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Learning Outcomes

After completing this unit, you should be able to:

m Create a symbol from a schematic

m Set up the simulation environment

m Simulate your design

m Plot the results

m Use parameter passing and design variables

m Use parametric analysis
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Set up the current working directory

m The first step is to set up the local working
directory for the AMS 0.35um process.

m open anew terminal and type the following:
tcsh
source /opt/esdcad/scripts/ams_v400_tcshrc

School of Electronics and Computer Science, University of Southampton, UK



un Cadence Design Manager

m This will bring up the Cadence Design Manager:

e Virtuoso® 6.1.6-64b - Log: /home/tz1gl2/CDS.log.1 N [=E3]
Eile Tools Options Help cadence
Brogram: B{#)SC0S5: wirtuoso wersion 6.1.6-64h 0570372013 14:44 (s9fnll78) 3
Hierarchy: JhomefesdoadsSsof tware fcadence /linuz/IC6A. 16, 005 tools. LnxB6 /dEfII/
Sub wersion: sub-version IC6.1. 6-64db. 101 (Gd-hit addresses)

Working Directory: hind. ecs. soton. ac. uk: home /t2lgl2 /6097 /zty_demo_new_cadence

COPYRIGHT @ 1992-2013 GADENGCE DESIGN SYSTEMS INC. ALL RIGHTS RESERVED.
@ 1992-2013 UNIX SYSTEMS Lahoratories THC
Reproduced with permission.

This Cadence Design Systems program and online documentation are
proprietary/confidential information =nd may be discloseds/sed only
as authorized in a license agreement controlling such wse and disclosure.

RESTRICTED RIGHTS MNOTICE (SHORT FORM)
Use//reproduction/disclosure is subject to restriction
set forth at FAR 1252 22V-19 or its equivalent.
FWARNING* enwviyclicStringToIndes: could not find warishle 'wirtualPinSizeType'
in tool[.partition] *layout’
*WARNING* envSetWal: Can't set the walue of warizble 'wirtualPinSizeType’'.
in tool[.partition] 'layout' - it has not heen registered.
*WARNING* envSetWal: Can't set the walue of warishle 'topologySoomafterPick',
in tool[. partition] 'layout' - it has not heen registered.
*WARNING* envsSetWal: Can't set the walue of wariszble 'snapToPinlcigin:.
in tool[. partition] 'layout' - it has not heen registered.
FWARNING* enviyclicStringToIndesx: could not find warisble 'gatherBusStyle'
in tooll.partition] ‘'lawout' »

B =

limouse L: B B

e i
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Create an inverter schematic

m Add a PMOS and NMOS
transistor to a schematic
from the PRIMLIB library
with the following
dimensions:

e NMOS 4u/0.35u
e PMOS 12u/0.35u

Add Instance ®|
Libirary PRIMLIE Browse ) | 2|
Cell prosd
Wiew symbol
Marmes
M add Wire Stubs at
- all terminals & registered terminals anly =
Array Rows 1 Columns 1
42 Rotate J Ak Sideways J é Upside D':'W”.-
Model name modp
Width 1Zu M
Width stripe 12u M
Length 350.00n M
Mumber of Gates 1
MO transistar shape nomal B
Mumber of bends 1
Top Contact L
Boftom Contact L
Join Gates right |3
Join all drains %
Join all sources v e
m iCancel Defaults Help |
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Create an inverter schematic

m Then wire them up using the add wire command

m Don’t forget the
bulk connection!
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Connecting things up...

m In Cadence we can add pins for inputs and outputs.
m For Vdd and Ground we use globals.

m Cadence includes symbols which are inherently
global —e.g. vdd and gnd.

= Add Instance x| o 60 g
| (=" & [
Likarary analogLib __Eirawse__ [FEE e
Cell vdd R
e—
‘

Wiew symhol
Mames

» Add Wire Stubs at:
— all terminals & registered terminals anly

Array Rowis 1 Columns 1

4> Rotate Ak Sideways = Upside Down | e

m Add these to your
schematic
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Adding Pins

m Specific pins (inputs and outputs) are added using
the Create -> Pins command

m Remember to specify the direction

= Add Pin x
Fin Mames A

Direction input n Bus Expansion & off L on

Usage schematic n Placement & single . multiple
Signal Type signal @

Attach Met Expression: & MNo o Yes

0. 0625 sfick

42 Rotate Ak Sideways = Upside Down | Show Sensitivity ==

m Cancel Ji_ Defaults i Help

< School of Electronics and Computer Science, University of Southampton, UK

10



Creating a symbol from a schematic

m To create a symbol from a schematic then we can
use the create cell view -> from cell view command

