort medium
check deszign

/* If you want pads, uncomment these 2 lines and */
/% list all your pins/busszes that you want have as
/¥ =zet port is pad {clk,lcad,Cin,Z,A,B} */

/* ingert pads */

write —f verilog —output TOP LEVEL NaME.vh
write —hier —-output TOP LEVEL NAME.db

Figure 8: The compile.scr file before editing.




rl,-’?‘:'.*:'ﬁ:t#*****?*:**?‘:?‘:'.*:'ﬁ:'.*.'#*******?*:***t#************t#****f

/% Compile Script for Synopsys */

/* Johannes Grad, IIT */

;* | */

/T */

/* Change "lfsr" to your degign name */

/* Change "lfsr" to your wverilog sourc */

S code file. If you have more than */

i* one, you need one line for each */
* Do not include the testhench */

/e e ok o o o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o e
link library=target library={iitl0&6 stdcells pad=z.db}
define design lib WORK -path

read —f verilog lfsr.wv

set flatten true

verilogout show unconnected pins = "true";

max_ area 0.0

current design lfzr

compile —ungroup all -map effort medium

get max fanout 8.0 lfazr

compile —incremental mapping -map effort medium
check deszign

/% If you want pade, uncomment these 2 lines and */
J* list all your pins/busses that you want have as pads °
/* set port is pad {clk,load,Cin,Z,2,B} */

/* insert pads */

write —f wverilog —output lfsr.vh
write —-hier —output lfsr.db

Figure 9: The compile.scr file after editing.

Now we actually run the synthesizer from the command line in Synopsys(Figure 10).

10



H eecad?8 - default - S5H Secure Shell
File Edit Wiew ‘Window Help

=101 x|

IDwd2g =288

SO % W

eecadis,
eecadZi.
eecaddd.
eecadZi.
eecadZi.

EHOY.
EROr.
EHOY.
EROY.
EROL.

32U,
2j=u.
2j=u.
2jsu.
zjsu.

Connected to eecad2g

edus
edui
edu
edui

edu% dc_shell -f compile.scrl

|

-]

-
|55H2 - 3des-che - hmac-mds - none 92x5 MUM

Figure 10: Running Synthesizer.

You should see output like Figure 11.

At this point you should check the timing of the circuit and eliminate any long paths that
make the circuit fail specification. You should be within 30% of your spec at this time to
allow for routing induced delays.
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DEogLoniiny veldy upeimlsgnlull FrEase

ELAPZED WORST NEG TOTAL NEG DE3SIGH
TINE AFEL SLACK SLACK  RULE COAT

Beginning Phase 1 Design Rule Fixing (max_fanoutc)

ELAPSED WORST NEG TOTAL NEG DE3SIGH
TINE AREL SLACK 3LACE  RULE COST
O:o0:01 1519z.0 0.oo 0.0 z.0
0:00:0L 15408.0 0.00 0.0 1.0
O:00:0L1 15624.0 0.00 0.0 0.0

Beginning Ares-Becovery Phase (max_area 0)

ELAFSED WORST NEG TOTAL NEG DESIGN
TIME AFEL SLACK SLACK  RULE COAT

Transferring design 'lfsr' to database 'lfsr.db’
Current design is 'lfsr'.
1

check_deszigm
1

/% If you want pads, uncomment these 2 lines and */
f*% list all your pinssbusses that you want have as p
/% set_port_is_pad {clk,load,Cin,Z,4,B} */

/% insert pads */

write -f werilog -output lf=sr.vh

Information: Please make sure that you have run the
1

write -hier -output lfsr.db

Writing to file /home/dparent/lfsr amil6/1fsr.db

1

report_timing > timing.rep
1

report cell » cell.rep
1

report_power > DOWEE.Tep
1

quit

1

dc_shell>

Thank vou...

eecadlli. engr. sjsu. edus I

Figure 11: Output from synthesis.

Setting up your DFII Data Base:

Ultimately we are going to load in the gds2 file from the place and route tool into icfb. WE must
create a library with icfb before we run the seultra tool script. The reason is that the se_shell
script creates a cds.lib file that will not allow you to view the technology file information.

12



To create this directory: We have to start icfb and create a directory with the proper techfile and
same name of the verilog file (Error! Reference source not found.).

