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Simulation Settings — example

Options I Data Collection I Frobe Window
reneral Analysis | Include Files I Libraries Stimulus

1. . Bun to i 1000n= seconds

5t ardy sat."ilj.'ug“ data !I:I seconds

Analwy=iz type:

(Transi

Options ‘ G
BlGeneral Settings I eIELENT O [DRS

[ Monte Carlofforst Cas Mazzimum step I seconds

[[Parametric Sweep [T Skip the initial transient bias point caleul:
[ ITemperature (Sweep]

[ ]5awe Bias Foint

[ JLoad Bias Foint tput File Opticns.

W mi | mRw | =B |

7E Analysis type, RWT LA LT DURR L ¢
Time Domain(Transient) i} 45 (57 &) 2> #t
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3. wHEHMiz1T DC Sweep

s Bl PSpice>Edit Simulation profilefil i Simulation Setting

SHEHE, 78 Analysis typef £+ DC Sweep7E OptionsH % - Primary

Sweep U Ffs:

Simulation Settings — THAN

Options I Data Collection I Frobe Window
Feneral Analy=is I Include Files I Libraries I Stimalus
Analy=1s type: —oweep warlable
FRETEN | | O Uolte soc Do —
" Current seurc
. = Model WEH i
Options = Global paramet
MiFrinary Sweep {* Model paramete dpdal |q2r12222
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. Start IZEII:I
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Sweep variable B4 H AR F A
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Current source FLifi 5

2iAE Name B A\ i Y sl L i 1) Reference G “V17, “127,

Global parameter 4> 5 25145 &
Model parameter DA S50 00 H AL &
Temperature DU E 0 HAF &

Parameter i ] Global parametes, Model parametel; 241 44 #x

Sweep type 47 =\
Linear ZHi LIk Mh:42 1k
Logarithmic 2%k LI 2048 4k,

=

H
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4, WHEAMIEIT AC Sweep
s Bl PSpice>Edit Simulation profilelfi i Simulation Setting
XEHE, 7F Analysis typefit$: AC Sweep/Noise 7 OptionsHi%
1 General Settings Wl T frs:

Simulation Settings — THAN

Options I Data Collection I Frobe Window
General Arialysis I Include Files I Libraries I Stimulus

Analy=1s type: —AC Sweep Type

L oweepiHNolse - Linear Start |1
Options {* Logzarithmi End |1E
BlGeneral Settings I]Jeu:ade "’I Foints/Decade |1I:Il

[ Monte Carloforst Cas
[ |Parametric Sweap
[ ITemperature (Sweepl

[ |Sawe Bias Point ¥ Enabled Output I‘.l’ [outl]

—Holse Analysis

[JLcad Bias Point 1oy Ivl—
Interw: IS
e | mm | mEe | wm |

AC Sweep Type
H 25018 X5 DC Sweept] Sweep Typel S5 L —Ff,
Noise Analysis " 73 H7
Enabled 7t AC Sweep[FIi & 771247 Noise Analysis
Output 3% e 1% 1 &,
TAVERS iyt D€Ab O A=
Intervat i HH 25 51 R R R o

EE:

XIF AC Sweep W HA AC WURE. =4 AC IR I 57k
HLLF PR . VAC 2% IAC Bl — . 75 28 B Chn
VSIN) [E i AN gdE “AC”, JH5I N E ITE{E

X1 Noise Analysis 12 i )55 250 A\ W 7 Y5 DA 200 & ST 1) L
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AC Sweepl M AR N 1Hz 2 1GHz, K A5 4t a3k 7 i3
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**%% 08/01/00 14:42:37 ******x+xxx PSpice 9.1 (Mar 1999) ****++** |D# 1090601032

** circuit file for profile: TRAN
Hkk NOISE ANALYSIS TEMPERAURE = 27.000 DEG C

*kkkkkkkkkkkkkhhhhkhhkhkkhkhkhhkhhhrhkkkkhhhhkkrhkkkkhiix R e e e e S e S R R e
FREQUENCY = 1.023E+04 HZ
** TRANSISTOR SQUARED NOISE VOLTAGES (SQ V/HZ)

Q_Q1 Q_Q2 Q_Q3 Q_Q4
RB 1.033E-14 1.036E-14 1.699E-15 1.696E-1
RC 1.263E-22 9.911E-23 3.507E-23 3.27BE-2
RE 0.000E+00 0.000E+00 0.000E+00 0.00QE+0
IBSN 2.389E-17 1.621E-16 1.597E-14 1.313E-1
IC 1.161E-14 1.042E-14 4.525E-15 4.405E-1

IBFN 0.000E+00 0.000E+00 0.000E+00 0.00GE+O0
TOTAL 2.196E-14 2.094E-14 2.219E-14 1.923E-1

*** RESISTOR SQUARED NOISE VOLTAGES (SQ V/HZ)

R_RBIAS R_RC1 R_RC2 R RS2 R_RS1
TOTAL  2.607E-17 1.530E-16 3.512E-19 1.696E-11.699E-13
*xex TOTAL OUTPUT NOISE VOLTAGE = 4.240E3 SQ V/HZ

= 6.510FV/RT HZ

TRANSFER FUNCTION VALUE:
V(OUTL)/V_V1 = 1.012E20
EQUIVALENT INPUT NOISEATV V1= 6.432-09 V/RT Hz




5. BEMIZITHEA 5 HT(Time Domain(Transient))
s Bl PSpice>Edit Simulation profilelfi i} Simulation Setting
XEHE, 7F Analysis typerf i£#¢ Time Domain(Transient) 7E Options
%k F General Settings 1 R e

Simulation Settings — THRAN

Options I Data Collection I Frobe Window
General Arialysis I Include Files I Libraries Stimulus

Analy=1s type:

Bun to 10u seconds

Start saving data IEI seconds

ITime Domain (Transi "'I

Options
BiGeneral Settin Transient options
reneral cettings
[ Monte Carloforst Cas Mezeimum =tep 0. 1z seconds
[[Farametric Sweep [~ Skip the initial transzient bias point caleul:

[ ITemperature (Sweepl
[ |Sawe Bias Point
[ |Load Bias Point tput File Options.

TRE B | A FEEh

Run ta B0 B 26 1 1 ]
Start saving data 46 TRA7 53 A £ 1 s %))
Transient options
Maximum step fCVF 1) g K I ] T 54 1] [
Skip the initial transient bias point calculatiopt: 15 3473 A TAF /4

B
Output file Options il % H1 SN2, mids Ja s B XS E e -
1 OUT LA L A7 (% Transzient Output File Options |

AR | DA
Print walues in the output |2|:|1-L5 zeconds

C 1
F FPerform Fourier Anal il

75 AT S
f*;J‘ T | Center [1nEs he
7]
Humber of I
Output Iv [outZ]
[T Include detailed bias peint information for VRGN A

nonlinear contrelled sources and —=
- Ll . Ell e

B RHEE




Output FH T 75X AT (A B -3 A (R AR = 44

Number of Harmonics T & {8 B - #fr i E0H 5 21 2 2 GBI
Pspiceft) P 2 & T & B o m AL — H 21 9 Yl .