In the Create menu

O Symbol Generation Options [x]
- i )
= Cellview From Cellview E] Library Mame Cell Mame Wienw Mame
Likraryl inwverter synbol
Library Name Browse Pin Specifications Aftributes
Cell Name lrverter Left Pins 5. | List
- Right Pins T List

From Yiew Mame (3chematic n —

Top Pins List
To ¥iew Mame symbol s

Bottom Pins List

schematicSymbal e

Tool / Data Type & 4 s Exclutle Inhetited Cannection Pins:

& Mone all _ Only these:

Dizplay Cellview  »
Load/Save _ Edit attributes Edit Lakels _ Edit Froperties

m _Cancel ), apply ) Help

Edit Options ¥

@3 cancel | Defaults | apply )| Help
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Symbol Creation

m The symbol will be automatically created as shown

m Use the graphics commands from Edit menu :
Move, Delete, Stretch and add to draw the symbol

Launch File Edit ¥iew Create Checl 'k Options Window Help cadence

U= @ & 0 m X Q T f-e T 7 QA QA H
|(Basic BE G (% 2@ 4@ & [ B
78X
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Symbol Creation

m Don’t forget to SAVE the symbol

m Close it and you will see the new cell view appear in
library manager

El Library Manager: Directory ...me/bh9/mydesign/cadence/icGlab E]@E]

Eile Edit Y¥iew Design Manager Help cadence

__ Show Categories __ Show Files
Library Cell View

library1 inverer

A_CELLS
BORDERS test_inverer schematic J1k
CORELIE symhbal 2k
CORELIE_SE

GATES

GATES_3B
ICLIBC_3B_4M
IOLIBC_&Ra&_3B_4k
IOLIBYS_dhd
IOLIB_3E_4M
ICLIE_4kd
IOLIE_&MA_3E_4M

Wiew -~ | Lock | Size |

IOLIB_arAa_akd
LEADFRAMES
F&CKAGES
FRIMLIE
FRIMLIERF
SPIRALS_4mM
TECH_C35B3
TECH_C35B4
15_dths
ahdlLib
analagLib
hasic

hmslib
cdsDefTechLib
functional

shalib
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Using the symbol

m We can now use the new symbol in a hierarchical
design or atest circuit

m From the library manager — create new cell view,
schematic and call it ‘test_inverter’

m Use the Create-> Instance command

O Add Instance (x|

N PI aC e yO u r Library  libraryl _Browse
i nverter

Cell

new symbol

Wien symbol

Mames

» Addd Wire Stubs at:
— all terminals ®& registered terminals only

&rray Riows 1 Columns 1

42 Rotate Ak Sideways = Upside Down

@€ cancel | Defaults | Help
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Placing the symbol on a schematic

m We get the schematic looking like this:

chematic diting: Library?2 test_inu er scl c !
Launch File Edit ¥iew Create Check Options Migrate Window Help cédence
= ; & 0 @ X QO T ¢ -7 v |Q Q@& P L L eE
I - - Easic BE & M :]ﬁ Iy 4y T | B | B-
|Navigator ?5X|
y AR I |
Tﬂ e
= test_inverter
B = 10 (inverter1X)
e L netl
..... '|_ etz
Property Editor 7 & ]
imouse L: schiingleSelectPt) M: schHiCreatelnst( R: schHibousePoplpd
17 | > | cma: set:o ]
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Analog test bench requirements

m [n an analogue test bench we need.:

m Inputs
e sources (dc, transient, ac) depending on the analysis to
be carried out
m Outputs
e Measurement models
e Loads

m Supplies
e Vdd, Vpulse
e Ground
e gnd

School of Electronics and Computer Science, University of Southampton, UK
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test_inverter —test bench requirements

m Inputs:
e pulse input source between 0 and 3.3V at about 100MHz

m Outputs:
e capacitive load of about 1pF

m Supplies:
e Vdd = 3.3V

m Ground:
e gnd =0V

School of Electronics and Computer Science, University of Southampton, UK
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Specifying the vpulse instance

m analogLib -> vpulse

vi=0

v2 = 3.3

delay = 1n

rse = 1n

fall = 1n

pulse width = 5n
period = 10n

=l Add Instance ]
Litarary analogLib . Browse
Cell wpulse

Wiewr symbol
MNames

» Aodd Wire Stubs at:

— all terminals & registered terminals only | .

