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Topics

= Background, Motivation & Tools

= Key Specifications for Design & Optimization

= Using the Test bench

= PVT (Process,Voltage, Temperature) Validation
= Advanced Measurements

= Using OCEAN Scripts

= Summary
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First Pass Success and Design Reuse are
needed to Meet Present Challenges

= L arge Mixed Signal Chips = | ower Supply Voltages
= Smaller Market Windows = Smaller Processes
= Short Development Cycles = Higher Performance

= | ess Power

I Background 1
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Performance Verification Is our Strategy
= Spectre Simulator

= Analog Artist Ul

= OCEAN scripts

= Verilog-A behavioral Language

= Diva LPE

=\\We need to Simulate the same circuits we Fab.

T Background 2
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Differential Amp Is Basic to Comms
= Switched Capacitor A/D’s
= Differential Signal Paths

CrirDiffAm pd

i i
vinn _I_\w:up
i
_/rnref
m- | =
VMR / W

Common-Mode Feedback
IS required

1 Background 3




 __ maaaaa

cadence

Amp Speuﬂcaﬂons are no secret
Ao, oL Vs. Freq. GB Gain & Phase Margin
Ay A
Vos VS Temp Vs VS Proc/Mmatch s los
Vo Dirift |,o Drift
Zin Zout Slew Rate Overshoot

Fuiax Settling Time
CMR Vouax  lsc lsyppy VS PVT
Common Mode Range | Output Compliance Min Vg
ENV ENI g, CMRR & PSRR
THD SFDR IP3
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Key to Design & Optimization
Ao, oL Vs. Freq. GB Gain & Phase Margin
Ay A
Vs VS Temp Vs VS Proc/Mmatch s T3
Vo Drift |, Dt
Zin Zout Slew Rate Overshoot

Fuiax Settling Time
CMR Vousx  lsc lsyopy VS PVT
Common Mode Range | Output Compliance Min Vg
ENV  fg, ENI g, CMRR & PSRR
THD SFDR IP3
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Simplest Test Bench is Unity Gain Circuit
= Key to Understanding the Full Test Bench.

vidd
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welo="gd I
a
=

Y5

Key Specs 1
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JBD CmirDiffArmp_TBE schematic @ Sep 16 28:45:11 2880
Open Loop Frequency Response — AT analysis DU sweep of Temperature
13 _=': PHol 1.0 _IJ: Vos
T 108  oh (((vF{"outp™ — v tn™)) BE@mM_
q} :p Gse OU p r-l — L LN — rr rr
= T 7 (WE("inp™) — VE(inn™) Vos = (VS(/inp™) — vS("/inn"))
=3gd r . : - . B2Bm_
=
ag 7 Aol —  4pEmL
@ B8 L ol = dB2A(((VF{"fautp') —WF("outn'™)) 2e@m_
- / (F("inp") = VF (/i)
1K 100K 16 M 16 1006 T A7, Y-
freq {( Hz ) temp { C )
Eejection Ratios — XF analysis Transient Results
st PSRRE— =: PSER+ . 1] H
F| CMRR = dBZ@(1 / getData(" VoM™ Tresult "xf—xf"))) 7T ’
"|PSRR+ = dBZM@ 51 / getDutuE”NDD” Presult Mxfoxftiy) (= 100
IPSRR— = dB2B((1 / getData("WS5" Presult "xFLxf"))) |—
3B ¢ _ .
m _: Tranlnput OVT("net13™) — WT{"/net12™))
w328 A :Tu ZI'GI'IOuJEput ("/Dutp") - /outn"))
I—- L oo |
9 ; —
K a0k, ; T(E”'j ) 16 ae 58@%,69 SEJ!.EU ‘IEJIBU
req z :
Key Specs 2 time (s )
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Offset Amplification Lowers Output Error

= acOpenDiff written in Verilog-A provides:
— Qutput provides Gain for Offset voltage during DC-OP.

—Qutput is “DC” for AC simulation, and Noise. — thus opening the
loop.

— Unity gain for Transient.

‘ v;:m+vos/2
| 4
©+ \ VOS
E=05 C
7 / va [ E=100
~ A vos/100

vem ?
= vCM-vos/2 vout
[ ] Key Specs 3




Variables are key to TB Flexibility
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[REF

ide = Iraf

mr= gain* 19K

wod

£
u— 1B acm = ACouts2
E crmirDiismp2 c J._c?"’“d i twtp gan = Dogan
inp acOpenOiff  cutp—4
T — [nref NDS
T inn outr —A
c—l!_cglcud sutn
acm = —ACoutsZ r = Flzad
=
=]
E
5
WTRAM  wE = Wawngh LT fund = Fellst
T td = Tdin+{Tpin"2) oo wde = Wom refharms = 138
do = Wom = [Tpin/)—Tr wdo = Wdd acm = inCHFE hclrrr;a f ;I;.'lgﬂ
H=Tr v yde = Yaa poimts =
tr=Tr e V2 = VawngP ._{9_.
per = Tpin & td = Tdin qred @
rm

TB Use
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DC Operation Point Signal Loop

autp x100 15

Ings acllperClff  QUlp—
m—inral  gain-1pp  voE

i auin —H
cutn

- '
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Vos Drift

= Built-in Offset & Biasing Basic for others
= Differential Amps Ideally have no Offset.. Introduce some.