Center H T8 e (oM vh R H 38 o, FLEIE RN A 36 3.
FEAF oAb, AR Fa e S AR 1 1 A R A A M 45 R AT A0 . SK
B K FH 4 S e B A 43 A 65 SRR s 6 97 ) 33 e P N 1) 3 P 40 9 2 0 W
HAE 5. BT WL, b TR T, R AT S A TR AN BE /N T8 L
23 AT A0 e () SR S 30
Bl s b s ROk .

MO B ZITFUA I B, B 10USEE W, it S DKol 0.AINS
FVFVHEIEAR TAE S s s iy TR] [RIB% 8y 20NS, ARVt AT @ Sm it 20y,
SEME RTINS %08 V(out2), FERIFN IMHz, K BRATHE 2 9 GE K.

IIMTEE SRR

B s AT R0 OUT2 1A th BB S AG S IO . FEZ I
ZN Pl sy YA N

FOURIER ANALYSIS TEMPERATURE = 27.000 DEG C

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(OUT2)
DC COMPONENT =  5.448508E+00

HARMONIC FREQUENCY FOURIER  NORMALIZED  PHASE NORMALIZED
NO (HZ) COMPONENT  COMPONENT  ED) PHASE (DEG)
1 1.000E+06  6.658E-05  1.000E+00 .418E+01  0.000E+00
2 2.000E+06  1.358E-04  2.040E+00 .676E+01  -1.593E+00
3 3.000E+06  1.729E-04  2.597E+00 .839E+01 -4.225E+00
4 4.000E+06  2.087E-04  3.134E+00 .339E+02  -2.812E+00
5 5.000E+06  3.514E-01  5.279E+03 .00QE+02  -2.709E+02

6 6.000E+06 1.915E-04 2.876E+00 -1.59BE -3.643E+02
7.000E+06 1.481E-04 2.225E+00 .193E+02  -3.585E+02
8.000E+06 9.106E-05 1.368E+00 .598E+01  -3.593E+02
9 9.000E+06 3.707E-05 5.568E-01 .82GE+01 -3.458E+02

o ~

TOTAL HARMONIC DISTORTION = 5.278535E+05 PERCENT
JOB CONCLUDED
TOTAI .1OR TIMF 125>
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6. FEATAE M
s Bl PSpice>Edit Simulation profilefil i Simulation Setting
SHGHE, 7F Analysis typed ik £ Bias Point /& Optionsi% /1 General
Settings 1 K Fos:

Simulation Settings — THAN

Options I Data Collection I Probe Window
General bnalysis | Include Files I Libraries Stimulus
Analysis type: —Output File Dptions
[¥ Include detailed bi int inf ti £ iﬁﬂjﬁééﬂiEG%
Include detailed bias point information for-e——mT7" .
nonlinear controlled sources and semiconductors AR TAESAE R

Options
[¥ Perform Sensitivwity analysis

BlGeneral Settings i Ao 2 = A
[ ITemperature (Sweep) Output I.l"r (outZ) —1 1 AT HR R

[ ]Sawe Bias Point FE 4t

[W¥ Calenlate =mall-zignal DC gai

[ JLoad Bias Point

From Input source Ivl

To Output \ IV [omtZ)

AN
VAL

e |- BE LT | sy |

HMARBUE . BRI LSS IR T s A EUE, (HE
XL ANE e, R AR IR R (BSR4 LE D AR, 51 H Bk
FetE A S oE M R SRR o A BV Pl s o Mo BR AT L it
SRR FL B T AR S AU R IBORE - Pspicert B 2 0% 2 M A FH 2 2 #r ¥
SE A R UH S B rh L REL . 7 W P PR ST R . H S P TR SR H
RAERIIFOG. . XA E L 5 s F 2 R, IR 4;
R ESAFNOUT fag th S0 o AT A & PROBEXHE ST Hi BE R
PRI XS — RO IR v, REURE 3 77 ZE 1. OUT gt SCAF i A0, 35 R it ks
RKS

BRI AT BT AR R R I, PspicefE e S v 5 L
ELILAE ROFAE TAF AR s oA T e MEACAL B, SR e TSt ek vl
B ME T B, A N LB Y R, PR AR B A N.OUT SCfb . A&
T M XK TE 3o WER AL RS AT I8 B0, RN ISR DR A
AR RS RPRAS, (RORASE — e T B 43, TRl — (0 ) H 2t AT
VTR AT i AN e PROBERHE XAt
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Bl s e LB HOEAT VR, WS AT

FLI R Hras R

DC SENSITIVITIES OF OUTPUT V(OUT?2)
ELEMENT ELEMENT ELEMENT NORMALIZED
NAME VALUE SENSITIVITY  SENSITIVITY
(VOLTS/UNITYOLTS/PERCENT)
R_RBIAS 2.000E+04 3.274E-04  6.548E-02
R_RC1 1.000E+04 -2.477E-05 -2.477E-03
R_RC2 1.000E+04 -6.300E-04  -6.300E-02
R_RS2 1.000E+03 4.398E-04  4.398E-03
R_RS1 1.000E+03 -4.394E-04 -4.394E-03
V_V2 1.200E+01 7.190E-01  8.629E-02
V_V3 -1.200E+01 3.577E-01 -4.293E-02
V_V1 0.000E+00 1.013E+02  0.000E+00
Q_Q1
RB 1.000E+01 -1.920E-03 -1.920E-04
RC 1.000E+00 -1.006E-04 -1.006E-06
RE 0.000E+00 0-000E+00  0.000E+00
BF 2.559E+02 -5.499E-05 -1.407E-04
ISE 1.434E-14 6.887E+11  9.876E-05
BR 6.092E+00 4.093E-14  2.494E-15
ISC 0.000E+00 0.000E+00  0.000E+00
IS 1.434E-14 4.498E+14  6.450E-02
NE 1.307E+00 -1.452E-01  -1.898E-03
NC 2.000E+00 0.000E+00  0.000E+00

Btk o &

*kkk

SMALL-SIGNAL CHARACTERISTICS

V(OUT2)/V_V1 =

1.013E+02

INPUT RESISTANCE AT V_V1= 1.534E+04
OUTPUT RESISTANCE AT V(OUT2) = 9.617E+03

12



7. WHE 1247 Monte Carlo/Worst-Case
s Bl PSpice>Edit Simulation profilefil i Simulation Setting
SHEHE, 7F Analysis typed 4% Time Domain(Transient) £F Options

