Analog Artist Tutorial

This tutorial is designed to introduce you to the tools we will use in ECE 746. It will introduce
you to the Cadence Environment, specifically Composer, Analog Artist and the Results
Browser.

The following typeface and color conventions will be used in this document:
e General Text: add cadence
e (Commands / Menu Selections: add cadence
e Screen Output: add cadence

1. Starting the Cadence Environment:

% add cadence

Use the following commands to start Cadence applications.
openbook  Cadence online documentation

icde & Basic digital and analog design entry

icds & Front end design

icms & Front end analog, mixed signal and microwave design
icca & Cell based chip assembly

layout &  Basic layout with interactive DRC

layoutPlus & Basic layout plus automated design tools

msfb & Mixed-signal IC design

icfb & Front to back design

spectre <input file> &  Spectre circuit simulator

verilog <input file> &  Verilog HDL simulator
signalscan & Analog/digital waveform display

We are now using version 4.4.5 of the Cadence IC tools. If
you require version 4.4.2, please type "add cad442" instead.

Problems with the tools? Wondering where SimWaves went? Check the FAQ at

http://www.ece.ncsu.edu/cadence/doc/cdsuser/

% mkdir Artist
% cd Artist
% icfb &

A few seconds later, you'll see CIW (Command Interpreter Window) and Library Manager
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Loading snocsufcadence/ic/toolsplots cdsplotinit
Loading layers. cxt
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2. Create a Design Library:

In Library Manager, Click File -> New -> Library
In the Name field, enter “ArtistTutorial”
In the Technology Library box, select
Attach to existing tech library -> TSMC 0.30u
Press OK

0K | Can-::ell Bpply |

Help

Library

Name: |&rtistTutoriall

Path: |

Technology Library

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

- Mo tech library needed
“# Attach to existing tech library --» TSMC 0.30u CMOS025 (5M, HVY FET)

=1

- Compile tech library
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Then the Library Manager will refresh as follows:

File Edit View Design Manager

Show Categories Show Files
Library Cell
JartistTutorial

rtistTutorial
NCSU_&nalog Parts
NCSU Digital Parts
NCSU Sheets Sths
NCSU TechLib tsmc03
basic
cdsDefTechlLib
cmosx_Basic
cmosx_Cells
cmosx_LPCells
cmosx_Pads
cmosx_dodBorders
cmosx_genericBasic
cmosx_mosisLocal

Messages

Loading NC5U Library Manager customizations

3. Create a Schematic:

In Library Manager, select ArtistTutorial
From the Menu Bar, select File -> New -> CellView
Fill the Form as follows, then click OK

O Cancel | Defaults Help
Library Mame ArtistTutorial
Cell Haame myInwerter
View Mame schematic
Tool Composer- Schematic

Library path file
c=u. edususers g Sgmal Artistsods. ik



A blank Schematic window will then appear.
We need to generate a schematic as shown below:

Cmd: Sel: 0 Status: Ready T=25 C Simulator: hspiceS 2
Tools Design Window Edit Add Check Sheet Options MCSU Help

2|42 |2 | &

mouse L: showClickInfo() M: schHiMousePopUp () E: schEoomFit({l.0 0. 93

To generate a schematic like this, you will need to go through the following steps:

From the Schematic Window menu, select Add -> instance
The Component Browser, will then pop up.



Commands Help 3

Library  NCSU_Analog Parts

Flatten

Filter *

(Go up 1 lewel)
phsin
phbsimd
pifet
prnosd
pmosd b
pmos b
prp
userpnp

P Transistors
In the Library field, select NCSU_Analog Parts

We will place the following instances in the Schematic Window from the
NCSU_Analog_Parts library as instructed below:

N_Transistor : nmos
P_Transistor : pmos
Supply Nets : vdd , gnd
Voltage Sources : vdc,vpulse
RLZC : cap

Note: pay attention to the parameters specified in vdc, vpulse, and cap. These parameters are
very important in simulation



A. Place pmos instance:

In Component Browser, select P_Transistor and then pmos

Place it in the Schematic Window

Hide | Cancel | Defaultsl

Library |NCSU_Analog Parts Browse |
cell [pmog

View I symbol]

