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1 Introduction

The objective of this lab is to learn and get acquainted with HDL designing using Xilinx Design
Suite, FPGA programming using Altera Kits, spice simulations and layout using the Cadence
Design Suite

1.1 LIST OF EXPERTIMENTS

1.1.1 ECAD Programs

PARTL1: The programs are designed and verified in Xilinx.
HDL code to realize all logic gates

Design of 2-to-4 decoder

Design of 8-to-3 encoder (without and with parity)
Design of 8-to-1 multiplexer

Design of 4bit binary to gray converter

Design of De-multiplexer, comparator

Design of full adder using 3 modeling styles
Design of flipflops: SR, D, JK, T

Design of 4 bit Binary BCD counters( synchronous, asynchronous reset) or any sequence
counter

10. Finite state machine design

CoNoO~wNE

PART2: Programs are to be downloaded on the FPGA boards Cyclone2, Cyclone3 using
Quartus Il. The performance testing may be done using pattern generator and logic analyzer.

All the programs in the (PART1) should be programmed and configured on the FPGA board

1.1.2 VLSI Programs

PART1: Introduction to spice simulation

V-1 curves of a NMOS and PMOS transistor.

Transfer characteristics of an CMOS Inverter

Design and simulation of a Latch circuit

Design and simulation of D-flipflop

Design and simulation of NOR/NAND gates

Design and simulation of CMOS 1-bit adder

Analog circuit simulation ( AC analysis ) — CS & CD amplifier

NogakrwdpE

PART2: Introduction to Layout & design rules. Verification (DRC, LVS, ANTDRC) of the
designs

1. Layout of CMOS inverter

2. Layout of any combinational circuit ( complex cmos logic gate,
NAND,NOR)

3. Layout of Latch

4. Layout of Adder
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2 Xilinx DSI Manual

Xilinx ISE is a software tool produced by Xilinx for synthesis and analysis of HDL designs,
which enables the developer to synthesize (“compile™) their designs, perform timing analysis,

examine RTL diagrams, simulate a design’s reaction to different stimuli, and configure the
target device with the programmer.

In our Lab, the scope is limited to design and analyze the design using test benches &
simulation.

The following is the step by step procedure to design in the Xilinx ISE:

1. New Project Creation

Once the Xilinx ISE Design suite is started, open a new project & enter your design
name and the location path. By default ‘HDL’ is selected as the top-level source type. (If
not, please select Top-level source type as ‘HDL”)

Proie

Navigator - [What's New in ISE Design Suite B=1ES
E - =
DPEP| ] YDEX|vwa ALK 2RN2EOa RGBS L:Q
Getting Started ax ) FCUTTPIE TS SyS e e Vel UESIgIT SUTaUoTT ~
j . . tem Generator for DSP, and
W LR L B New Project Wizard ['5_<| '
inlalect Eneknf Ttehhl—:F\E\l'nl:stPE Create New Project
I, check out the "what's : . ) =l
availabie Fram the "Help” e Specify project location and bype.
i ™ software, ISim, PlanAhead
DR ATl el o0 Enter a name, locations, and comment For the project ’ ’ ’
Open Projeck... Memien | |
Open Example. .. Lacation: |c:'|,Documents and Settings ‘ E]
Project Browser, .. Descripkion:
d complexity
ign suite
e
Select the bype of top-level source For the project
id Engine (SGE) compute
Top-level source bype:
“
HOL | =
Console +08 X
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2. Continue to the next window and check if the Preferred Language is selected as ‘Verilog’

—
E File Edit ‘iew Project Source Process  Tools  ‘Window  Help

oEd

LiXDDX waldiAEAXX AR [N

RE Mo AR

;@Ef|59

Getting Started

No project

Select one of the buttons bg
Also, check out the "what's

=
@

& x| ()

EE New Project Wizard

Device Properties
Specify device and project properties.

T CONpIete 5y

oo v el UesgrT

T T

|>

§| tem Generator for DSP, and

Mew Project..,
Open Project. .,

Open Example. ..

o
=
"
o
o
@
o
=2
=3
@
T
o

k=)

Project Browser. ..

Select the device and design Flow Far the project

™ software, ISim, PlanAhead,

Caonsole

Window

Select one of the buttons be
also, check out the "what's

r " mel

Mew Project. ..
Open Project...

Open Example. ..

o
=
.
o
=8
@
=1
=2
=3
@
T
o
k=)

Project Browser. ..

Console

Property Name Yalue
Product Category w
Farnily CoolRunner XPLAS CPLDs -
Device Autamatic xcr3000:x ~
Package * hd
Speed -+ b d complexity
Top-Level Source Type HOL
Synthesis Tool ST (WHDL Merilog) w
Sirnulator Modelsim-3E Mixed A4 ign suite
Preferred Language Yerilog ~
Manual Compile Order O
e
Enable Enhanced Design Summary
Enable Message Filtering O id Engine (SGE) compute
Display Incremental Messages O
v
08 x
I More Info ] [ < Back ] [ Mext = ] [ Cancel ]
. . 3 s 3 > : 3 s
3. Proceed by clicking ‘Next’ and create a ‘New Source’ using the ‘Create New Source
j - tem Generator for DSP, and
No project New Project Wizard '
Create New Source
Yau may optionally create one source at this time. You can add existing sources on the next page, and later create B
additional sources with the "Project-=Hew Source” command,
Create a new source ™ software, ISim, Plandhead,
Source File Type MNew Source,..
1
Remove
EE New Source Wizard
Select Source Type
Select source kype, file name and its location,
Schematic
User Document
Verilog Madule
Verilog Test Fixture
YHOL Maodule:
WHOL Library File name:
YHOL Package ‘Iogicgates| |
o VHDL Test Bench te
Location:
v
‘C:'LDocuments and Settingstlogicgates | E] —
+068 X
More Info
fidd ko project
More Info Mexk = Cancel
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4. Select the source type as ‘Verilog Module’ and input a filename and proceed to ‘Next’.
In the next window ‘Define Module’ enter the ports.

Al50, check aut the “wWhat's

available fram the "Help" me additional sources with the "Project- =New Source” command,

‘fou may optionally create one source at this time, You can add existing sources on the next page, and later create I

New Project. .. Create anew source

™ software, ISim, PlanAhe:

Open Project... Source File
1
Open Example...
Project Browser...

£8 New Source Wizard

Type

Mew Source. ..

Bemove

Define Module
Specify ports For module,
Module name | logicgates
Port Mame Direction Bus M3EB LSBE L]
A input ~O
] input: |
notd output b2 I:‘ te
andAB output ~+(d
orig output ~O :l [y -
nand&g oubput ~+(d
Consaole norAg autput ~| N
More Info e L O
*norAE ~+(d _
input: ~+(d
inpuk ~+(d v
Canrel
’ < Back ] I Mext = l ’ Cancel ]

5. Finish with the New project setup with the ‘Summary’ window.

£ New Source Wizard

Summary

Project Mavigator will create a new skeleton source with the Following specifications.

Add bo Project: Yes

Source Directory: C\Documents and Settingsilogicgates
Source Type: Verilog Module

Source Mame! logicgates,w

Module name; logicoates
Port Definitions:

A Fin
E Pin
noks Fin
andhB Pin
oraB Fin
nandAE Pin
norab Fin
xorab Fin
xnarab Fin

inpuk

inpuk

oubpuk
oubpuk
oubpuk
outpuk
oubpuk
oukput
oubpuk

<Back || Ensh || cancel |
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6. Once ‘Finish’ is selected a pop-up appears to create the directory. Select ‘yes’

Z= Mew Source Wizard

Summary

Project Mavigator will create a new skeleton source with the Following specifications.

X

Source Direckory: CiDocy
Source Type: Yerilog Maodi p | The directory
Source Mame: logicgates, \"\.f)
'Ci\Documents and Settingshlogicgates'
Module name: logicgakes
Pork Definitions: does nok exist, would you like to create it?
A
E [ Yes ] [ T ]
noks, —
andAB e e
or&E Fin oukpuk
nandab Fin outpuk
nor&B Fin oukpuk
xor&B Fin oukpuk
xnorfiB Fin oukpuk
|
[ = Back ] Finish ] [ Cancel ]

7. Then proceed to ‘Next’ in the “New Project Wizard’ to ‘Add Existing Sources’. ‘Add
source’ if an existing source is available, If not proceed to ‘Next” and finish with the
‘Project Summary’ window

LU EHP S %R0 X9 @ (Mo PARSRNADE D @) &RV
Satting Started g X| O FCOTTPIELE SYSE-Evel UeSIgTT SUTOoTT =
j ; . ‘valltem Generator for DSP, and
AR L 2 pew Project Wizard X '
i?‘ec': Enekof Tteth!'tt\'\?l:stPE Project Summary
s, check out the “What's . . . ; . - =
available From the "Help" me Project Mavigator will create a new project with the following specifications.
Mew Project. . ] Project Fath: C:iDocuments and Jettings’ logicogates ~ ™ software, ISim, PlanAhead,
Working Directory: D
Open Praject... Description:
Top Lewvel Jource Type: HDL
Open Example. ..
e
B B 0o Device Family: CoolRunner XPLALZ CPLDs
Device: XoriFxl )
Package: . d complexity
Speed: -%
Synthesis Tool: EST (VHDL/Verilog)
Simulator: Modelsim-5SE Mixed ign suite
Preferred Language: WVerilog
Manual Compile Order: false
Enhanced Design Swanary: ensbled e
Message Filtering: disabled
Display Incremental Messages: disabled i X
id Engine (SGE) compute
New Source; v
Verilog Module logicgates.w ==
v
Zonsale +08 x

More Info

< Back ][ Finish _H Cancel
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8. Design Entry and Syntax Check

The ports defined during the ‘Project Creation’ are defined as a module in the ‘filename.v’
file

== ISE Project Navigator - C:\Documents and Settings\logicgatesilogicgates. xise - [logicgates.v]

File Edit ‘iew Project Source Process  Tools  Window  Help =l 4
DAEY S XBEX e B ALPEXX,PRIAN TEIDLAR IS £ 9
Design +08x & 7 // Design Name: ~
[Ef SUurcEsFUr:|Implementatiun ~| B= g // Module Name: logicgates
. _— o // Project Name:
ﬁEl ISRy E 10 // Target Devices:
B laeztcs 11 // Tool versions:
SR R e 1z // Description:
s‘.é:s-‘.s ﬁuﬁ logicgates (logicgates, w) = 13 i
= 2. 14 // Dependencies:
& — 15 //
A 16 // Revision:
. % 17 // Revision 0.01 - File Created
) 18 // Additional Conments:
_— A 19/
%4 20 FASSESEER PR IE RSP EE R ES SRR RSP EEPELEEE AR
21 module logicgates|
£ | b4 Z2 input &,
'?t Mo single design module is selected. Zz ;2§:EEB;mtA,
=y A5 Design Utilities 25 output andib,
26 output orib,
'?ﬁ z27 output nandib,
-— 28 output norlB,
"‘ 29 | output xorlb,
30 output xnorliB
31 1:
32
33 -
34 endwodule
e :
< | >
Design | Files | Libraries E What's New in ISE Design Suibe 11,1 logicgates. v | = Diesign Surmmary
Console +0F X

9. Input your design (verilog code) within the module definition

== ISE Project Navigator - C:\Documents and Settingsilogicgatesilogicgates. xise - [logicgates.v*]

File Edit View Project Source Process Tools  Window  Help -8 x
DE@P S ADEBX 0a | BiPAPHXAPR|ATEOSFRGIL)Q
Design +08 % & 21 module logicgates| ~
[[] | Sources Far: ‘Implementation | §= 2z input A,
(5] | Hierarchy = zi ;Ezut B,
— = put notk,
Ej’li| Ingicgates 0 25 output andlB,
= &2 XUSQXI_W - 26 output orlE,
s::s: 3:!3:! logicgates {logicgates.v) = 27 output nandib,
- 2 z8 cutput nordb,
F‘ 29 output xoriBE,
A 30 output xnorliB
. 31 H
P Al J
- 2 33 /% Seven different logic gates acting on four hit husses #/
. s 34 |ssign notk= ~a; // NOT gate
a5
< | > 36 as=ign andiB= a & by // LND gate
‘?11: Mo single design module is selected. g; assign ordB = a | b; // OR gate
Iirt ‘ﬁ‘ Design Ltilties 39
40 &ssign nandiB = ~(a & b): S/ NIND gate
+ 41
- 42 aszign nordE = ~{a | bl: // HNOR gate
43
44 a&3sign ¥orkB = a * b; // ZOR gate
45
45 assign xnordB= ~{a * bh): // IIOR gate
47 L
45 endmodule
aa b
< | ¥
Design ‘ Files Libraries E ‘What's Mew in ISE Design Suite 11,1 lngicgates, v* | pins Diesign Summary
Console +0& X
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10. Select the design from the ‘Hierarchy‘window.

‘Implement Design ‘would be orange (in color) ready for implementation

== ISE Project Navigator - C:\Documents and Settingsilogicgatesilogicgates.xise - [logicgates.v]

In the below window of

Processes

@ File Edit “iew Project Source  Process  Tools  Window  Help -5 X
Dodd &) % o M ALRX AR (A BREOC[FR[BE L)
Design + 08 x 22 input L, 2
;J Sources For: |Implementation L Z3 input B,
N =24 output notd,
E Hierarchy
. 25 output andlB,
& 'fn‘j Ioglcgatii - 26 output orAE,
= £ xers z7 output nandil,
25 output noril,
b 29 output xoriE,
30 output xnoriB
A 31 )
% 32
- 33 /* Feven different logic gates acting on four bit busses +/
A 34 assign noth= ~i; /S NOT gate
%% 35
36 &ssign andhiB= L & B: // MID gate
< ¥ 37
= N 35 @&ssign ordB = A | B; // OR gate
T Processes: logicgates
_ . : e
£ L Design Summary/Reports 40 assign nandiB = ~(L & B): // MIND gate
Design Litilities a1
A User Constraints 42 assign norbhB = ~(L | Bl: // NOR gate
- B2 Implement Design a5
- 44 @ssign ®xordB = L~ Br // EOR gate
45
45 &ssign xnordB= ~ (L * B): // ENOR gate
47
45 endwodule
49
2
4 b3
Design | Files | Libraries #=5| what's New in ISE Design Suite 11.1 logicgates. v | . Design Summary {out of date) ] | ] compxlib.log ]@ Ci\Documents and Set < #
Console +08 x

11. Double click on implement design, it turns green (in color) once the design is
implemented successfully and the Summary report is displayed.

E File Edit “iew Project  Source  Process  Tools  Window  Help - |8 %
O ED : ¥ o[ XKEPR|IAN ZEO AR BT LQ
Design +0O/ X O
;J Sources For: |Implementation R ) ’:XIUNX
£ Hierarchy ] cPLD Repons
Hﬂ ?1 logicgates 3
e = T L R =
tﬁ; logicgates (logicgates,v) ~ Fitter Report ~
-] Summary
&l
Design Name logicgates
— Fitting Status Successful
H Software Version L33
P 3 Device Used HCR3032XL1-5-PC44
={: Processes: |ogicgates Date 6-26-2012, 10:51AM
= {: E Design Summary/Reports
) Diesign Ukiities RESOURCES SUMMARY
24 User Constraints
- = ! ; lIac_rucells Pterms Used Reg_isrers Pins Used Function 1_3101:].(
Equation Used Used Inputs Used
Display Style 732 (22%) | 796 (8%) 032 (0%) | 932 (29%)  2/30 (3%)
d Generate Programming File: VHDL -
2 Configure Target Device LOCAL CONTROL TERM RESOURCES
$ Optional Implementation To...
LCTO0 LCT1 LCT2 LCT3 LCT4 LCTS LCTe LCT7 v
Design Files Libraties '% logicgates.v ] A Design Summary (Fitted) ] |_1 compxlib.lag @ C\Docurments and Settingsilogicgatesilogicgates_hkmlifithappletref.htm | <
Console +08 X
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12. Test-Bench creation, Simulation & Verification

To add a test-bench to the existing design, right click on the ‘.v’ file from the Hierarchy
window and select ‘New Source’

ISE Project Navigator

\Documents and Settings\logicgatesilogicgates. xi

File  Edit  Wiew Tools

Project  Source  Process window  Help - | & x
OPEHP L DEX v | ALPEXPRIA BEODSERIBGE LT
Design <+ 08 X| = 22 input &, L
[[] |Sources For: ‘Implementation ~| BE 23 input E,
" 24 output notl,
Hi )
EE Ierarchy = Z5 output andib,
| & locgates a| == sutput orkE,
= = Ed xerd*xl i - 27 output nandlB,
far [Bf Mew sourcs... output norib,
output xorliE,
& ] Addsource... output xnorib
Elil Add Copy of Source. ., i
B Cpen /% Seven different logic gates acting on four bit busses */
-— assign notd= ~Ai; // NOT gate
L Manual Compile Order
i assign andiB= 4 & B; // AND gate
< SmartGuide. .
. assign ordE = AL | B; // OR gate
'?ﬂ Processes: logicgates
S E  Design Summar assign nandAB = ~(A & B); // NAND gate
Design Lilties Partition Force 4
?’t User Constraint assign nordE = ~ (A | B): // NOR gate
—|= t]@ Implement Desi| (=] Remove
! 2D synthesize - assign ®XordB = L ~ B // HOR gate
PJC) Translate | v File Names
LAl Fir v Display Full Paths assign xnordB= ~ (L *~ B); // IIOR gate
T2 Generate A
g Configure 1 Design Properties.. . endmodule
Optional I [<] Source Propetties... =
]
| »