H1i% 1 Monte Carlo/Worst-Case &1 T filf 7 :

Simulation Settings — THRAN

Options I Data Collection I Frobe Window
General Arialysis I Include Files I Libraries I Stimulus

bnalysiz type: % Monte Carl:

ITime Domain I:Traa.nsill "~ Worst-cazefSensitiw Qutl_:uu_t_ I‘.I’I:-:nutZJ

—Monte Carle options

Options
AGeneral Settings Hamber of |2|:| [1.. 400

FMonte Carloorst Ca U=a IUni form = I istributions. |

[ [Farametric Sweep Eandom romber | [1.. 3276

T t
[ITemperature [Sweep) Save data Im vI I run:

[ |Sawe Bias Point
[ Load Eias Foint —foret-oace/Genst tivi ty opbions

Varso deciices that Ibﬂth DEV and LDT;I tolleranoe

Limit devices to I

I Save data from each sensitiva

More Settings. .. |

| mE | mEe |

Monte Carle EFIATHIC R 1T
Worst-Case/Sensitive i I 5 it 43 Hr
Output variable 737 1% 15 A
Monte Carlo options ZZFE-~ i 73 #r 2 £ L i
Number of 73 #1 KAE R EL
Use I8 ZE o Aitl ol QE A6 B0 A E A 2 SO
Random number St~ 653 A I BEH LA F1E
Save data {rAFE#E 1) 730
Worst-Case/Sensitivity optionstx I/ 73 ¥ 1) 2 5k T
Vary devices that 4347 1) fi 2546 %
Limit devices to #AF H )l Z= #5105
Save data from each sensitivitye 758 55K R AR 3BT 16 25 B4R
FEN.OUT it Sk
More setting..: fiil; More Settingiz%H, #5#5f H an F %G AE
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Monte CarlofMorst—Caze Output File Options

—Function

The function iz performed on an output wariable |LI

(for example, Willl. The result is listed in the
& Boctd oo - Cancel

IR the mreatest difference from the nominal rifid
Y Max
Thresheld I
Max
Ewaluate onlw when the sweep wariable 1z 1in N Min
t .
I [ [ Rise_edge
Horst=lases direction Fall_edge
( ) Ili ] Low

[T List model parameter walues in the output file

Y Max: KRN IIE SHUE 81T EN B K ZEH

Max: K H&EANBIE & K E

Min: KRN EOIE R B IME

Rise_edge k55— UG H B 13 E

Fall_edge #& it & — kAR T3 {1 1B E

Threshold # & (K

Evaluate only when the sweep variable is it XS5 o iF 254k,
70,

Worst-Case directian B 5C S PR L 7 BT 1]

List model parameter values in the output: filg: 77 ££ i i SCF
FI B 2 E 11

VER :
AT RFC R AT R TSR F 2 2 Te s 1 & A I 22 JE 1 OQ
T2 H e 22 BT B EL R R

N T IE NG AT Th B OB — e Ju B W AR AL 22K, PSpice &
et T gevtk- M st s 5 1%, AR BREAKOUT. J&E &R Gk
TCES TS 4 e RE G in BREAK, #HEBH . 28R BB 5 R 44 B 29 i)
4y RBREAK. CBREAK Ml LBREAK . X} - ARG YRR, H T HE—B X 4 H
ANFIZE, 7E BREAK JG i ] F I —L852 55 o 1 4 UMK e AR 155 44 X a3 AR
FHE ] PNP (LPNP) 1] QBREAKL, 183& NPN gifA%E 1) QBREAKN 45, X
* PNPE ) QBREAKP %%, T4 vH o #r iy, EH G SER I IR s
e BREAKOUT FEH TS . SHXEE TGRS, A HA S H
M EY, ETHELZESHBNNIBEER SH KGN “SHH4 =25
5”7 WJEH, W TFmAArixE, ARSI,
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/NPT REA 2D oua R — B, WRAE MC At &g
IR 43 B B (R BEATL AR J7 202 X LA Jo s A 3% R — AN 2 A B AR A0 AH TR 1Y
B, JUHOCHER LOT Koo WX LA JUaS B & A ML ARAL, D) DS B 3]
DEV HI~. RERSHTH RS 2 % BB HL O R A2 25 7= AR I BE LA 2E AT 1)
PSpicex] LOT 1 DEV Wil kA28 g3t 10 M5 BN A48, H
0,..., 9% WAy BE [A]— ALY vh 1) LAY 2 J00 B 2 AN [RRR [] Ry A 7Y 2
Bt Rl — A RN = A I BEN LA, R EE X LB S n ik B,
7E LOT 24 DEV J& [ B FR [F— w5 11 lot#, HH lot#h 0,...,. 9 h It — 27,
LE NotHT T AL “17. W RAEBIN S HUN BB H AR loty K78 1% 2
B BN R AR A RIBEH LB AL

P 7 25 1 AR A ASE XA B AR 8 SE BRGS0 o« A SR AT 1) FEL i L B
AR (PCB) 2200, WIAE PCB K I ces - S50k M BEHL AR 4L,
MWV IEH DEV. {HZRWUR vk s H TER R B AR 7=, BT L 24
1, B —He i A BRI nE RS AE — PR R BN R A, I
ZH LOT XK. HAES A=, [F—hh EAFRE S [ S50 A7
EBENLELR, Xt T DEV £on. Xat2 i, SR T8 1w 5 A8 7= 1 e i

BT MC 0, i EE5 E AR 24, W IRIINSRHA] LOT A1 DEV
P A AR 2o

N T RWESEBR A TR e PSR A A AR A IO, PSpice #e it T IER
i (XK An) RIS AR PR el 2 L Pk . e ER, N
FESHR A B 1) T SRR F 20 A MU ) DG Bt GAUSS (i H
IEA A1) B UNIFORM Gt 31 43 A1) o 45 JSEER] 5 N DA RHATAT 5«17
R4E LR, 78 MC TR T s S S T L R E TR RS
BUEZA) “S A =280E” Jaim R aag, H—mg08:
S8 44 =2 HUE[DEV[lot#][/ /3 Ai I 4 < A fE>[ %]
+  [LOT[/lot#][/ 5 A i 2 1< A AE>[ %]]
Hrp “S847 W BEZEHESHGHIIERS A “SHE” iz
B S POME, BUbe Rl .. LR oy S H i kR It dE—xe
Pih . DEV. LOT Ak, KSR, lo#rTH 0, ...,.9, 7740
I T LS GAUSS UNIFORM 25 5 U A BR LA o B R 3K P T It
(E AT P RALFF S AT >, BRI S A0 5 B AN B 254
T LA SE S A A S R i A IE R
IS=1E—9 DEV 0.5% LOT 10%
C=1 DEV 5%
R=1 DEV/4/GAUSS 1% LOT/UNIFORM 5% TC1=0.02 TC2=0500
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Bl LR