OK | cancel| Apply

Library
Name: |Lfsr
Path: |1

Technology Library

If this library will not contain physical design (i.e., layout) data you do not need a tech library.
Otherwise, you must either attach to an existing tech library or compile one.
Choose option:

Mo tech library needed

Attach to ezisting tech library

. ) --» A1 0.60u C5H (3M, 2P, high-res)
# Compile tech library

Misc.

Figure 12: Creating a DFII library.
If it is done correctly, you should see the library manager look like Figure 13.

Hle Edit View Design Manager

Shows Categories Shows Files

Libraty

AMALOG

NCGSU_Analog Parts
NCGSU Digital Parts
NGSU_Sheets Bths
NGSU TechLib =mil&
NCGSU TechLib tsmc03
PANFRAME

SEAG

SISU_AMIOG IP
basic
cdsDefTechlLib

1fsr

synth 1itle

Figure 13: Library Manager after DFII data base is created.
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Place and Route:

Now we need to run the place and route tool from Cadence called seultra. Before we do this, we
have to edit the script file seultra.scr according to Figure 14.

#
FHEFER AT R A A SR A R R A R A R R A e R

# read im LEF f£il=
INFUT LEF FILENAME "1itl6_egtdcellszs pade.lef” REPORTFILE "lmportlef.rpt® ;

# impoct \re:llog n=tlist

SET VAR INPUT.VERILOG.FOWER.RET “wdd"®;

SET WAR INPUT.VERILAOG. GROUND, NET "gnd®;

SET VAR INPUT.VERILOG. LCSIC. L. MET Twdd® .

SET WAR INFUT.VERILOG.LDGIC.O.HET "gnd®;:

SET VAR INPUT.VERILOG. SPECIAL.METS "vdd gnd®;

INPUT WERILOG FILE "1it06_stdcells pads.wv.s=" LIE "synth_iit0é&" ;
#

# Eead he=re the cesult of your n:o:rnl:u.le =cript

# change FILE_NAME to your esynthesis output file

# and changs TOP_LEVEL HEME to the name of your toplewval moduls
# [most lil::el}' both will b= called the =mame)

#
INPUT WEEILOCG FILE "lfar.wh" LIB "synth_iit06" EEFLIB "eynth_iit0&"™ DESICH "eynth_iit0&.1fac:hdl"

Figure 14: Editing the seultra.scr file.

It is simple; just follow the instructions of the script file.

Now we have to run a set up file that tells the shell where the binaries are for the Cadence Place
and rout tool Figure 16).

NeWdsg 2R/

eecadZi. engr. sjsu. edul

eecadZi. engr. sjsu. edul

eecad2i. engr. 3jsu. edut source Jfapps/cadence/30C23env.opts
Warning: ridiculously long PATH truncated

eecadZs. engr.2jsu. edus: I

8% W

— L - = e —

Figure 15: Sourcing the evn.opts file.

Now run the place and route tool from the command line (Figure 16). This will take a long time
even for this simple design.

14



D 2 2BE A

dzc_zhell>

Thank vou...

eecadss. engr.sjsu. edus nedit seultra.scr &

[2] 5353&@

eecadiZd. engr. 3jsu. edus se_shell -£ seultra.scrl

£ 0| B | 82

Figure 16: Running the place and rout tool.

When it is finished, your terminal should look like Figure 17

DeEE 2 2 EBE D &80 %))

Procesz complete., Output in final.gdsZz.
Successful SAVE EBINARY DESIGN as 'final'.
Finished execution of file 'seultra.scr'.

eecadss, engr. sjsu. edus I

Figure 17: Place and route finished.

Converting from SEULTRA fomrat to DFII (icfb)

The format of the project is not in the correct DFII database format to convert it we run a special
script developed by HIT. To run the script type in the command iitcells_se2icfb, as in Figure 18.

I

eecadZi. engr. 3]3u. edus
eecadZd. engr. 3]au. edus
eecadiZs. engr, 3)au. edus
eecadid. engr. sjsu.eduk iitcells _sezicfh

&8 %

Figure 18: Conversion Script.

You should get a listing as in Figure 19.
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Checking if final.gdss exizts...... (14

Deternining top-level NANE. . ...vaa. 0K [(lfzr)
Creating temporary cds.lib......... (1):4
Deternining Techtolody. e s s asnnnns 0K (AMI 0, 5um)
Femoving old library..cveeunenannnns 0K [(lfsr)
Creating new DFIT library.......... 0K [(lfsr)
Creating PIPO script file.......... 0K

Funning PIPO (GDS Stream-In).......
b o ol e ol el el el e el e ol ol e e e

CADENCE Design 3vstems, Inc.
Virtuoso(R) Physical Data Translator 4.4.6
EXEC TIME : 2Z-%ep-2003 Z20:10:36

* % % % =
* % % % =

ok o o ol ol el ol e ol ol el el ol e ol ol ol e i i e el ol e ol el o e o

#*%% There were 0 error and 1 warhing messages *+F

dtatistic and more information, please check shomesdparent/lfsr amilePIPO.LOG £1i
le.

