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Simulating Switched-Cap Filter in CADENCE

<~ Pre-Setups
B Add ‘ahdl’ library to your path
€ In library manager->Edit->library path->add “ahdILib”.

Library Path Editor: .../staff/ee/ludt/cadence/cds.lib [NameSpace CDE = | Ellll
File Edit View Design Manager Help
— Libraries

Library Path

passiveLib  |SCOS_INST DIR/tools/dfII/samples/artist/passivelib &

shdlLib $CDS_INST DIR/tools/dfII/samples/artist/chdlLib

cdsDefTechLi SCOSHOME ftools/dfIT etc/cdsDefTechLib

hasic SCOSHOME /tools /dfIT ete /odslib/hasic

analogLih SCOSHOME /tools/dfIT/eto/cdslib/artist/analogLih
rfExamples  §C0S_INST DIR/tools/dfII/samples/artist/cfExcmples
cfLih Aisrfeelocal fcadenceficdd6/tools /AfIT fsamples fartist/ o ¥

To add a new library definition, type the name in the Library column and the path
o the library in the Path column. Press RETURHN to continue adding libraries.
When done, select the menu ‘Fle -> Save As 5 {0 save your edits into another file.

€ If the library already exists, go on to the next step.

<~ Using Ideal Components
W [deal Switch
€ The ideal switch is in the library -- “Analoglib—> switch”
€ Add an Switch into schematic
® |n the schematic window, press ‘i’ (or ‘add’ = ‘instance”); press ‘p’ to add pin.

) vin VO
vin .—F

® Select the switch and press ‘q’ to edit object properties.

5
i 1
0K | Cam:el| Apply ‘ Defaults| Previuus| Hext| He|p|
AT only current _ | instance . |
Show _| system M user W CDF

tirary Hame ‘ analoglih

£l Hama ‘ switch

Wews Hane ‘ symbol

Grednme Mang WU

CDF Parameter Value Display
Open switch resistance .Wl off
Close swilch resistance 1 ohng off |
Open voltage rg_sn_nnﬁ_i j";‘l
Closed voltage IW off |
Multiplier [— off |
Estimated operating region = | off |

Resistance 0 Ohng off |
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® Some parameters to modify.
B Open Switch Resistance - Turn on Resistance
B Close Switch Resistance = Turn on Resistance
B The switch turns on when control voltage larger than Close Voltage
B The switch turns off when control voltage smaller than open Voltage
® Make an symbol for the Switch (optional, just for convenience)
B Create a symbol from cellview

Virtuoso?Schematic Editing: filker SWITCH schematic ;]
Cma: Sel: 0 Status: Ready T=27 C Simulator: spectre

Tools Design Window Edit Add Check Sheet Options
Check and Save X
Save (not needed)
Save As...
Hierarchy

<& [

Create Cellview From Cellviev/ )

,\
2%

Hew... From PFin List...

R From Instance...
Sisoard Bifils..

Make Reatl Only
Probe

Plot

Renumber Instances...

0
~

D[ | A

i
»

6 VA

B Ideal OPAMP
€ The ideal OPAMP is in the library -- “ahdllib-> diffamp”
4 Add an OPAMP to schematic and edit property.

[ o comeproperiar D |
OK | Cancel| Apply Defaulls Previous| Next Help
|
Apply To only current — | instance
e Show system B user M CDF
. Browse Reset Instance Labels Display
B _t Property Value Display
SIgou Library Name | @bdlLib off
) cell Hame diffamg off
g B p View Name syubol off
Instance Hame |EL value
Add Delete Modify
CDF Parameter of view YS T0OIS Filter Display
gain ek of f
sigin_offsel ] off
model off
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® gain - the gain of the OPAMP
® sigin_offset - the input referred offset of the OPAMP

<~ Schematic using Ideal Components
Before implementing everything in transistor level, ideal components can be used to check
the functionality. The ideal switch and OPAMP can be replaced with real components later.
B Draw schematic according to the filter in behavior level obtained by Matlab, switcap or
other tools.