VDD
RBIAS i RC1 RC2
20k 10k 10k
c1
outl I I out2
5p v

R1 Q3 Q4 RS2

Q2N2222 Q2N2222;| A

v Rbreak 1k

VAMPL = 0.1V
FREQ = 5MEG
p— TO
-0
Q1 Q2 V2
Q2N2222 " Q2N2222 qli
I O VDD
[ [
12V
V3
| |II O VEE
1 -12v
VEE =
-0

R T H R LB RS 145 46 4y breakoutZ: H 11 H1FH Rbreak
Wk iz t, i EditsPspice Model il 1 N GHEHE:

EE}:EJTlplE o= |:|1'|:M| Ml:lli-'-_'l Eliitl:ll' b [F.'t-r-'::al-':]
Flle Edit Wiew Model PFlot Tools Yindow Help ;Iilil
D|Er|El|ﬁ|Ei| o (e e (S [ e ke M AT 11 e
Z[|||.model FEbhreak RES B=1 dewv 10% lot 20% ;I
Ebreak EEZ =
>
« | 2 _"I_|
headr iy

A F MBS, ARG R R,

LR TR Y B V(out2), SKERIRECK 20, fRAFAT
HEIE, ZH AR5, BV R EOAME.

[ 25 o3 M IR 24 1 TR) A 1US,

SRTEE SRR

16



BB s Y HL RV (out2)7E HLBH R1FEAE 7E DEV i 2= 4

Simulation Settings — Pl
Options I
GFaneral hnalysis

Analy=1=z type:
ITime Domain I:Tra.nsill

Options

[#General Settings
[ Monte Carlofforst Cas
Mlfarametric Sweep

[ ITemperature (Sweep)
[ |Save Bias Foint
[ |Load Bias Foint

8. WEMIZITZ L) Hi(Parametric Sweep)
s Bl PSpice>Edit Simulation profilefi 1! Simulation Setting
XUEHE, £E Analysis typed #+E Fime Domain(Transient) 7+ Options
ik Parametric Sweep @1 F il 7

Data Collection I Frobe Window
Include Files I Libraries I Stimulus

—Gweep warlable
= Yoltage seurc Hame: I
L t
Current sours Model Iﬁ
{* Global paramet. I—
IR

" Model paramete tladal

{ Temperature Farameter

—Sweep type

% Linear e ID'E

End |1.5
(g Lngaritl;unil]]ecade "’I
Increment: IU. 1

" Valne 1i I

W B | mRAw | #m

10%. LOT flZ=24 2001351 73 AniRkas K BEHLRATE 20 U 70 #r 4
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SHOMTIVEE 7105 DC Sweeplfl i g 7554 —KE, TR
1 DC Sweephf, 10 HLESH [0 RGBS . FLACTTES

Bil: LUFENG, FRZ ARRE RLC JEMEE, H5 0T
SN ER S SR, S S b TR TR DR i 5 e R
IR

T1=0S 11=0A

T2=10MS  12=0A

T3=10.IMS 13=1A 1 L1
T4= 14 = R1 = ca
T5= 5= H
T6 = 16 = R} 1
T7= 7=
T8 = I8 =

AC=1a "0 PARAMETERS:
R=05

HiL % i A\ UK SourcelZE F i) IPWL, 0-10MSIN A H, M
10MS-10.AMSHI 2t B TF, Bk 1A, RIGRFFAZL.

FEBES AT Tt 2 RS8R & R #7500 . RSt
I 1E] 24 0-20S i K AP KA 100MS 250 70 #r K H 2644846, M 0.5-1.5
R, 3Ek 0.1,

SERC T S BN E G, B ST i R T AT AU A, SRR A
Probe? 1 AN S HdA M M ifasidl 11 bEds . H P el e s
Koot Eds, CLAERIE R,

i, EPFEHAT Trace/Add Tracefi74, Ff7E Trace/Add Trace
WEAEDIEE B RIES R: (LD@9, RIS RE 9 #rHr o
R1=1.50), ¥idHLE L1 1H .
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“EFFEE” BL A ke HERE AT

EFEIAT Plot/X Axis SettingsTan 4, F7E 5 b W 1 x ik
EHE(LL K 6-21)4 Processing Optiong HER, & “ Hu gk A #r
(Performance Analysi8) #AJ5 5.y OK %4, J5ahregtEae st
Feo Pae b IS HERE T Bt 1, x SR S E A
A5 &, RPHBH R,

AT Trace/Add 1174, JH7E 4 F 27~ Trace/Add Trace
BCEAES, € s PIRFEE R EU H AR 5 0. genrise(I(L1)) SR )5
B OK 4, hisr Lo st BT S R ¢ R g (LK 6-32),

LEFEHAT Plot/Add Y Axis T-fir %, 7EHEPERE DM Bos %
Bm— y #, HT SRR

BEREEFRTDED), e s EERE LA TEA
Overshoot(I(L1)) #AJ5 5. OK #%4H, B B3 mEsdrhsS R
KEME, 458 FER.

19



9. ¥WLE S #T Temperature (Sweep)
i Blsk PSpice>Edit Simulation profilelfi t Simulation Setting
XTUEHE, 7E Analysis typet it AC Sweep/Noise 7E OptionsH ik
1 Temperature (Sweep)l 7 :

Simulation Settings — t2
Options I Data Collection I Frobe Window
Feneral Analy=is I Include Files I Libraries I Stimalus I
|
Analy=1s type: e =] JAN
" Bun the simulation at temperl - | EARSEHI L T2 BT

IM: SweepfHoise ;I
{* Repeat the simulation for each of the tem

[z7 40 80

[#FGeneral Settings . "y 3 qn
| nter a list of temperatiwes, separate ¥ Epaces.
E%g°“te Ea?1°;w°r5t Ce3 For example, 0 27 125
arametric Sweep

éI'-'-.-rnp-':r:atu.t'e Sweap] . g
e (AR AL FHERE 50T

[ |Load Bias Point

Options

W 171 B | oERAw | =m |

Bl s 3o F RO R BT R KT . A0HT LB £E 27, 40,
60 F5F T 1A 15 1 . AC Sweept) FiiR A\ 1-1GHz 54K AE 44 101,

VDD
RBIAS RC1 RC2
20k 10k 10k
c1
outl 1l out2
LI
5p v
R1 Q3 Q4 RS2
Q2N2222 Q2N2222 A
A
Rbreak 1k
VAMPL = 0.1V
FREQ = 5MEG
— V2 =0
-0 e
| ||I O VDD
Q1 Q2 12V
Q2N2222 F Q2Nn2222
l\ V3
1 +
| ||I OVEE
1 -12v