Design ‘ Files Libt aries logicgates.v | £ Design Summary (Fitted) J |j compxlib.log JE C:iDocuments and Settingsilogicgatestlogicgates_htmlifictiappletref her 4 *
Console +0& X
3 . : s
13. Select ‘Verilog Text Fixture’ from the Select Source Type and name the Test-Bench
D Ld L BN E D00 HE USl eW | TR YT | U @ ~ e L N ] L L T NG D W & g [ W
Design +0O0&8 X = 22 input A, v
D Sources for: |Implementatinn ~ 23 input E,
i 24 oUTPUT noOTh,
Hi h
GE' |era;c i - — z5 output andAb,
| g bocgates a| 26 sutput oriE,
werd*ul- =
27 output nandib,
= B g i
. N i:ti:t logicgates (logicgates w) = 28 CUTPUT nOrAE,
& output
P Select Source Type *f
— Select source bype, fle name and its location.
v Schematic
Implementation Canstraints File
?{: Processes: logicgates User Document
Eﬁ{: = Design Surmary/Reparts| verilog Muduh.a
) Design Utiliies verilag Te;tIF'Xt“'e
?{: User Canstraints mgt [’IE e File name:
= t]@ Implement Design orary
ml X WHOL Package I ted TB
! PRL) Synthesize - ¥5T VHDL Tost Bomch ogegated_
B st Bencl
L) Translate Location:
FAE) Fir
FA) senerate Programmi] ‘C:'I,Documents and Settingsilogicgates | E]
Configure Target De
Optional Implemental LS
)
¥
Design | Files Libraries silogicgates_htmlifitiappletref hir € *
Consale add ko project 08 X
Started "Generate Fro fad
Felease 11.1 - Programm
Copyright (o) 1995-2009
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14. Continue to ‘Finish’ and a test bench is added in the project area

== ISE Project Navigator - C:\Documents and SettingsMogicgates\logicgates.xise - [logicgated_TB.v]

File Edic Wew Project Source  Process  Tools  Window  Help -8 %
DPEHP S HDEX e M:iPPEX 2R (AN ARBEL:Q
') Design #0808 X & 1 Ctimescale 1ns / 1ps ~
& Sources For: |Implementatiun = 2
e— — 3 SASISIRESE SRS E RSP PP SRS PSR S S PSSR PSR AA AR A
:E 7 E 4 // Company:
\[ﬁ [Cocokes n 5 // Engineer:
= A wordtlr = c 7/
a ] . . =
&k [ lodicqates (oicaates. ) = 7 // Create Date:  11:16:50 06/26/2012
- . g8 // Design Name: logicgates
\H 9 // Module Mame: C:/Documents and Settings/logicgates/ logicgated TE.w
A 10 // Project Wame: logicgates
: % 11 /4 Target Device:
4 1z /4 Tool versions:
m 2 13 // Description: N
% 14/
15 // Werilog Test Fixture created by ISE for module: logicgates
4 | 15 //
'%: Mo single design module is selected, 1; j; Dependencies:
= % Design Utiliies la 4/ Revision:
z0 /¢ Revision 0.01 - File Created
s z1 // hdditional Comments:
- 2z
) 23 SASIPASSESS RIS SRR SRS RS AE RS S RS SRS RPN
24
25 module logicgated TE:
Z6
27 // Inputs
z8 reg &L;
hel=1 rarr R»e \_’
< | >
Design | Files || Libraries n Summary {out of dats) I || compdib.log IE CiiDocuments and Settingstlogicgatesilogicgates_htmifitiapplstref.htm | logicgated_TE.v | 4
Consale +0& X

15. Edit the test bench as per your simulation requirements and select ‘Behavioral
Simulation’ in the ‘Design Window’. In the Processes window Isim Simulator would be
displayed. First Proceed with the Behavioral Check Syntax

== ISE Project Navigator - C:\Documents and Settings\Mogicgates\ogicgates.xise - [logicgated_TB.v]

@ File Edit View Project  Source  Process  Tools  Window  Help - |5 %
DPEHP S| XDEX o B PPEX2PRIANBEOD|FEE£?
Design +08 X &= i ‘timescale 1ns / 1ps ~
[ Sources For: ‘Bahavinral Simulation = z
@H\erarchy — IOASSSSEIEE RIS E RSP EAESENAEET
= 4SS C :
| & ogtes | 5 /7 Engineer:
=B E xc2ezSe-eTgiad = & 4/
i (eElEe Rl UEEaRlisi B | = 7 // Create Date:  11:16:50 06/26/2012
= 8 // Design MName: logicgates
El 9 /7 Module Name: C:/Documents and Settings/ logicgates/ logicgated TE.w
A 10 /¢ Project Mame: logicgates
P % 11 // Target Device: |
1z /4 Tool wersions:
unl % 13 // Description:
4 14 A
15 // Werilog Test Fixture created by ISE for module: logicgates
< | > 16 A/
Ert Processes: logicgated _TB 1; jj Dependenciss:
EVI: = g ISim Simulakar 19 // Revision:
Q2 Behavioral Chedk Syntax 20 // Revision 0.01 - File Created
A Simulate Behavioral Madel 21 // Ahdditional Comments:
- 2z A
— Z3 ASSSSTE RSP SE PRSP E PRSP EPT RSP SE R R AE
24
25 module logicgated TB:
Zh
27 /¢ Inputs
28 reg L:
v
?a rearr R =
< 3
Design Files Libraries l = Design Summary J @ logicgates. | @ logicgated_TE.+w
Console «+08 x
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16. Double click on ‘Behavioral Check Syntax” & check for no errors

[[] | Sources faort | Behavioral Simulation “| p= 2
= [ Hisrarch — 3 SASIAES PRSP SRR PSS RS E RS EESLE R PR RS
H L N 4 /7 Company:
\[EIEJ Ej logicgates “ 5 // Engineer:
= £ xc2c2B6-ETQ144 5 i
- | iloacos=0RElbochar e RTER) 7 // Creaste Date:  11:16:50 06/25/2012
= 2 8 // Design Mame: logicgates
éEJ 9 // Module Name: C:/Documents and Settings/ logicgates/ logicgated TH.w
£ A 10 // Project Name: logicgaces
N % 11 // Target Dewvice:
4 1z /4 Tool versions:
| Pl 13 /4 Description:
- % 14 A/
15 /4 Werilog Test Fixture created by ISE for module: logicgates
S > 16/
{: Processes: logicgated_TE 1; ii bependencies:
i 1= % 15im Simula.tur 19 // Rewvision:
TA@ Behavioral Chack Syntax 20 // Revision 0.01 - File Created
5’{: [ simuate Behaviaral Madel 21 // Additional Comments:
- 22 /7
- 23 ASISAESEEEESE RSP SETE R ST A SEE SRS R RS E P TSEEET A S N EEEEE T
Z4
28 module logicgated TE:
26
27 /¢ Inputs
28 reg L;
20 rer R eV
< >
Design Files Libraries = Design Surnmary logicgates. v logicgated_TE. v
Console + 08 x
Analyzing Verilog file "C:/Documents and Settings/logicgates/logicgates.v™ into library isim temp -

hnalyzing Verilog file
Lnalyzing Verilog file

Process "Check Syntax™

17. Then double click on ‘Simulate Behavioral Model’

"C:/Documents and Settings/ logicgates/ logicgated TE.w" into library isim temp
"Ci/Eilink/11. 1/ I5E/verilog/sre/glbl.v" into library isim temp

comp leted successfully

and the ISIM simulator window

would open. Check for the outputs

Sim, - [Default.wcfg*]

@ File Edit View Simulation Window Help = b4 S
DPH S ¥DEOX® we MimEO) LR
Instances and Processes + 0O & X  Objects +0 & x e
= " = Simulation Objects for logicgated_TE o
§|c Go| 3|7l E| G ‘ ?
[ i I ) 1
Instance and Process Mame -HIJ -é‘ @‘ﬂ @ = )"C
¥ logicgated_TB Object Mame Walue y
) gl % nota Sto -
.'? andaB st Q
U@ orfB Skl O
L@ nandAg 3t0 1=
U@ narAB Sk0
ey
g xoraB stn =l
U@ xnorAB Sk1 >
. i
L A 1
Y] 1 A1l
v
< ¥
Instances and Processes Source Files 4 > Defaulk.wefg*
Console +08 x =
WARNING: & WEBPACK license was Found,
WARNING: Please use ¥ilinx License Configuration Manager to check out a full ISim license,
WARNING: ISim will run in Lite mode. Please refer to the ISim docurmentation For more infarmation on the differences between the Lite and the Full version,
This i a Lite wersion of I5im,
Tinmm vl dime A
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3 Altera Quartus Il Programming Manual

The Quartus Il system includes full support for all of the popular methods of entering a
description of the desired circuit into a CAD system. Typical FPGA CAD flow is shown below.
The CAD flow involves the following steps:

= Design Entry — the desired circuit is specified either by means of a schematic diagram,
or by using a hardware description language, such as Verilog or VHDL

= Synthesis - the entered design is synthesized into a circuit that consists of the logic
elements (LEs) provided in the FPGA chip

= Functional Simulation - the synthesized circuit is tested to verify its functional
correctness; this simulation does not take into account any timing issues

= Fitting — the CAD Fitter tool determines the placement of the LEs defined in the netlist
into the LEs in an actual FPGA chip; it also chooses routing wires in the chip to make the
required connections between specific LEs

= Timing Analysis — propagation delays along the various paths in the fitted circuit are
analyzed to provide an indication of the expected performance of the circuit

= Timing Simulation — the fitted circuit is tested to verify both its functional correctness
and timing

= Programming and Configuration — the designed circuit is implemented in a physical
FPGA chip by programming the configuration switches that configure the LEs and
establish the required wiring connections

For the Lab, since the designs are already verified using Xilinx, we use Quartus Il mainly for the
Programming and the configuration of the FPGA
The Steps to from the start of the new project in Quartus Il to programming the design in the
DE2 Kit are illustrated below:

1. Invoke the Quartus Il window and create a new project

,PD_, :_ﬂtﬁ 1 Getting Started
roject Mavigator =
1= I With Quartus® Il Software

4 Compilation Hierarchy

- - - &
Start Designing Start Learning @ ViewQuartusil
Designing with Quartus Il software The audio/video interactive tutorial teaches Information

requires a project you the basic features of Quartus Il software

T
(New r.m';‘::wg:':)d Open Interactive Tutorial

i Type |Message Open Existing Project
Open Recent Project:
Logicgates

[gf« \nal

System { Processing ] [ Training |
_ AITERAW
g Message: 1

For Help, press F1
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2. Enter the working directory, project name and the top-level-design

New Project Wizard: Directory, Name, Top-Lewel Entity [page 1 of 5]

wihat iz the working directory for this project?
|D:'~.D uarkusl |l

w'hat iz the name of this project?

|C0mparat0d

‘w'hat iz the name of the top-level dezign entity for thiz project? Thiz name is caze zensitive and must
exactly match the entity name in the design file.

|C0mparat0r

U=e E =izting Project Settings ...

< Back | MHext = | Finizh Cancel

3. Add your verilog file to the project

New Project Wizard: Directory, Name, Top-Level Entity [ page 1 of 5]

“what iz the working directary for this project?

|D:"-.Quartus|l J

Wwhat iz the name of thiz project’?

|Comparatod

What iz the name of the top-level design entity for thiz project? Thiz name iz case sensitive and must
exacty match the entity name in the deszign file.

|Comparator

Usze Exizting Project Settings ...

< Back I Mest > I Finizh Cancel
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4, The “Add Files” window will appear. Enter the design file to be programmed. If there
is no design file created, leave this section blank. Click ‘Next’

5. The “Family and Device Settings” will appear. Enter the settings for the Family, Package,
Pin Count and Speed Grade

The settings would vary depending on the board

For CYCLONE I,

a. Family > Cyclone Il

b. Name > EP2C35F672C6 FPGA
For CYCLONE III,

a. Family > Cyclone Il

b. Package > FBGA

c. PinCount >324

d. Speed Grade > Fastest

e. Name > EP3C25F324C6
6. The “EDA Tool Settings” window will appear. Select the desired tools and proceed.
7. The “Summary” window will appear. Verify that the settings are correct. Click

‘Finish’.
8. The project window with the added verilog file is opened and then continue to compile.

# Quartus Il - D:/q2_project/Comparator - Comparator - [../BTech_VLSI_lab/B2G_4b/Comparator.v]
3@0 Fil= Edit View Project Assignments Processing Tools ‘Window Help - |5 x
Lhedd & Comparatar BB R ey Rnily k& W @
Project Navigator - x s
— | 38 _/BTech_VLSI_.../Comparator.v l m
&y Cyclone Il EP2ZCISFET.. &= 2 FEPEEEFET I d i d i r i s i i i i i idddid i diidiiliiiiirii i e
fo. B Comparatar E@ | g { Company:
& '?, 4 /7 Engineer:
= 5 i
a = [ // Create Date: 15:27:27 06/26/2012
EyHierarchy | B Files | 6 Desian Units % 7 // Design Name:
A 5] £f Module Name: Comparator
Tasks “x %% 9 /¢ Project Name:
Flaw: |C0mDiIat\0n hd 10 /f Target Devices:
([ 11 #f Tool wversions:
Task ¥ ~ L
. - - 1z /{ Description:
El W Compile Design a 13 Y
g Ainalysiz & Synthesiz 261 14 // Dependencies:
+-] Edit Settings aes 15 i
i B “iew Report | = 16 // Revision:
i b Analysis & Elaboration @ == 17 // Rewvision 0.01 - File Created
R - - = 18 // Additional Comments: %
< > < ¥
| Type |Hessage
% System /i Processing J, Extralnfo J\ Info )\ Waming , Citical Waming  , Emor i Suppressed }, Flag /
W | T 1 |
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9. Once the compilation is done assign the pins using the Assignment editor

e Forthe CYCLONE Il KIT

Quartus Il - D:/q2_projectfComparator - Comparator - [Assignment Editor]

@ File Edit ‘ew Project Assignments Processing Tools Window Help -8 x
bELd & % |Cormparator Sl s s GG % 2 e
e W et - i i
roject Mavigator ¥ B /BTech VLS| Iab/B2 /CompalSSanmert EANOrh o Bonot - Flow Summary | S8 Assignment Editor ]
Entity ‘ Lagic Cells | Dedicated Logic =
Cyclone |I: EP2CI5F672C6 =] =[] &
Locations —
o Comparator & 3(9) (o) » i
& : FLL
2 Camb, cell
_<- ‘ @ = Reqgister cell v
Hierarchyl Files] ¥ Design Units] = T e i L .
ﬂ:ﬁ A This category displays all pin assignments Far the target device Family. Pin assignments assign node and entities
Tasks el 13 o ta pins ar regions on the device.
Flow |C0mpilation - 7
o 2
Task PRREE
+ = W Compile Design .4
W [ W Analysis & Sunthesis B . ==
] Edit Settings 4 Edit; S | cnewsEE |
-B “iew Report
o H - Analyziz & Elaboration 2 To |Location 1/ Bank 1/ Standard General Funct
< : F——— = < I >
* Type |Hessage ~
i Info: Running Quartus II Classic Timing Analyzer
j) Info: Command: quartus_tan --read settings_files=off --write_settings files=off Comparator -c Comparator --tining analysis only
j‘) Info: Parallel cowmpilation is enabled and will use 2 of the 2 processors detected
j‘) Info: Longest tpd from source pin "b[3]" to destination pin "a_eq b" iz 14.158 n=
j‘) Info: Quartus IT Classic Timing Analyzer was successful. 0 errors, 0 warnings
j,) Info: Ouartus IT Full Cowpilation was successful. 0 errors, 4 warninogs =
w
o [ | >
% Sustem [2] )\‘Pmcessing [53][/{' Extra Info }\‘ Info [49) }\' W arning [3) }\‘ Critical Warning (1) }\‘ Errar }\‘ Suppressed [6) }\Flag {r
e T I T |

Assign the pins as per the CYCLONE Il pin assignment (Section5)

wents Processing Tools  Window Help

Lal ‘Comparator j};{!@@@ LN K B A S DR
. x 3@9 .. /BTech_YL5I_lab/B2G_4b/Comparator. v ] @ Compilation Report - Flaw Summary ] @ Assignment Editor 1 @’ Caomparator.y
= A o |[an
Laocations
- I

&l e PLL
2 Comb, cel
= Register cell

P

=1 | | Assigns a location on the device For the current node(s) andfor pin(s),
S | | --= Double-dlick to create a new assignment.
o
3
&

= ||| 2

& —

A Y

o “ Edit: K| |<<naw>>

fers

% To Location I/ Bank I/ Standard General Function Special Function Reserved

iy ||IL [ PIN_NZS 5 3.3V LYTTL Dedicated Clock. CLK4, LYDSCLKZp, In..,

L S
- 2 2 meh PIM_MNZ6& £l 3.3V LVTTL Dedicated Clock CLKS, LWDSCLKZn, In...
ation i | [E] Wa_egh 33V LYTTL Calumn [iQ LYDS151n
el | 5 £ ENE 5
ine Wiewer i
> £ '
reloaded -- aszignments updated outside Azzigrment Editor

1 Compilation at Fri Jun 25 09:41:11 2012 India Standard Timwe
Compilation at Fri Junm 29 09:41:33 2012 India 3tandard Time
reloaded -- assignments updated outside Assigrment Editor
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e Forthe CYCLONE Il KIT

Select the PIN planner from the menu and assign the pins as per the CYCLONE III pin
assignments (Section6)

