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Q026 @ 6 ® @ @ @
@ File : TS ALt AT Schematicg Ql2H
@ Edit : 2 H=HO|AM OFO|ElS HASIAHLE K|S
® View : A HO| RN S HFALE CHA| 2
@ Place : & JtMQ7| £ 12|7
® Macro : 1A E 7| &M
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® PSpice : OrCAD PSpiced o|3t A|E|0|M 7|&
@ Accessories : Alias ZH[O|M J|&

Options : 3tHL 2t Al
© Window : YIEQ Mef g H2gA
0 Help : 2%

120
plagpe

2)

uelals|wlelp]s]e— d[Q|A[R]=|url & ] BlaE BlE] w0 |G
V000060006 O OZBBRGEDIEIDDIB DB ®
@ New : 22 27 3 =toj=2iZ| g

@ Open : 7| M7 3 2foj=2{2| 7|

® Save : AYEH FE= EES NME
@ Print : HYP=H E= BES A

® Cut : ME#SH JHHZ AtX|StD 2RO HE

® Copy : MEiSH HHE SEEEN XNE

@ Paste : SEEEY MO A= HES M0 =¥
Undo : 7be 2o Hasr Bag 4

© Redo : 7} 20| Me3t UL CHAl MY

0 Place Part : %|
@ Zoom in : 3t S2IT mjoOjCH XA = H 2H|M SHC|
@ Zoom out : Bt Z2lst MOt MAEDH 1/2M =4
@ Zoom to region : AT HOM E2f S

@ Zoom to all : BE J4X|7} B+ 2}HO| EO|AH Tt

@ Fisheye view : H&2 Zrjf

® Annotate : X = HAMG|
@ Back annotate : PCB &
@® Design rules Check : =H9|
Create netlist ;: 2Z1} £Z0| ¢4
@ Cross reference parts : I

@) Bill of material : £ S2XM =4

@ Snap To grid : &2 d2|E0 &0 0|F
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@ Drag connected object : £ Z1} HE b= HZAMO
@ Project manager : TZME OfL|X Z MEH
@ Help : =%

3) AlZd|0]d SHt

[SCHEMATIC1-bias =] 1 | 70| @ ;Qlﬁlﬁl;ﬂl@hul@hfl@l‘;ﬁ-l
® @ 0 @0 @ 0O O O @B @ ®
@ Active Profile : 2¢1 =0l =201 &
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@ New Simulation Profile : TZ It M
® Edit Simulation Settings : ¢iXj =20t HE

@ Run PSpice : A|Z2{0|Md A&

® View Simulation Results : A|E8|0|M Ant 27|

® Voltage/Level Marker : ™} EAW

@ Voltage Differential Marker(s) : QEhZE M HEA|X}

® Current Marker : M5 HA|X}

@ Power Dissipation Marker : AH|M& HA|Xt

@0 Enable Bias Voltage Display : 215 Tt HA|X}

@ Toggle Voltages On Selected Net(s) : MEH=l HEQ M HA| EZ
( Enable Bias Current Display : 25 M& HEA|Xt

@ Toggle Currents On Selected Part(s)/Pin(s) : MEiZl HZ/ /oot M5 FA| EZ
{® Enable Bias Power Display : X5 T2 HA|Xt

@ Toggle Power On Selected Part(s) : MEHE| HEOF M2 FA| EZ

4) EZYE

[CTR1A o] 1] 4] A ][] o] sl e[S 5 b o sl 5| oy
ONONONO) @@@@ 0w @ @ o ®od el @@@@Q@@
@ Select : 74X M
@ Place part : -,-% MEH HY X|

(Pspice 2t0|E2{2|9] AZE : C:HCadenceWSPB_16.3toolstcaptureWlibraryWpspice)

-.ibc

I'I'I

Place port : LE GtX}L HYX]|
Place pin : A& & T H{X|

Place off-page connector : I|O|X] 2} ¢1ZA AME

® Place wire : & 7t HAZAdM

@ Place Auto wire Two Points : & ZQIHE Xz o=z2 &

® Place Auto wire Multi Points : 42| 7§°| ZQIHE Xf=zo=z2 ¢HA
® Place Auto wire Connect to Bus : Bus@} Xtz o=2 A

@ Place net alias : HEO| O|F F2| (% & * @, ~ * & SFEA AF&=271)
Place bus : HHAM AHZAG] : "Q[0:3]", "Q[0-3] &)

® Place junction : He™E =7|

Place bus entry : H{AQ Qt0|0{ZF HZA QM

@ Place power : & A& HiX|

@ Place ground : ®X| A& HiX| ( o AlE HK))

®@ Place hierarchical block : A& 22 MM

®

@

Place no connect : E0| 92 QS HA|
Place line : 2+Ql HiX|

Place polyline : Z2|2}2l HiX|

Place rectangle : AtZt3& HYX]|

@) Place ellipse : Et2l HijX|

®
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1% oy 8% 2 7|2
@ Place arc : = HjX|
@ Place Elliptical Arc : Et2I89| & H{fX|
Place Bezier Curve : Bezier =M HfiX|
@ Place text : EIAE HiX|
Place IEEE symbol : IEEE &8 HA|
@) Place pin array : T H{ &
3. Simulation Settings Tab
(1) General
Simulation Settings - ex_tran
General ]Analysws ] Configuration Filesl Dptinnsl Data Callection | Probe Windnwl
Simulation Profile: | EEIER
1~ Input
Prajsct Mame [OPJ) [Ewal
Schematic flenarne [ DSM): | WAL
Schematic name: | HEMATIL
[~ Dutput
Dutput filaname: [CAOICAD_DataWestifer1-P3piceFilest SCHEMAT
. Wwiaveform data filename: {CW0ICAD_DataWestiexd1-PSpiceFilest SCHEMAT
Motes:
Ok, | Cancel sapli Help
® Simulation Profile: A|S¢O|M MM malH
@ Input : T=HEO 2TE YUY MY 2HEH Al HA|
® Output : PSpice 3 T ZtAH ALt HA|
@ Notes : Simulation Setting0| Zt5}0] AFEX}7F LIEFL D A2 AtE &