JBD CrirDiffarmp_TES schematic @ Sap 17 @1:14:58 ZR80
YWos Orift {size mismatch in input F"-::lir} &
- WE("Avos™)
7 Aay " Yos . . .
Offsat of +10M In W & L on DIff palr
—138u -
oy | 5 | VosDrift = value(deriv(VS(*/vos”)) 27) = -54n V/°C
- —28.pu |
—21.8u |
—22.8u L
AL A 25.6 SE.{E ] 7E.6 1EA
tam L
TB Use L 1(19.H+HJ —Ta. 500U} dalta; (Td.2089/ —bbﬂﬁébn)
B: {30 —18.9167u) slepe: —54.6868n
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AC Open Loop Signal Path

b I8
- I acdpenllrf  Qulp—M
= inrafl gqin=162 wOE

- inm auln —

¥inp
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4=, +1="amngP
wa3=1rarighl

treTF e
N woe=Yem
wike='richd
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Open Loop Gain, Phase + Margins
= Calculate Av UGB GM, PhaseM, GBW

JBD CrrirDiffAmp_TB3 schemotic ; Sep 17 15:52:12 2008
" PlOt AOl F Ol Frequency Respanse — Dpen Loap 4]
=t FHaol
] o: Al o pa
3@ L -58
T 06 | gommn s e g
— - GEW = 39.9937M ; -
" GoinMargin—dB = —-3@8.5215 : el
- PhoseMargin—deg = 34,5775 \ :
-2 b EE;FTGISFFEEEaz = 82.6E07K \ 17158
Av = value(db20(VF(“/outp”) ~VF(*/outn”)) 0) Cep b e Mk -
GBW = gainBwProd(VF(*/outp”) ~VF(*/outn’)) b oK O e Uhzy M e
UGB = cross(db20(VF(“/outp”) -VF(“/outn™)) 0 1 “either”)
GM = gainMargin(VF(*/outp’) ~VF(*/outn”)) <These require V(inp,inn) = 1 over entire Range
FM = phaseMargin(VF(*/outp") ~VF(*foutn")) — Oruse: (VF(*loutp) - VF(*/outn”))
DomPole = bandwidth((VF(“/outp”) ~VF(*/outn”)) 3 “low”) / (VF(“/inp”) - VF(“/inn”))

TB Use
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CMRR & PSRR
* CMRR = Ad/Ac = {Vout/ {Vin = Vcm
fVout /qVem  qVin
— XF analysis gives [(output node)/ fVsource
— Selection inp <—> inn for output gives Vin/ vVcm
- XF(“/VCM") = 1/CMRR
* PSRR = Ad/Asource = {Vsupply/ fVin
—PSRR+ = dB20(1/ getData(*/VDD" ?results “xf-xf"))
— OCEAN expression works in Calculator & Interactive Sessions

16 TB Use
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XF Simulation Signal Path

x100 ﬁ_J
I gegpenbif  AULP

inraf  goin—1pg  voE
inm auin —W

L' =t

[ TB Use
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Rejection Ratios
= Use value(<expression>0) to get “DC” value.

{ dB )

TB Use

154

124

118

114

JED CrirliffAmp_TB.I schematic @ Sep 17 18:46:31 2A&Q
Fejection Rationz with dW & dL = 23 Lmin

-: PSRER+
s PsEE— n: CMER

deCMRRE = 128,144
dcCmRefRER = 128.986
dcPSRRE+ = 115586
doPSRR— = 113.231

1IE|KI | I”“‘IIIIEiEFI: ”Im'l1l|'-.-'| I ””“'illﬁh-"ll I ”m'ilﬁﬂl":-'l I IIIHJlG
freq { Hz )
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Transient Signal Path

x1 B
It acllperClff  QUlp—
inraf gqin=-163 oz
inn auln —A
agEr=S W

i 1
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VTRAN L E
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:lrz-rr N o]
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1o TB Use
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JBD CmirDiffamp_TE4 schematic @ Sep 17 28:18:534 2388

SleW Rate Step Response Measured ot Second +Edge

> NTE foutp'”
1.58 © (foutp”) Crvershoot 1+ = 12,6641
SlewRate = 24.7432M
.28 Slewl+ = 14.7344M Cwerahoot = 5. 18848
Slewsingle+ = 1413310
i o Slewaingla— = —T1.A272H
9ABm slewl— = —11.8578M OvershastP+ = 12,9775
- OwverahactP— = 3.86815
Hselime = 83,.4954n
5aR wvershootl— = 3.68833 T=attle1® = 1128%3n
m | Ovarshooth— = 363838
Teattlel. 1% = 305.651n
A0t
=: Tranlnput
a1 Trandutput
Cvarshaot® = S5.18848
1.8 —
\ H% = 112,803
o, 5e " aet. 1% = 305.651n
Slewﬁute{‘-&f‘s} = 24 T457M
P\_‘_\—\_
Triee = GJ. 40340
3650 3.1u 3.2u 3.3u J.4du 250

time { = }

Z.Bu
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Interactive “single state” measurements

Ao, oL Vs. Freq. GB Gain & Phase Margin
Ay A
Vs VS Temp Vs VS Proc/Mmatch s T3
Vo Drift |, Dt
Zin Zout Slew Rate Overshoot