Top View - Wire Bond
Cyclone Il - EP3C25F324C6
I . 1 2 2 4 5 1= 7 2 9 10 " 12 13 14 15 16 17 12
— Nolelclelololclcl N nICICEIOIOL0 0 0l
s {0 @O @I IE @@ @] -
:@@@XWX X®®VAX X@@@c
yoteYo) O/ @@ »
OOV AYH@EO00E :
.FIIAAAO@G@@@®@A IIF
o @ @N/ AT/ 4y (@ iy o
SV e AVAYNS A o
s B o oo DOL
@@V AGEN N ANEKA @ E)
L@@@@@OA fNelololelolo
u LADE AN NNO @ AN @ E
.~llv A@@oo@@@@ eyAnng
POV /AYVEGOW @000 Y AN D), -
n@@@@@A@ %@ @ 010 0
OOV AVEVVR VOOV EOEE
'alelolerolorololn|niciololortoto ote R
VOOEEEEEEMACGEEEEEH0) ¢
|
nodets) and/or pin(s).
PIN_ALS I0BANK_?  Column 1O DIFFIO_T17n, PADD3 B
=l . ;
o T R
PIN_B4 10BAMK 8 Column Tj0r DIFFIO_TSp, DATAS -
2 | Jetfs. 0] sty :

[ T
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10. Recompile after the pin assignment. Once the compilation is successful, open the
programmer window from the menu

Quartus |l - D:/q2_project/Comparator, - Comparator, - [Compilation Report - Flow Summary]

@ File Edit Vew Project Assignments Processing Tools Window Help -5 x
D@ & Comparatar sl s e P Er s &8 A e
Project Mavigab - oL . "
S HTRERET * 3;5:9 ../BTech_...Comparator. v ] @ Compilation Report -... l @ Agsignment E ditor alator.v I
9 Files @a
N Compilation Report Flow Summary I
i ab
i BB Lo otice .
E5ET Flow Surmmary Flaw Status Successhul - FriJun 29 09:45:51 2012
SHER Flow Settings Quartus |l Yersion 9.1 Build 222 10/21/2003 5J Ful Version
@% Flow Mon-Default Global Settir Revizion Mame Comparator
H.g,amhy] B Files ] P Diesign Urits SHER Flow Elepsed Time Top-level Entity Name Comparatar
g :::UW LOS Summary F arnily Cyclone Il
LS - x o tog _ Device EP2C35FET206
Flow: |E:Umpi|a[iun 21 | =& Anakysis & Synthesis R !
+ S Fitter Timing Models Final
Tash A |#-EB00 ssembler et timing requirements Yes
| B3 Netlist iewers +-¢ZHC1 Timing Analyzer Tatal logic elements 1/33.216(<1%)
& RTL Viewer Total combinational functions 1/33216(<1 %)
€2 State Machine Yiewer Dedicated logic registers 0/33.21600%)
% Technology Map Viewer [Post-M appir Tatal registers 0
- Design Assistant [Post-Mapping] a Tatal pins 57475 (1)
¢ =N D—— s Total vitual pins 1}
< ? Tatal rmemnry bits N/ 483840 (11 %1 Vi
£3 Type |Message ~
j') Info:
j,) Info: FPunning Quartus IT Classic Timing inalyzer
j.) Info: Command: cuartus_tan --read_settings_files=off --write_settings_files=off Comparator -c Comparator --timing smalysis_only
j,) Info: Parallel compilation is enabled and will use 2 of the 2 processors detected
iVl Info: Longest tpd from source pin "a” to destination pin "a_gt_b™ is 6.332 ns
iVl Info: Quartus II Classic Timing Analyzer was successful. 0 errors, 0 warnings
jJ Info: Quartus IT Full Compilation was successful. 0 errors, 9 warnings as]
4 *
e
“g’. Spstem [31] )\‘Pmcessing [58]/{' Eutra Infa .}\ Info [49) }\‘ ‘Warning (] }\ Critical W arning [1] }\ Errar }\ Suppressed [B] l}\Flag /'r
8 Meszage: O of 116 | J

e In the programmer window, select the mode as ‘Active Serial programming’ and
choose the ‘USB blaster in the Hardware setup. (USB blaster cable to be
connected from the DE2/DE3 kit.

Select the .pof file and start the programming if the KIT is for CYCLONE Il FPGA
Select the .sof file and start the programming if the KIT is for CYCLONE Il FPGA
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Quartus |l - D:/q2_project/Comparator - Comparator - [Compilation Report - Flow Summary]

@ ] Quartus Il - D:/q2_projectiComparator. - Comparator - [Chain1.cdf*]
H [0 §f File Edit Processing Tools ‘Window

Projecy “; Hardware Setup... |N° Hardware Mode: IActwe Senial Programming ;I Progress: | 0%

I~ Enable reaktime |5P to allow background programming (for MAX 1| devices)

Blank-
Check

Program/

Wi Start | File: Device st

wih Siop

m Auto Detect
Tasks |
Flow: ¥ Delete
Taskl] [ AddFie

W Change File...
& saveFile.
[ Add Device. .
<m) 4

lﬂﬂ Dowin

Security
Bit

Checksum Usercode Werify Examine Eraze

ISP
CLAMP

For Help, press F1 ,7,_ ,_,_ y
n

B Cuntmrn (11 4 Dennnnning fRC1 { Cubenlnfn L b (4GY L Viforins (€1 & Ceibimal 1 fmmninn (1 & Cormr & Coimmenann, Arct & Clen 7
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4 Cadence User Manual (1C613)

This User Manual is provided by the Cadence Design Systems Support Team and has been
integrated into our lab manual.

Obijective of this lab is to learn the Virtuoso tool as well learn the flow of the Full Custom IC
design cycle. You will finish the lab by running DRC, LVS and Parasitic Extraction on the
various designs. In the process you will create various components like inverter, differential
amplifier, operational amplifier etc.

Start the lab by creating a library called “myDesignLib” and attach the library to a technology
library called “gpdk180”. Attaching a technology library will ensure that you can do front to
back design.

Create a new cell called “Inverter” with schematic view and hence build the inverter schematic
by instantiating various components. Once inverter schematic is done, symbol for “Inverter” is
generated. Now you will create a new cell view called “Inverter_Test”, where you will
instantiate “Inverter” symbol. This circuit is verified by doing various simulations using spectre.
In the process, you will learn to use spectre, waveform window options, waveform calculator,
etc...

You will learn the Layout Editor basics by concentrating on designing an “Inverter” through
automatic layout generation. Then you will go ahead with completing the other layouts. After
that, you will run DRC, LVS checks on the layout, Extract parasitics and back-annotate them to
the simulation environment.

After completing the parasitic back- annotation flow, design is ready for generating GDSI|I.

4.1 General Notes

There are a number of things to consider before beginning these lab exercises. Please read
through this section completely, and perform any needed steps in order to ensure a successful
workshop. These labs were designed for use with Incisive Unified Simulator82, 1C613 and
Assura32.

Before running any of these labs, ensure that you’ve set up IUS82, IC613, MMSIM71 and
Assura32 correctly:

%> setenv CDSHOME <IC613-installation-home>

%> setenv MMSIMHOME <MMSIM71-installation-home>

%> setenv PVHOME <Assura32-installation-home>

%> setenv AMSHOME <1US82-installation-home>

You will also need to ensure that the IUS82 is setup correctly for lab 5.
To setup the lab environment, please perform the following steps:

1. Ensure the software mentioned above is correctly setup.

2. Source the C-Shell related commands file i.e. (cshrc file).

These labs were designed to be run using Cadence Virtuoso tool and Assura tool.
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Lab Getting Started

1. Log in to your workstation using the username and password. The home directory has a cshrc
file with paths to the Cadence installation.

2. In a terminal window, type csh at the command prompt to invoke the C shell.

>csh

>source cshrc

3. To verify that the path to the software is properly set in the cshrc file, type the below
command in the terminal window and enter:

>which virtuoso

It gives the complete path of 1C613 tool Installation.

>which spectre

It gives the complete path of MMSIM71 tool Installation.

>which assura

It gives the complete path of Assura32 tool Installation.

>which ncsim
It gives the complete path of IUS82 tool Installation.

Starting the Cadence Software
Use the installed database to do your work and the steps are as follows:

1. Change to the course directory by entering this command:

> cd ~/Database/cadence_analog_labs 613

You will start the Cadence Design Framework Il environment from this directory because it
contains cds.lib, which is the local initialization file. The library search paths are defined in this
file.

The Cadence_Analog_labs 613 directory contains Solutions folder and also Work folder.
Inside Work folder you can create new cell / modifications of the cell locally without affecting
your Source cell present inside Solutions directory.

Lab directory details:

. /Solution Contains a local copy of all the lab experiments including test circuit for
simulation.
. /libs.cdb Contains a technology library for the design (gpdk180nm).
. Imodels Contains spectre models of components for simulation in gpdk180nm
technology.
. Istream Contains layer map file for GDSII format
.Ipv Containing the Assura and Diva verification files
. [techfiles Contains ASCII versions of the 0a22 techfiles
. Idig_source Contains verilog codes for SAR register and clock
. Icds.lib File containing pointer to the Cadence OA22 initialization file.
. /hdl.var File defines the work library for AMS simulation
. Idocs Reference manual and user manual for gpdk180nm technology
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2. In the same terminal window, enter:
> virtuoso &

The virtuoso or Command Interpreter Window (CIW) appears at the bottom of the screen.

Baa)

Eile Tools ©Options Help cﬁdence

COPYRIGHT @ 1992-2009 CADENCE DESIGH SYSTEMS INC. ALL RIGHTS RESERVED.
@ 1992-20058 UNIE SYSTEMS Laboratories INC.,
Reproduced with permission.
This Cadence Design Systems program and online documentation are
proprietary/oconfidential information and may be discloseds/used only
I

 nmouse L awvhousesingleSelectPrtCB( hdl: R: ddsOnLineHelp('mainy |
'I|>

3. If the “What’s New ...” window appears, close it with the File— Close command.
4. 4. Keep opened CIW window for the labs.

What's New in 6.1.3.500

File Edit Help cadence

It 6.1 WHAT'S NEW .J

The information in this window is current for the IC 6.1
release and contains these sections:

1. VIRTUOS0 DESIGN ENVIRONMENT ON OPENACCESS
2. WIEWING IC 6.1 PLATFORM DOCUMENTATION
3. STARRTING USER DOCUMENTATION FROM THE .cdsinit FILE

[
d

.

4.2 Tutoriall: Inverter
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4.2.1 Schematic Entry

Objective: To create a library and build a schematic of an Inverter

Below steps explain the creation of new library “myDesignLib” and we will use the same
throughout this course for building various cells that we going to create in the next labs. Execute
Tools — Library Manager in the CIW or Virtuoso window to open Library Manager.

Creating a New library

1. In the Library Manager, execute File - New — Library. The new library form appears.
2. In the “New Library” form, type “myDesignL.ib” in the Name section.

New Library

Library

Mame myDesignlib]

Directory | S3zhanscadence_analog_labs_ Bl 3.-’: <= =
= CAneockt [ _qrc.og [ display.drr
CADRCrun Capw [} ade_vivalaog [ 1eBindkeys.il
CaLws _dspectrerun1 [] ade_wavescan.log [] lib.defs
CAdig_source [spice.runl [] assura_tech.lib [ likrdanager.ic
Cdocs O stream [ casLog [ likranager.c
Cliks.oazz CdtechFiles [ cds.lip [ neviog.og
Camodels S work [} cdslinoazz [ greaog

LA neacell [ invertersp  [] cdsLikEditar.log [} schBindkey
File type: |Directories

Design Manager
® Lse MOMNE

Use Mo DkA
[ oK ] Spply Cancel Help

3. In the field of Directory section, verify that the path to the library is set to
~/Database/cadence_analog_labs 613 and click OK.
Note: A technology file is not required if you are not interested to do the layouts for the design

4. In the next “Technology File for New library” form, select option Attach to an existing
techfile and click OK.

Technology File for New Library

Technalogy File far library "myDesignLib”

You can: o Compile an &3CH technology file
— Reference existing technology libraries
& Atftach to an existing technology library

— Do not need process information

m Cancel Help
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5. In the “Attach Design Library to Technology File” form, select gpdk180 from the cyclic

field and click OK.

6. After creating a new library you can verify it from the library manager.

Attach Library to Technology Library

ey Likrary

Technology Likbirary

myDesignlib

analoglib
awTech

basic
cdsDefTechLib

Apply

Cancel

Help

-

7. If you right click on the “myDesignLib” and select properties, you will find that gpdk180
library is attached as techlib to “myDesignLib”.

Library Manager: Directory ...arshan/cadence_analog_labs E]@@

e

Eile Edit ¥iew Design Manager Help cadence
— Show Categories __ Show Files

Library Cell Views

myDesignLib

cds_assertions
cds_inhconn
cos_spicelib
connectlib

gpdkl1§o
ieee

ncmodels
ncutils
sdilib -

Messages

i 111}

‘Unahle 1o open library avTech at path Jservers/io_cicssommavaress AasslUR,
Warning: The directory: Yserversdfo_cic/sofbwares/ASSURASE-61300ls/s —

Creating a Schematic Cellview

A

ol

In this section we will learn how to open new schematic window in the new “myDesignLib”
library and build the inverter schematic as shown in the figure at the start of this lab.

1. In the CIW or Library manager, execute File — New — Cellview.
2. Set up the New file form as follows:

32|Page

File
Library

Zell
e
Twpe

Application
Dpen with

Library path file

— Alvaws use this application for this twpe of file

myDesignlib n

Tnwerter

schematic

Schematics L n

schematic

weSdarshanscadence_analog labs 6l3 scds. 1ib

Zancel Help




Do not edit the Library path file and the one above might be different from the path shown in
your form.

33| Page




3. Click OK when done the above settings. A blank schematic window for the Inverter design
appears.

oL L e E
Adding Components to schematic = @
1. In the Inverter schematic window, click the Instance fixed menu icon to display the Add

Instance form. :IE Tip: You can also execute Create — Instance or press i.

2. Click on the Browse button. This opens up a Library browser from which you can select
components and the symbol view .

You will update the Library Name, Cell Name, and the property values given in the table on the
next page as you place each component.

3. After you complete the Add Instance form, move your cursor to the schematic window and
click left to place a component.

This is a table of components for building the Inverter schematic.

Library name Cell Name Properties/Comments

gpdk180 pmos For MO: Model name = pmosl, W= wp,
L=180n

gpdk180 nmos For M1: Model name = nmosl, W= 2u,
L=180n

If you place a component with the wrong parameter values, use the Edit— Properties—
Objects command to change the parameters. Use the Edit— Move command if you place
components in the wrong location.

[ 0 @ 8 @ 03 9 ¢

You can rotate components at the time you place them, or use the Edit— Rotate command after
they are placed.

4. After entering components, click Cancel in the Add Instance form or press Esc with your
cursor in the schematic window.

Adding pins to Schematic

1. Click the Pin fixed menu icon in the schematic window. You can also execute Create — Pin

or press p. = The Add pin form appears.
2. Type the following in the Add pin form in the exact order leaving space between the pin
names.

Pin Names Direction
vin Input
vout Output

Make sure that the direction field is set to input/output/inputOutput when placing the
input/output/inout pins respectively and the Usage field is set to schematic.
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3. Select Cancel from the Add — pin form after placing the pins. In the schematic window,
-
1R | @ &

execute Window— Fit or press the f bindkey.

Adding Wires to a Schematic

Add wires to connect components and pins in the design.

1. Click the Wire (narrow) icon in the schematic window.
You can also press the w key, or execute Create — Wire (narrow).

2. In the schematic window, click on a pin of one of your components as the first point for your
wiring. A diamond shape appears over the starting point of this wire.

3. Follow the prompts at the bottom of the design window and click left on the destination point
for your wire. A wire is routed between the source and destination points.

4. Complete the wiring as shown in figure and when done wiring press ESC key in the schematic
window to cancel wiring.

Saving the Design
1. Click the Check and Save icon in the schematic editor window.
sk = & J
2. Observe the CIW oufput area for any errors. '
4.2.2 Symbol Creation
Objective: To create a symbol for the Inverter
In this section, you will create a symbol for your inverter design so can place it in a test circuit
for simulation. A symbol view is extremely important step in the design process. The symbol
view must exist for the schematic to be used in a hierarchy. In addition, the symbol has attached
properties (cdsParam) that facilitate the simulation and the design of the circuit.
1. In the Inverter schematic window, execute Create — Cellview— From Cellview.

The Cellview From Cellview form appears. With the Edit Options function active, you can
control the appearance of the symbol to generate.
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2. Verify that the From View Name field is set to schematic, and the To View Name field is set

Cellview From Cellview

Libirary Mame myDesignlihb Browse
Cell Mame Inverter
From View Name |schematic n To Wiew Mame symbol

Tool / Data Type | schematiciymbal n

Display Cellview

Edit Options L

_ancel | Defaults  Apply | Help

L

3. Click OK in the Cellview From Cellview form. The Symbol Generation Form appears.

4. Modify the Pin Specifications as follows: _
] R Symbol Generation Options B (]
Library Mame Cell Mame Wienw Mame
myDesignlib Inwverter symbol
Fin Specifications attributes
Left Pins E:S \ﬂj
Right Pins K4 Mﬂ!
Top Pins wdd |_List
Bottom Fins  wss | List )

Exclude Inherited Connection Pins:

& Mone o Al o Only these:

Load/Save __ Edit attributes Edit Labels __ Edit Properties  __

m Cancel Spply Help

5. Click OK in the Symbol Generation Options form.
6. A new window displays an automatically created Inverter symbol as shown here.

[@@instaned w‘[ larmel

[@partMNamel
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Editing a Symbol

In this section we will modify the inverter symbol to look like a Inverter gate symbol.