e
r = o
= v
1
L)
B Use ‘vsin’ to give input
€ Location: ‘analoglib’=> vsin’
€ Parameters:
=
oK ‘ Cam:el| Apply ‘ Defaulls‘ Previnus! Nexl; Help:
cpplyTo  only curront | instance | Il
Shows | system M user Wl CDF
Browse | Reset Instance Labels Display |
Property Value Display
Ubrary Name | 3rnalogLil] ot =
Cell Name |void Loff |
View Hame !5W\bﬂr. Loff —|
Instance Hame | V% off —|
Add | Delete Modiry |
User Property Master Value Local value Display
Ivsignore iﬁ 17 off |
CDF Parameter Value Display
AC magnitude [ off |
AC phase ;7 1 | i =
DC voltage T [afti=|
Offset valtage off |
Amplitude off |
Frequency _off =
Delay time i M
Damping factor i off —|
First frequency name |Hﬁ Lort =] |
Second frequency name . Loff =]
Hoise file name I N Loff |
Humber of noiseffreq pairs |U 0ff_~|
XF magnitude [ PAC Loft = |
PAC maghitude 4//7 _off =
PAC phase N ot |
Initial phase for Sinusoid ii [off =
Amplitude 2 [ Lot = |
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W Use ‘vpulse’ to give clock
€ Location: ‘analoglib’->’vpulse’
€ Parameters:

|
OK | Cancel Apply | Defaulis| Previous| Mext Help |
Apply To only current . | instance

Showr | system M user M CDF

Browse Reset Insiance Labels Display

Property Value Display
Library Name IanalogLil:I off - |
Cell Hame vpulsd off
View Name synbol off
Instance Name V2 _off
Add | Delete Modify
User Property Master Value Local Value Display
Ivslgnore TRUE off
CDF Parameter Value Display .
AC maghitude off = |
AC phase off

DC voltage ¢ high/low value of clock
Voltage 1 0.0¥ off
voltage 2 ' / off
Delay time _Qn ] off
Rise time Zn g off
Fall time |2n & off
Pulse width 4%8n 5 off
Period :lu = off
Frequency name for 1/period ol . off

€ Make sure the two clocks are non-overlap, better to check it before doing further
simulation.

<~ Simulation using ideal components.
B Set model library (only useful for transistor level simulation)
€ Obtain the model file, put it in one directory.
€ In schematic window, Tools—=> Analog Environment->Setup—> Model Libraries,

OK Cancel | Defaults, Apply Help
Model Lihrary File Section

HModel Library Fle Section (opt.})
JELECE04 /project/modelfile |

Add Delete change EdIt Fllg BIOWSe. ..

B Setup for PSS and PAC simulation
€ Used to obtain the frequency response of the filter
€ In schematic window, Tools=> Analog Environment
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Cadence?Analog Design Environment (1) B o ] |

Status: Ready T=27 C Simulator: spectre 5
Session Setup Analyses |Variables Outputs Simulation Results Tools Help |
. Choose k__
Design——————— Analyses
Dadiis
it # A L2 Enzbl
Library filter j.i-miz%{, | Type SHETE TS RisibE e
cell SwitOap e )l pac 0 SOK 150k 1K yes AC
- 2  pss 100K 0 ¥es
Views  schematic S
Design Variables Outputs [E:
#  Name Walue #  Name/Signal /Expr Walue Plot Sawe March y
1 v fvout; pac dBE0(W) no Epe |
» iy

€ PSS setup
Choosing Analyses -- Cadence?Analog Design Enyir =nt (1) x|
| |
0K | Cancel | Defaults| Apply| Help
Analysis - tran - de - ac -~ hoise
%l o SENS -~ dcmatch \/Sth
bz - 5p -envlp ¥ pss
« pac - pnoise - pxf
PSP o qRSS s qpac

< gphoise - qpxrf - qpsp

Periodic Steady State Analysis

Fundamental Tones

‘# Name Expr Walue Signal Sreld
3 el 1/ (1u-0) 1M Large V2
1 clkb 1/(1u-0}) 1M Large w0
2 fin 100k 100K Large w1l
| |l | Large |
ClearfAdd | Delete| Update From Schematic|