Array Rows 1 Columns 1

" 42 Rotate Ak Sideways é Upside Down

Freguency name far 1/period

Maise file name

Mumber of noisesfreq pairs o

DC woltage

AC magnitude

AC phase

HF magnitude

F&C maghnitude

F&c phase

Yoltage 1 0w
Yoltage 2 3.3 v
Period 10n =
Delay time 1n =
Rise time in =
Fall time in =
Fulse width En =

Temperature coefficient 1

Temperature coefficient 2

Mominal temperature

Type of rising & falling edge | n

m _Cancel J,_ Defaults

: School of Electronics and Computer Science, University of Southampton, UK
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Complete the test circuit

m Wire up the source and load

m Give the wires meaningful names: you can name a

wire by selecting it then write click and selcet Add
name from the menu

Launch Eile Edit ¥iew Create Chec k  Options Migrate  Window Help cadence
W =™ d 0 WX @ Ty ¢ -7 v KX HE T L L 2w
I Basic n = lj,: "% :]ﬁ -L[}‘: Ay ']h | IEQ =% n =
[ Havigator =]

T Default

Q

ame

k= test_inverter

-|,_ 10 (inverter1X)

(@) C0 (cap)

= () WO (vpulse)

’ 0 VT (wdc)

1. gnd

]_ wod

, '|_ win

v wou

[_Property Editor

|

17(24) | Forward mek: Sel: 0[]
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The Cadence simulator

m Now we want to simulate this circuit using the
Cadence simulator: spectre

m The simulator environment in Cadence is called
Analog Design Environment (ADE) and allows you
to run simulations and plot results

m Although it looks pretty boring(!) it is actually very
powerful

School of Electronics and Computer Science, University of Southampton, UK
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How to start Analog Design Environment

m Open your test circuit and go to
Launch->ADE L. | e

m This starts the ADE interface [

Schematics L

Schematics #L A—|
ADE L (4) - Library2 test_inverter schematic [=Ex] Create Model (SMG)
Launch Session Setup  Analyses Yariables Outputs  Simulation Besults Tools  Help cadence Ecell IDE
Plugins 4
[ g T - e
== SR =" §
; ; Analyses 7.8 )__(| =
Design Yariahles sac
Type | Enable| Argurments B .
Marme | Walue | E

. using spectre simulator
=0 and that it has initialised
Sk the environment with
our test circuit

Plot after simulation: AUto n Plotiing mode: Beplace n

n
18(25) | | Status: Ready | T=27 C | Simulatar: spectre J
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Types of simulation

m We can choose from many different types of

simulation

m Click the choose simulation button <=
= Choosing Analyses -- ADE L (4) [x] _% ﬁ -
analysis ® tran @dc @ ac _ hoisa Enahle fnalyses

oo _ sens o dematch o st _ Bisable Type | Enat
— PZ /5P — envlp o P53 -
) Pac - psth o pnoise o paf
_ psp _ qpss o gpac _ qpnoise
w OpEf — qpsp o hb . hbac
. hbnoise

m First we will set up a
ey bt s transient (i.e. time
=l L, domain) simulation

— Transient Moise

Stop Time

_ Dynamic Parameter
Enabled . Options... |

——

Cancel Defaults ), Apply ) Help

<75 School of Electronics and Computer Science, University of Southampton, UK
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Transient simulation setup

m Different simulation accuracies are available
e Conservative is the most accurate but the slowest

m In this example we will run the simulation for 5
cycles (50ns)

O Choosing Analyses -- ADE L (4) E3)
Analysis & tran o dc — ac ~ hoise
ot Hf _ sens o dcmatch o sth
o Pz _ 5p . envip o pss
o pac _ psth _ pnoise o paf
o P5p ~ Opss o gpac — fpnoise
o gpAf — qpsp o hb — hbac
hhnoise

Transient Analysis

Stop Time  S0n

Accuracy Defaults (errpresef)

W CONSeryal tive __ moderate __ liberal

__ Transient Moise

— Dynamic Farameter

Enabled w COptions...