& »@ 8 >
1. Move the cursor over the automatically generated symbol, until the green rectangle is
highlighted, click left to select it.
2. Click Delete icon in the symbol window, similarly select the red rectangle and delete that.
3. Execute Create — Shape — polygon, and draw a shape similar to triangle.
4. After creating the triangle press ESC key.
5. Execute Create — Shape — Circle to make a circle at the end of triangle.
6. You can move the pin names according to the location.
7. Execute Create — Selection Box. In the Add Selection Box form, click Automatic.
A new red selection box is automatically added.
8. After creating symbol, click on the save icon in the symbol editor window to save the
symbol. In the symbol editor, execute File — Close to close the symbol view window.

‘[[ @instanceNarmeal

@partNarned

4.2.3 Building the Inverter Design
Objective: To build an Inverter Test circuit using your Inverter

Creating the Inverter_Test Cellview
You will create the Inverter_Test cellview that will contain an instance of the Inverter cellview.
In the next section, you will run simulation on this design

1. Inthe CIW or Library Manager, execute File— New— Cellview
2. Set up the New File form as follows:

File
Library _myDesignLib
Zell Inwerter_ Test
Wi schematic
Twpe schematic n
Application
Cpen with Schematics L B

— Alhwaws use this application for this type of file

Library path file
e sdarshanscadence_analog _labs_6B1l3Acds. 1ib

@ concel_Help
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3. Click OK when done. A blank schematic window for the Inverter_Test design
appears.

Building the Inverter_Test Circuit

1. Using the component list and Properties/Comments in this table, build the
Inverter_Test schematic.

Library Cellview Properties/Comments

name name

myDesignLib Inverter Symbol

analogLib vpulse v1=0, v2=1.8,td=0 tr=tf=1ns,
ton=10n, T=20n

analogLib vdc, gnd vdc=1.8

Note: Remember to set the values for VDD and VSS. Otherwise, your circuit will have
no power.

. . ~
2. Add the above components using Create — Instance or by pressing 1. = &

3. Click the Wire (narrow) icon and wire your schematic. L
Tip: You can also press the w key, or execute Create— Wire (narrow).
4. Click Create — Wire Name or press L to name the input (Vin) and output (Vout) wires as

in the below schematic.

5. Click on the Check and Save icon to save the design.
6. The schematic should look like this.

..................
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4.2.4  Analog Simulation using Spectre
Objective: To set up and run simulations on the Inverter_Test design

In this section, we will run the simulation for Inverter and plot the transient, DC characteristics
and we will do Parametric Analysis after the initial simulation.

Starting the Simulation Environment

Start the Simulation Environment to run a simulation.
1. In the Inverter_Test schematic window, execute Launch — ADE L
The Virtuoso Analog Design Environment (ADE) simulation window appears.

Choosing a Simulator

Set the environment to use the Spectre® tool, a high speed, highly accurate

analog simulator. Use this simulator with the Inverter_Test design, which is made-up of analog
components.

1. In the simulation window (ADE), execute Setup— Simulator/Directory/Host.

2. In the Choosing Simulator form, set the Simulator field to spectre (Not spectreS) and click
OK.

Setting the Model Libraries

The Model Library file contains the model files that describe the nmos and pmos devices
during simulation.
1. In the simulation window (ADE), Execute Setup - Model Libraries.

The Model Library Setup form appears. Click the browse button == to add gpdk.scs if not
added by default as shown in the Model Library Setup form.

Remember to select the section type as stat in front of the gpdk.scs file.
Your Model Library Setup window should now looks like the below figure

7 spectre0: Model Library Setup ..
_ | todel File | Section |
B Global Model Files
Lyt Ltshansocadence_analog_labs_ 613 /models/spectre/gpdk.scs | stat \ |
_ ==lick here to add m 2] flle= —
\ J
| 1 I
—_—

_Cancel | Apply [ Help
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To view the model file, highlight the expression in the Model Library File field and Click
Edit File. x@(x

2. To complete the Model Library Setup, move the cursor and click OK.

The Model Library Setup allows you to include multiple model files.

It also allows you to use the Edit button to view the model file.

Choosing Analyses

This section demonstrates how to view and select the different types of analyses to complete the
circuit when running the simulation.

1. In the Simulation window (ADE), click the Choose - Analyses icon. ”
You can also execute Analyses - Choose.

The Choosing Analysis form appears. This is a dynamic form, the bottom of the form changes
based on the selection above.

2. To setup for transient analysis
a. In the Analysis section select tran
b. Set the stop time as 200n

c. Click at the moderate or Enabled button at the bottom, and then click Apply.
analysis - tran —r dC - Ac — hoise
- — sens . domatch 0 sth
- Pz - SP — enwip -t PSS
— pac — psth — prnoise — =t
— psp — Opss “s gpac — gproise
— gp=t — gpsp -« hb — hbac
— hbnoise
Transient Analysis
Stop Time 200
Sccuracy Defaults (errpreset)
— conservative » moderate __ liberal
— Transient MNaoise
Enabled - Dptions... »
_Cancel | Defaults |_&apply o Helgp
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3. To set up for DC Analyses:
a. In the Analyses section, select dc.
b. In the DC Analyses section, turn on Save DC Operating Point.
c. Turn on the Component Parameter.
d. Double click the Select Component, Which takes you to the schematic window.
e. Select input signal vpulse source in the test schematic window.
f. Select “DC Voltage” in the Select Component Parameter form and click OK.
g. In the analysis form type start and stop voltages as 0 to 1.8 respectively.
h. Check the enable button and then click Apply.

=3] n En
Analysis — tran - dc — ac — noize
- _— Fens — docmatch — stk
—r Pz -— Sp — enwip — ps=
— pac —_ pstb — pnoise — =T
— Psp — QPps=E — gqQpac — qQpnoise
— O p><T — OQPpEp — hhb — hbac
— hbnaoise
DC Analysis
Sawve D Operating Foint L=
Hwysteresis Sweep i
Swreep wWariable
Component MHMame Pt
— Temperature
— Design “ariable — Select Component —
s Component Parameter Farameater MHNamea dc
— kAocdel Farameter
Sweep Range
& Start-Stop Start [0 Stop 1.2
— Tenter-Span
Sweep Twpe
A utomatic n
Ao Specific Foints
Enabled .- Options...
EECE —eancel o Detaults o @apply L Help

4. Click OK in the Choosing Analyses Form.
Setting Design Variables

Set the values of any design variables in the circuit before simulating. Otherwise, the simulation
will not run.

1. In the Simulation window, click the Edit Variables icon
The Editing Design Variables form appears.

2. Click Copy From at the bottom of the form. The design is scanned and all variables found in
the design are listed.

In a few moments, the wp variable appears in the Table of Design variables section.

3. Set the value of the wp variable:

With the wp variable highlighted in the Table of Design Variables, click on the variable name
wp and enter the following:

Value(Expr) 2u

Click Change and notice the update in the Table of Design Variables.
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4. Click OK or Cancel in the Editing Design Variables  window.
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Selecting Outputs for Plotting

1. Execute Outputs — To be plotted — Select on Schematic in the simulation window.

2. Follow the prompt at the bottom of the schematic window, Click on output net Vout, input net
Vin of the Inverter. Press ESC with the cursor in the schematic after selecting it.

Does the simulation window look like this?

=
Session Selup  Analyses  ariables OCutputs Simulation Besults Tools  Help
Status: Ready T=27 C Simulator: spectre
Design Wariahles Analyses EE
. rame - | alue | |- Twpe — |[Enable | Arguments al ¥
1 wp Zu 1 de o~ t0 1.8 automatic Start-Stop A0 - AC
2 tran i~ 0 200n toderate = ey -
= _ Trans
hd
- e
_ | Outputs |1r.@_.
_ MamesSignallExpr — [value | Plot [Sawve | Sawe Options el
1 “wout o e allw
g win o el allw = X
U @
u ) 111 __ G
< i Bl Flot after Simulation: #ute [l Ploting mode: Replace B .
= L s ]
5| Choose Design ... |

Running the Simulation

1. Execute Simulation — Netlist and Run in the simulation window to start the @
Simulation or the icon, this will create the netlist as well as run the simulation.

2. When simulation finishes, the Transient, DC plots automatically will be popped up along with
log file.

el

File Edit Frame Graph Axis Trace Marker Zoom Tools Measurements Help (Eden(e

S HEHEAREERB T ¥R NME oI — |Label
r Jun 25, 2009 Transient Response |1_| Jun 25, 2009 [ Response E'
B ivout Blivin |— P — B

2.0 2.0

1.75

F5

100 : :
[1002%ns[ 887 2acmy timeins [ 1E0a3zw| 1.6oaszy 9c0

@ | = graphl selected: double-click to bring up attribute dialog.
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Saving the Simulator State

We can save the simulator state, which stores information such as model library file, outputs,
analysis, variable etc. This information restores the simulation environment without having to
type in all of setting again.

1. In the Simulation window, execute Session — Save State. The Saving State form appears.

2. Set the Save as field to statel_inv and make sure all options are selected under what to save
field.

3. Click OK in the saving state form. The Simulator state is saved.

Loading the Simulator State

1. From the ADE window execute Session — Load State.

2. In the Loading State window, set the State name to statel inv as shown

= Loading State — Virtuoso® Analog Design Environment (1)

State Load Directory ~S . Aartist states| Erowse. .. -

Libirary myDesignlib n
Zell Inhverter Test n
Simulator Vspec:tre n

State MMame
Delete State |

Cellview Options
Library myDesignlik
Cell Inwverter Test Simulator

State Erowrse. .. Delete State

Description

MNorne

||[ ]

What to Load

Select All _Clear Aall

Dutputs

Environment Options

YWaveform Setup U
Conditions Setup Results Display Setup

Cosimulation COptions & Turbo and Farasitic Reduction S

_Cancel L Sspply o Help ]
3. Click OK in the Loading State window.

Analyses Wariables
FAodel Setup

Simulator Options
Sraphical Stimuli

Dewvice Checking Setup

Simulation Files

Convergence Setup

[ KKK

RlkKKkK
R KKK

4.25 Parametric analysis

Parametric Analysis yields information similar to that provided by the Spectre® sweep feature,
except the data is for a full range of sweeps for eachparametric step. The Spectre sweep feature
provides sweep data at only one specified condition.

You will run a parametric DC analysis on the wp variable, of the PMOS device of the Inverter
design by sweeping the value of wp.

Run a simulation before starting the parametric tool. You will start by loading the state from the

previous simulation run.
Run the simulation and check for errors. When the simulation ends, a single waveform in the

waveform window displays the DC Response at the VVout node.
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Starting the Parametric Analysis Tool

1. In the Simulation window, execute Tools—Parametric Analysis. The Parametric Analysis
form appears.

2. In the Parametric Analysis form, execute

Setup—~Pick Name For Variable—Sweep 1.

A selection window appears with a list of all variables in the design that you can sweep. This list
includes the variables that appear in the Design Variables section of the Simulation window.

3. In the selection window, double click left on wp. The Variable Name field for Sweep 1 in the
Parametric Analysis form is set to wp.

4. Change the Range Type and Step Control fields in the Parametric Analysis form as shown
below:

Range Type From/To From 1u To 10u

Step Control Auto Total Steps 10

These numbers vary the value of the wp of the pmos between 1um and 10um at ten evenly
spaced intervals.

Tool Sweep Sefup Analysis Help cadence

Sweep 1 atiable Name [wp At Specication g

Range Type  FromTo n Fram [ T
Select ¥
Step Control  Auto n Total Stegs 10/

12| sweep 1. \

5. Execute Analysis—Start.

The Parametric Analysis window displays the number of runs remaining in the analysis and the
current value of the swept variable(s). Look in the upper right corner of the window. Once the
runs are completed the wavescan window comes up with the plots for different runs.
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Note: Change the wp value of pmos device back to 2u and save the schematic before proceeding

P

to the next section of the lab. To do this use edit property option.

4.2.6 Creating Layout

1. From the Inverter schematic window menu execute

Launch — Layout XL. A Startup Option form appears.

2. Select Create New option. This gives a New Cell View Form

3. Check the Cellname (Inverter), Viewname (layout).

4. Click OK from the New Cellview form.

LSW and a blank layout window appear along with schematic window.

4.2.6.1 Adding Components to Layout

= i
1. Execute Connectivity — Generate — All from Source or click the icon 'EEJ in the layout
editor window, Generate Layout form appears. Click OK which imports the schematic
components in to the Layout window automatically.
2. Re arrange the components with in PR-Boundary as shown in the next page.

3. To rotate a component, Select the component and execute Edit —Properties. Now select the
degree of rotation from the property edit form.

o e|# DMX 0O URASDA®E

4. To Move a component, Select the component and execute Edit -Move command.

Making interconnection

1. Execute Connectivity —Nets — Show/Hide selected Incomplete Nets or click the
icon in the Layout Menu.

2. Move the mouse pointer over the device and click LMB to get the connectivity information,
which shows the guide lines (or flight lines) for the inter connections of the components.

3. From the layout window execute Create — Shape — Path/ Create wire or Create — Shape —
Rectangle (for vdd and gnd bar) and select the appropriate Layers from the LSW window and
Vias for making the inter connections

Creating Contacts/Vias

You will use the contacts or vias to make connections between two different layers.

1. Execute Create — Via or select ; command to place different Contacts, as given in
below table

Connection Contact Type

For Metall- Poly Connection Metal1-Poly

For Metal1- Psubstrate Connection | Metall-Psub

For Metal1- Nwell Connection Metal1-Nwell
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Saving the design
1. Save your design by selecting File — Save or click E
should appear as below.

to save the layout, and layout

EIREHAEIEEITE)

H
g
H
H
H
H
H
H
H
H

4.2.7 Physical Verification

4.2.7.1 Assura DRC
Running a DRC

1. Open the Inverter layout form the CIW or library manger if you have closed that.

Press shift — f in the layout window to display all the levels.

2. Select Assura - Run DRC from layout window.

The DRC form appears. The Library and Cellname are taken from the current design window,
but rule file may be missing. Select the Technology as gpdk180. This automatically loads the
rule file.
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Your DRC form should appear like this

Run Assura DRC

Layout Design Source  |DFI B Compare tuo layouts el | Generate Lyl Compare Rules.. |
Library myDesignLih Cell  Inwverter Wiew  layout | Browse..
Sawe BExtracted Wiew _ Yiew Mame drc_extracted
&rea To Be Checked |Full n
Run Mame | Run Directory . /ORGrun [
S
Run Location local B
Wiew Rules Files »  Technology gpok1a0 B Rule Set |default B
. Rules File cadence_analog_lsbs_Bl13/pv/assurasdrc. ral | Wiew. . || Reload |
Switch Mames | Set Switches
—  RE&F Include | WiE
Wariahle Walue Default Description
Mone n
YWiew avParameters | kAodify avParameters. | Mo avParameters are set.

Wieny additional Functions e Mo additional functions are set.

m Cancel Apply Defaults Load State Save State Wiew RSF Help

3. Click OK to start DRC.

4. A Progress form will appears. You can click on the watch log file to see the log file.

5. When DRC finishes, a dialog box appears asking you if you want to view your DRC results,
and then click Yes to view the results of this run.

6. If there any DRC error exists in the design View Layer Window (VLW) and Error Layer
Window (ELW) appears. Also the errors highlight in the design itself.

7. Click View — Summary in the ELW to find the details of errors.

8. You can refer to rule file also for more information, correct all the DRC errors and Re — run
the DRC.

9. If there are no errors in the layout then a dialog box appears with No DRC errors found
written in it, click on close to terminate the DRC run.

4.2.7.2 ASSURA LVS

In this section we will perform the LVS check that will compare the schematic netlist and the
layout netlist.
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Running LVS

1. Select Assura — Run LVS from the layout window. The Assura Run LVS form appears. It
will automatically load both the schematic and layout view of the cell.
2. Change the following in the form and click OK.

BUNASSUTALMS o =]

Schematic Design Source  |DFII B Use Existing mletlist [o] mletlisting Options... |

Library myDesignLib Cell Inwerter Wiews  schematic \ Eronwse. ..

Layout Design Source (=l B Use Existing Extracted kletlist el

Library myDesignlib Cell TITrnwerter wWiews  lawout Bronwse
e e

Run Mame | Run Directory . FLVES | |

[

Run Location local n

“iew Rules Files ~ Techhnology gqpdkl&o B Rule Set |default B

. E=tract Rules :nce_analog labs 613 /pvsassurarsextract. rul nWien || Reload |

—  Compare Rules  aanscadence_snalog lsasbs 613 pvsassurascomparce. rul WL

Switch Mames Set Switches
.  Binding File{s) WiEwr
— ERSF Include L I=2E T
Wariahle Walue Default Description
Hone B

Wiew awvParameters [SS] FAodify avFarameters. .. | 7 avFParameters are set.

YWiew avCompareRules kAodify avCompareRules... | 1 avCompare rule is set

Wiew Aadditional Functions [ Mo additional functions are set

Cancel Apply Defaults Load State Sawve State Wiews RSF Help

3. The LVS begins and a Progress form appears.

4. If the schematic and layout matches completely, you will get the form displaying Schematic
and Layout Match.

5. If the schematic and layout do not matches, a form informs that the LVS completed
successfully and asks if you want to see the results of this run.

6. Click Yes in the form.

LVS debug form appears, and you are directed into LVS debug environment.

7. In the LVS debug form you can find the details of mismatches and you need to correct all
those mismatches and Re — run the LVS till you will be able to match the schematic with layout.

4.2.7.3 Assura RCX

In this section we will extract the RC values from the layout and perform analog circuit
simulation on the designs extracted with RCX.