Fuiax Settling Time
CMR Vouax  lsc lsyppy VS PVT
Common Mode Range | Output Compliance Min Vg
ENV ENI g, CMRR & PSRR
THD SFDR IP3
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PVT Results

File

Edit Setup Simulaticn

Taools

Corners Analysis Gets PVT Results

cadence

Help |

Process: TS5MC18

— Corner Definitions

Base Directory:

Jmodels

| | | |
\ Corners p | M 4 = = o
Variables " -
¢ | R R T AN
IEIogO18.scs tt = 55 — ff =
temp 27 0 100 27 27
[ | [vem E! 8 1 i 1
B IE'u'dd 1.8 1.6 2.2 2 2
fdd Corner | £ add Yariable Run
— Performance Measurements
Measurament Expression Target Lowear Upper Textuglut%urtasphical
® [pspri | |value(dB20(1 / getDataC /D) 110 100 4 =4 []
B W | ad_dc_dg value(dBZOUWF(" foutp™s — VR | 7O 48 I v
[ | ® |ipsrr- value(dB200(1 / getData("/vs | 110 100 =4 1
[ | ® |cew gainBwProdi{VF(" foutp" — VF 7 N
| W |SlewRate slew Rate((W T foutp™ — VT, | I g | ||
[ " m slew Rate(WT(" foutp"y — VT, W B
[ = [Slowhatet4n | | slewRatetvT('/outn") 2.5e—0¢] o4 J
B ® |GainMargin gaintMarginiWF(" foutp™s — VP | i~ N ||
| | W |CMRR value(dB20((1 / getDatal"/WC | 120 100 I N




Plot Key SpeC|f|cat|ons
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23

Expressions 1 Residual Flot — Idd E Residual Plot — CMER ]
o C=IFFSH‘A: CZIPSFH CZIFFSH‘ CZIPSFH C=FI Czrf Czrl
gg = =TT 7.6 C=TT 140
B.Am2 I
5@ : ]
5.6m 130 -
@ 14 4,E|m;_ 120 target
e 3.0m: 3
—3@ :
Z.Elm? 18
—F& ) \ ‘I.Qim_i
1K ;?E%K( H21)EjM G R T lower bou
Fesidual Plat — Ad_dec_dB t* Fesidual Plot — PSEE+ Residual Flet — Yos &
c="" =" c=" o=" o=" o=" C="F5" C=""SF
8 target 124 p.g _ =TT
Ed —1Bu
118 target
5@ - _ogu L
lower bou :
PVT Results 100 lower boul  _zgy, 1




[ |

cadence

Results can be Tabulated for Reference

Corner

FFhHi
FS
SF
SSclLo
o

Corner

FFhHi
FS
SF
SSclLo
o

Corner

FFhHi
FS
SF
SSclLo
o

vdd

2.2
2
2

1.6

1.8

SlewRatel+n SlewRate-

14.34M
14.79M
13.18M
14.56M
13.88M

Ad_dc_dB

52
52.49
51.99
51.32
51.73

Iss

6.684m
6.278m
5.972m
5m
5.911m

-28.94M
-27.12M
-26.04M
-21.28M
-25.55M

GBW

38.47M
41.78M
37.85M
34.33M
38.64M

CMRR

122.2

131.7

124.9
115
127

SlewRate SlewRatel-p

28.95M
27.12M
26.04M
21.28M
25.55M

UGBW

22.18M
23.86M
22.1M

20.34M
22.41M

PSRR-

113
114.1
113.3

111
113.4

-14.76M
-13.03M
-13.03M
-10.08M
-12.11M

PhaseMargin GainMargin

34.48
34.13
35.04
35.72
34.72

CmRef RR

122.1
131.5
124.7
112.3
126.7

Isc-n

1.7m
1.564m
1.535m
1.207m
1.45m

-30.22
-30.43
-30.67
-31.18
-30.61

PSRR+

116.7
115.3
115.9
119.7
115.5

Isc+p

-1.756m
-1.726m
-1.658m
-1.703m
-1.596m

Text file
imported
to Excel

PVT Results
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Other Single Simulation measurements

Ao, oL Vs. Freq. GB Gain & Phase Margin
Ay A
Vs VS Temp Vs VS Proc/Mmatch s T3
Vo Drift |, Dt
Zin Zout Slew Rate Overshoot

Fuiax Settling Time
CMR Vowax  lsc lsyppy VS PVT
Common Mode Range | Output Compliance Min Vg
ENV ENI g, CMRR & PSRR
THD SFDR IP3
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Output Compliance uses overdriven TRAN
= |[sc Can't be measured Directly
—Use | Cload during transition.

o ac W{","'IDL.ItFI”} Moxvoutp = 86.7534m Mu:{‘v‘futn = 88, 7583m
F
1.9 %\ i lj i \
g b . b ' :
MinvYoutn = 35.9914m Minvoutp = B3 12E4m
o: [outseteuth = 1,52877m lac+aoutn = 1.527RB2m
2.0m : p —
R m "
— lec—autn | = —1.63941m | ] _ _H
_oamlE o T e g st—oulp = Goll.BSFBImM
=: Tranlnput
o@ o Trandutput VoutMax = 3.B463
ST & / !% / \
B _E-E T T T T TR T N T B | ke "I T T N T T A I | L
| 26 &.0 1.6 2.8u Z.EL 4 dU 5.8u
Adv. Specs time ( < )
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Zout setup