NOEMAL EXIT ...
¥ Warning * ¥Years in non-standard 4 digit format found in the stream file. 3uch ¥
ears have been converted to standard format. The tool that wrote the stream file

should write the years in standard format, which iz the number of years since 190
0. For more information, please see the documentation/KPHI.

Cleanifig ... eeeeeaneasanannsnnns 0K
Good by.
eecadiZi. engr. 2]au. edus I

Figure 19: Output of Conversion Process.

You can now see the layout view of the Ifsr in icfb’s layout tool (Figure 20).

16



.,';z.E-Lihrary Manager: Workarea: /home/dparent/Ifsr_amidD&

=10 x|

File Edit View Design Manager Help
_| Show Categories _| Show Files
A - Pt || LY -
L= coll e

Afsr Afsr layout
BNAL DG NOR3E1 ||| layout
NCSU_Analog Parts OATZ21X1
WCGSU Digital Parts 0AIZ2H1
MCSU Sheets Sths ORZXEL
NCSU TechLib amilf ORZXZ
WGSU TechLibh tsmc03 BAOFC
PADFRANE BADGHND
SEAG PADINC
SISU_aMIOE TP PalINOUT
basic PADONG
cdsDefTechLib EBANOUT
1lfsr P2OVID
synth 1it06 TBUFE1

TEUFXEZ

HNORZH1

HORZH1

lf=sr

lfsr wial —

1f=zr WIAZ

B F
-l_

—iessages

Loading NCSU Library Manager customizations...done.

Figure 20: Ifsr converted.

We can see the final layout in Figure 21.
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Figure 21: Final Layout of Ifsr.

Checking the timing of the circuit using Spice:

I am not quite sure why but the extraction from the library you create your design in (in this case
Ifsr) does not work. You have to create another library like Ifsr_test and copy the layout into it,
and then run extract. You can do this from the icfb session you started before you sourced the
env.opts file to het the paths for the place and route tool to work. If you closed that icfb session,
then start another terminal and then start icfb again.

Create a library according to Figure 22.

18



»{ Create Library

0K | Can-::ell Apply |

Ix

Help

Library

Hame: F_lfsr_tes =

Path: I

Technology Library

If this library will not contain physical design (i.e., layout) data you do not need a tech library.
Otherwise, you must either attach to an existing tech library or compile one.
Choose option:

+ Mo tech library needed

~ Attach to existing tech hibrary
——® AMI 0.60u C5H (3M, ZP, high-res)

=

4 Compile tech library

Misc.

YO Pad Type: 4 Perimeter . - Area array

=

-

Figure 22: Creating another library to run extraction on the layout of the Ifsr.

Copy the Ifsr, layout view into the library Ifsr_test according to Figure 23. (If you get any

warnings, just click on fix errors and then proceed.)

¢ Copy View )

— From

LiFary |_111'sr

call |_:.L'E =

Whiriiy |f.|.a.g-uul:

T

L ey |]_'E:-:_te:-1i
el |;“1f=.c
Vierw |1a3'¢L1I:I

L

# Gkl Uit | THEALOD
NCSU_Rnalog Pacts

W Doy &0 iy
e o Copy  [lagauk

I Update Instances:  ©f Dl Mkrary o |

0K gy Cancel Help

Figure 23: Copying the Ifsr layout view.
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Now open up the Ifsr layout view from the Ifsr_test library (Figure 24).

®: DLES ¥: #4380 (F) Setct: 0 e y; st el
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Figure 24: Layout view of Ifsr in Ifsr_test library.

Go to Verify, DRC check and clcik on ok in the pop-up like Figure 25.
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Ok Cancel | Defaults| Apply

Checking kMethod # flat hierarchical hier wio opt
Checking Limit # full incremental by area
Conriinais

Switch Hames

Run- Specific Command File

Inclusion Limit 1000

Join Hets With Same Hame

Echo Commands

Rules File divaDRC. rul]

Rules Library B | 1fsr test

Machine # local - remote Machi
Figure 25:DRC Check.