Before using RCX to extract parasitic devices for simulation, the layout should match with
schematic completely to ensure that all parasites will be backannoted to the correct schematic
nets.
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Running RCX
1. From the layout window execute Assura — Run RCX.

2. Change the following in the Assura parasitic extraction form. Select output type under Setup
tab of the form.

ORC (Assura) Parasitic Extraction Run Form

Setup ||  Esraction || Filtering || Meflisting || Run Details || Substrate | =

Technology (gpek1a0 Ruleset [cefault [ =

pzlvsset  (MOME [ UseMultRuleSets u

Setup Dir #home fdarshan/cadence_snalog_labs_613/pv/assurasrcx U

RSF Include UW@)

Rule RSF Include W@J
Tech Cmd File [Default [ () WewEa)
utput [Extracted view i@ Lib ‘Desigriib Cel Inverter  View av_extracted

able CellView Check el -
prasitic Res Component presistor Frop d T =
prasitic Cap Component poapacitor FProp 1d =
Brasitic Ind Component pinductor Frop d 1
Brasitic kM Component pmind Frop d k
ductance L1 Prop Id indl Inductance L2 Prop Id indz |

Bl Procedure

hstrate Extract [} Extract MOS Diffusion Res 4
ktract MO Diffusion &P ~ Add LS MOS Diffusion Res

hstrate Profile (nore B Exfract MOS Diffusion High [MomE [

rary Prefis I
brary Directory . u
_' 11| T -

L Cancel)k Defaults )L Spply )L Load State JL Save State JL VieRSF )L Help )

3. In the Extraction tab of the form, choose Extraction type, Cap Coupling Mode and specify the
Refere[\ce nodg for extraction.

ORC (Assura) Parasitic Extraction Run Form
¢ Extraction || Filtering || Metlisting || Run Details || Substrate |
Extraction Type |RC n Mame Space |Layout Mames n

hdax fracture length infinite |microns n Temperature ZE.0 (&

Cap Coupling Mode  [Coupled Ref MNode o !

rult Factor 1.0
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4. In the Filtering tab of the form, Enter Power Nets as vdd!, vss! and Enter Ground Nets as
gnd!

wdd!

Enter Power Mets: szl

From File

SelFromSch

|C|||

grd |

Enter Ground Mets:

From File

|C|||

SelFrom3ch

5. Click OK in the Assura parasitic extraction form when done.

The RCX progress form appears, in the progress form click Watch log file to see the output log
file.

5. When RCX completes, a dialog box appears, informs you that Assura RCX run Completed
successfully.

6. You can open the av_extracted view from the library manager and view the parasitic.

4.2.8 Creating the Configuration View

In this section we will create a config view and with this config view we will run the simulation
with and without parasitic.

1. In the CIW or Library Manager, execute File — New — Cellview

2. In the Create New file form, set the following:

New File =
File:
Likarary |myDesignlib n
Cell Inverter Test
=t config
Type |\config n
Application

Open with \Hierarchy Editor n

_ &lwavs use this application for this type of file

Library path file
weSdarshanscadence_asnalog_labs_613- cds. 1ib

i | OK JEESENIETY] Help
3. Click OK in create New File form.
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The Hierarchy Editor form opens and a New Configuration form opens in front of it.

Virtuoso® Hierarchy Editor — I[= == 1T]
Elle  Edit xiew Plugins Help cadence
[ Y e N e ) [N 2= = e G| E==
Top_cell A== Global Bindings Al
New Configuration
Library
— Top Cel
—ell:
. Likrary: [mywDesignLibl [ - |
—ell [Inverter_Test
_open J i
—_ Wiewe | [ -
| Table — Global Bindings
Cen Bi
Litrary List:
wiews List:
Stop List:
Constraint List:
— Description
mn rHame
arz1y| = | J
- B

4. Click Use teWof the New Configuration form and select Spectre in the
cyclic field and Tlick OK.

The Global Bindings lists are loaded from the template.

(=]]

Use Template

Template

Fame: L:cOther}

. = ther=
From File: ShAS
auLwvs

hzpicel

spectreerilog
systemvweriloyg
werilog
vhdllntegy

5. Change the Top Cell View to schematic and remove the default entry from the
Library List field.
6. Click OK in the New Configuration form.

Mew Configuration

— Top Cell

Likbrary: |myDesignlik

Zell LInvErtErfTeSt

Wi |[gchematic

— Global Bindings

Library List:

Wiews List: spectre cmos_sch cmos.sch schematic veriloga ahdl

Stop List: spectre

Constraint List:

— Descrption

CTET=T IS T=re T FeECore

rote:
Flease remember to replace Top Cell Library, Cell, and “Wiew
fields with the actual names used by your design.

WS  Corcel ) Use Template ) [ Help )
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The hierarchy editor displays the hierarchy for this design using table format.

_______ Virtuoso® Hierarchy Editor: (myDesignLib Inverter Testconfig) =~~~ = =
File Edit Xiew Plugins Help cadence
I = =J | L < = | =
|_Top cen 72 x| | Global Bindings =
Library: myDesignlib n Lurerg List
cell- Inwerer Test n wWiesy List: s.sch schematic veriloga ahdl
Wi schematic n Stop List spectre
Constraint List
Jpen
Tahle Wiew Tree iew
Cell Bindings
Library | Cell | Wiew Found Siews To Use | Inherited “iew List

analoglib wdo spectre spectre cmos_sch cmos.s...
analoglib wpulse spectre spectre cmos_sch cmos.s...
gpdkl S0 nmos spectre spectre cmos_sch cmos.s...
gpdkl S0 pmos spectre spectre cmos_sch cmos.s...
myDesignLib Inverter schematic spectre cmos_sch cmos.s...
rmyDesignlilb Inverter_Test schematic spectre cmos_sch cmos.s..

1T} Mamespace: COEA Filtars: OFF

1| = |

7. Click the Tree View tab. The design hierarchy changes to tree format. The form should look

like this:

Table Wiew Tree Yiew
Target: Occurrence

Instance | Wiew Tao Use |
B &% {myDesignLib Inverter_Test schematic)
-- 10 (myDesignLib Inverter schematic)
i (0) WO (analoglib vpulse spectre)

20 W1 (analoglib wdc spectre)

Inherited Wiew List |

gpectre cmos_sch cmog...
spectre cmos_sch cmos...
spectre cmos_sch cmos...

=

8. Save the current configuration.

9. Close the Hierarchy Editor window. Execute File — Close Window.

To run the Circuit without Parasites
1. From the Library Manager open Inverter_Test Config view.

Open Configuration or Top cellview form appears.

Open for editing

Open Configuration or Top CellView

Configuration "myDesignLib Inverter_Test config"

Top Cell View "myDesignLib Inverter_Test schematic”

& yes N0

& yes o N0

Cancel Help

2. In the form, turn on the both cyclic buttons to Yes and click OK.
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The Inverter_Test schematic and Inverter Test config window appears. Notice the window
banner of schematic also states Config: myDesignLib Inverter_Test config.

3. Execute Launch — ADE L from the schematic window.

4. Now you need to follow the same procedure for running the simulation. Executing Session—
Load state, the Analog Design Environment window loads the previous state.

5. Click Netlist and Run icon to start the simulation. 6

The simulation takes a few seconds and then waveform window appears.

6. In the CIW, note the netlisting statistics in the Circuit inventory section. This list includes all
nets, designed devices, source and loads. There are no parasitic components. Also note down the
circuit inventory section.

Measuring the Propagation Delay

1. In the waveform window execute Tools — Calculator. ——
The calculator window appears.

Miewr Options  Constants  Help cadence

A| Results Dir: sexport‘rhomesdarshanssimulationsinverter_Test'spectresconfigs/pst

s VT
it

s vdc
— idc

' wi
it

— vs | op & war

— opt . mp

] ' EP s WEWTE o hip o Zm

— ZP o VP — dd i« data

— is whZ

= Off _ Family — wave | clip | Gln &5 [append B =

CleD ER ror | By gN Hm i | Me e |

Special Functions n \

average cifthb FEGLE n Tshitt rmshloise e
SETT- L) cinl getasciNave owvershoot root =min
clip dutyCwcle groupDel peak sample =al
compare evmcakd harmonic period_jitter settllingTime L Ee
compression evmzipsk harmonicFre phasehdargin  slewRate wmin
hazerloize spectralPower

Gl spectrum user 3 user 4
stddesw
tangent
thd

=B
L )
(]

o
I+
+

compressionvRl eyeDiagram  histo user 1 user 2

convolve ip iinteg
Cross fourEwal integ
dBm freq intersect

delay freq_jitter ipn
deriv frequency ipn Rl
coft gainBwFraod  loadpull

.. N

status area B
14 | |

2. From the functions selmelay, this will open the\Jelay data panel.

3. Place the cursor in the text box for Signall, seleX the wave button and select the input
waveform from the waveform window.
4. Repeat the same for Signal2, and select the output waveform.

5. Set the Threshold value 1 and Threshold value 2 to 0.9, this directs the calculator to
calculate delay at 50% i.e. at 0.9 volts.

6. Execute OK and observe the expression created in the calculator buffer.

unityGainFren
walue

kil
7. Click on Evaluate the buffer icon A to perform the calculation, note down the value
returned after execution.
8. Close the calculator window.
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To run the Circuit with Parasitics

In this exercise, we will change the configuration to direct simulation of the av_extracted view
which contains the parasites.

1. Open the same Hierarchy Editor form, which is already set for Inverter_Test config.

2. Select the Tree View icon: this will show the design hierarchy in the tree format.

3. Click right mouse on the Inverter schematic.

A pull down menu appears. Select av_extracted view from the Set Instance view menu, the
View to use column now shows av_extracted view.

File Edit WYiews Plugins Help cadence
[ O = = 0 2 E @ | =5
[ Top cen 75 x| [ Global Bindings 78 x
Library: [myDesignLib n Library List: myDesignlib
Cell: Inverter_Test Set Instance Wiew =hone= fel
Expand Instance
WiEw: schematic P av_entracted
E=pand By Instance Group layout
Explain... schematic
Cpen
‘— - Cipen.. symbol
Cpen (Read-COnly)... |4 Source File...
Tahle “iew Tree Wiew Add Stop Point |4 Reference “erilog...
fiaryetjinstance Remove Stop Point
. Instance | add Bind To Open... Inherited iew List |
B ¢2 (myDesignlib Inverter_Test schematic) Remove Bind To Open
= M 10 (myDesignlib Inverer schematic) hectre cmos_sch cmos sch.
2 WO (analoglib vpulse spectre) spectre cmos_sch cmos.sch...
s (20 W1 (analoglib vde spectre) spectre cmos_sch cmos.sch...

Il Mamespace: CDBA  Filters: OFF 1
any | = |

B

4. Click on the Recompute the hierarchy icon,
schematic to av_extracted view.

the configuration is now updated from

6. From the Analog Design Environment window click Netlist and Run to @ start the
simulation again.

7. When simulation completes, note the Circuit inventory conditions, this time the list shows
all nets, designed devices, sources and parasitic devices as well.

8. Calculate the delay again and match with the previous one. Now you can conclude how much
delay is introduced by these parasites, now our main aim should to minimize the delay due to
these parasites so number of iteration takes place for making an optimize layout.
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4.3 Generating Stream Data

Streaming Out the Design
1. Select File — Export — Stream from the CIW menu and Virtuoso Xstream out form appears
change the following in the form.

Virtuoso(R) XStream Out HEE
Strearn File® fexporthomeidarshanfcadence_analod_labs 5130 nverter gos -
Technology Library | gpdki 80 [7
Library™ my DesignLib |7
Toplewel Cellfs) Inwerter 7
ey Jagoat [7

Optigns Load Hierarchy Transzlate Cancel
Load Tempxte Sawve Template Fefresh Lik Helg Feset Options
|
4,

2. Click on the Options button.
3. In the StreamOut-Options form select *# Use futgmatic Mapping under Layers tab and click OK.
4. In the Virtuoso XStream Out form, click Tranglate button to start the stream translator.

5. The stream file Inverter.gds is stored in the specjfied location.

4.4 Streaming In the Design

1. Select File — Import — Stream from the CIW menu and change the followingin the form.

Virtuoso(R) XStream In (=](=)x]

Stream File”

fexporthomeidarshandcadence _analog_labs_ 613 nverter gds

Destination Likrary®

GDS_LIE

Attach Techrnology Library | gpdki80

Top Cell Inverter
Load ASCI Tech File fexporthomeidarshanfcadence _analog_labhs_613MechFlesigpdk180_oa22 1f w
Options Load File Translate Canicel
Load Ter&plate Save Ternplate Refresh Libs Help Reset Options
‘ -
\ | s

Youk need to spdcify the gpdk180_oa22.tf file. Thys is the entire technology file that has Been
dumped from thg design library.
2. Click on the Options button.
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3. In the StreamOut-Options form select *# Use futomatic Mapping under Layers tab and click OK.
4. In the Virtuoso XStream Out form, click Translate button to start the stream translator.

5. From the Library Manager open the Inverter cellview from the GDS_LIB library and notice
the design.

6. Close all the windows except CIW window, which is needed for the next lab.

4.5 Tutorial 2: DIFFERENTIAL AMPLIFIER

Schematic Capture
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45.1 Schematic Entry
Objective: To create a new cell view and build Differential Amplifier

Creating a Schematic cellview

Open a new schematic window in the myDesignL.ib library and build the Differntial_Amplifier
design.

1. In the CIW or Library manager, execute File — New — Cellview. Set up the Create New file
form as follows:

)

rrrrrr ” myDesignLib B

el Diff_smplifiexl

wiews | =chematic

Type  |schematic B

Application

Cpen with  |Schematics B

. Abhvays u application for this type of file

Library path file

e darshansoadence_snalog labs_613s/cds. 1ib
WG c=rcel _Help

2. Click OK when done. A blank schematic window for the design appears.

Adding Components to schematic

1. In the Differential Amplifier schematic window, execute Create— Instance to display the
Add Instance form.

2. Click on the Browse button. This opens up a Library browser from which you can select
components and the Symbol view.

You will update the Library Name, Cell Name, and the property values given in the table on the
next page as you place each component.

3. After you complete the Add Instance form, move your cursor to the schematic window and
click left to place a component.

This is a table of components for building the Differential Amplifier schematic.

4. After entering components, click Cancel in the Add Instance form or press Esc with your
cursor in the schematic window

Adding pins to Schematic

Use Create — Pin or the menu icon to place the pins on the schematic window.

1. Click the Pin fixed menu icon in the schematic window. You can also execute Create — Pin or
press p. The Add pin form appears.

2. Type the following in the Add pin form in the exact order leaving space between the pin
names.

Pin Names Direction
Idc,V1,Vv2 Input

Vout Output

vdd, vss, InputOutput

Make sure that the direction field is set to input/ouput/inputoutput when placing the
input/output/inout pins respectively and the Usage field is set to schematic.

3. Select Cancel from the Add pin form after placing the pins.

In the schematic window, execute View— Fit or press the f bindkey.
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Adding Wires to a Schematic

Add wires to connect components and pins in the design.

1. Click the Wire (narrow) icon in the schematic window.

You can also press the w key, or execute Create - Wire (narrow).

2. Complete the wiring as shown in figure and when done wiring press ESC key in the schematic
window to cancel wiring.

Saving the Design
1. Click the Check and Save icon in the schematic editor window.
2. Observe the CIW output area for any errors.

4.5.2 Symbol Creation

Objective: To create a symbol for the Differential Amplifier

1. In the Differential Amplifier schematic window, execute Create — Cellview— From
Cellview.

The Cellview from Cellview form appears. With the Edit Options function active, you can
control the appearance of the symbol to generate.

2. Verify that the From View Name field is set to schematic, and the To View Name field is set
to symbol, with the Tool/Data Type set as SchematicSymbol.

3. Click OK in the Cellview from Cellview form. The Symbol Generation Form appears.

4. Modify the Pin Specifications as in the below symbol.

5. Click OK in the Symbol Generation Options form.

6. A new window displays an automatically created Differential Amplifier symbol.

7. Modifying automatically generated symbol so that it looks like below Differential Amplifier
symbol.

8. Execute Create— Selection Box. In the Add Selection Box form, click Automatic. A new
red selection box is automatically added.

9. After creating symbol, click on the save icon in the symbol editor window to save the
symbol. In the symbol editor, execute File— Close to close the symbol view window.
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4.5.3 Building the Diff_amplifier_test Design

Objective: To build Differential Amplifier Test circuit using your Differential Amplifier
Creating the Differential Amplifier Test Cellview

1. In the CIW or Library Manager, execute File— New— Cellview.

2. Set up the Create New File form as follows:

myDesignLib n

Diff =mplifier_ test

schematic

schematic n

Schematics L B
_ Alwayvs use this application Tor this twpe orf file

Library path file
1esdarshon cadence_snalog lobs 513 cds. Lib

_Cancel _bisip
3. Click OK when done. A blank schematic window for the Diff _amplifier_test design appears.

Building the Diff_amplifier_test Circuit
1. Using the component list and Properties/Comments in this table, build the Diff_amplifier_test
schematic.

Library name | Cellview name Properties/Comments
myDesignLib Diff_amplifier Symbol
Define specification as

analogLib vsin AC Magnitude= 1; Amplitude= 5m;
Frequency= 1K

analogLib vdd, vss, gnd Vdd=2.5; Vss=-2.5

analogLib Idc Dc current = 30u

Note: Remember to set the values for VDD and VSS. Otherwise your circuit will have no power.
3. Click the Wire (narrow) icon and wire your schematic.

Tip: You can also press the w key, or execute Create— Wire (narrow).