Hames I

Array Rows |1=— Columns Ilu*

Rotate |

Sidevrays |

Upside Down |

Mudal nang

Model Type

Bulk node connection
Multiplier

Fingers

B. Place nmos instance:

| tsmc25P

“# system .- user
Ivdd E

Ei

Ei

=

Helpl

|

In Component Browser, select N_Transistor and then nmos

Place it in the Schematic Window

Hide | Cancel | Defaultsl Helpl
=
Library INCSU_Bnaqu_Parts | Bmwse|
cell | ool
View ISS”“JJDE.
Hames I
Array Rows Il Columns |1=
Rotate I Sideways | Upside Duwn|
Shndnt nmns |t3m025N

Model Type
Bulk node connection
Multiplier

Fingers

4 system .- user
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|1
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C. Place gnd instance:

In Component Browser, select Supply Nets and then gnd
Place it in the Schematic Window

Hide | Cancel | Defaultsl Helpl
Library |NCSU_Analog Partd Browse |
Cell | and

View | symbol

Hames I

frray Rows |1= Columns Il
Rotate | Sidewrays | Upside Down

D. Place vdd instance:

L

In Component Browser, select Supply Nets and then vdd
Place it in the Schematic Window

Hide | Cancel | Defaultsl Helpl
Library |N|35U_analng_£=arte{ Browse |
Cell | vdd

View | symbol

Hames I

furay Rows |1= Columns Il
Rotate | Sidewrays | Upside Duwnl




E. Place IN pin:

From the Schematic Window menu, select Add -> Pin. ..
In the Pin Name field , enter “IN”

In the Direction field, select input

Place it in the Schematic Window

Hide Cancel | Defaults Help
Fin Hames I
Direction input Bus Expansion -4 off on
Usage schematic Placement # single multiple
Rotate Sideways Upside Down

F. Place OUT pin:

From the Schematic Window menu, select Add -> Pin. ..
In the Pin Name field , enter “OUT”

In the Direction field, select output

Place it in the Schematic Window

Hide Cancel | Defaults Help
Fin Hames ouT
Direction output Bus Expansion -4 off on
Usage schematic Placement # single multiple

Rotate Sideways Upside Down




G. Place vdc instance

In Component Browser, select Voltage Sources and then vdc
In the DC voltage field, enter “5 V”
Place it in the Schematic Window

Hide | Cancel | Defaultsl Help
. Y
Library |N|35U_analng_£=arta_§_ Browse |
Cell | v

View | symbol

Hames I

furay Rows |1= Columns Il
Rotate | Sidewrays | Upside Duwnl

AC magnitude L
AC phase I
DC voltage |5V i
Hoise file hame I

Mumber of noiseffreq pairs I':E
5 X

H. Place vpulse instance

In Component Browser, select Voltage Sources and then vpulse
Enter the values as shown in the following form (next page)
Place it in the Schematic Window



X Edit Object Properties

oK | Cancell Apply | Defaultsl Previuusl Nextl Help
Apply To only current | instance |
Showr _I system W user | CDF
Browrse | Reset Instance Labels Display |

Property Value Display

Library Name INUSU_M&lDEI_PartS.{. off |

Cell Hame |vpulss off |

View Name IS‘W'J:"I'E. off |

Instance Hame I'ﬂ« off |

pdd | Delete | Modify |

User Property Master Value Local Value Display

Ivsignore ITRU'E I off _||

CDF Parameter Value Display
AC magnitude L off |
AC phase i off |
Voltage 1 |0 ¥ off |
Voltage 2 |5 ¥ off |
Delay time I':' s off |
Rise time |5UDP g off |
Fall time |500p 5 off |
Pulse width |3n 4 off |
Period ES | off |
DC voltage L off |
Noise file name L off |
Humber of noiseffreq pairs IEE off |
Temperature coefficient 1 I off |
Temperature coefficient 2 I off |
Hominal temperature I off |
Frequency I off _||
Number of harmonics |1 off |
Gibb’s compensation | off |
DC source I off |
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I. Place cap instance

In Component Browser, select R_L_C and then cap
In the Capacitance field, enter “OutCap F”
(This Design Variable will be used in Artist.)