@I  concel | Defaults | Apply )| Help

23 School of Electronics and Computer Science, University of Southampton, UK
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Running the simulation

m You need to add the Model Library before you run
the simulation. Go to setup

O _—  spectre3: MoueLLibrary Setup / \ (x|
—~

=z / \
L DAL L) e Muraryd s Cuel i ecior |
E- Glpftal Model Files
analyses  Mariahles  Dutputs - W [fhome/esdcad/designkits/ams/vd 00/spectre/c35/cmos5d scs Cmostm 4
- # shomedesdocad/designkitsfams/vd 00/ spectre/c 3a/cap.scs captm .
4 . » ‘homedesdoadddesignkits/amsdvd 00/ spectredc 3o hip scs hiptm
¥ Design .. # Jhomedesdoad/designkits/ams/vd00/spectre/c3adfind. scs indtm W
N ; ; » Jhomedesdoad/designkits/ams/vd00/spectre/c3aires.scs restm
@ simulator/Directory/Host . I .| v fhomefesdoad/designkits/ams/v400/spectre/c 35/ moparams scs B
High-Ferformance Simulation ... <Click here to add model file=
- I
todel Libraries ... P %
i° Temperature .. .
e Stimuli .
Simulation Eiles ...
MATLAB/Simulink b @I cancel, Asply ) Help
% Environment ...

£
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Running the simulation

m Use the ‘Netlist and Run’ (green arrow)
button to run the simulation

ADE L (4) - libraryl test_inverter schemati M=)

Launch Sesszion  Setup  Analyses Variahles Outputs  Simulation  Results  Tools elp CiidEl'ICE

== SR =" =

i . fnalyses
Design Yariables
_ Type | Enahle| Arguments
Marme | Walue | ||y tran W 0 30n conseryative
. s - O
Outputs 7 8 X|

_ Mame/Signal/Expr | ¥alue | Plot | Save| Save Options

1 vin ¥ ally Vil
Evout ¥ - ally
< I »

= Results in homedbhaysimulationdest_iny| Flot after simulation: f‘n.utu_n Flotting mUd&Bﬂ]lace—n |

8(13) | Save State ...

| Status: Ready | T=27 C | Simulator: spectre | State: stated J

5 School of Electronics and Computer Science, University of Southampton, UK
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unning the simulation

m A window pops up showing the progress of the
simulation

File Edit Help cadence
mazstep = EO0 ps
ic = all
skipdc = no
reltol = 10e-06
abstol (V) = 1 u¥
shstol{I} = 1 pa
temp = 27 C©
tnom = 27

C
tempeffects = all
errpreset = conservative
method = gearZonly
lteratio = 10
relref = alllocal
cmin 0oF

gmin 1 ps
tran: time = 1.257 ns (2.51 %), step = 20.76 ps (41.5 mz)
tran: time = 3.901 ns (7.8 %), step = 172 ps (356 mE)
tran: time = 6.546 ns (13.1 %), step = 500 ps (1 =)
tran: time = 8 776 ns (17. 6 %). step = 28 86 ps (577 mz)
tran: time = 11.28 ns (22,6 %), step = 29.11 ps (58,2 m%)
tran: time = 13.8 n= (27. 6 %), step = 153 ps (306 mE)
tran: time = 16. 29 ns (22,6 %), step = 500 ps (1 =)
tran: time = 18.77 ns (37.5 %), step = 28.44 ps (6.9 mE)
tran: time = 21. 25 ns (42 5 %), step = 25 46 ps (E0.9 m%)
tran: time = 23.77 ns (47.5 %), step = 146 ps (292 mi)
tran: time = 26.6 ns (53.2 %), step = 402.7 ps (805 mE)
tran: time = 28.77 ns (ET.5 %), step = 28 46 ps (EE. 9 m%)
tran: time = 31.25 ns (62.5 %), step = 24.858 ps (49,8 mz)
tran: time = 33.77 ns (E7.5 %), step = 146.1 ps (2A2 mE)
tran: time = 36.6 ns (73,2 %), step = 401.9 ps (804 mi)
tran: time = 38 77 ns (¥7T.5 %), step = 28 46 ps (569 mE)
tran: time = 41. 25 ns (82,5 %), step = 24 88 ps (49,8 mi)
tran: time = 43. 77 ns 87.5 %), step = 146.1 ps (292 mE)
tran: time = 46.6 ns (92,2 %), step = 401.9 ps (804 mE)
tran: time = 48. 77 ns (97.5 %), step = 28.46 ps (6.9 m¥)

HNumber of accepted tran steps = 1167

Initial condition soluktion time: CPU 1.999 ms, elapsed = 1.194 ms

Intrinsic tran analysis time: CPU = 88,986 ms, elapsed = 93 2229 ms
Total time required for tran analysis " tran': CPU = 103 084 mns, elapse
Time accumulated: CPU = 275,957 ms, elapsed = 1. 89327 s,

Peak virtual memory used = 627 Mhytes.

finalTimeOP: writing operating point information to rawfile
designParamVals: writing netlist parameters to rawfile.