4. Click on the Check and save icon to save the design.

5. The schematic should look like this.
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. Duff_amplifier .

6. Leave your Diff_amplifier_test schematic window open for the next section.
4.5.4  Analog Simulation with Spectre

Objective: To set up and run simulations on the Differential Amplifier Test design.
In this section, we will run the simulation for Differential Amplifier and plot the transient, DC
and AC characteristics.

Starting the Simulation Environment
1. In the Diff_amplifier_test schematic window, execute Launch — ADE L. The Analog Design
Environment simulation window appears.

Choosing a Simulator
1. In the simulation window or ADE, execute

Setup— Simulator/Directory/Host.
2. In the Choosing Simulator form, set the Simulator field to spectre
(Not spectreS) and click OK.
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Setting the Model Libraries

1. Click Setup - Model Libraries.

Note: Step 2 should be executed only if the model file not loaded by default.

2. In the Model Library Setup form, click Browse and find the gpdk180.scs file
in the ./models/spectre directory.

Select stat in Section field, click Add and click OK.

spectre0: Model Library Setup

_ | odel File |  Section |
B Glohal Model Files

- o rshandcadence_analog_labs_B13/modelséspectre/gpdk scs | stat

-

%
_—

_Cancel )| Apply T Help

Choosing Analyses
1. In the Simulation window, click the Choose - Analyses icon.
You can also execute Analyses - Choose.
The Choosing Analysis form appears. This is a dynamic form, the bottom of the form changes
based on the selection above.
2. To setup for transient analysis
a. In the Analysis section select tran
b. Set the stop time as 5m
c. Click at the moderate or Enabled button at the bottom, and then click Apply.
3. To set up for DC Analyses
a. In the Analyses section, select dc.
b. In the DC Analyses section, turn on Save DC Operating Point.
c. Turn on the Component Parameter
d. Double click the Select Component, Which takes you to the schematic window.
e. Select input signal Vsin for dc analysis.
f. In the analysis form, select start and stop voltages as -5 to 5 respectively.
g. Check the enable button and then click Apply.
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@S ( Cencel J(_Defaults J(_apply J(_Help )

Analysis o tran bt ®ac o noise
i -
Analysis o tran ® dec o oac — noise o O sens o domsteh < sto
s ‘s sens . dcmatch o sth
opez o osp woenvip o pss
Bz ~ R ~ Envlp ~ pes i opac W opsth o phoise ol
— pac w psth _ pnoise o pf = D A = e
~ psp w gpss ' gpac ‘— gpnoise S qEd = e o & hbac
st — gpsp  hb o hbac e
s hbnoise
AC Analysis
DC Analysis
Sweep Variahle
Save DC Operating Paint ~
Hysteresis Sweep e & Frequency
' Design Variable
 Temperature
Sweep Variahle
Component Kame WD s Component Parameter
— Temperature w Model Parameter
__ Design Wariable L4 Select Component J
» Component Parameter Parameter MName dec
Sweep Range
_ hodel Parameter
© SR Start 10 Stop | 100m
' Center-Span
Sweep Range
& Start-Sto Sweep Type
= P Start 5| Stop 5 e ‘® Foints Per Decade 20
— Center-5pan l—n « Number of Steps
Sweep Type
p Add Specific Points
sutomatic [
Specialized Analyses
Add Specific Paints Mone n
Enabled | Options... | Enabled w Options...

@I _cencel )(_Defaults )(_4pply J(_Help




4. To set up for AC Analyses form is shown in the previous page.
a. In the Analyses section, select ac.
b. In the AC Analyses section, turn on Frequency.
c. In the Sweep Range section select start and stop frequencies as 150 to 100M
d. Select Points per Decade as 20.
e. Check the enable button and then click Apply.
5. Click OK in the Choosing Analyses Form.

Selecting Outputs for Plotting

Select the nodes to plot when simulation is finished.

1. Execute Outputs — To be plotted — Select on Schematic in the simulation window.

2. Follow the prompt at the bottom of the schematic window, Click on output net Vo, input net
Vin of the Diff_amplifier. Press ESC with the cursor in the schematic after selecting node.

Does the simulation window look like this?

Session Setup  Analyses  Mariables Outputs  Simulation  Results Tools Help cadence
Il Status: Ready T=27 C  Simulator: spectre State: statel_diff_amp
Design Yariahles analyses
tame | Walue | _ Type |Enahle | Arguments | L :i"
O [y cc ¥  1-55 Automatic Start-Stop /v2 N S
2 ac w 150 100k Automatic Stad-Stop =| o
3 tran » 0 Sm moderate A ATER
8 i B @
_ Outputs |l -
Mame/SignaliEx<pr  |Value |Plot |Sawe | Save Options | e
1 Vo o~ = ally O X
2 ¥in o~ =] ally =
= LB il ] @

-
b

| & | —
: Il : Flot after Simulation: |Auto n Flotting mode: \Replace B .\ A

=

29| Load State . |
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Running the Simulation

1. Execute Simulation — Netlist and Run in the simulation window to start the simulation, this
will create the netlist as well as run the simulation.

2. When simulation finishes, the Transient, DC and AC plots automatically will be popped up
along with netlist.

File Edit Frame Graph .axis Trace Marker Zoom Tools Measurements Help cadence

S #EETIR®HB T ¥ G Rl =R ] == =
Transient Response |1—| AC Response E' DC Response E'
|— e — Fa] |— Bl |— R

2.4 12000 3

1000

&0.0

40.0

20.0

0 -3
0 1.0 20 30 40 50 102103 104 10° 10% 107 10¥ en  -25 0 25 5
[424Tms[ E.047mv tms} [ 4 9305mMHz | a7.203Y [ Z00mv| TAT
@ | - graphl.tracel: ™i

L &

Saving the Simulator State

We can save the simulator state, which stores information such as model library file, outputs,
analysis, variable etc. This information restores the simulation environment without having to
type in all of setting again.

1. In the Simulation window, execute Session — Save State. The Saving State form appears.

2. Set the Save as field to statel diff amp and make sure all options are selected under what to
save field. Click OK in the saving state form. The Simulator state is saved.

455 Creating a Layout View of Diff_ Amplifier

1. From the Diff_amplifier schematic window menu execute

Launch — Layout XL. A Startup Option form appears.

2. Select Create New option. This gives a New Cell View Form

3. Check the Cellname (Diff_amplifier), Viewname (layout).

4. Click OK from the New Cellview form.

LSW and a blank layout window appear along with schematic window.
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Adding Components to Layout

= i
1. Execute Connectivity — Generate — All from Source or click the icon 'EEJ in the layout
editor window, Generate Layout form appears. Click OK which imports the schematic
components in to the Layout window automatically.
2. Re arrange the components with in PR-Boundary as shown in the next page.
3. To rotate a component, Select the component and execute Edit —Properties. Now select the
degree of rotation from the property edit form.

lo ¢|% 0 WX QR YiagAl&s

4. To Move a component, Select the component and execute Edit -Move command.

Making interconnection

1. Execute Connectivity —Nets — Show/Hide selected Incomplete Nets or click the
icon in the Layout Menu.

2. Move the mouse pointer over the device and click LMB to get the connectivity information,
which shows the guide lines (or flight lines) for the inter connections of the components.

3. From the layout window execute Create — Shape — Path or Create — Shape — Rectangle (for
vdd and gnd bar) and select the appropriate Layers from the LSW window and Vias for making
the inter connections

Creating Contacts/Vias
You will use the contacts or vias to make connections between two different layers.

1. Execute Create — Via or select LE[I% command to place different Contacts, as given in
below table

Connection Contact Type
For Metall- Poly Connection Metal1-Poly

For Metall- Psubstrate Connection | Metal1-Psub

For Metal1- Nwell Connection Metal1-Nwell
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Saving the design

=

1. Save your design by selecting File — Save or click
should appear as below.

to save the layout and layout

4.5.6 Physical Verification

45.6.1 Assura DRC

Running a DRC

1. Open the Differential_Amplifier layout form the CIW or library manger if you have closed
that. Press shift — f in the layout window to display all the levels.

2. Select Assura - Run DRC from layout window.

The DRC form appears. The Library and Cellname are taken from the current design window,
but rule file may be missing. Select the Technology as gpdk180. This automatically loads the
rule file.

3. Click OK to start DRC.

4. A Progress form will appears. You can click on the watch log file to see the log file.

5. When DRC finishes, a dialog box appears asking you if you want to view your DRC results,
and then click Yes to view the results of this run.
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“Diff_amplifier” has completed SUCCESSEULLY!

The DRC run "Diff_amplifier" has completed successtully.

Do you want to view the results of this run?

Yes Mo Help




6. If there any DRC error exists in the design View Layer Window (VLW) and Error Layer
Window (ELW) appears. Also the errors highlight in the design itself.

7. Click View — Summary in the ELW to find the details of errors.

8. You can refer to rule file also for more information, correct all the DRC errors and Re — run
the DRC.

9. If there are no errors in the layout then a dialog box appears with No DRC errors found
written in it, click on close to terminate the DRC run.

@ Mo DRC errors found.

4.5.6.2 ASSURA LVS
In this section we will perform the LVS check that will compare the schematic netlist and the
layout netlist.

Running LVS

1. Select Assura — Run LVS from the layout window.

The Assura Run LVS form appears. The layout name is already in the form. Assura fills in the
layout name from the cellview in the layout window.

2. Verify the following in the Run Assura LVS form.
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Run Assura LVS @

Schematic Design Source  [DFII n Use Existing Metlist el L Metlisting Options. . J

Library myDesigrLib Cell Diff amplifier Wiew schematic [ Browse.. |
Layout Design Source DIl B Use Existing Extracted retlist el

Library myDesignLib Cell [Diff_smplifier View | loyout ( Browse.. |
Run Matne Run Directory L ALYS

Fun Location local n
Wiew Rules Files L Technology gpdkl130 n Fule Set |default n

.  E=tract Rules qnce_analog labs_ 613/pw assurasextract. rul L Wi . ;]LREIDad;]

—  Compare Bules  aandcadence_analog labs 613 /pwifassurascompare. rul

Wigw.. |

Switch Mames Set Switches

. Binding File(s)

J
WiEny J
J

— RSF Include e
“Yariable Value Default Description
Mone n
Wiews avFarameters el L rAodify avFarameters. . J 7 avParameters are set.
View avCompareRules L rodify avCompareBules. . J 1 awCompare rule is set
Wiew additional Functions Mo additional functions are set.

[:Cancel:]li .-‘-‘-.pply-;]t- Defaults JL Load State JL Save State JL Wiew RSF Jl_ Help J
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3. The LVS begins and a Progress form appears.
4. If the schematic and layout matches completely, you will get the form displaying Schematic
and Layout Match.

Run: Diff_amplifier

Run: Dif_amplifier
Schematic and Layout Match. Do you want to view the results of this run’

Summary of LV [ssues

E=traction Information:

0 cells have 0 mal-formed device problems

0 cells have 0 label short problems

0 cells have 0 label open problems
Comparisan Informatian:

0 cells have 0 Met mismatches

0 cells have 0 Device mismatches

0 cells have 0 Pin mismatches

0 cells have 0 Parameter mismatches

b :El | Mo [ Help )

5. If the schematic and layout do not matches, a form informs that the LVS completed
successfully and asks if you want to see the results of this run.

"Diff_amplifier"” has completed SUCCESSFULLY!

The L¥S run "Diff_amplifier" has completed successfully.

Compare problems were detected in 1 cells.
1 cells had dewice mismatches.
1 cells had nets mismatches.
1 cells had rewire messages
0 cells matched

Mo Extraction Problems were detected.

Fou currently have =n opesn run (projesct) .

Press "OKR" to close this run =and enter the LVS Debug Enwvironment.
Prfss "Cancel" to leawe this run open and close this Dialog bozx
- () T

rm

Fresw. Error Frew. ‘Warn Plest W arn Mlext Errar

[

i -

@3 cancel /(_Help ) |
6. Click Yes in the form.LVS debug form appears, and you are directed into LVS debug
environment.

7. In the LVS debug form you can find the details of mismatches and you need to correct all
those mismatches and Re — run the LVS till you will be able to match the schematic with layout.

r

45.6.3 Assura RCX

In this section we will extract the RC values from the layout and perform analog circuit
simulation on the designs extracted with RCX.

Before using RCX to extract parasitic devices for simulation, the layout should match with
schematic completely to ensure that all parasites will be backannoted to the correct schematic
nets.
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Running RCX
1. From the layout window execute Assura — Run RCX.

2. Change the following in the Assura parasitic extraction form.

tab of the form.

Select output type under Setup

ORC (Assura) Parasitic Extraction Run Form

Setup Extraction Filtering Run Details

Suhbstrate

Metlisting
Technolagy gpakian g Ruleset default [ -
|_ pelvsset HOME 5 UserdultRulesets

l_ Setup Dir sort/hone fdacshan/cadence_analog labs 613/ pv/ assura, s

__ R5F Include um&

Rule R5F Include \\-"I_E\g&

l— Tech Cmd File |Default = um&
Cutput | Extracted Views n Libh DesignLib Cel amplifier Wiew av_exbracted »
Enable Cellview Check = =
Parasitic Res Component presistor Prop Id T =
Faragitic CTap Component poapacitor Frop Id =]

FParasitic Ind Component pinductor Frop Id 1
Paraszitic M Component praind Frop Id k
Inductance L1 Prap Id indl Inductance LZ Prop Id | ind2
Call Procedurs
Substrate Extract L Extract MOS Diffusion Res ~
Extract MOS Diffusion &P ~ Extract MOS Diffusion High MOME
Substrate Profile MOME n
Library Prefix I
Library Directary — -
< il G
q [ 11l ,__
Cancel || Defaults || Apply | Load State Save State YiewRSFE | Help

4

3. In the Extraction tab of the form, choose Extraction type, Cap Coupling Mode and specify the

Reference node for extraction.

ORC (Assura) Parasitic Extraction Run Form E]‘
i Setup Wﬁlh Filtering || Metlisting || Run Dretails || Substrate | —
Extraction Type |RC n Mame Space |Layout Mames n
flax fracture length ‘infinite | |microns n Temperature z5.0 (&
Cap Coupling Mode  |[Coupled Ref Mode gnd!
Mult Factor 1.0
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4. In the Filtering tab of the form, Enter Power Nets as vdd!, vss! and Enter Ground Nets as
gnd!

1
Enter Fower Mets: z:gl L
Fram File (] =
SelFromsch e
Enter Ground Mets: grd! e
Fram File [ =
SelFromsch e

5. Click OK in the Assura parasitic extraction form when done.

The RCX progress form appears, in the progress form click Watch log file to see the output log
file.

5. When RCX completes, a dialog box appears, informs you that Assura RCX run completed
successfully.

r &

The QRC run "Difi_amplifier" completed successfully
The output is in :

Library: myDesignLib

Cell:  Difi_amplifier
View:  aw_e=tracted

[ Close J
6. You can open the av_éxtracted view from the library manager and view the parasitic.

4.6 Tutorial3: COMMON SOURCE AMPLIFIER
Schematic Capture
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46.1

Schematic Entry

Objective: To create a new cell view and build Common Source Amplifier

Use the techniques learned in the Tutotiall and Tutorial2 to complete the schematic of Common
Source Amplifier. This is a table of components for building the Common Source Amplifier

schematic.

Type the following in the ADD pin form in the exact order leaving space between the pin names.

4.6.2

Library name | Cell Name | Properties/Comments
gpdk180 pmos Model Name = pmosl; W=50u; L=1u
gpdk180 nmos Model Name =nmos1; W=10u; L=1u

Symbol Creation

Pin Names | Direction
vin vbias | Input
vout Output
vdd vss Input

Objective: To create a symbol for the Common Source Amplifier

Use the techniques learned in the Tutoriall and Tutorial2 to complete the symbol of cs-amplifier
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4.6.3 Building the Common Source Amplifier Test Design

Objective: To build cs_amplifier_test circuit using your cs_amplifier

Using the component list and Properties/Comments in the table, build the cs-amplifier_test

schematic as shown below.

Library name | Cellview name

Properties/Comments

myDesignLib cs_amplifier

Symbol

analogL.ib

vsin

Define pulse specification as
AC Magnitude= 1; DC Voltage= 0;
Offset Voltage= 0; Amplitude= 5m;

Frequency= 1K

analogLib vdd,vss,gnd

vdd=2.5:; vss=-2.5
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4.6.4 Analog Simulation with Spectre

Objective: To set up and run simulations on the cs_amplifier_test design.
Use the techniques learned in the Labl and Lab2 to complete the simulation of cs_amplifier,

ADE window and waveform should look like below.

g Design Environment (4) - Solutions l:s_arn

Session  Setup  Analyses Yariables  Outputs  Simulation  Results Tools Help

Status: Ready T=27 C  Simulator: spectre

Design Yariahles Analyses a
hame  — | Walug | ] Type— |Enahle | Argurments [T -
1_dc w t-5 5 Automatic Stan-Stop A3 ® Ac
2ac ~ 150 100M 20 Lagarithmic Paints Per Decad.. O nc
3 tran ™ 0 5m moderate — Trans
I
_ CEtputs -
Mamessignal/Expr  — |Jalue [Flot |Save | Save Qptions | r]’a"
1 vo 4 e ally o
2 Vi ¥ | _ alv 8 X
L
¢ - Q
- Il L
] L . Plot After Simulation: Auto K@ Plotting mode: Replace ) O

= Results in ..mefdarshandsimulation/cs_amplifier_test’spectrefschematic
36 | Plot Cutputs

Transient Response m AC Response E' DC Respaonse E'
|— R} |— Filt}
1.9208
1.4z
1.9195
=
= 1.918
=
1.9155
1.918
. 1.9175
0 1.0 20 30 40 50 0210310“10510510?108 _su _ag 5.0
[4519ms | -4.515mw ° (s [ 69.366MHz | TR [ —agzev] 1 S1
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4.6.5

Creating a layout view of Common Source Amplifier

Use the techniques learned in the Tutoriall and Tutorial2 to complete the layout of cs_amplifier.