Place it in the Schematic Window

0K | Can-::ell Apply | Defaultsl Previuusl Nextl Help
Apply To only current | instance |
Shows _| system |l user W CDF
Browse | Reset Instance Labels Display
FProperty Value Display

Library Hame NCSU _Analog Parts

Cell Hame | cag

View Mame I symhol;

Instance Mame I i

off i

off i

llalA

J. Place wires

pdd | Delete Modify |

CDF Parameter Value Display
Capacitance IUUtDaP E off |
Initial condition i off _
Model name i off
Width L off
Length L off |
Multiplier ! off |

In the Schematic Window menu, select Add -> Wire (narrow)
Place the wire to connect all the instances
Select Design -> Check and Save. CIW will report any errors.

12



Y our schematic should look like the one shown below.

X ¥Yirtuoso® Schematic Editing: ArtistTutorial mylnverter schematic =10 x|
omd: Sel: 0 2
Tools Design Window Edit Add Check Sheet Options HC3U Help

02| =

[PNETEE

=

L5
N

OIS N

mouse L: showClickInfa () M: schHiMousePoplUp () R: hiRedraw ()}

>
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4. Set up the Simulation Environment
You are now prepared to simulate your circuit.

From the Schematic Window menu, select Tools -> Analog Environment
A window will pop-up. This window is the Analog Artist Simulation Window.

Status: Ready T=25 C Simulator: hspiceS 4
Session Setup Analyses Variables Outputs Simulation Results Tools

Design Analyses

Library ArtistTutorial

LA =
ogxz o
oEe =
=

Cell nylnverter

b Ly
< e
[ NI

Views schematic

Design Variables Outputs

o

#  Mame Yalue #  Name/Signal/Expr ¥alue Plot Sawe March

A. Choose a Simulator

From the Analog Artist menu, select Setup -> Simulator/Directory/Host.
Enter the fields as shown below.

Choose hspiceS as your simulator.

Y our simulation will run in the specified Project Directory.

You may choose any valid pathname and filename that you like.

Ok Cancel | Defaults Help

Simulator hspices

Project Directory | ~/cadence/simulatior

Host Mode # local remote distrbuted
iHrak

Bgmmde Dbpaiory
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B. Choose Analysis
We will do Transient Analysis on the circuit that we just produced.

From the Analog Artist menu, select Analyses -> Choose. ..
Fill out the form as follows:

Ok | Cancel Defaults Apply Help
Analysis dc noise ac 4 tran
Transient Analysis
From o To |154 By |0.1d
Max Step |
Enabled M

C. Add a Variable

From the Analog Artist menu, select Variables -> Edit

The Editing Design Variables form will appear.

Fill out the form as shown below, and then click Add to send this Variable to the Table of
Design Variables.

(We entered the OutCap Design Variable in section 3.1.)

OK | Cancel| Apply | Apply & Run Simulation Help
Selected Variahle Table of Design Variahles
Hame OuECapE #  Hame Yalue

Value (Expr) |0.01d

Add | Delete | Change | MNext| Clear| Find

Cellview Variahles Copy From | Copy To
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D. Setup Output

When using Transient Analysis, the transient voltage will be saved automatically.
We can save the current through capacitor CO in the schematic by doing the following:

From the Analog Artist menu, select
Outputs -> To be Saved -> Select On Schematic
In the Schematic Window, click on the lower terminal (not the wire) of capacitor CO.

After you click on the terminal, the Analog Artist Window should look like this:

Status: Ready T=25 C Simulator: hspiceS 3
3ession Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses ‘-i{
Lib ArtistTutorial #  Type Brouments. . ... L Enzble ; ?EHH
J0C
Cell myTrwerter 1  tran 0 15n 100p ¥es
L9 3
View  schematic -lx‘ T ;_r
Design Variables Outputs [Ej
#  Mame Walue #  Mame/Signal /Expr Value Plot Sawe March
1  0OutCap  10f 1 CcO/MINUS no yes no

d8 839



5. Run Simulation

From the Analog Artist menu, select Simulation -> Run,
Look at the echoing information in the CIW window.
If the simulation succeeds, the window will display “...successful.”