primitives: writing primitiwves to rawfile.

subckts: writing subcircuits to rawfile. =

- -

26 |
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Plotting signals

m There are many ways to plot

a signal in ADE

m The easiest is with the Direct | o

eeeeeeeee
AC Phase

. iting/Plo tions ..
VVVVV | Plot| Save| Save AEMaonidsi&izhase
I AC Gain & Phase
Equi

m Choose Direct Plot -> Transient Signal _ |

I3

m Go to the schematic and choose the signals
e Click a net for a voltage
e Click a node for a current

m Note the prompt at the bottom of the schematic

= 5elect nodes or terminals, press <esce to finish selection

<75 School of Electronics and Computer Science, University of Southampton, UK
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Plotting the signals

m Select the input and output nets to plot the input
and output voltages

Eile  Edit Wiew Graph Axis Trace Marker M leasurements T oaols  Window Brawrser Help (ade“(e

R
[
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Customise the waveform display

m Right click on a waveform to change properties
e Waveform name
e Colour

m Right click and drag
to zoom in

m ‘f’ to re-fit the graph

m ‘H for horizontal
marker, ‘V' for
vertical

m Notice slow rise time

X
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Save your simulation state

ADE L (4) - libraryl test_inverter schematic

Launchmsmgp Analyses Mariables OQutputs  Simulation Results Toals Help

Schematic Window ..

Load State ...
e Save Ocean Script ..
Options ...

Festore Default ¥iew
Beset
Gt

= Results in /homesbh3ssimulationstest_iny

T

Analyses
Type | Enable| Arguments
1 tran o~ 0 50n conservative @
|t:-r
®
B e - O
Outputs 7.8 x| @
o Mame/Signal/Expr | %alue | Plat| Save| Save Options
1 win v ally W\
2 vout ¥ | ally

-

E il

Plat after simulation: (Auto n Platting mode: Beplace n L

8(13) | Save State .

Status: Ready | T=27 C | Simulator: spectre | State: state '

Click OK

\

School of Electronics and Computer Science, Universit

O

Saving State -- ADE L (4) (x]

Save State Option

Directory Options

& Directory o Cellview

State Sawe Directory Browse... |
Save s statel
Existing States statel
Cellview Options
Library lilbirary
Cell test_inwverter EerWSE...J
State spectre_statel
Description
10 -
What to Save
Select All Clear all
¥ Analyses » Variahles » Outputs
¥ Maodel Setup # Simulation Files ¥ Enviranment Options
¥ Simulator Options ¥ Convergence Setup 0 Waveform Setup
hical Stirmuli ¥ Conditions Setup » Results Display Setup

< K

¥ MDL Control Setup

<

Cosimulation Options  # Turbo and Paragitic Reduction
- i Processing

<

FParameterization Setup

Cancal Jl Apply Help

31




Learning Outcomes

After completing this unit, you should be able to:

m Create a symbol from a schematic

m Set up the simulation environment

m Simulate your design

m Plot the results

m Use parameter passing and design variables

m Use parametric analysis
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Lets optimise the rise time

m We want to change the size of the PMOS and see
the effect on the rise time

m What is the best way of doing this?

m Important points:

e Hierarchical parameter passing: from the schematic to
the symbol

e Design variables: schematic parameters which can be
changed from ADE

e Parametric simulations: run a set of simulations each
with a different value for the design variable

School of Electronics and Computer Science, University of Southampton, UK
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Hierarchical parameter passing

E Edit Object Properties
Apply Ta o_nlyI current n instance n
O t h - t h t - Show _ system & user o CDF
pen e Inver er SC e a IC Bronwse Reset Instance Labels Display
Property Wal Display
. Library Mame PRIMLIE aff n
m Change the PMOS width and e B
. Wiew Name symbal off
L ]
length properties to . .« B
L
. Add L Delete | Modify
o p Par(“ PW”) CDF Parameter Value Displ
Model name modp
P 13 P L" Width pPar ("PW") M
. p ar Width stripe pPar {("PW") M
Length pPar ("BL") M
Mumber of Gates 1

m Change the NMOS width and = B

length properties to: o o .

o pPar(*NW”)

= =R =] =R =R =] ol fa ] o =R =] = =R = o | o] fo o
e N N G G N N R G N G EN G B

5
CIODDEDEDEDOUOppDoooopoD -
o

Guard Bar Left
Tt T — Diff Cont Mon

o p ar Guard Bar Top _ Diff _ Cont ® Mon
Guard Bar Right ~ Diff o Cont ® MNone
Guard Bar Bottam _ Difr Caont Man
Substrate Contact b
Civmin Adiffiici;n Aarna -