Complete the DRC, LVS check using the assura tool.

and Re-simulation.

|.m|\ ‘Il“l‘

\l L i
bq|| |I~ ‘II ||‘
;:l“lt. v .a' ‘

i \\\\\\"

\l -
i|l l|=

o l|~

\\\\\\.

Extract RC parasites for back annotation

Rt BT R R Nl“ XN
W TN N
HHHEE

Ly \ L \\\\\\ b
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4.7 Tutorial4: COMMON DRAIN AMPLIFIER

Schematic Capture

S {

4.7.1 Schematic Entry

nrmos

Objective: To create a new cell view and build Common Drain Amplifier
Use the techniques learned in the Tutoriall and Tutorial2 to complete the schematic of Common
Drain Amplifier. This is a table of components for building the Common Drain Amplifier

schematic.
Library name Cell Name Properties/Comments
gpdk180 nmMos Model Name = nmosl; W=50u; L=1u
gpdk180 nmMos Model Name = nmosl; W=10u; L=1u

Type the following in the ADD pin form in the exact order leaving space between the pin names.
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Pin Names Direction
vin, vbias Input
vout Output
vdd vss Input




4.7.2  Symbol Creation

Objective: To create a symbol for the Common Drain Amplifier
Use the techniques learned in the Tutoriall and Tutorial2 to complete the symbol of cd-amplifier

4.7.3 Building the Common Drain Amplifier Test Design

Objective: To build cd_amplifier_test circuit using your cd_amplifier
Using the component list and Propertiess”Comments in the table, build the cd-amplifier_test
schematic as shown below.

Library name | Cellview name | Properties/Comments

myDesignLib | cd_amplifier Symbol

Define pulse specification as
analogLib vsin AC Magnitude= 1; DC Voltage= 0;
Offset Voltage= 0; Amplitude= 5m;
Frequency= 1K

analogL.ib vdd,vss,gnd vdd=2.5; vss=-2.5
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4.7.4  Analog Simulation with Spectre

Objective: To set up and run simulations on the cd_amplifier_test design.
Use the techniques learned in the Tutoriall and Tutorial2 to complete the simulation of
cd_amplifier, ADE window and waveform should look like below.

alog Design Environment (5) - Solutions cd_amp 1
Session Setup Analyses Mariables Outputs  Simulation  Besults Tools Help cé dence

Status: Ready T=27 C  Simulator: spectre

Diesign Yariahles Analyses

Mame  — | Walue |~ | Type - |Enable | Arguments [FaN -,
1 dc » t-5 5 Automatic Start-Stop A3 * AC
2 ac »~ 150 100k 20 Logarithmic Points Per Decad... |[=| _ bc
3 tran ~ 0 5m moderate " Trans:
- o
_ Cutputs o —+
-~ . = n [
_ MamesSignal/Expr |¥alue |Plot |Save | Save Options
1 Wo o allw
2 Wi o allw = X
U@
G ko = Q)
il i | Plot after Simulation: (Aute @ Plotiing mode: Replace B ]
= Results in .mefdarshanssimulationscd_amplifier_test'spectre/schematic W\

45| Delete |
L
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Transient Response |1—| AC Response |§| DC Response |§|

|— g
3

GFF. TS

BFF. 745

b677.74

BFF. 735

Mag imY)

BFF T3

677.725

67772 -2

BFF.715

-3

0 10 20 30 40 50 10210310%105 105107 107 50 -25 0 25 5@
dzaoms| S.ogsmy M [34z.67kHz | G77.rac5amy 353w 148!

4.75 Creating a layout view of Common Drain Amplifier

Use the techniques learned in the Labl and Lab2 to complete the layout of cd_amplifier.
Complete the DRC, LVS check using the assura tool.
Extract RC parasites for back annotation and Re-simulation.




4.8 Tutorial 5: OPERATIONAL AMPLIFIER

Schematic Capture

- ee_amplifler, LT

4.8.1 Schematic Entry

Objective: To create a new cell view and build Operational Amplifier
Use the techniques learned in the Labl and Lab2 to complete the schematic of Operational
Amplifier.

This is a table of components for building the Operational Amplifier schematic.

Library name | Cell Name Properties/Comments
myDesignLib | Diff_amplifier | Symbol
myDesignLib | cs_amplifier | Symbol

Type the following in the ADD pin form in the exact order leaving space between the pin names.

Pin Names Direction
Idc,Vinv,Vnoninv | Input

Vo Output
vdd, vss Input
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4.8.2 Symbol Creation

Objective: To create a symbol for the Operational Amplifier
Use the techniques learned in the Tutoriall and Tutorial2 to complete the symbol of op-amp.

@instanceNdamel

4.8.3 Building the Operational Amplifier Test Design

Objective: To build op-amp_test circuit using your op-amp
Using the component list and Properties/Comments in the table, build the op-amp_test schematic
as shown below.

Library name | Cellview name | Properties/Comments

myDesignLib | op-amp Symbol
Define pulse specification as
analogLib vsin AC Magnitude= 1; DC Voltage= 0;

Offset Voltage= 0; Amplitude= 5m;
Frequency= 1K
analogL.ib vdc, gnd vdd=2.5; vss=-2.5

analogLib Idc Dc current = 30u

Note: Remember to set the values for vdd and vss. Otherwise your circuit will have no power.

84|Page




4.8.4 Analog Simulation with Spectre

Objective: To set up and run simulations on the op-amp_test design.
Use the techniques learned in the Tutoriall and Tutorial2 to complete the simulation of op-amp,
ADE window and waveform should look like below.

 Design Environment (2) - Solutions op-amp
Session Setup Analyses  Wariables Outputs  Simulation  Results Tools Help C é dence
Status: Ready T=27 C  Simulator: spectre
Design Variahles Analyses ,!J
Mame  — | Yalue |- |- Tw¥pe — |Enable | Arguments by |
1 dc W t-5 5 Automatic Start-Stop A2 - AC
2 ac o 150 100Kt 20 Logarithmic Points Per Decad... |=| _ B¢
3 tran o~ 0 St moderate N - Trans
» -
_ | Cutputs “[—B-
_ MamesSignaldBE=pr  — |value | Flot |Save | Sawe Options | ool
1 out » e allvy
z netld » el allv = X
3 gnd! » e ally
_ ol
a K = Q)
< [ = Plot after Simulation: Auto @ Floting mode: Replace B .
L a
= Results in otfhomeldarshanssimulationfop-amp_test'spectresschematic o
29| Plat Cutputs
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Transient Respaonse |1—|

AC Response

E' D Response |§|

-2.07F

-2.08
-2.09
=
- J
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-2.11

10 20 30 4.0 50
A 7 M

[ 213 2us]

4.8.5

Mag (kW)

-1.0
102 10% 10% 105 10% 107 10%

B /out

5.0

3.0

2.0

B=iout

3

-3
_5.0
[ —F7acw|

-2.5 1] 2.5 5.0

freq (Hz) 2_‘49V')

Creating a layout view of Operational Amplifier

Use the techniques learned in the Tutoriall and Tutorial2 to complete the layout of op-amp.
Complete the DRC, LVS check using the assura tool.

Extract RC parasites for back annotation and Re-simulation.
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5 Altera DE2 Board (CYCLONE2 FPGA)

Altera USB Blaster Controller Chipsat
Altera EPCS16 Configuration Device

RUN'PROG Switch for JTAGIAS Maodes

USB USB US8 Ethemet
Blaster Device Host Mc Line Line Video VGAVideo 10/100M "
Poir Pot Pod o in Out |In Port Port  RS-232 Pont
9V DC Power
Supply Connector ‘ 1 I I 1 l I 1 t t 1
27-Mkz Oscilator L X

24-bit Audio Codec
S P57 KeyboardMouse Port

VGA 10-bit DAC
Ethemet 10/100M Controlizr

Power ON'OFF Swiich

USE HosVSiave Centroller
TV Decoder (NTSC/PAL)
Expansion Header 2 (JPZ)

e Expansion Header 1 (JP1)
Altera Cyclone || FPGA

16x2 LCD Module

7-Segment Displays

18 Red LEDs
18 Toggle Switches

4 Debounced Pushbution Switches

50-MHz Oscillator 8-MB SDRAM 512-KB SRAM  4-M8 Flash Memory

The DE2 board has many features that allow the user to implement a wide range of designed
circuits, from simple circuits to various multimedia projects.

5.1 Components:

The following hardware is provided on the DE2 board:

Altera Cyclone® 11 2C35 FPGA device

Altera Serial Configuration device - EPCS16

USB Blaster (on board) for programming and user API control; both JTAG and Active
Serial (AS) programming modes are supported

512-Kbyte SRAM

8-Mbyte SDRAM

4-Mbyte Flash memory (1 Mbyte on some boards)

SD Card socket

4 pushbutton switches

18 toggle switches

18 red user LEDs

9 green user LEDs

50-MHz oscillator and 27-MHz oscillator for clock sources

24-bit CD-quality audio CODEC with line-in, line-out, and microphone-in jacks
VGA DAC (10-bit high-speed triple DACs) with VGA-out connector
TV Decoder (NTSC/PAL) and TV-in connector

10/100 Ethernet Controller with a connector

USB Host/Slave Controller with USB type A and type B connectors
RS-232 transceiver and 9-pin connector

PS/2 mouse/keyboard connector

IrDA transceiver

Two 40-pin Expansion Headers with diode protection
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In addition to these hardware features, the DE2 board has software support for standard 1/0
interfaces and a control panel facility for accessing various components.
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5.2 Block Diagram

50Mhz / 27Mhz |/ Extin

v

USB 2.0 Host/Device
10/100 Ethernet Phy/MAC
SD Card
IrDATransceiver

Flash (1 Mbyte)

SDRAM (8 Mbytes)
SRAM (512 Kbytes)

7-Segment Display (8)

il

T

Expansion Headers (2)

16-bit Audio CODEC

VGA 10-bit Video DAC

TV Decoder
Cyclone Il e
FPGA serGreen s
2C35 UserRed LEDs (18)

16x2 LCD Module

PS2 & RS-232Ports

Al

Toggle Switches (18)

Pushbutton Switches(4)

Cyclone 11 2C35 FPGA
33,216 LEs

4 PLLs
475 user 1/0O pins

EPCS16

USB

Config Blaster

Device

105 M4K RAM blocks
483,840 total RAM bits
35 embedded multipliers

FineLine BGA 672-pin package

Serial Configuration device and USB Blaster circuit
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Altera’s EPCS16 Serial Configuration device
On-board USB Blaster for programming and user API control
JTAG and AS programming modes are supported




5.3 Power-up the DE2 Board

The DE2 board comes with a preloaded configuration bit stream to demonstrate some features of
the board. This bit stream also allows users to see quickly if the board is working properly. To
power-up the board perform the following steps:
1. Connect the provided USB cable from the host computer to the USB Blaster connector on
the DE2 board. For communication between the host and the DE2 board, it is necessary
to install the Altera USB Blaster driver software.

arwn

Connect the 9V adapter to the DE2 board

Connect a VGA monitor to the VGA port on the DE2 board

Connect your headset to the Line-out audio port on the DE2 board

Turn the RUN/PROG switch on the left edge of the DE2 board to RUN position; the

PROG position is used only for the AS Mode programming
6. Turn the power on by pressing the ON/OFF switch on the DE2 board
At this point you should observe the following:
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All user LEDs are flashing

All 7-segment displays are cycling through the numbers 0 to F

The LCD display shows Welcome to the Altera DE2 Board

The VGA monitor displays the image shown in Figure 2.3.

Set the toggle switch SW17 to the DOWN position; you should hear a 1-kHz
sound

Set the toggle switch SW17 to the UP position and connect the output of an audio
player to

the Line-in connector on the DE2 board; on your headset you should hear the
music played

from the audio player (MP3, PC, iPod, or the like)

You can also connect a microphone to the Microphone-in connector on the DE2
board; your

voice will be mixed with the music played from the audio player




5.4 Configuring the EPCS16 in AS Mode

USE Blaster Circuit

RUNPROS
Quartus Use oce
Programmer | ' Gansg JTAG Config Port
AS Mode "PROG" Auto S

Power-on Config

FPGA

EPCS18
Serial

Configuration
Device

The above Figure illustrates the AS configuration set up. To download a configuration bit
stream into the EPCS16 serial EEPROM device, perform the following steps:
e Ensure that power is applied to the DE2 board
e Connect the supplied USB cable to the USB Blaster port on the DE2 board (see
Figure 2.1)
e Configure the JTAG programming circuit by setting the RUN/PROG switch (on the
left side
e of the board) to the PROG position.
e The EPCS16 chip can now be programmed by using the Quartus Il Programmer
module to
e select a configuration bit stream file with the .pof filename extension
e Once the programming operation is finished, set the RUN/PROG switch back to the
RUN position and then reset the board by turning the power switch off and back on;
this action
causes the new configuration data in the EPCS16 device to be loaded into the FPGA
chip.
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5.5 Pin Assignments

5.5.1 Pin Assignments for the toggle switches

There are also 18 toggle switches (sliders) on the DE2 board. When a switch is in the DOWN
position (closest to the edge of the board) it provides a low logic level (0 volts) to the FPGA, and
when the switch is in the UP position it provides a high logic level (3.3 volts).

Signal Name FPGA Pin No. Description
SWID] PIMN_N25 Toggle Switch[0]
SWI1] FIMN_MN26 Toggle Switch[1]
SWI2] PIN_P25 Toggle Switch[2]
SWI3] PIN_AE14 Toggle Switch[3]
SWI4] PIN_AF14 Toggle Switch[4]
SWI5] FIN_AD13 Toggle Switch[5]
SWIB] PIN_AC13 Taggle Switch[&]
SWIT] FIN_C13 Toggle Switch[7]
SWI8] PIN_B13 Toggle Switch[8]
SWIE] PIMN_A13 Toggle Switch[9]
SWI[10] PIN_N1 Toggle Switch[10]
SW[11] PIN_P1 Toggle Switch[11]
SW[12] PIN_P2 Toggle Switch[12]
SW[13] PIN_TT Toggle Switch[13]
SW[14] PIN_U3 Toggle Switch[14]
SW[15] PIN_U4 Toggle Switch[15]
SWI16] PIN_%1 Toggle Switch[16]
SW[T] FIN_%2 Toggle Switch[17]

5.5.2  Pin Assignments for the pushbutton switches

The DE2 board provides four pushbutton switches. Each switch provides a high logic level (3.3
volts) when it is not pressed, and provides a low logic level (0 volts) when depressed.
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KEY[O] PIN_G26 Fushbutton[0]
KEY[1] PIN_N23 Fushbutton[1]
KEY[2] PIN_P23 Pushbutton[2]
KEY[3] PIN_W286 Fushbutton[3]
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5.5.3 Pin Assignments for Output LED’s

There are 27 user-controllable LEDs on the DE2 board. Eighteen red LEDs are situated above
the 18 toggle switches, and eight green LEDs are found above the pushbutton switches (the 9th
green LED is in the middle of the 7-segment displays). Each LED is driven directly by a pin on
the Cyclone Il FPGA,; driving its associated pin to a high logic level turns the LED on, and
driving the pin low turns it off

Signal Mame | FPGA Fin No. Deseription
LECR[D] PIN_4EZ3 LED Red[0]
LEDR[1] PIN_AF23 LED Red[1]
LEDR[Z] PIN_AB21 LED Red[2]
LECR[3] PIN_AC22 LED Red[3]
LECR4] PIN_AD22 LED Red[4]
LECR[E] PIM_AD23 LED Red[5]
LECR[E] PIN_ADZ1 LED Red[f]
LECR[T] PIN_AC21 LED Red[7]
LECR[E] PIN_AA14 LED Red[E]
LECR[E] PIN_Y13 LED Red[g]
LEDR]10] PIN_AA13 LED Red[10]
LEDR[11] PIN_ACT4 LED Red[11]
LEDR[1Z] PIN_AD1S LED Red[12]
LEDR[13] PIN_AE15 LED Red[13]
LEDR]14] PIN_AF13 LED Red[14]
LEDR[1E] PIN_AE13 LED Red[15]
LEDR]1g] PIN_AE12 LED Red[18]
LEDR[IT] PIN_AD12 LED Red[17]
LEDED] PIN_AEZZ LED Green]D]
LEDE]1] PIN_AF22 LED Green]1]
LEDG2] PIN_W18 LED Green]2]
LEDG3] PIN_\12 LED Green]3]
LEDGH] PIN_U1E LED Graen4]
LEDGE] PIN_U1T LED Green]5]
LEDG]E] PIN_AAZ0 LED Green]d]
LEDE7] PIN_Y13 LED Graen]7]
LEDGE] PIN_Y12 LED Green]g]

9% |Page




55.4 Using 7-segment Displays

DE2 Board has eight 7-segment displays. These displays are arranged into two pairs and a group
of four, with the intent of displaying numbers of various sizes. Applying a low logic level to a
segment causes it to light up, and applying a high logic level turns it off.

Each segment in a display is identified by an index from 0 to 6, with the positions given in
Figure below. Note that the dot in each display is unconnected and cannot be used.