If you get some errors about malformed metals as in Figure 26, do not worry about it.

EEkdkdkdt Supmary of rwle wiolation for cell

# errors WVinlated Rules

2 Improperly formed shape - metall
13 Improperly formed shape - metall

15 Total errors found

Figure 26: Acceptable errors from DRC.

The pins are have to be created from labels that have been automatically generated.

To create these pins first delete all the DRC error markers by going to Verify...Markers... Delete

All.

Go to Create... Pins from labels in the Virtuoso editor. You should see a pop-up like Figure 27.
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»¢{ Create Pins From Labels x|

(0].4 | Can-::ell Help

Creation Options

Lahels Within: # Cellview .- Selected Instances
Labels: 4 Al - Selected
Labels Found Fin Layer Width Length  Ignore
metall |dg &m — 1.0 Il. 1] -
| |Tfl'3tE'L:|-3 |d'§| | |met313 ‘dg| = |1- ':E Il- I:E -

Figure 27: Creating Pins

Just click ok.

Now go to Verify..Extract to extract the circuit for simulation (Figure 28).

> Extractor x|
OK | Cancel | Defaultsl Apply | Helpl

Extract Method # flat .- macro cell . full hier . - incremental hier

Join Hets With Same Mame  _| Echo Commands |

Switch Names IExtract_parasitic_caps Set Switches

Run- Specific Command File _| I

Inclusion Limit Il':“:”:.‘j.

View Names Extracted IEKtIaCtEEf. Excell IEKDE]-]E.
Rules File IdiVE'EKT- rul;

Rules Library | Ilfsr_test_{

Machine 4 local . remote Machine I

Figure 28: Extracting with parasitic Capacitances.
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Note: The NCSU kit will not do high speed clock trees very accurately. Be Carefull!

The extraction report should contain no errors.

Running a Spice Simulation:

Open up the extracted view and start the analog environment (Figure 29).

X 73.35 Y. 269.85 (F) Select: 0 =

Dist: Chind: T=27 C Sim

Tools Design Window Create Edit Verify Connectivity Options Route HCSU

e
><Affirma Analog Circuit Design Environment {1) | |_|
Status: Ready T=27 C Simulator: spectreS 4 [—
Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses =,
Lib Loer et I# Type Arguments. . ... Enable a
H o0 Cell 1fsr 1  kran a 400n yes

View extracted

Design Variahles Outputs

I# Name Value I# Name /Signal /Expr Value Plot Save March

Figure 29: Starting Affirma.
Make sure extracted is in the view list under Setup... Environment.
Make sure the transient analysis is set to 400ns.

To set up the test vectors in the Affirma window go to Setup... Stimulus.. Edit Analog.
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\{'spectreﬁﬂ: Edit Stimulus File

0],4 | Cancel | Defaults

Apply |

Editor - text # graphical

Pilg Moans I

Figure 30: Seting up the stimulus file.

Click graphical in the pop-up (Figure 30). and Figure 31should appear.

»{ Setup Analog Stimuli x|
1] 4 | Cam:ell fpply | Help
[E

Stimulus Type 4 Inputs - Global Sources

clk ,.-"'g'ruﬂ.! ‘i.ﬁ:nlt.a.g'e fal=
OFF e fgnd! Voltage dc
OFF gnd Afgnd! ¥Woltage dc
OFF q[0] Agnd! ¥Woltage dc
OFF q[l] Agnd! ¥Woltage dc
OFF q[2] Agnd! ¥Woltage dc
OFF q[3] Agnd! ¥Woltage dc
OFF g[4] Agnd! ¥oltage dc
OFF g[5] Agnd! ¥Woltage dc i
OFF g[6] Agnd! ¥Woltage dc
OFF q[7] Agnd! ¥Woltage dc

Change |

Enabled _| Function dc Type  Voltage

AC magnitude F

Figure 31: Setting Stimulus File.