_Cancel _P._pply_ _Defaults | Previous [4ext




Hierarchical parameter passing

m Recreate the symbol

m This will create a symbol where you can set the
widths and lengths for that symbol instance

School of Electronics and Computer Science, University of Southampton, UK
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Hierarchical parameter passing

m Go back to the inverter test schematic

m Re-instantiate the new inverter symbol

m Change the properties of the new symbol as follows
Put in ‘PWIDTH’ for the PMOS width and keep the

others the same

Edit Object Properties [
anly curren t n instance n
m Check and save
Reset Instance Lahels Display
Wal Display
ihraryl oft n
inverterl® off n
symbol ot n
CLI -
Adgd | Delet hdodify
haster Walue Local Yalue Display
rracelastCh. 17 11,32, 31 2016 G - |
Wal Display
0. 350 . - |
100 G -
0. 35u i - |
PYIDTH| off n
_Cancel /| Apply /| Defaults /| Previous Mext )\ Help
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Importing design variables in to ADE

Qutputs  Simulation

m Go back to the ADE form
m We need ADE to pick up our PWIDTH

Copy From Cellwiew

. . . _ =0n
design variable from the schematic Copy To Callvens
. GO to Varlables->copy From CeIIVIeW Design Variables
Mame | Yalue

1 PWIDTH

m Notice that PWIDTH appears in
the design variables

m Now double click PWIDTHto - T — )
bring up the design variable == _ == L —

Walue (Expr

bOX Add | Delete | Change

- hexst Clear | Find

] Set PWDITH to 10u m Cellview Variables | Copy From | CopyTo
. . . ;Cance!_ _:"\‘EP'F_ m ""’EEE'}"& Run Simulation _Hel_p__
Initially
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Importing design variables in to ADE

m Re-run the simulation, to check everything is ok

m Should get the same as before, but now we have
the ADE set up and ready to do cool stuff

‘3 School of Electronics and Computer Science, University of Southampton, UK
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Running a parametric simulation

m Parametric analysis allows you to run multiple
simulations whilst varying design parameters

m We will run a parametric simulation —_—

during which PWIDTH will be varied —

1] Results Browser .
Waveform ..

Results Display ..
Job kdonitar .

Parametric Analysis - spectre(0): Library2 test_inverter schematic

File Analysis Help cadence
I Ready
e r% |#3 ® U W A ~ |Run Mode:| Sweeps & Ranges n| @ © u |
Wariahle | “alue | Sweep? | Range Type |  From | To | Step Mode | Total Steps | Inclusion List | Esclusion List |
PWIDTH w From/To auto

18 | have selected row up in the table
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Setting up the parametric simulation

m Put PWIDTH in the parameter box and choose to
vary it from 10u to 50u in 5 steps

Parametric Analysis - spectre(0): Library2 test_inverter schematic

File analysis Help cadence
I Ready
i % | ¥ U L [ ~ | Run Mode:Sweeps & Ranges n| Q@ © |
Wariakle | Valug | Sweep? | Range Type |  From | To | StepMaode | Tatal Steps | Inclusion List | Exclusion List |
PWIDTH 10u W FromiTa 10u 0w auto 5

18 | Configure what is shown in the table

<75 School of Electronics and Computer Science, University of Southampton, UK
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Choose analysis -> start

The log window will show
progress of the runs

Plot the output using the
direct plot option as before

Zoom into one cycle to
examine the rise/fall times

<75 School of Electronics and Computer Science, University of Southampton, UK

Run the parametric simulation

& parametric simulations remaining.

Info: Running  PWIDTH=4e-05

Setting PWIDTH = 4e-05

compose simulator input file...
Lsuccessiul.

start simulator if needed. ..
Lsuccessiul.

simulate. ..

1 parametric simulation remaining.

1 remaining

Info: Running  PWIDTH=5e-05
Setting PWIDTH = Se-05
compose simulator input file...

last run

Lsuccessful.

start simulator if needed. ..
Lsuccessful.

simulate. .

reading simulation data...
Lsuccessful.

Info: Parametric Simulation Completed.