Zin Measured During AC Open Loop

=73 cutp [5
r=fmad
Ins acdpenblff  Aulp—&
m—inraf  goine183 VOB
re=Flasd inm auln —

[ ] Adv. Specs




ZIn and Zout Results

JEBD CmirbiffArnp_TB4 schermaotic @ Sep

cadence

2EK

15K

© Zoutp

Zautn

Output Impedance

Rout =

Input Impedance Flot

a: #gin{imag{Zin}}

18 2211483 2806

1 Agds PMB + gds MM13 )

Stoge1soin = 2689 506
GdsHM13 = 22.1651u
GdsPMB = 45,157 3u
Rout = 14,6279K
RouthM13 = 45,116k
Zoutn_DC = 1B.8A3 1K
ZoutpDC = 1B.BE31K

T VT I

1T

500 13 = Zn 12 Zin{logDhms) 111
s@@ - 118 127
46A ': QA6 1IM
SE0 é 78
= 11g?
288 [ 5.00 Xoin_mox = 16.364806
; Rin_0C = 544 530 1857
126 388 L |
.01 1.0 - : 1651
1K M 1G
o fraq { Hz ) “=

[

Adv. Specs
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Common Mode Range
= Parametric DC + AC analysis, vary Vcm from 0 to 2
= Find Vcm min & max where gain is ¥ of Max (-3db)

Cpan Laop Gain ve Vem
og 0t Acl_DC
AclMax(dB) = 52,3864
] -2 —
1 | Ve Max (V) = 131813
YWom Min (W) = ThE.EBdm
U P
E —lg L
_ap | root(value(db20(VF(*/outp”)-VF(‘/outn™),50K,
] ymax(value(db20(VF(*/outp”)-VF(“/outn™)),50K))-3 , 1)
~5@  © \
I?- 7o T R T S

SABm “S@Bm 1.3d 1.70 RT
Adv. Specs Vo
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hoise Flets noimod=3

NOISe AnalySIS st g&tDﬂtng”nut" Tresult "hoise—noise)

1agn ~: 9etDatalin Presult "nolse—noiza™ )

Use AC-Open Loop o :
I N
Setup E 500N ¢
L .
7] L
E | N /
= &
~ ; T N
JBD CroirDiftAny oos | . , . e
Mz
-2 getData{™in" Frasult “raois gan 10 01/ gethatal™in® ?result "nolse—noise" }}
gin 't getDutu{”out" Tresult e L
0 o //
7o :
: 3eM L oy = 345,158 o _
Gen - : bandwicth(clip 1/getCatal "in" fresult “hnoise—noise™ 3.1, 1M)LE, "high™)
— : ki1
W osgn L d.d e : : '
= 1 1808 1k 1 1@ 185G
5 o frag { Hz )
g 4o ] '
~ sgan | Make Certain noise Models are on.
; If not specified in model file,
2 | N Noimod = 1, kf = 0 and
1a8n - Fbv = 344,752 there is NO flicker noise.
I 30 ﬂ.ﬁﬂ .-......J....I..J..I.IJ.IJ.I.......J....I..J..I.IJ.IJ.I......J....I..J..I.I.IIJ.I......J....J..J..I.I.I SN - - - SN S - - - SN - - - S — L
1 18 181 1K 18K 108K 1t 1 (Ehd 1@ M 1G
freg { Hz )

Adv. Specs
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CMFB Loop setup

[

Treat as 2 Unity Gain Connected Amps

1]

B gegpenblft  AUlp M
inrafl gqin=162 wOE
inm auln —

Adv. Specs
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CMFB Stability Results

Common Mode Feedback Circuit Gain & Stability

= These results point . AclPernib Stage1Gain — 208,526
T@am o AciMemfbh Phiarginkbemfbol = 175415
to an area of

PhMarginPomfbel = 175.415

BWornfbM = 4.8382M
. &G E BWcmfbP = 4 B2E83M
possible reemb , N

Improvement.

{ dB }

1@ & FhelMemfb

= BandWidth is for g 20 - \\ﬁ
0.5dBreductionin  ~ —%# ~ . . .
Signal. _ zE® }_ﬁ
=TT h
— 995
g Acmfbn
_ % 260 L ﬁ
[ ] ~ 219 @ j g ./ |
Adv. Specs 1 19 uzu«:freq *}:MHZJ e 1B AT



 __ maaaaa

[

cadence

2 ways to get Spectrum & THD

= [nput a sinusoid, do Fourier Transform of the Output.

= Calculator: use DFT & THD functions.
— Uses 2N data-points, interpolated for even spacing.
— Set simulation options to ensure enough timesteps
= Spectre: use internal Integral Based Fourier analysis.
— Place” fourier2ch” element in the Testbench.
— Spectrum in results DB, THD listed in Log.
— No interpolation used
— Timesteps are controlled for you.