File Tools Options Technology File Help 1
turn initial conditions off. .. A
.. .successful.
simulate. . .
Welcome to cdsSpice 4.4 5
THE CIRCUIT TEMPERATURE IS: 25. 0000
HSPICE EEXECUTION
info: *++++ hspice job concluded
real 8.0
nser 1.3
EAHE 0.5

HSPICE FINISHED

elapsed time 11 S

.osaccessful.
reading similation data. .. J
c.oeaccessful.
f
- I -

check for and send update file if present.. ]

mouse L: M: R:

bl
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View Waveforms

From the Analog Artist menu, select
Results -> Direct Plot -> Transient Signal
The Waveform Window will then pop up

In the Schematic Window,
Click on the IN wire andthenClick on the OUT wire
Press ESC on your keyboard

The two curves (IN and OUT) will then be displayed in this window:

oy CLUITIL vy DLUG Yy & —— SITITNE Sedoe L INCUHT r_‘.;‘-_ EOVITOIITIEI t Ly

x:4.923n  y:1.834  VT("fIN")

Window ZFfoom Axes Curves Markers Annotation Edit Tools

schematic @ Aug 24 18

Transient R

mouse L: awviMouseSingleSelectPLCE() ; R: awwviTitleMeruCE ()

=
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Press the Switch Axis Mode icon (circled in Red) on the left side of the Waveform Window

The waveforms will then be displayed separately as shown below:

W rm Window 2 —— LA s Circuit Design Environment (1)
x:995.1p  y:5.264  VI(fOUT") Active 5

Window Foom Axes Curves Markers Annotation Edit Tools Help
ArtistTutorial rmylnverter schematic @ £

Transient

mouse L: awwviMouseSingleSelectPtCE () 2 R: awwviSwitchfsd sModeCE ()

>
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7. Use Calculator

In Artist Window, go to Tools -> Calculator.
The Calculator Window will then pop up, as shown below:

Window Memories Constants Options

Help ‘ b

browser |

4 standard .- RF

sto | rcl | Special Functions |

wawve |

sin | asin' mag' In | Exp| ahs'

family |

cos | ax:usl phasel Iug1l]| 1I]**x| int |

emlot |

tan | atan| real | aB10| y*x| 1x |

plot |

sinh | asinh| imag| dB20| x*2| sqrt |

printvs |

cushlacusl’* f1| fEI f3| f4|

print |

tanh | atanh'

In Calculator Window, go to Options -> Set Algebraic

We are going to use the calculator to plot both the current through the capacitor and the absolute

value of the capacitor current.

In Waveform Window, select Window -> Reset to clear the input and output plots from

the window.

In the Calculator Window, click on the it button (3™ column of buttons on the top).
In the Schematic Window, click on the lower terminal of the capacitor.
Returning to the Calculator Window, the text area at the top should like this:

20



X Calculator =10 x|

Window Memories Constants Options Help | 5

[T (" /o0 /MINTS ") j
£

4 standard . RF

|p...n ...... I| wt | | PN I || Stl.'ll rcl I Soerial Functinns o |

In the Calculator Window, press the plot button to plot this waveform in the Waveform
Window.

In the Waveform Window, press the Add Subwindow button (bottom button on left).

In the Calculator Window, press the clear button (4™ Column, top) to erase the text area,
press the abs button (last column, top), and press the it button.

In the Schematic Window, click on the lower terminal of the capacitor.

Returning to the Calculator Window, the text area at the top should like this:

X Calculator =10 x|

Window MMemories Constants Options Help | [

ahs (IT(" /C0/MINUS") ] j
§

# standard . RF

[ | ¢ | v Il sto]| rod | special Functions _ |

In the Calculator Window, press the plot button to plot this waveform in the Waveform
Window.
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Your Waveform Window should now look like this:

— form Windeow 5 —— Affirma Analeg Circuit Design Environment (1) o |
®: 14.36n y: -143.4u IT{"fCO/MINUS") Active 12

Window fFoom Axes Curves Markers Annotation Edit Tools Help

time time

mouse L awviMouseSingleSelectPHCE () g E: awvilcondddSubwindowlE ()
» 3elect terminals for the IT expression...