VEE
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e S

10vVE = =,
5 El—~\

5V \."\

N\

N
ov \7\‘5‘-
1.1Hz 1. OKHz 1. OMHz 1. 0GHz
oo v V(OUT2)
Frequency

= FPBOCXS N =R RIRE T FLEE S V(out2) 11 4 3 o

V0. #¥IdamE & RIE

1. WEWIE I E R ATAENE

TESEPRHLEE T, (A ERIRBHE St ds At Ll AR S B2 Fa 5 4s
P SR IR v S R A A AN S ) L, S AN B
THRE [P RS E i o A1 FL S BRI, 3X— [a] i SE i 5E H . X7 ik, Pspice
et T2 MOrE, R PR B O g TARREL A, W
B A6 I B 45 o SR PP T VA4 W 0 i R N IR 2 sl A

()% — AR el d i, mT DAFE Bh RS B R B A . XA
ERJ By 1k ] e B FE B AN e S AR XS SRR ) 8, ity LA AT DA
AR E T E I A]

)RR B A A L, Wil A%, 1R B R T A e Ak
1, ] DA HL % S i AR e IR A

2. WEVIIHWESMFRITE

Pspicel@flt 7 4 5k, M T EWIMG W ERAE . XL TT7ER
BB rPR LI R

(L)7E L% P v B B AT UR B 4 AF: 5 Pspice i fF (i) sk K 2
HE o, HP AR MR 3 AR T, g il v i B i ek A
[ I 58 B A N (R ) 4 2% 2F

(XK H IC 5
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(b)X ] NODESET4#%5 .
(C)¥ B AR HLB T IC JE
(2)7E FEL i 0 B 0L e R SR FH DA 1 L ot O B v B 5 R AR
RE RS IV A o AR T71EE0 M B E AR B AR S SCAE A7 B R
L
ARG A3 LI LR 778 2 18] R X 1) S L BARAE R 20 3R
IC 75
1.Th &k
IC /& Initial Condition 1455 . 1
H1 5% 755 JE Special.slbtt, 1IC1 1 1C2
PAFFS (A ED T 308 s
ANTR) T AL ) A E . AE FELE IR
BE IC FH5 LS CE e e IC 7545 (D)
AR5 0 AR . o 1C1 |
By, TR 5151 A& 1T 55 & 4. 78 HL
AT ICL #7595 )5, EHZAS, MWt Lt S50 EHER
ZAF 5 1 VALUE JE P S A 2 A TR R AT . & 4-23 H 1) SE A
FEBG A N p5 A ) a5 i L E D 8.4V 1C2 S AN 5| H ik )
Fr9, HT18 2 5 AFIHSAH =R A1 SR i e & 41k, 7
TI/AME T AC 43081 (I 3-6 15) FlIBE& TRAN 23871 (L 3-8 49)
o BRI B AR AN T AR, SR IC £ IRy L, HE —
HAREEH IC P 5ieEBUE b, XEit, 1C 5 5%kr Figds
SE T AR T A A e R A
7E Pspicelz /T i e, SEFR FIRfEIER IC 775 115 5 AL nf
—ANPFH 4 0.00020 R HL YR,  HLRIEMEER Y IC 755 b B A
2.1 B
(D)IC 55 % B 1 B 4 A AE ELURE PRSI 38 0 ik #2 vh AR AE

|c= 34 E| IC=5.0V

1C1 Ic2

Hi.

()45 575 R RN AT 1C 755 F0 7R 22724 1) NODESETHY
55, MILLIC 75 e FILSE, BPAHZ Y S5 1 NODESETAF 5 11
fEH
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NODESET ff5

1.ThRE SN
EE,E%?{F%‘E? SpeC|aISIbEF' NOE:_ESET=34 N?DE_SET--S':U:
NODESETI#INODESETZ2%4~ ' '
fﬁt%ﬁﬂﬁﬁﬁ‘ﬂi\‘o /ﬂ;/fiﬁﬁjjij&'—? NODESET1 NODESET2

IC FF5 Rl (HXPERFF SN o
FERIATIRAI 3. A 1c ¢ NODESETHES (i)
FIREH TR N S AL E R B R . NODESET #7595 F/EH K2
FEIEACR MR ELIR W LRI, 45 08 BT s B AN R 2 TR W) R 4%
PR, BUAESK 8 B B AR BEAT W UR IR AR, IX LT B AL IR 4R 4%
HCAH NODESETAHF 5 s B, LA Bl sk,

2.1 B

(L)NODESET #fF 5 % BMHHA1E N AC AZit/IM5 50T il TRAN
[k 25 50 M7 SR fft LI A B AR R O 4 44 6 DC 44047
HRAEHRE NS — DK ERErs, L NODESET i BEHAE N
IERSR R IV UG 5. N DC BT SE b HHTTIR, ST
R AE T NODESETH) ¥ & (4 A FHe 1 H]

(2)HH T NODESETH 5 M 15 & B it ik AR AR I R0 4 4548,
1M 1C £ 5 15 B A 1T AT R B e, IRl G 2 1 5 R I
XPRRFF S, LLIC fF5 MW E(E N HE, NODESETHZ Y M i
BAEEH.

A, YRR E

HL AR o — 4 o0 IC BB rE e e, T E A
S TCH P B IR R 45 F o X SR B AE BT A 1 B A B SR AT B I R
AR HJETE TRAN S0 #r e, Wik 7244 Skip initial
transient solutiofl, MBS AT ETEA KM B E T/EA . WEH
IC JETERI TSR AL IC JetE v B AEAE I E e, oAt oas ki
W] 4E W R B LR AEECA 0.

XTHLZE, 1C RN EAH G TAE R 5 R R — S
BH A 0.0020 [ HL Y. T HLER, AHY T 5 @R e —AME YR, 1M
HERIEIFE—A 1Ga T FH .
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Ti. Pspice F EE TN % B (OPTIONS)

14/EH
h T v Ml B AR AU AT e R AN e i) B, (] ST SRR % 43 AT

PR FEANFE F B v SOALINS TR] S O Ea AR 45 SR At 1) PN 2R =G
Pspice A4 T Ak 2 IR T H POt $Ed B . IR E N A1
ANFE], PRI R AR, — R Tk AT, PR
Tk iz AR T, BT AR o A A E ], R Ay HAA %k
{Ho 53N AL TN, XN IXRAFILI, RGP HEH N e,

2 AEIE TR ) W B T T

i Blsk PSpice>Edit Simulation profile iff 1 Simulation Setting
SHEHE, #EH Options & H 3 4 R SHEHE .