Adv. Specs



cadence

TH D An a|¥s I SBD GmirRiFfAmp_TB4 scherdtic  Sep 19 20:17:29 2208
praagicne 1 L Expresmions 2 B
-t dE2B{dRE{VT] Youtp™) — WTE™autn™ ) 4
455 =0 VT{"foutp") 3.4 _+: Fouriar Spactrum
-~ ] :
= FAFm L i mrﬁmﬂr: F-:"l]l::‘.nrﬂ'm
— S H-Eq?;l mﬂmx [—:‘:142215 dﬁ]
=8&m b b PR melnding LE) = BB8. TS
: Tranlnput m 1 Hmp‘éﬁmﬁwmﬂmlnmn}
1p ' TranOutput - _11a = —1.751 Fmdes
FRT: ‘
—1.d s s 176 - LTI I i
B.E X 6.6 .14 i) 12aM
time ( 5 tran. ’c:s’f_ﬁ:urlcr II: Hz )
Expreagiona 3 & Expreasions 4 H
@@ - DFTepectrurn —gpg - CutputMoize(dE)
—4pE
- THO(E)12Bpte = 435.435m —110
= THD = 435, 30%m -
m —EA.8 . Moia=Floo I?_]'ﬁ —137.47 =z :
Maoiz=Flao 1{dH] = —125.508 | -
— —136 ¢
—12d
I_- —16a - e e R .'*'!a —158 “.:_:|E|I ”““-ilk-_' ' ”“"iIﬂHI ”“"-i:E;EiIHI “"r':!:d ' ”“"'iHH
Adv. Specs
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IP3 & SFDR testbench

= spectreRF is the easiest way to get the results.
= Jses variation on the simple testbench

_*{;g“

Slrmple Test Banch

fer JP3 and SFDR elma

JB0avid @ eadence. carm
| 35

“@*1

Adv. Specs
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JBD CrmirQiffAmp_TRIP3 schematic @ Sep 19 25:24:00 200

IP3 & SFDR IP3 and SFDR

v: trace=""1d4B/dB":ipnCurve a: trace="1st Crder;ipnCu
10 -: trace="3dB/dB";ipnCurve

Jutput Refetred IP3 Point = 271827
[d3=HhoiseFloaor=—1068dh = —14 572
SFOR{-1688dBMaiseFloor) = 85.4783

.00 | /H/J.»éf
s

——

SFDR = Id1-1d3 when Id3=NoiseFlr (-100 dB) @
(value(db(harmonic(v(*/Out” ?result “pss_fd") (1)))
root(db(harmonic(v(*/Out” ?result “pac”) -2)) -100 1)) - (-100)) / ld3=NoiseFloor (-100 dB) @
, root(db(harmonic(v(*/Out” ?result “pac”) -2)) =100 1)

L — 2 : ,-_/.-J, T M|2 T T T |
I? — o — 20 — 16
Adv. Specs Armln { dBrm )
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Distortion is Causing Excess 3" Product

at Amln="d"w SOut: pss dB2E0V) = Amnln=""— 18" A0Ut;
.08

~38.8 1

— 126
ST T I A e 2
—15E E_Igi'ﬂ ‘1‘:""‘:;!;"'& . "HE‘:‘F :#n
. P
- i
— _18E - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | [ R O T I [ IO N R N R
[+ A.ed @M G.0EM
Adv. Specs

BE- (Y I
frag { Hz }
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Offset Voltage

= the Vos measurement is simple.
= Assuring that it represents something useful is Not.
= \/os for Balanced Diff Amps ideally is 0.
= Monte Carlo analysis in Spectre®
— does both Process and Mismatch parameter randomization
— No tie to Layout, or identification of “pairs”
— Requires fancy Model work to make “useful”
— Matched Pair Pcell & inline Circuits would help
= Corners Analysis with special models could be easier.
= Parametric Analysis can work with variables for vt and w & L shifts.

—t

Adv. Specs
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Investment in TB pays off with Scripts

= AiImost Any Interactive Setup has Script Equivalent

= Each Tool can create a script from its current state.
—duplicates setup, simulations and measurements
— Artist, Parameter Analyzer, CornersTool, Monte Carlo, Optimizer
— Plots, and Printouts can be created in a file.

= For 1 Cell this aids in re-verifying performance after ECO and
with Layout Parasitics.

= Also Enables soft IP re-use. Cell can be re-optimized to different
Specs, or process.

= Script can Generate Output file in HTML with links to PDF or
GIF versions of plots.
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Self Verifying Scripts.
= \Widely used in Digital Top Down Design Flows

= Measurements can be made in Ocean

= Transient Measurements can be made in
—Verilog-A - even in Analog only flow.
—Verilog - when using Mixed Signal
—VHDL code can be reused from top level in AMS Designer

—Verilog-AMS code can also be used to make measurements more
efficient.

— OCEAN calculator expressions AFTER the simulation is
— complete.
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Script Coding for Regression Testing

= Include specification limit checks in Test Harness or OCEAN
code.

= On every Spec Failure $strobe / print() a message to the logfile
—Include a consistent keyword ie “SPECFAIL:"
— Also list the Spec Limit and Measured resullt.

= This Is in addition to generating Plots / Tables.
= Tables of limits data can be “included” in Verilog-AMS modules

= OCEAN can Load a separate file to set parameter limits
variables.

—t
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Simulation Wrappers

= Create a Perl script to
— Spawn the simulations via Ocean.