Now wee need to change the inputs to DC sources such as VDD and Gound and inputs to
Vpulses. Ifitis an output leave it alone (g[0]...q[9]
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OK | Cancel Apply Help
Stimulus Type -# Inputs -~ Global Sources
clk Agnd! Woltag e 1"=0.0 "Wolt:

OFF e Jfgnd! Woltage dc

OFF gnd Agnd! Woltage dc

OFF g[0] fgnd! ¥Woltage do

OFF g[l] fgnd! ¥Woltage dc

OFF g[2] Sgnd! ¥Woltage dc

OFF g[3] fgnd! ¥Woltage dc |
OFF g[4] Sgnd! ¥Voltage dc

OFF g[5] Agnd! ¥Woltage do

OFF g[6] fgnd! ¥Woltage dc

i
I~ i P
Change |

Enabled _| Function pulse | Type Voltage
AC magnitude |_

AC phase [

DC voltage I

Voltage 1 j0.a

Voltage 2 El

Delay time I I

Rise time I 1rg

Fall time |15,

Pulse width |5

Period | 10gf

Figure 32: Setting the Clock.
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Ok | Can[:ell Apply |

Help

Stimulus Type 4 Inputs .- Global Sources

=

OFF  g[0] /ognd!
OFF  g[1] /gnd!
OFF  g[2] /ognd!
OFF  g[3] /ognd!
OFF  g[4] /ognd!
OFF  g[5] /ognd!
OFF  g[6] /ognd!

OFF gnd Sgnd! Woltage dc

Woltage dc
Woltage dc
Woltage dc
Woltage dc
Woltage dc
Woltage dc
Woltage dc

OFF clk /gnd! Voltage pulse "Voltage 1"=0.0 "Woltz |-
e fgnd! Voltage dc "DC woltage"=G

Enabled _|

AC magnitude
AC phase
DC voltage

Change |

Function dc

= | Type

Voltage

[

=

E

Figure 33: Setting Enable to logic 1 (5V).
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OK | Can[:ell Apply |

Help

Stimulus Type

“# Inputs .- Global Sources

= |

0H
0H

OFF
OFF
OFF
OFF
OFF
OFF
OFF

clk Agnd! Woltage pulse "Voltage 1v=0.0 "Woltz |

e fgnd! ¥oltage dc "D& woltage"=G

grnd Afgnd! Woltage dc "DC woltage'=0

g[0]
q[1]
q[&]
q[3]
q[4]
q[5]
q[8]

Ao |
Ao |
Ao |
Ao |
Ao |
Ao |
Ao |

Voltage dc
Voltage dc
Voltage dc
Voltage dc
Voltage dc
Voltage dc
Voltage dc

Enabled W

AC magnitude

AC phase

DC voltage

Change |

Function dc Type

Voltage

Figure 34: Setting gnd to zero volts.
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=

OFF g[2] fgnd! Voltage dc
OFF q[3] fgnd! Voltage dc
OFF g[4] fgnd! Voltage dc
OFF g[5] fgnd! ¥Voltage dc
OFF qg[6&] fgnd! Voltage dc
OFF g[7] fgnd! ¥oltage dc
OFF g[8] fgnd! Voltage dc
OFF g[?] fgnd! Voltage dc

OFF wdd Agnd! Voltage dc

¥i
I~ i ]
Change |
Enabled _| Function pulse | Type Voltage
AC magnitude i
AC phase I
DC voltage i
Voltage 1 [0.¢
Voltage 2 E
Delay time I i}
Rise time I 1
Fall time |1,
Pulse width |11
Period 400z

Figure 35: Changing reset.
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L

OFF g[2] Sgnd! ¥oltage de

OFF g[3] Sgnd! ¥oltage dec

OFF g[4] Sgnd! ¥Voltage de

OFF g[5] fgnd! ¥oltage dec

OFF g[e] Sgnd! ¥oltage dec

OFF g[7¥] Sgnd! ¥oltage dec

OFF g[8] Sgnd! ¥Voltage dec

OFF g[?] Sgnd! ¥Voltage dec

oM  reset fgnd! Woltage pulse "Voltage 1"=0.0 "Wol
0N wdd Sognd! Woltage do "DC w

Change |

Enabled W Function dc Type ".I’ultage_ul

AC magnitude [
AC phase I
DC voltage El

Figure 36: Setting VDD to 5 Volts.
Make sure vdd, reset, e, clock, and gnd are all enabled!

Click on apply, but do not close the window.

In the Affirma window Go to Outputs... To be Plotted... Select from schematic and click on all
the metal3 lines until the high light (Figure 37)

'=E“:' 1

Figure 37: Selecting Outputs to be Plotted.
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Look in the Afirma window to make sure all the inputs and outputs are listed.

Run the simulation.
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Figure 38: Final Simulation.

You should get something like Figure 38.
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This is the very basics of this flow. |
have not shown you how to set any
synthesis or place and route parameters.
You use It at your own risk.

31