8. Use Results Browser

In Artist Window menu, select Tools -> Result Browser
In the pop-up window that appears, click OK

# Browse Project Hierarchy Xl

OK Cancel | Defaults Help

Project Directory ers/r/ravett/cadence/simulation/mylnverter /hspiced
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The Results Browser Window will then be displayed

Filter: .* 14
Help

— amap.’
—artSimEnvlog
—deprop, =l
—hspice,out
—hzpicelreateFinal
—hzpiceFinal
—hzpiceSl,och
—hzpiceSl, =
—hzpiceS2,och
—hzpiceS?, =
—ihnls

tlizt/
schematiu:f'—|:r-lewlS —maps
pa

—mylrverter.c
F—mylnverter,c,raw
F—mylnverter,lis
F—mylnverter,sti
—netlist
—pzprop, sl
—ptprop, sl
—raus’
—runHspice#

—=i.enw

L =i, foregnd, log

In Results Browser Window, click netlist/ and then click hspiceFinal

A text window will then show the hspice netlist file for your circuit.
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16

* # FILE NAME: /AFS/UNITY.MNCSU.EDU/USERS/G/GMAZ/CADENCE/SIMULATION,
mylrverter fhspiceS/schematic/netlist/mylnverter. c. raw
Netlist output for hspices
Generated on Aug 24 10:12:22 2001
global rnet definitions
. GLOBAL vOD!
* File name: ArtistTotorial myInwerter schematic. S
* Subcircuit for cell: myInwerter
* Generated for: hspices
* Generated on Avug 24 10:12:22 2001
Y1 IN O PULSE 0.0 5.0 0.0 S00E-1Z2 S00E-1Z2 3E-9 gE-D
vO voo! 0 5.0
M1 OUT IN O 0 TSMCZEN L=300E-2 W=450E-9 AD=337 EE-15 a5=337.L5E-15 PO=2 4E-t
+P5=2 4E-£ M=1
MO OUT IN ¥vOD! ¥DD! TSMCZEP L=300E-0 w=450E-9 aD0=337 SE-15 AS=337.LE-15
+P0=2. 4E-£ P5=2 4E-£ M=1
Jlib " /ncsu/fcadence/local/models hspices/tame25/logic025. 1" TT
.lib “/ncsu/foadence/local/models hspice/temc25,/logic025. 1" PMOS
Jlib " /ncsu/fcadence/local/models hspices/tame25/logic025. 1" TT
.lib " /ncsufoadence/local/models hspice/temc25,logic025. 1" NMOS
* Include files
+ End of Netlist
cO oUT 0 +1.00000000E-14 M=1.0
.PROEE TER&HN
+ I(C0)
CTRAN  1.00000E-10 1.E50000E-08 START=
. TEMP 25. 0000
.OF
. save
. OPTION INGOLD=2 ARTIST=Z PSF=2
PROBE=0

+
+
+
+

This is the end of the tutorial. On the last few pages we’ve added an extra section on using a
PWL (piece wise linear) voltage source instead of a pulse source, for your edification. Our

thanks go to Guorong Ma (gma2@unity.ncsu.edu) for writing the original version of this tutorial,
which we have edited to bring to you. If there are any questions, please email either one of us:

ravett@eos.ncsu.edu
mwbaker@eos.ncsu.edu

Thanks,

Ryan and Matt — Everyone’s favorite ECE 746 TA’s
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Appendix:

9. Using PWL voltage sources.

Assuming you have gone through the previous tutorial and have successfully built your
inverter, we will now show you how to use a PWL voltage source instead of the pulse source
that the tutorial source. A PWL voltage source is a source whose output voltage is dependant
on a list of time and voltage pairs that is set by the designer. This list defines what the output
voltage should be at the given times, with the voltage being linearly interpolated between
these points. This allows a designer to simulate things like digital input streams.