—scan Logfiles for keywords including Simulator Warnings and
Errors,

— Count each type and create a report.
—Build data sheet if Passed & delete sim data.
— Notify via email if failures and SAVE sim data.

—t
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If Pass; post process Results
= Data Sheet info
= Text -> HTML?
= i[mage conversion.
= Final Doc Assembly (Word ? HTML or PDF?)
= \Write Results log to Results area

—t
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Automating Regression Testing:

= Build database of Cells - Results files and sim. wrapper scripts.
= Periodically check date of design data vs results file.
—Re-run script if results out of date.
= Run All scripts periodically - at project Gates
= Build dependancy tables
— more that one simulation may be affected.

= Use of Design Management (DesignSync) may add capability to
schedule re-simulation after checking.
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Review of the simulation Methodology:
= Plan your simulations around block specification

= Build Test schematic
— Use Variables for Ocean scripting
— Use Verilog-A where needed

—Add Verilog & Verilog-AMS when needed for Mixed Signal
testing.

= Use Interactive Sims to create basic Ocean script,
— Customize plots for your specs.
—Add Limits checking code.

= Scan Logs for Failure reports with perl.
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Amp & Analog Comments
= Opamps were created to model Dynamic systems.

analogue n. Also analog. 1. Something that bears an analogy to

something else.
American Heritage Dictionary of the English Language (1980) Houghton Mifflin Co, Boston

“| feel that the engineer who feels he or she has mastered an understanding of all significant variables in a
particular design has, almost certainly, not considered all of the significant variables.”

Derek F. Bowers “Reality Driven Analog Integrated Circuit Design” in
Jim Williams(Ed), “Analog Circuit Design: Art, Science and Personalities”

—t
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Appendix

The following pages document the Verilog-A module
used to close the loop around the amplifier, and the
OCEAN script used to regenerate the Key Data, and
a sample of the resulting plots generated using the
simulation.

The methods used to control the window size,
annotate the data and generate the hardcopy data to
postscript file are not often shown in example
OCEAN scripts supplied with the software.
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/I Jonathan David jbdavid@cadence.com for |EEE presentation

/1

/1 This nodule drives the output based on the input DCOP.

/1 for small signal analyses.. ac

/1 Buffers the output for others

/1 designed to work with differential anplifier in unity gain config.
/1 but feedback resistors don't have to match input resistors

/1 average output voltage will go to the feedback resistors

/1 difference output * gain will go out on vos..

/1 except during transient when inputs go to outputs

“include "constants. h"
“include "discipline.h"

nodul e acOpenDi ff( inp, inn, inref, outp, outn, vos);
i nput inp, inn, inref;
out put outp, outn, vos;
electrical inp, inn, inref, outp, outn, vos;
parameter real gain = 1; // sets dc gain for closed | oop tests.
real vin, vbias;
anal og begin
@initial _step("static")) begin
vin gai n*V(inp,inn);
vbi as (M(inp,inref)+V(inn,inref))/?2;
end
if (analysis("ac","noise")) begin
V(vos) <+ vin;
V(outp,inref) <+ vbias;
V(outn,inref) <+ vbias;
end
else if (analysis("static","xf")) begin
V(vos) <+ gain*V(inp,inn); // the difference goes here
V(outp,inref) <+ (V(inp,inref)+V(inn,inref))/2; // average
V(outn,inref) <+ (V(inp,inref)+V(inn,inref))/2; // average
end
el se begin // transient and | arge signal anal yses
V(outp,inref) <+ V(inp,inref);
V(outn,inref) <+ V(inn,inref);
V(vos) <+ 0;
end
end
endnodul e
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simul ator( 'spectre )

desi gn(

"/ hm j bdavi d/ proj 445/ i eeescv/ si mul ati on/ Cmi rDi f f Anp_TB4/ spect re/ schemat
ic/netlist/netlist")

resul tsbDir(

"/ hm j bdavi d/ proj 445/ i eeescv/ simul ati on/ CnirDi f f Anp_TB4/ spectre/ keyPer f

typ" )
path( "./nodel s" )
nodel Fi | e(

("1 0g018. scs" "hip")
"("10g018. scs" "tt_3vna")
("1 0g018.scs" "tt_na")
("l 0g018.scs" "tt_3v")
' ("ResMbdel . scs" "res t")
"("10g018. scs" "res")
("l 0g018. scs" "tt")
)
anal ysi s('xf ?start "10K' “?stop "1G' “?dec "20"
?p "/inp" ?n "/inn" )
anal ysi s('dc ?saveQppoint t ?param"tenmp" ?start "0"
?stop "100" ?step "5" )
anal ysis('ac ?start "1K" ?stop "1G ?dec "20" )
anal ysis('tran ?stop "5u" )

desVar ( "inCVMFB" 0 )
desVar ( "DCgai n" 100 )
desVar ( "inDist" O )
desVar ( "Fdist" 1M )
desVar ( "ACin" 1 )

desVar ( "VswngP" 1.5 )
desVar ( "Tpin" 2u )

desVar ( "Tdi n" 10n )
desVar ( “Tr" 10n )

desVar ( "I ndiffa" 1.441u )
desVar ( "wndi ffa" 960. 03u )
desVar ( "Cl oad" 100p )
desVar ( "Rl oad" 100K )
desVar ( "K' 5 )