18 | Configure what is shown in the table
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Parametric results

-'~i~‘ Virtuoso (R) Visualization & Analysis XL S
File Edit Miew Graph Axis Trace Marker Measurements Tools Window Erowser Help cadence
a Bﬂ K ||Layout| Auto n > || Classic = l?,
e e il Datapoint [ 2 e ey BES R S
1 window 2 B | |

Transient Analysis “tran” time = 10 5 -= 50 ns)

mouse L: I R:

School of Electronics and Computer Science, University of Southampton, UK 42



How to measure rise/fall time

m A few ways

e On an individual graph, use the marker facility
e Use the calculator

e Use horizontal
markers

m Trace marker

- Create Graph Marker x|
WENAEIS Measurements  Tools  Windc . ; .
= = — Point Horizontal WVertical
|_F Tracking Cursor
Snap Tracking Cursar Y Position 35 on when hover n
[} Create Marker
Create Delta harker Shift+Dr
[v show Delta Child Labels
% Delete &l CHrl+E
Export b . . .
Hint: Use hind key 'H
& Properties

. LClose ) Apply
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How to measure rise/fall time

m Place atrace marker at 0.33V and 2.97V and read off

Virtuoso (R) Visualization & Analysis XL _ (=]

- -,}.,
th e tl I I IeS File Edit ¥iew Graph pAxis Trace Marker beasurements Tools Window Browser Help cadence

w O ﬁ b4 Layout| Auta n 2 classic == @,\
Q & Q » | Data. Paint srooooom || G2 (e MW |remiy B EEE B O

m Risetimeis " =
19.8-17.8ns [
=2NnSs

mouse L: Il: R:
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How to measure rise/fall time

Eile Edit “iew Graph &xis Trace Marker Measurements Tools Window Browser Help cadence
w O E ¥ |lLavout suta n # || Clagsic = l,=£!.:
Q B Q Q » || @@ = Daia Point BGacooonn |l [me #B |=niy B EEE BER A
] window 4 B

nt Analysis “tran” time

- 05-2 50 05
is|P

mouse L: il R:
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How to measure rise/fall time

m Use the calculator

e Very powerful collection of tools ey _cad

2¢  Virtuoso (R) Visualization & Analysis XL calculator = == Parametric Analysis ...
File Tools ¥iew Options Constants Help cadence BF 4

"H In Context Results DB: 1_new_cadencesSimiAest_inverter/spectresschematic/pst

J 1 Results Erowser ..

Waveform ..

ws | oop L war wh _ sp

_ opt _omp wnZ | zp

| .
T i |Se|ect schematic terminal. Create DC current expression ok Monitar ..
_||.‘.‘ Off _ Family _—vere—e—=mp——y e mPpeT »

?Key - Q,;X_J VTI"Nout"l

. » Results Display ..

i

oo L5 (A

o e | 5 R e Mo | P4 B
(et el RN N =
[ Stack & x|
— [WTrinTy

M Teavoutty

YT Avin")
e YT oLty
o [vTesnn

WE("/neti?"
O | WF(metz"y
YDC("netz"

£

| Function Panel &8 x
‘LSpeciaI Functions n Q .
FH handwidth  compression¥Rl dBm  dfthb evmGpsk  fourEval  gaink
azid clip convalve delay dnl eyeDiagram freq gainh
ahs_jitter compare Cross deriv dutyCycle fallTime freq_jitter getés
average compression dZa ot evmGakd flip frequency groug
19
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How to measure rise/fall time

Choose vt

Choose the net on the
schematic window

Select the riseTime

from Function Panel —

Choose 'y at X’

Ay Virtuoso (R) Visualization & Analysis XL calculator E]@[Z
File Toaols ¥iew Options Constants Help CEdEI’I(E
|i=‘| In Context Results DB rhomesbh3ssimulationdest_inverer/spectre/schematic/pst

.u: acos acosh  asin asinh atan  atanh  cos  cosh  sin sinh tan tanh
I 14 10" abs  dB10  dBZ0  exp int In logll  sgqr w2y
Il app plot  erplot

= vt (g owf (. vilc (4 M5 s O LJ war o Mn Wi 5P L vswr CJhp (g zm

|||‘_, it AT LA lde LS _ opt o omp I MNZ | Zp Yp _ gd . data

[ off _ Family _ wave |w Clip | :\l[\ & |Append B ectanguiar B3| {&' | B

Key ... X | tiseTimelwTrsvout) 15n t 20n t 10 30 il "time"

To LSl 4

4 5 B

1 Z 3 =

0 e e nl D B i B R | B dm " EH L sepaae 5 |
) Function Panel &)X

LAl n Q,
riseTime

Signal | VT("fvout”) B

Initial Value Type

? Final Value Type
Set initial and finabF—— | we.m

X values (15ns, 20 ns)
Press apply

Press Evaluate

W oatx

yoatx

B itial value '15n

B rnavae zon

10

single

Percent High 30
n Plotiprint vs. time

QK.