Simulation Settings — t2
General I Analy=is I Include Files I Libraries I Stimulus
Options | Data Collection I Probe Window
(. OFTION.
Category
Analos Simulation b Eelative aocuracy of VW = 0. 001 (RELTOL)

: ilato
Ga el Simulatiol Fact—decmrace of !I.Du wolt (WHTOL)
Output file

Bestacoaracy Jaf 1.0p amps [AESTOL)
Best aceuracy of chulnmbs (CHGTOL)
Minimum conductance for any mlfnhm (GMIH)

IC and bias “blind” iteration 150 (ITL1

IC and biaz “best guess" =0 [ITLZ
Transient time point iteration |10 (TTL4
Defanlt pominal temperature: Z7.0 i (THIM]

[T Use GMIN stepping to improve conwerge (STEFGNIN)
[ VUse precrdering to reduce matri (FEEORDER)

IOSFET Optiens. . | Advanced Options. . I Bezet |

WE B | mRw | #m |

Analog SimulationfT:i% I
1. BEXREESH
(1) RELTOL: BB VIS HL H R EL IR IS [ AH X 4G B
(2) VNTOL: &5 R R .
(3) ABSTOL: & T & I IR .
(4) CHGTOL: W8 V15 HAur IS PR S5
(5) GMIN: HLEEBIHL B o TR S I B /N R
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(6) ITLI: 7E DC 73 Afr A B vt B LARE ML B T A B
(7) ITL2: £F DC Z3Hr Al & s vt S AR SE LA AR e B (A T AR
A R
(8) ITLA: WA s — kA B, d &, 76 SPICER )P A
ITL3 fEiL T, Pspicefi {4 A KM ITL3.
(9) TNOM: & HLER AR B IF R FH 1 il ER AR
(10) use GMIN stepping to improve convergenge LA S 1) 15 LN
Yoo )7 A% GMIN Z5{i, DU AL SR )
2. 5 MOS0 B A R LI
7E & 4-3814% “MOSFET Options. %41, Bi%e F Il T B iR
LM EE, HPaFE 4 105 MOS 23 < AT T .

MOSFET Options |
Default drain 0. o meter [(DEFADD
Defanlt source IEI.EI meter [DEFAS] Cancel |
Dafanlt |1|:||:|.|:|Elu meter [DEFL)

Defanlt Ill:IEI.EII:Iu meter [(DEFH)
Rezat |

(1) DEFAK: BEEBRIGHTF MOS S A& 1R IX THAL AD A % 15 ;

(2) DEFAS: % &L HMOS AR (1 P X THIAR AS N E1 ;

(3) DEFL: PEHHTH MOS S s K L N e

(4) DEFW: &S HTH MOS i A4 1 V4 18 55 55 W N 38 1H
3.  Advanced Option& % i% &

% “ Advanced Options #Z4, B4 LT B T2
s EAE

Adwanced Analog Options

Total Tramsient iteration limit Iﬂ (ITLS
Belatiwe magnitude for h.DE—S (FIVREEL. Cancel |

fpbsolute magnitude for |1 .0E-1  (FIVTOL.

Beset

L

(1) ITLS: ARSI IrE fl SRR IR, 5% ITLS W& A
0 (BRI R kg LR TE95 K.

(2) PIVREL: & BB M A 75 2 30 37 253 R AR B R . =K
fRFERE R, ARVFI A u RS TS B Kot 5 LU AE 1K B /ME
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AT IR E o

(3) PIVTOL: i€ 70580 ER WA FE R I Se v i) £ s B/ IMEL

FH 42 il ) SO AR T

7t Categoryt= & $f: “Ouput File”, bt I RIHIILE 4-41 Frosf4E
LI EAE . B R R R E TS E REN N ERE. T
A1 AR AT AR TR E T i = AR A H

)

(2)

(3
(4)
(5)
(6)
(7

(8)

Simulation Settings — t2
General I Analy=is I Include Files I Libraries I Stimulus
Options | Data Collection I Probe Window
Category Include the following in the output (. OFTION.
fnaloz Simulation [ Detailed summary and accounting infor (ACCT)
Gateslevel Simulatios [ Subcirenit expansion and Load Bia (EXFAND)
W [ Statements included from 1il [(LIEEARY )
[ Device summary (LIST
[+ Bias point node wolt: [HOEIAS)
[T Hode summary [conmection [HODE)
[+ Circuit file stats (HOECHD)
[v Model parameter #ali (HOMOD )
v Dizital timing and hazard me: (HOOUTMSE)
¥ Page~treaks and bannerz for each =« (HOFKGE ]
) ¥alwe=rf =ach FSpice opi [OFTS]
Hrnled OFf fooc fe s o [ 4=4 (HIMDG)
Output file IBI:I vI characters
Beset |
WE m | owEw | #m |

ACCT: Z FRIN4FRIE Account 45 . %0, IAESy o6
T FL AR 20 BT 45 SR (5 B TSR HH o T FRL B 4h i a0 2R ik, Al
FU5 BT I U5 5 DA S RE F BT E S LIS TR) S5 S 114

EXPAND: 1]t F S (1) HiL i 285 R AR 1 FL i 1 FH DA B 8 ) oo 22
DA - FEL % PN 1) O 1 R

LIBRARY : F1| H [ SCAH P A i B AR L0 o R 408 1 FH ) 0350 20 P9 25
LIST: 2t dugg oot geitiG .

NOBIAS: A{Ef SO H W B RAE S

NODE: LA migeih R ML L N R L R

NOECHO:  ATEfrHh SO b 41 HE 0k F B o as A AN GO R A
5oy W Bk S5 B

NOMOD: AT i i SCA A 41 AR T 50 e SLAEAS AL BE T 1 58
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iR,

(9) NOPAGE A{E# i ST R RAF B 3 A il R AR RS B

(100 NOPAGE 74T B4t SCAF I A RALIL S B 45 R 1 %53 I 2
& (5 S DC. AC FIl TRAN SEA[EZRAY #2545 B0
T EN . an ik NOPAGEAT AT, W45/ W R IESATED, A
i I

(11> OPTS I HABLHLS: BT A FH IR 5 A28 100 7 5% o 16 A1 o

(12) NUMDG: e $] & 512 i 5 A 550 (B k 8 A3+ -

(13) Output File () Characters fffi 5 it 4T BV AT A7 5L (ORI B8N
80 1) 132,

N~ BCE PR R T

s Bl PSpice>Edit Simulation profilefil i Simulation Setting
STEHE, 3%E$E Probe Window SFGAELN R AT/ :

Simulation Settings — t2 |
Feneral I Analysis 1 Include Files ] Libraries I Stimulus I
Options ] o= Data Collection Probe Windew

[T Dizplay Probe windew when profile is | 4 DAT AT TR A BRIk

[¥ Display Probe winde

ST 3 Uk
- awing similats ——— | AR R

{% after simulation has comp:
Show \ IS0 VEV R N3

i 411 markerz on open schema

\

" Last plo TR BT E SR B bR A B TR
€ Nothing \ |
B SR b VRO R 1

— RS

W B | mRw | #m |

B Bl frAr A

#i Bl PSpice>Edit Simulation profileifi i Simulation Setting
XTiEAE, % Data Collection XiEHELN T FTi:
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Simulation Settings — t2