desVar ( "wnout" 32u )
desVar ( "wpcmr" 480u )
desVar ( "wndi ff" 960u )
desVar ( "l nout" 2.88u )
desVar ( "Indiff" 1.44u )
desVar ( "lpcmr" 1.44u )
desVar ( "gain" 1 )

desVar ( "i nAmp" .5 )
desVar ( "wp" 120u )

desVar ( "wn" 120u )

desVar ( "wmr" 3u )

desVar ( "Vss" 0 )

desVar ( "vdd" 2 )

desVar ( "Vem 1.0)

desVar ( "l pmirr" .36u )
desVar ( "Iref" 300u )
desVar ( "ACout" 0 )

desVar ( "VswngN' "-VswngP" )
opti on( ‘reltol "le-5"
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)

temp( 27 )

run()

pRxxxxxkkxAkx jngsert Plot Wn setup comands here

; OL Freq Response First

har dCopyOpt i ons( ?hcPl otterName "ps2" )

har dCopyOpti ons( ?hcCQutputFile "RESULTS/ Cmi rDiff Anp/ OLFr eqResp. ps" )

har dCopyOpti ons( “hcHeader” nil )

har dCopyOpti ons( “hcMai | LogNames” nil )

OLFrRsp = newW ndow()

Phei ght = 600

Pw dth = 700

Px = 100

Py = 200

hi Resi zeW ndow( OLFrRsp |ist(Px: Py Px+Pw dt h: Py+Phei ght))

addTitl e(strcat (" Typical Amplifier Characteristics CnirDiffAmp"
getCurrent Tine()))

addSubwi ndowTi t| e(" Open Loop Freq Response")

’
rkkhkkkhkhkhkkhkhkkhkhkhkhkhkhkkhkhkhkhkhkhkxkhkhkhkkhkhkkkkhkkkhk

Reorder Qutputs to get just the AC results

rhkkkhkkkhkkhkkkhkkhkkhkkhkkkhkkhk
1

di spl ayMode( "composite")

Aol f = dB20((VF("/outp") - VF("/outn")))

plot( Aolf ?expr '( "Aol" )

PHol = phase(((VF("/outp") - VF("/outn")) / (VF("/inp") - VF("/inn"))))
pl ot ( PHol ?expr '( "PHol" ) )

Aol = val ue(dB20((VF("/outp") - VF("/outn"))) 0)

GBW = gai nBwProd( (VF("/outp") - VF("/outn")))

Grargi n = gai nMargi n((VF("/outp") - VF("/outn")))

Pmar gi n = phaseMargi n((VF("/outp") - VF("/outn")))

UGF = cross(dB20((VF("/outp") - VF("/outn"))) 0 1 "either")
DonPol eFreq = bandwi dt h((VF("/outp") - VF("/outn")) 3 "low")

;[ /**** Add Scal ar Qutputs to Plot **

addWavelLabel ( 1 list( 1000 Aol) ; // point on the wave for the | abel
sprintf(nil "DC OL Gain = %.2f dB" Aol )
?text Of fset 10:-30
?justify "l owerLeft"

)

addWavelLabel ( 1 list( UG 0) ; // point on the wave for the | abel
strcat("Unity Gain Frequency = " ael SuffixWthUnits(UG "Hz" 4 ) )
?text Of fset 10:-30
?justify "l owerLeft"

)
addW ndowLabel ( 1ist(0.15 0.2 )

strcat("Gin Margin = " ael SuffixWthUnits(Grargin "dB")
"\ nPhase Margin = " ael Suffi xWthUnits(Pmargin "deg")
"\nGin BandWdth = " ael SuffixWthUnits(GW"dB_Hz")
"\ nDom nant Pole = " ael SuffixWthuUnits(DonmPol eFreq "Hz")
)

)

g/ ***** Pl ot this wi ndow and setup a new one

Jonathan David Page 4 12/14/00



OpampChar.ocn  Sample Script — Generates Plots for Key Performance Data 12/14/00

har dCopy/()

har dCopyOpti ons( ?hcCQutputFile "RESULTS/ Cmi rDi ff Anp/ Rej Rati os. ps" )
har dCopyOpti ons( “hcHeader” nil )

har dCopyOpti ons( “hcMai | LogNames” nil )

RRpl ot = newW ndow()

Phei ght = 600

Pwi dth = 700
Px = 100
Py = 200

hi Resi zeW ndow( RRpl ot |i st (Px: Py Px+Pwi dt h: Py+Phei ght))

addTitl e(strcat (" Typical Amplifier Characteristics CnirDiffAmp"
getCurrent Tine()))

addSubwi ndowTi tl e("Rej ection Ratios")

CVMRR = dB20((1 / getData("/VCM ?result "xf-xf")))

plot( CVRR ?expr '( "CMRR' ) )

PSRRdd = dB20((1 / getData("/VDD' ?result "xf-xf")))

pl ot ( PSRRdd ?expr '( "PSRR+" ) )

PSRRss = dB20((1 / getData("/VSS" ?result "xf-xf")))

pl ot ( PSRRss ?expr '( "PSRR-" ) )