The assignments of FPGA pins to the 7-segment displays are also provided below
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Elgnal Hams FFGA Fin Mo. Ceesoriotion
HEXDT] FIN_AF1D Seven Sepment DigR Q0]
HEXD1] PIM_AS1Z Beven Sepment DigR O[1]
HEXDZ] PIM_ACA1Z Seven Zegment Digh O[]
HEXI[E] PIM_ADA1 Seven Begment Digh 3[3]
HEXDH] PIM_AZ11 Beven Sepment Digh O[]
HEXDIE] FiN_W12 Sewen Segment Digh O[5]
HEXIE] FiM_W13 Seven Be=gment Digh J[E]
HEXAT] Fis_v20 Beven Sepment Digh 1[0]
=HEXA[1] FiR_W'21 Sewen Segment Digh 1[1]
HEXA[Z] FIR_W21 Seven Begme=nt Gigh 1[2]
=EX1[E] FiR_Y22 Seven Eepgment Cigh 1[3]
HEX 1] PIN_AAZ4 Sewen Segment Digh 1[4]
HEXA[E] PIN_AAZE Seven Begme=nt Gigh 1[5]
=EX1E] FIM_ASI4 Seven Eegment Digh 1[8]
HEXZT] Sewen Segment Digh 2[0]
HEXZ] Seven Begme=nt Cigh Z[1]
HEXZ[Z] FIM_ACZIS Seven Eegment Cigh 23]
HEXZE] PIN_ACZZE Beven Begme=nt Cigh 2[3]
HEXZH] FIM_ASIE Beven Sepment Digh 2[£]
HEXZ[E] FIN_ASIZ Bewen Zegment Digh 2[5]
HEXZE] Fik_¥24 Seven Begme=nt Digh Z[E]
=EXET] FiR_Y23 Seven Eegment Cigh 3[0]
HEXZ[1] PIN_AAZE Sewen Segment Digh 3[1]
HEXE[Z] PIK_AAZE Seven Begme=nt Gigh 3[2]
=EXEE] FiR_Y2ZE Seven Eepgment Cigh 3[3]
HEXZH] FEN_YZ5 Sewen Segment Digh 3[E]
HEXZE] Fik_U22 Seven Begme=nt Gigh 3[5]
~EXZE] Fib_\W2s2 Seven Eegment DIigh 3[E]
HEX2[ Fi_ue Sever Sagment Digh £[0]
HEXAI] FIM_U1 Sevan Segment Digh £[1]
=HEXA[] Fir_L2 Smver Bsgment Cigh £[2]
=HEMA[F] FPIH_T4 Seven Sepment DigR £[3]
HEX4H] EIN_RT Savar Sagment Digh 41£]
=EX4E] FiN_REBE Seven Zepment Cigh £[5]
=HEX4E] FIHN_T= Seven Sepment Digh 48]




6 CYCLONE Il FPGA

FPGA Core Power

2.5V /O Power Measurement (JP8)

Measurement (JP3)

1-MB SSRAM (U5)

At Croione W Evel Bowd
51 =10 ST

DC Power
Input (J2) —
Power Switch
(SW1) —= - \

16-MB

Parallel

Flash (US) & ‘ T

- g HSM

o AR L L ! Connector (J1)
Connector (

(J3) ——=

Flash LED -

< Cyclone Il Devica (U1)
oo | [ e e e ek Configuration Done LED
USsB 3 —_t sl s N~ s |
UART (US8) P OO0 X XK.
Reconfigure . < N
JTAG Header (J4) / p?,r:-. g:‘.snﬁ; ] User Push Button Switches
/ User LEDs
32-MB
DDR SDRAM (U4) 50-MHz
System Clock

The main features of the Cyclone 111 starter board are:

e Low-power consumption Altera Cyclone 111 EP3C25 chip in a 324-pin FineLine

BGA (FBGA) package
Expandable through HSMC connector
32-megabyte (MB) DDR SDRAM
16-MB parallel flash device for configuration and storage
1-MB high-speed SSRAM memory
Four user push-button switches
e Four user LEDs
The main advantages of the Cyclone 11 starter board are:

e Facilitates a fast and successful FPGA design experience with helpful example designs

and demonstrations.

e Directly configure and communicate with the Cyclone 111 device via the on-board USB-

Blaster™ circuitry and JTAG header
e Active parallel flash configuration
e Low power consumption
Cost-effective modular design
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6.1 COMPONENTS

The Board Component blocks are
e Altera Cyclone 11l EP3C25F324 FPGA
o 25K logic elements (LES)
o 66 M9K memory blocks (0.6 Mb)
o 16 18x18 multiplier blocks
o Four PLLs
o 2141/0s
e Clock management system
o One 50-MHz clock oscillator to support a variety of protocols
o The Cyclone 11l device distributes the following clocks from its on-board
PLLs:
1. DDR clock
2. SSRAM clock
3. Flash clock
e HSMC connector
o Provides 12 V and 3.3 V interface for installed daughtercards
o Provides up to 84 1/0 pins for communicating with HSMC daughtercards

e General user-interface
o Four user LEDs
o Two board-specific LEDs
o Push-buttons:
= System reset
= User reset
=  Four general user push-buttons

e Memory subsystem
o Synchronous SRAM device
= 1-MB standard synchronous SRAM
= 167-MHz
= Shares bus with parallel flash device

o Parallel flash device
= 16-MB device for active parallel configuration and storage
= Shares bus with SRAM device

o DDR SDRAM device
= 56-pin, 32-MB DDR SDRAM
= 167-MHz
=  Connected to FPGA via dedicated 16-bit bus

e Built-in USB-Blaster interface
o Using the Altera EPM3128A CPLD
o For external configuration of Cyclone I11 device
o For system debugging using the SignalTap® and Nios® debugging console
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o Communications port for Board Diagnostic graphical user interface (GUI)
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6.2 BLOCK DIAGRAM

HSMC

Farallal Flash
16ME

SSHAM
1ME

DDR
32MB

6.3 PIN ASSIGNMENTS

6.3.1 Pin Settings for pushbutton
The board has system reset, user reset, and 4 user push-buttons. The push-buttons are in logic
“1” until depressed. The lists the pinout for all push-buttons

Signal Name FPGA Pin Direction Type
KEYD F1 Input 25V
EEY1 F2 Input 25V
KEY2 A1D Inpput 25V
KEY3 B10 Input 25V
CPU_RESET N M2 Input 25V
EECONFIGUEE HS (nConfig) Input 25V
6.3.2 Pin settings for LEDs
There are 4 user LEDs . A logic ‘0’ illuminates the LEDs
Signal Name FPGA Pin Name Direction Type
LEDD P13 Cutput 25V
LED1 P12 Cutput 25V
LEDZ 12 Output 25V
LED3 M9 Cutput 25V
Powar LED — — —
MAX Load LED — — —
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7 LAB EXPERIMENTS: Verilog Code
7.1 LOGIC GATES

/IVerilog code for gates

“timescale 1ns/1ps

module logicgates(
input A,
input B,
output notA,
output andAB,
output orAB,
output nandAB,
output norAB,
output XorAB,
output xnorAB
);
/* Seven different logic gates acting on four bit busses */
assign notA= ~A; // NOT gate
assign andAB= A & B; // AND gate
assign orAB = A | B; // OR gate
assign nandAB = ~(A & B); // NAND gate
assign norAB = ~(A | B); // NOR gate
assign xorAB = A " B; // XOR gate
assign xnorAB= ~(A ~ B); // XNOR gate
endmodule
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7.2 2-to-4 Decoder
“timescale 1ns/1ps
module decoder(
input [1:0] a,
output reg [3:0] ¥
);
always@(a)
case(a)
2'b00: y=4'h0001;
2'b01: y=4'b0010;
2'b10: y=4'h0100;
2'b11: y=4'1000;
endcase
endmodule

b x? c [ i &= 20| ¥ 2 | @ b pE [ ro0.00r v |G o

th
X

%
(I

Name

» BrEE

BEOO WX

=
Ll A )
— (=

[l

> Default, weFg*
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7.3 8-to-1 Multiplexer

“timescale 1ns/1ps

module mux8tol(
input [7:0] a,
input [2:0] s,
output reg y

);
always@(a,s)
case(s)

3'b000: y=a[0];
3'b001: y=a[1];
3'b010: y=a[2];
3'b011: y=a[3];
3'b100: y=a[4];
3'b101: y=a[5];
3'b110: y=a[6];
3'b111: y=a[7];
endcase
endmodule

7 &

[4 +
“ -y
/_ ¥ By a[7:0]
@ a7
(5] 1y [6]
“®= 1 151
=r 1 4]
iy 31
ML B 2]

Default. vcfg*
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7.4 4Bit Binary to Gray converter

“timescale 1ns/1ps

module b2g_4b(
input [3:0] b,
output [3:0] ¢

assign g[3]=b[3];
assign g[2]=b[3]"b[2];
assign g[1]=b[2]"b[1];
assign g[0]=b[1]"b[0];
endmodule

=
= |

A

¥ Diefault.wefg*

107 |Page




7.5 8-to-3 encoder
7.5.1 Encoder without parity

“timescale 1ns/1ps
module encoder8x3(

input [7:0] a,

output reg [2:0] y

);
always @(a)
begin
if  (a==8'b00000001) y=3'b000;
else if (a==8'000000010) y=3'b001;
else if (a==8'000000100) y=3'b010;
else if (a==8'000001000) y=3'n011;
else if (a==8'000010000) y=3'b100;
else if (a==8'000100000) y=3'n101;
else if (a==8'001000000) y=3'b110;
else if (a==8'010000000) y=3'b111;
else y=3'bX;
end
endmodule

b

-
—]

[El e

Default wefg*

+0f X
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7.5.2  Priority encoder

“timescale 1ns/1ps
module PriorityEncoder(
input [7:0] D,
output ValidD,
output reg [2:0] Dout

assign ValidD= |D; // Use of "reduction or" operator
always @ (D)

begin

casex (D)
8'bIxxxxxxx : Dout=7;
8'b01xxxxxX : Dout=6;
8'b001xxxxx : Dout=5;
8'b0001xxxx : Dout=4;
8'b00001xxx : Dout=3;
8'b000001xx : Dout=2;
8'b0000001x : Dout=1;
8'b00000001 : Dout=0;
default : Dout=3'bx;

endcase

end
endmodule
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7.6 Demux 1-to-8

“timescale 1ns/1ps
module Demux8tol1(

input a,

input [2:0] s,

outputreg [7:0] z=0 );
always@(a,s)
if (s==0) z[0] = a;
else if (s==1) z[1] = &;
else if (s==2) z[2] = a;
else if (s==3) z[3] = a;
else if (s==4) z[4] = g;
else if (s==5) z[5] = g;
else if (s==6) z[6] = a;
else if (s==7) z[7] = a;
endmodule

"=
Fdf
i

-

(|

Default. wcfg*
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7.7 Comparator

“timescale 1ns/1ps
module Comparator(
input [3:0] a,
input [3:0] b,
outputa_gt b,
outputa_lIs b,
outputa_eq_b
);
assigna_gt_b = (a>b);
assigna Is b=(a<b);
assigna_eq b = (a==0h);
endmodule
(= IE ][]

- | & X

ml -—__
m-—
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7.8 Full adder
7.8.1 Full adder: Continuous Assignment

“timescale 1ns/1ps
module FullAdder_CtAssign(
input A,
input B,
input Ci,
output S,
output Co
);
assign S =A"B"Ci;
assign Co= (A&B) | (Ci&A) | (Ci&B);
endmodule

@
(5]
1*
=y
i
#l

Default . wefg*
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7.8.2  Full adder: Structural

“timescale 1ns/1ps
module FullAdder_Structural(

input A,

input B,

input Ci,

output S,

output Co

)i
wire z1,22,23,24;
and And1(z1,A,B);
and And2(z2,A,Ci);
and And3(z3,B,Ci);
or Or1(Co, z1, 22, z3);
xor Xorl(z4, A, B);
xor Xor2(S,z4,Ci);
endmodule

t Help
N RE (R =Rn= N v
Objects +[0 8 % ye
Simulation Objects for Fulladder _Structural _TE 2
&
1
| o) ) 16 1818 ‘s o
Object Mame Walue -
1
L@ 5 Skl
g o 5t1 O
A 1 @
5 B 1 =
1 .
L Ci 1 .
2
]!
=
< ¥

Default, wcfg*

ion Manager ta check out a Full ISim license.
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7.8.3 Full adder: Procedural

“timescale 1ns/1ps
module FullAdder_Procedural(
input A,
input B,
input Ci,
output reg S,
output reg Co

);

always @(Ci, A, B)
begin

case({Ci, A, B})
3'b000: {Co,S}="b00;
3'b001: {Co,S}="b01;
3'0010: {Co,S}='b01;
3'b011: {Co,S}="b10;
3'v100: {Co,S}="b00;
3'b101: {Co,S}="b10;
3'b110: {Co,S}= 'b10;
3'b111: {Co,S}="b11;
endcase

end

endmodule

Help

Vo MiTE DR R
Objects +[0 8 % ye
Simulation Objects for Fulladder_Ctassign_TE
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| o ) 16 1818 ‘s
Object Mame Yalue
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< > Default, wcfg*
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7.9 Flip-flops
79.1 SRFLIPFLOP
“timescale 1ns/1ps
module SRflipflop(
input S,
input R,
input CIk,
output reg Qa =1'b0,
output reg Qb =1'b1
);

[Iwire S,R,CIKk;
reg a,b;

always@(S,R,Clk)
begin

a=Qa;

b=Qb;

if (Clk==1'b1)
case({S,R})

'b00: {Qa,Qb} ={a,b};
'b01: {Qa,Qb} ='b01;
'010: {Qa,Qb} ='b10;
endcase

else if(Clk==1'b0)
{Qa,Qb} ={a,b};

end
endmodule
=
XY
Objects +05F X pe
Simulation Objects For SRFlipFlop_TE 2
7
BB[ENe 8] @ .
Object Mame Yalue Ve
|
e Qs St =
& ab st '_%_)
b S 0 @
bR 0 *
o Clk 1 =
Al
< > Default, wefg*
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79.2 DFLIPFLOP

“timescale 1ns/1ps

module Dflipflop(
input wire D,
input wire CIKk,
output reg Q=0,
output reg Qbar=1
);

always@ (posedge CIk)
begin
Q=D;
Qbar=~Q;
end
endmodule
Help
o R EEDD AR
Ohijects <+ 0O/ X
Simulation Objects For DFipflop_TE
| Gl | 1] 18] 1B &
Object Mame Yalue
5o SHD
g Qbar Skl
D a
ik 1
< > Defaulk, wefg®

on Manager to check out a full ISim license,
et bo the I5im docurmentation For more information on the differences between the Like and the Full version,
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7.9.3 JKFlipFlop

“timescale 1ns/1ps
module JKflipflop(
input wire J,
input wire K,
input wire CIk,
output reg Q=0,
output reg Qbar=1

reg a,b;
always@ (posedge CIk)
begin
a=Q; b=~Q;
case({J,K})
000: {Q,Qbar} = {a,b};

'b01:
begin
Q=0; a=Q; b=~Q; Qbar =b;
end
'b10:
begin
Q=1;a=Q; b=~Q; Qbar =b;
end
'b11: {Q,Qbar} = {b,a};
endcase
end
endmodule
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79.4 TFLIPFLOP

“timescale 1ns/1ps
module Tflipflop(
input T,
input CIk,
output reg Q=0,
output reg Qbar,
output reg Di

always@(posedge CIk)
begin
Di=T"Q; Q=Di; Qbar=~Q;
end
endmodule
1 Help
3"3‘[%1'_**:.f'-—" #”‘7 /+/_)::/-_
Simulation Objects For TFipflop_TE z
o el 6185 ¥
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7.10 Counter

“timescale 1ns/1ps
module counter(
input clk,
input reset,
output reg [2:0] g

aIW’ays @(posedge clk,reset)
if ((reset==0)|(g>=3'b 100))

g=3'b000;
else q=0q+1;
endmodule
Help
RN R YE W= R =Nl P s
Objects «+0 &8 X y.
Simulation Objects For counter_TE =
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7.11 Finite State Machine

A finite state machine is implemented which will output(z) ‘high’ if all the 4 states (a,b,c,d) are
executed. For a change of state an output is flagged (flg) indicating the same
“timescale 1ns/1ps
module fsm(clk, reset, x, z, flg, pst, nst);

input clk;

input reset;

input X;

output reg z=0;

output reg flg=0;
output reg[1:0]pst,nst;

parameter a=2'b00;
parameter b=2'b01;
parameter c=2'b10;
parameter d=2'b11;

always@ (posedge clk)
if(reset==0)
pst<=a;

else

pst<=nst;
always@(x or pst)
case({pst})

a

if(x) begin

nst=b; z=0; flg=1;
end

else begin
nst=a;z=0;flg=0;
end

b:

if(x) begin

nst=c; z=0; flg=1;
end

else begin
nst=b;z=0;flg=0;
end

(0%
if(x) begin

nst=d; z=0; flg=1,;
end
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else begin
nst=c;z=0;flg=0;
end

d:

if (X) begin
nst=a; z=1;flg=1;
end

else begin
nst=d;z=0; flg=0;
end

endcase
endmodule

BROG WX Y%

IENE

Default, wefg*

a Full I5im license,
tion For mare information on the differences between the Lite and the Full version,
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8 LAB EXERCISES

N

Implement 3-to-8 decoder

w

Implement 3-to-8 decoder using 2-to-4 decoder
4. Implement 8-to-1 mux using 4-to-1 mux

5. Implement 4bit Gray to Binary Converter

6. Implement 1-to-4 Demux

7. Implement 1-to-8 de-mux using 1-to-4 demux
8. Implement 8bit Comparator

9. Implement full-adder using half-adders

10. Implement full-adder using mux

11. Implement UP-DOWN Counter

12. Implement FSM for the sequence 10111010
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9 Work Book and Observation
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