First, we must remove the old pulse source:
In the Schematic Window, click on the pulse source object

~gnd! t_f

Then click on the delete button to remove it (the pencil eraser icon)
Now from the Schematic Window menu, select Add -> Instance..
The Component Browser should now pop up, like so:

X Component Browser 0] =|
Commands Help 3

Library HCSU_Analog_Parts

Hatten

Aler |1

Uncategorized
CONTENTS
Current Sources
Diodes

H Spice Only
Microwawe Parts
Mizc Parts

W _Transistors

P _Transistors
Parasitic Devices
RTTIL
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In Component Browser, select Voltage Sources and then vpwl.
The Add Instance Window should now look something like this:

. Add Instance

Hide | Cancel | Defaultsl

i
Help |

Library I NGSU_Analog Parts

Browrse I

cell |l
View I symhol]
Hames I

Array Rows I i Columns I L

Rotate |

Sideways |

Upside Down |

Humber of pairs of points
AC magnitude

AC phase

Time 1

Voltage 1

Time 2

Voltage 2

DC voltage

Delay time

Hoise file name

Humber of noiseffreq pairs
DC current

Offset voltage

Scale factor

Time scale factor

Period of the PAYL
Transition width
Temperature coefficient 1
Temperature coefficient 2
Hominal temperature

DC source

Repeated function

R

iEL

iEL
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While this option list looks very intimidating, we are really only concerned with a few of

these many options.

The most important parts of this list are the “Number of pairs of points”, which

specifies how many (time, voltage) pairs you will be defining for this source, and the “Time

X” and “Voltage X” entries where you actually define the point list.

For this tutorial we will do a simple 10-point list:

In the Add Instance Window, fill in the “Number of pairs of points” entry box

with “10”.

When the Add Instance Window finishes updating itself, fill in the time and voltage boxes

with the following:

CDF Parameter
Mumber of pairs of points
AC magnitude
AC phase
Time 1
Voltage 1
Time 2
Voltage 2
Time 3
Voltage 3
Time 4
Voltage 4
Time 5
Voltage 5
Time 6
Voltage 6
Time 7
Voltage 7
Time &
Voltage &
Time 9
Voltage 9
Time 10

Voltage 10

Value Display

| 1 off

L off _

L off

CKE! off i

|D ¥ off

|5n g off

|D i off

|5.5n g off

|5 ¥ off i

| 1 & off

|5 ¥ off

IlD.En s off

[0% off i

|20n ¢ off

|D ¥ off

|2E|.5n g off

|5 ¥ off

|25n & off i

|5 ¥ off

|25.5n g off

|D ¥ off

|30n & off

R

|0¥ off i
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In the Schematic Window, add the source instance in the vacant spot left from where we
removed the pulse source.

In the Schematic Window, click the Check and Sawve button, and fix any errors it
highlights.

Your schematic should look something like this:
X Virtuoso® Schematic Editing: ArtistTutorial mylnverter schematic — Affirma Analo =10j x|
Cmd: Sel: 0 Status: Ready T=25 C Simulator: hspiceS 2
Tools Design Window Edit Add Check Sheet Options HCSU Help

A

(.
= »

kA

mouse L: showClickInfa () M: schHiMousePoplUp () R: hiRedraw ()}
= Select nets for the VT expression...
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Now we need to test our new circuit to see the PWL source in action.

In Analog Artist Window, double-click on the entry highlighted below, which we set during
the tutorial.

# Affirma Analog Circuit Design Environment (1] =10 x|
L [zl T-25 C Simulator: hspiceS 4
Session  Setup Analyses Vadables Outputs Simulation Results Tools Help
Design Analyses '—E;,
Library ArtistTutorial #  Type Brouments. ... Enable : ?EHH
Cell myInverter I 3l I 1En 100p

Views schematic

Design Variables Outputs [E:
#  Name Value #  MWame/Signal/Expc Walue Plot Sawe March y
1 oOutcap 10f 1  cO0/MINUS no yes no —

In the window that pops up, change the transient analysis so that it runs for 30 ns, like shown
here:

s Choosing Analyses — Affirma Analog Circui x|
0].4 | Can-::ell Defaultsl Pupplyl Help

Analysis . -dc . -nhoise . -ac <4 tran

Transient Analysis

From a To I i) By |0 1g

Max Step |

Enabled ™
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Now, we can run the simulation just like we did in the tutorial. The plot in the Waveform
Window should look like this:

> Wawveform Window — Affirma Analog Circuit Design Environment (1) -l x|
Active 5
Window ZFoom Axes Curves Markers Annotation Edit Tools Help

mouse L: awviMouseSingleSelectPECE ()
= Select nets for the VT expression...

R: awviRedrawWindowlenuCE ()

Congratulations! You’ve just used a PWL voltage source.
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