CmRef RR = dB20((1 / getData("/VOUT" ?result "xf-xf")))

pl ot ( CnRef RR ?expr '( "CnRef _RR' ) )

dcCVRR = val ue(dB20((1 / getData("/VCM ?result "xf-xf"))) 0)

dcCmRef RR = val ue(dB20((1 / getData("/VOUT" ?result "xf-xf"))) 0)
dcPSRRdd = val ue(dB20((1 / getData("/VDD' ?result "xf-xf"))) 0)
dcPSRRss = val ue(dB20((1 / getData("/VSS"' ?result "xf-xf"))) 0)

addW ndowLabel ( 1ist(0.15 0.2 ) ;// the relative location for the Text

strcat("CVRR = " ael SuffixWthUnits(dcCVRR "dB")
"\nPSRR+ = " ael SuffixWthUnits(dcPSRRdd "dB")
"\ nPSRR- = ael Suffi xWthUnits(dcPSRRss "dB")
"\nCnRef RR = " ael Suffi xWthUnits(dcCrRef RR "dB")
)

)
;I ***** Pl ot this wi ndow and setup a new one

har dCopy/()

har dCopyOpti ons( ?hcQutputFile "RESULTS/ Cm rDi f f Anp/ St epResponse. ps" )
har dCopyOpti ons( “hcHeader” nil )

har dCopyOpt i ons( “hcMai | LogNanmes” nil )

St epResp = newW ndow()

Phei ght = 600

Pwi dth = 700
Px = 100
Py = 200

hi Resi zeW ndow( StepResp |ist(Px: Py Px+Pw dt h: Py+Phei ght))

addTitl e(strcat (" Typical Anplifier Characteristics CmrDiffAnmp"
getCurrentTine()))

addSubwi ndowTi tl e("Large Signal Step Response")

;*************************************

di spl ayMode( "strip")

TranQut put = (VT("/outp") - VT("/outn"))

pl ot ( TranQutput ?expr '( "TranQutput" ) )

Tranl nput = (VT("/uginp") - VT("/uginn"))

pl ot ( Tranlnput ?expr '( "Tranlnput" ) )
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pl ot ( VT("/outp") )

plot( VT("/outn") )

SlewRate = slewRate((VT("/outp") - VI("/outn")) 2.5e-06 t 3.5e-06 t 10
90)

Overshoot = overshoot ((VT("/outp") - VT("/outn")) 2.5e-06t 3.5e-06 t)
Sl ewsi ngl ep = sl ewRate(VT("/outp") 2.5e-06 t 3.5e-06 t 10 90)

Sl ewsi ngl em = sl ewRat e(VT("/outp") 3.5e-06 t 4.5e-06 t 10 90)
Over shoot Pp = overshoot (VT("/outp") 2.5e-06 t 3.5e-06 t)

Over shoot Pm

overshoot (VT("/outp") 3.5e-06 t 4.125e-06 t)

RiseTime = riseTime((VT("/outp") - VI("/outn")) 2.5e-06t 3.5e-06t 10
'grg)ettlel = (settlingTime((VT("/outp") - VT("/outn")) 3e-06t 4e-06t 1)
- cross((VT("/uginp") - VTI("/uginn")) 0 2 "rising"))

Over shoot N = overshoot (VT("/outn") 3e-06 t 3.125e-06 t)

TsettleOrl = (settlingTinme((VT("/outp") - VI("/outn")) 3e-06 t 4e-06 t
0.1) - cross((VT("/uginp") - VT("/uginn")) 0 2 "rising"))

addW ndowLabel ( 1ist(0.6 0.7 ) ;// the relative location for the Text

strcat (" Overshoot = " ael Suffi xWthUnits(Overshoot "%)
"\nSlewRate = " ael SuffixWthUnits(SlewRate "V/s")
"\nTsettlel% =" ael SuffixWthUnits(Tsettlel "s")
)

)
;[ 1***** Pl ot this window and setup a new one

har dCopy/()

har dCopyOpti ons( ?hcQutputFile "RESULTS/ CmirDi ffAnp/ VosDrift.ps" )
har dCopyOpti ons( “hcHeader” nil )

har dCopyOpti ons( “hcMai | LogNames” nil )

VosDrift = newW ndow()

Phei ght = 600

Pwi dth = 700
Px = 100
Py = 200

hi Resi zeW ndow( StepResp |ist(Px: Py Px+Pw dt h: Py+Phei ght))

addTitl e(strcat (" Typical Amplifier Characteristics CnirDiffAmp"
getCurrentTine()))

addSubwi ndowTi tl e("COf fset Voltage Drift")

skkkhkkhkhkhkkhkhkhkhkhkhkkhkhkkhkhkhkkhkdkhkhkhkhkkhkkkkkkx
’

di spl ayMode( "comnposite")

plot( VS("/vos") ?expr '( "Vos" ))

Vos = VDC("/vos")

VosDrift = value(deriv(VS("/vos")) 27)

addWavelLabel ( 1 list( 27 Vos) ; // point on the wave for the | abel
strcat("Vos Drift =" ael SuffixWthUnits(VosDrift "V/deg C' 4 ) )
?2text Of fset 20: 30
?justify "lowerLeft"

;[ 1***** Pl ot this wi ndow and setup New Anal yses and run them.
har dCopy/()
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