Feneral

Options

—Schematic/Circuit Data

I Analysis I Include Files I Libraries Stimulus
Data Collection | Frobe Window

" Hone

K11 but internal subecire ~—

At Markerz on

| MR

AT AT S B . B BT R

f 1] woltages, cuwrrents, and dig:

DRATERBY 2 A EB T mi M Et s

| LSRRI A K

[ Save data in the CSIF format [

N

L CSDFP#% 2R A7 i

=

B | omme | s |

I\~ AT IRAL BRI B
& PSpice®s |1k Wos MALF R I T B 0, Fra bk
TEI #5503, #1522 5E il

EE Example—tZ — OrCAD PSpice &I o= [example-Example-
File Edit ¥iew ZSimulation Trace Flot Toolz Window Help _IEIEI

(Bl aa||=e

A % ﬁ }«" JIEHampIE-tE

=

Bm & e

nt
example—. ..
=

& & & & (Mo B 1 2% % o of || 5 5 4

Temperature

18KHz

1806HHz

Frequency

—lelx

AC land Hoise) Analys— il I |
O _L : (e TR | 4
LI;] d I g Analysis 4 Watch § Devices §

=

Freq = 1. 00DE+09

Cioov EEEEEEEEEE MDE

28



Xt X A AR bR AE X B e A2 XHBIEREAT AN I fE 2> A

22 1) T A . (LA 2 S S ATENG]E
aHPIE
F s

B
Q@ WiKE % o

O~
XY WAL [ | e || AR | | SRt
2 [ A B wEE | | B
Y B AR RN A

| m——

g Nf I \E B PR g o or 0 L | R T AR

Vi \

Y E R ME / ﬁﬁ‘zﬁj;ﬁ N

i BB
ot B R AT S G R (MC) T BUS . i Probe 233 Hi
IR EL R o s O B oA BT B, s nT AT S e BN AR
PR . HLT B 4 I SE R 2 H P RE 23 A (Performance
Analysisyl e —# 77
1. ZHIE T ERREADE
SRS EAA T UL, £ PSpice A/DIJ Probef 1, A4
DL 79 5 2 FL B P B8 20 BT (Performance  Analysis) Probels 73 #t
“HEEE” B CoTasESE” AR, Hip “HERRRPE” BRIk
H R R 2, AR T 0 B s B LT ol y AR FRAR 5
“TLasE 24 22 HAM PR ES, ARG P2 X
HARPRAR B
W R AE 58 S FE R v 0 M LS I8 3 F s 1 e 43 # (Performance
Analysis) Probefd LA B Bex il 1, 3% H B RRIEE PR 2L
TR RE AR x fibbrAr s, y SARARZI RN A 70 3. X it
Ui, HEAE MC o MTLLE B s s ae b, st ashiE N E TR
RS« A2 56 B 7 L FE MC 43 Fr Al i 4 58 43 BT (Performance
AnalysisyH /N AT it F
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2. HITEZ4H|LH]: Chebyshev JEH 2801t

N HE R — A Chebyshev 0 A R BE D 28 LS B . EHooes
PESEAG 2 Rl 10KHZ, w55 S 1.5KHZ SR .
Hrp V1 5 AC 3 M N WU S T U5, Fhar Y V2 8 Hi+15V,
V3 W HEHIR—15V. WHERE N A~ I A0 100 0E i as, A 1
SR FRS R g 1% RS, P AR RSN 5% 254, it
2224 100 B JE I 210 1db 7 55 A1 LR o0 A BT K .

[1]). B 5 B %

22 BT BRI RE T 4 o R IR 6 MY EL.

(L)Z: i i e o HLHp Ny & T LA ) @

(api 4 N\ 5 1 AC 23 Mris s 5 V3 W B AC=1. XFf, %
H A5 PR 5 B0 Ay HEL B P 3 2

(b)FH T MC St BB =R K, oA H A I 25
R, B PROBEEHE SCAEH AR Marker 755 BT 4 1) 1 %0 H
AR FERERAE

(C)MC F3 1 Hp 222 18 Hi LA P 25 200 22 I s o PR RS P 1) FL R
FHLZE N 53 592K H BREAKOUT 1§45 72+ 1Y) Rbreakf!! Cbreakf 7,
FERABAT T U BN -

.model RMOD RES (R=1 DEV=1%)
.model CMOD CAP (C=1 DEV=5%)

" ligy [LCHCD [ CMCD
Ton 11C2 Ton hcd
RMOD RMOD
~0 5 g AR
W
RMOD CMOD s
1l 2 ] 10n e
R'IM [T - R4 B34k | C3 i
al B34k § as all 1 Ay H 2 - I
1% 3 RMOD CMOD i out
RMOD | 931 b2
ey RMOD 3
o7+ LT1013LT RS 10 * Uza, “oe
1 1 £ LTI 3T
— — — — — o
0 0 0 0 -0 *
N ) » lj
A) ) A)
Chebyshevh J5 JEH; 2%

()% & AC 71t 4. % [ERNER A H L AR 4 10KHZ, i
3609 1.56KHZ, NIt AC A3t /M5 5 20 M b 3 H AR Y v N -
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Start Freg:  100HZ
End Freg: 1IMEGHZ
Pts/Decade: 50
PEF R %E N Decade
R)ixE MC thZ#. MIFEEK, MC i Ei & FE:
(AT M. BB LF AC F1 MC 43235, 1247 PSpice
HEAT MC 237
(G)E M4l s : T MC 0 #r P45 Z itk AC 734,
Bt W7 B P i e gt B B Le b vk iR 2 (L 5-3-5719) 0 #5 22K H
P fR g, £ 8 “All” Jfh OK %41, W8l A
Probe fr#r. bt I il s 1) Probefs 5 B Wt .