Apply | Defaults | Close | Help

__ Function Panel |
Successful evaluation
44

Expression Editar
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How to measure rise/fall time

Choose vt

Choose the net on the
schematic window
Select the riseTime
from Function Panel
Choose 'y at X’

Set initial and final
X values (15ns, 20 ns

Press apply

Press Evaluate

Ay Virtuoso (R) Visualization & Analysis XL calculator E]@[Z
File Toaols ¥iew Options Constants Help CEdEI’I(E
|i=‘| In Context Results DB rhomesbh3ssimulationdest_inverer/spectre/schematic/pst
Il acos  acozh  asin aginh  atan  atanh  cos  cosh  sin sinh tan  tanh
I 14 10" abs  dB10  dBZ0  exp int In logll  sgqr w2y
Il app plot  erplat

= vt (g owf (. vilc (4 M5 s O LJ war o Mn Wi 5P L vswr CJhp (g zm
|||‘_, it AT LA lde LS _ opt o omp I MNZ | Zp Yp _ gd . data
[ off _ Family _ wave |w Clip Tl &5 (append B ectanguiar B3| {&' | B

Key ... X | riseTimelvTrgf®) 150t 20n t 10 30 il "time"

To LSl 4

4 5 B

1 Z 3 = =

 Pop (r e Mse | P BT n_ -

o e D B B8 | e B SR s |
| Functiony &%
| B a
rise e

Signal

Initial Value Type
Final ¥alue Type
Percent Low

Humber of occurrences

WT(" v out”y
W oatx

yoatx

B itial value '15n

B rnavae zon

10

single

Percent High 30
n Plotiprint vs. time

QK.

Apply | Defaults | Close | Help

__ Function Panel |
Successful evaluation
44

Expression Editar

%4 School of Electronics and Computer Science, University of Southampton, UK

48



How to measure rise/fall time

m Plots the rise time with different values of the PMOS
width

File Edit View Graph A&xis Trace Marker Measurements Tools Window Browser Help cadence
¥ 3 % |Lavout #uta [~ ] |l Classic BE =
B Q » Data Point saaonnod | | (e WA emiy Bl EEE B RN

Kl window 7 B

rise Time (T wout™ 1501 20n t 10 90

nil "time"
R\

e o | 175
110 90 ni
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Summary

m In this lecture we created a symbol from a schematic
m We made a test schematic containing the symbol

m We learnt how to simulate the design

m We have seen how to plot and measure the results

m We have shown how to set up hierarchical parameter
passing in your design

m We have used design variables and \/
parametric simulations to show 2 )
rise time variation against PMOS width ¢
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Lab: Simulation

Objective: Create a
symbol and test
circuit. Then simulate
your test circuit and
use parametric
simulations and
design variables

Create the symbol and test circuit

Simulate your test circuit

Plot the results

Use design variables and
parameter passing in your design

Explore parametric simulations

School of Electronics and Computer Science, University of Southampton, UK 51



	Symbols & Simulation
	Custom Design Flow 
	Learning Outcomes
	Learning Outcomes
	Set up the current working directory
	Run Cadence Design Manager
	Create an inverter schematic
	Create an inverter schematic
	Connecting things up…
	Adding Pins
	Creating a symbol from a schematic
	Symbol Creation
	Symbol Creation
	Using the symbol
	Placing the symbol on a schematic
	Analog test bench requirements
	test_inverter – test bench requirements
	Specifying the vpulse instance
	Complete the test circuit
	Learning Outcomes
	The Cadence simulator
	How to start Analog Design Environment
	Types of simulation
	Transient simulation setup
	Running the simulation
	Running the simulation
	Running the simulation
	Plotting signals
	Plotting the signals
	Customise the waveform display
	Save your simulation state
	Learning Outcomes
	Lets optimise the rise time
	Hierarchical parameter passing 
	Hierarchical parameter passing
	Hierarchical parameter passing
	Importing design variables in to ADE
	Importing design variables in to ADE
	Running a parametric simulation
	Setting up the parametric simulation
	Run the parametric simulation
	Parametric results
	How to measure rise/fall time
	How to measure rise/fall time
	How to measure rise/fall time
	How to measure rise/fall time
	How to measure rise/fall time
	How to measure rise/fall time
	How to measure rise/fall time
	Summary
	Lab: Simulation