4 Beat Frequenc S
AR ﬁnnx Auto Calculate B
-~ Beat Period

Output hanmonics

=1

Accuracy Defaults (enpreset)

_Imoderate | liberal

Additional Time for Stabilization (tstab) |40

Save Initial Transient Results (saveinit) |no | yes

Oscillator |

Sweep | |

Enabled M Options... |
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€ PAC setup
Choosing Analyses — Cadence?Analog Design En% il
oK Cancel‘ Defaultsi Applyi Help
Analysis « tran o 80 «~ hoise
o xf - SBNS -~ tdcmatch - - sth
Pz 3P .~ envip safiss
# pac o pnoise - pxf
~/ Psp o qpss s fpac
s gpnoise - gpxf s qpsp
Periodic AC Analysis
RS Heal Frenusney (H2) |.1UUK.'
Sweeptype — Sweep is Currently Absolute
Frequency Sweep Range (Hz)
Start-Stop Start ISDkI | Stop i150}§.
Sweep Type
R # Step Size ﬁ—
Linear — .~ Humber of Steps
Add Specific Points |
Sidehands
Maximum sideband . | G
Modulated Analysis |
Enabled B Options... |

B Run Simulation

Cadence?Analog Design Envitonment {1} ) 7 IEllil

Status: Ready T-27 C Simulator: spectre 5
Session Setup Analyses Vanables Outputs Simulation Results Tools Help |
Design Analyses mt{{
# E ES Enabl
Library filter s b il
Cell  Switoap 1 1 pas ] 50K 150K 1R ves B
- 2 pss 100k 0 ves B
View  schematic I ¥ z
Design Variables Outputs [E:
#  Name Value #  Weme/Signal/Expr Walus Plot Sawe March

N

1w fwout; pac dB20(V) no

o

Run Sinula’i—i’ta:)n

T

= Results in ...fifeefludt/cadence/Simulation/SwitCap_1/spectre/schematic

B View Result
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Cadence?Analog Design Environment {1) n

Status: Ready

Session  Selup Analyses Varables Outpuis Simulation Resulis |Tools

Design
Library filter
Cell  SwitBap 1

View  schematic
Design Variables

#  Name Value

=1oj x|

T=27 C Simulator: specire a

. Mot Duiputs
¥ birect Plot

#* Type Arquments. . Print
T o ] i [l
2  pss 100K 0 Crresgl Condilions

Save ...

Select

Ot petete ..

#  Name/Signal /Expr

3, w jfvouk; pac dB20(¥) no

Direct Plok Form

OK | Cancel
Plot Mode Append 4 Replace
Analysis
pss # pac
Function
4 Voltage Current
IPN Curves
Select Het
Sweep
# spectrum - sideband
Signal Level ¢ peak ms
Modifier
Magnitude - - Phase 4 dB20
Real Imaginary

Add To Outputs W

freqaxis = absout

> Select Net on schematic...

¥ Printing/Plotting Options ...

Replot

Help

:l{ain Fonm /

Transmnl Bgnad
Transiand dlaus BO
Transisd Sam
Trasshont Differencs
AC Magnitude

AC dB10

AC dB20

AC Phase

AC Magnitude & Phase
AC Gain & Phase
Egravadent Gulpnt Hese
Eeptvrienl Bpul Holse
Sepuared Detpul Holse

Srpemend inpnid Mol

|

Help

Select the output net on the schematic, and press ‘esc’ to see the waveform

wWaveform Window 3 -- Cadence?Analog Design En

Window Zoom Axes Curves Markers Annotation Edit Tools

imouse L:awwMouseSingleSelec M

Pe

1 harmme

(ol x]
Active 17
Help

Select Net... (Hit Escape to quit)

R:aevDirectPlot (' aevs

<~ Use non-ideal components to do the simulation
B Replace ideal switch with transistor level switch, observe the change of the result.
B Replace ideal OPAMP with non-ideal OPAMP, observe the change of the result.