Zimulation Settings — MO B
Options | Data Collection ] Probe Window ]
General dnalysis l Include Files | Libraries | Stimulus |

Lnalysis type:
BN 2 & Monte Carle

4C Sweep/Noise ﬂ  Worst—case/fensitiv’ Quiput W
Options Monte Carle options
General Settings Number of 400 [1..¢m
Eilonte Carlo/Worst Cas sz m M
Farametric Sweep ‘ ol o '—* (12078
Temperature (Sweep) I % - o ]p,ll ﬂ* e
| [/
|
-

More Settings. .. |

WE B | o mRw | #mm |

MC 73 #1220 E (1)

(6)2z il 58 H. 7 &

(@)t N H 7 B2 RS : £E PSpice A/DE TPk 44T Plot/Axis
Settings %, FMBER L HIL x B EBEHEN, EFE Processing
Options T-HEF [ “Performance AnalysigbIil, 4R 5 Hidi OK %240
H T & MC 43 1 LLJS 3 30 H % 14 g 2 Mt (Performance
Analysis) [Fb5fas Won st AN BT L HRES . Y HAAbRZ AR
yINER

(DY EH T . IR BEAT Trace/Add Tfiv%, JELEBE%E Lo
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H 1) Add Tracet BEHEA, $% 1dby 58 i A 2Lk, K IE B b AE
PR %7 Bandwidth(1,db-levebd X AF 4 A = {5 54 = 4 V(Out), N
B EAEJICTS Trace Expression—#= {7~ H Bandwidth(V(Out),) #% 1db
1y P BRI T B A S g T, R HOR:
Bandwidth(VDB(Out),1)
SER IR R AR R B G, By OK J%40, b LR
L 1dby sE A BT B, E:

0] 1.0K 2.0K 3.0K
Bandwidth({UDB{0Out),1)
n samples = 400 10th %ile = 579.966
n divisions = 1@ median = 1218.4
mean = 1224 .93 90th %ile = 1958.73
sigma = 505,838 maximum = 2208.32
minimum = 262838
e e
1db iy 56 73 A1 55
A A TN
[2. E75 BfE B #h

BT UL E T E R 7 2R T w8 BUE AE A RIS F N Y
DER A Iy LA o RIS AE L B U7 o T LT B OE S U B R
Gt gi R, L 9. fFE: MC M FE kK (n samples)
HL7 B x Abdsgids oLl 7 X [al(n divisions) ~F3{H(mean) Frift
fii 7 (sigma). 1 /)M (minimum).  10% 73 47 %1 (10th%ile). 1 fi7 %k
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1) 50% 737 FCH Ry 26 nAMAEAS 1 1 6 A2 (n+ LY S FEAS B 58 BT 33

32



fH.
X _EIRVER 2 MC 238, A 100 MEAS, Wi Glkix 100 4
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HATE” P RE—FE, k420 FRATTRA R SR, e rp ot
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(@QPEFHIT Trace/Add Tracer w4, bt % L H I Trace/Add Trace
WA

(b)yf 2]« ” Ho7 BIREESK, A5 BAE AR L By
1E1E PR £ Centerfreg(1,db-levelI{F 24 H 25 & )4 Hi 5 5 44 V(Out),
X B AF B B HEJES 5B Trace Expression+2 i/ Hi Centerfreg(V(Out),)

(C)A BT SR [ RO R S48 1db 3 5 I RO BRI
TR I SO g TV, B RIRR

Centerfreg(VDB(Out),1)

(d)emk b E)E, Hid OK $24l, b FAHE B < 1dbiy %
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mean = 9859.99 90th %ile = 103244
sigma = 419.287 maximum = 10756.8
minimum = 8557.99
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(2)Display Statistics # it H A< AT T (IX A2 2 Ge ) N 5 BRI X
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MGt A a R A AZAT LI Bk HeoRA,  WIFEZ Sl 7
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I 1] ik
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(2). B &M fE5 (PWL: PieceWise Linear)
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oy BLEMEAE 5008 (B

(3) JAEIEZ{EE (SIN: Sinusoidal Waveform)

FR TR E %G5 & 6 NS, R 3FIH TIXLESH A& X,
BATFNN B . K 4 25 H TR IE5ZE SRR 51X 6 NS5
MR FR. NEA—HARSE], BRI TG 5 EIEX N2

36



SiM:  woff=2v i
vamp =2y
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MINEE. S T 5IXESEZ RIS RN:
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B ARSI S BB e B RIS 25 T R i R 2
A AET
® 5 FIR G 5 HIZ
% X B | ER
voff | WEIRE | RHF | KNEME

37



vampl | UE{EdRIE | R%F TN ETE
fc B % | LTSTOP
fm WHAEE | 2R 1/TSTOP
mod PR
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fif C: ABM A7 by a1 28 R . FH 541

—. Modeling voltage-controlled and temperature-dependent resistors

Voltage-controlled resistor

If a Resistance vs. Voltage curve is availabl@aklup table can be used in
the ABM expression. This table contains (VoltagesiBtance) pairs picked
from points on the curve. The voltage input is moadrly mapped from the
voltage values in the table to the resistance galu@ear interpolation is used
between table values.

Let’ s say that points picked from a Resistance vs. Voltage curve

are:
Vol t age Resi st ance
0.5 25

1.0 50

2.0 100

The ABM expression for' this is-shown in Figure 1.

xl

Figure 1 - Voltage controlled resistor using look-up table

Temperature-dependent resistor

A temperature-dependent resistor (or thermistam)bmmodeled with a
look-up table, or an expression can be used taitbesicow the resistance
varies with temperature. The denominator in the@sgion inFigure 2is used
to describe common thermistors. The TEMP variablihé expression is the
simulation temperature, in Celsius. This is thenvewted to Kelvin by adding
273.15. This step is necessary to avoid a dividedsyg problem in the
denominator, when T=0 C.



NOTE: TEMP can only be used in ABM expressions (E, G devices).

Figure 3shows the results of a DC sweep of temperatura 40 to 60 C.
The y-axis shows the resistance or V(I1:-)/1A.

xl

Figure 2 - Temperature controlled resistor

xl

Figure 3 - PSpice plot of Resistance vs. Temperature (current=1A)

Variable Q RLC network

In most circuits the value of a resistor is fixadidg a simulation. While the
value can be made to change for a set of simuktigrusing a Parametric
Sweep to move through a fixed sequence of valuesltage-controlled
resistor can be made to change dynamically durisighalation. This is
illustrated by the circuit shown iRigure 5 which employs a
voltage-controlled resistor.

50



Figure 4 - Parameter sweep of control voltage

This circuit employs an external reference compotigt is sensed. The
output impedance equals the value of the contribdge times the reference.
Here, we will use Rref, a 50-ohm: resistor as oteremce. As a result, the
output impedance is seen by the circuit as a figatesistor equal to the value
of V(Control) times the resistance value of Rraefolr circuit, the control
voltage value is stepped from 0.5 volt to 2 valt®i5 volt steps, therefore, the
resistance between nodes 3 and 0 varies from 25 edhdD0 ohms in 25
ohm-steps.

xl

Figure 5 - Variable Q RLC circuit

A transient analysis of this circuit using a 0.5wmde pulse will show how
the ringing differs as the Q is varied.

51



Using Probe, we can observe how the ringing vasethe resistance changes.

Figure 6shows the input pulse and the voltage acrossapaattor C1.
Comparing the four output waveforms, we can seerbst pronounced
ringing occurs when the resistor has the lowestevahd the Q is greatest.
Any signal source can be used to drive the volagerolled resistance. If we
had used a sinusoidal control source instead t#iecase, the resistance
would have varied dynamically during the simulation

xl
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