(2) Analysis

Simulation Settings - ex_tran

General Analysls | Configuratio Files | Options | Data Callection ] Probe ‘window |

Riun ta time: 1000ns zeconds [TSTOF)

Titene Start saving data after. |0 seconds
General Settings Transient optians

[IMonte Carlo/worst Case Mazimum step size: seconds

[ 1Parametric Sweep

[ Temperature [Sweep)
["15ave Bias Point

["Load Eias Paint [ Bunin resume mode Output File Options..;
["15ave Check Points

1R estart Simulation

Analpsis lpe:

[~ Skip the initial ransient bias point calculation [SKIPBF)

ak, | Cancel ] Apply ] Help

2) DC Sweep
4) Bias Point

1) Time Domain
3) AC Sweep/Noise
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Configuration Files

Simulation Settings - ex_tran

General | tinalysiz  Configuration Files ] Options | Data Callection | Frobe \Window |

i~ Details
Eainan Filename:

Stirnulus ] Browse... |
Include Configured Files xJ + I ‘I

@ ot Add as Global ||
#ddd to Design | |

Edit '

Change |

5l I £l
Library Path

]"C M Cadence™ SPE_16.01 W tools WS picet Librany' Browse.. I
Ok, | Cancel ] Apply ] Help ‘

AE2{0| M =3 A| Stimulus/Library/Include & IS MEHSIALL ZIF Q=SICt Add as
Global2 PSpice A2 dlst= D= Ot M E3IH, Add to Design2 MEHSH MA 3|
202t MEEICH

Include tab, Library tab, Stimulus tabOfl= W&E|0 U= source I|braryE A}%%

—

—

22 MYEA = ALk DM w2 Xge 27t 8

= T3°

- Stimulus : O|F 0|
S ABY 29 BowseB Bt 228 AT

- Library : {22 2j0|E2{2| IS BHE &R BrowseE &3 425 2FsiCH

- Include : 2}0|22{2] LHYUA #4 FS X|HE0f 2o|=B{2E BIE HS w4
ol it ¢fE mEE MY Z2E 2Eotr)

LHZHE O] A= E2io|ER{2| 8! SourceE HEZ HA2L2(
X

= H F
2| o ChE Z2HMEO| Save AsEl SourceE O0|&35}0{0} E* 8% %’—IP-I %Wé o ME2

(H

) s astoortt Argg & Utk

X Tip QoM CFRO{E Include tab, Library tab, stimulus tabOe 7|2Xo 2 XN ZZHENM= Ats
Moz XYELCEL Oeiit 2tol22{2] Hol 2HEoM MER 2lo|E22[E MdYe 4% L= Model Editor
OlM 7IEL| AXte| §E4BH SAOM CHE O|E2ZE ALY 4% AlEdo|d HEEQ 2to|22{2] HojM
MER 2to|EE{2|E AlZ20|M0| ZastEE H2E XForh MER ZES S0 AEHO0lHE Al 2t
ol22{z| ®o| Z™0| S0 U= 2t0|EZZ|E FII6HK| YE Z2 Chad &2 027} wdstch

“ERROR -- Subcircuit kkk used by X halfadd_A_U4 is undefined"

o2
o
I
il
o
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ot
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Q
(on
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N

Stimulus tabQ| AIR T OFAZIX|2 CIE Z2HENAM AFRE
25 X’gelor oot stLtol *stiof] ofg JHe| CHE 0|52 YHutd: Xge = AL 0] *stig XY
schematicOjjA] 0|28t FO{X|H =IC}
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(4) Options

Simulation Settings - ex_tran

General | Analysis ] Configuration Files  Options | Data Callection ] Frobe Window |

Categary: LHETION]

oy ion Relative accuracy of 'z and I's: 10.001 [RELTOL]

gate-le\f(;al Simulation Best accuracy of voltages: 100 wolts [WHNTOL)

dleut i Best accuracy of cunents: 1.0p amps [BBSTOL]
Best accuracy of charges: 0.0p  coulombs [CHETOL)
Minirum conductance for afy branch:  (1.0E-12 1/ohm [GHIN)
OiC and bias "blind" iteration fimit; ]T B0 ITL1Y
DC and bias "best guess" iteration limit; {20 (ITL2)
Tranzient time point iteration limit: 10 (ITL4]
Drefault nominal terperature: 270 B [THOM)
I Use GMIN stepping ta improve convergence. [STEPGMIN)
[ Usze preardering to reduce matris fill-in. [PREORDER]
AutoConverge...J MOSFET Dptions...] Advanced Dptions...] Flesat I
0k, | Cancel I Apply I Help |

PSpiced M= Of2f ZtX| siM0f CHet A[E20[Md Aits et mteto|HE Metotn d78st
(e]]

= O3 7t =dS M3Eotn ULk AlEg|old a4 2o ZIE MEost= output L0
AlZgo]dof oigt ofd JEE MIst=Ltel o0 tfs) H=S st= Aol +=XE ¢
=ot= options= AlZd|0]Me] Zt0] CHet Fe=teeot sfd FU2[Fof Aih, A AO|=
U BEA L S8 2F5e GES FHCL =7t SHRIAL HEH &XE A=
O[O0l ALESHA = 34 0f2{(Convergence Erron7t &F ZA3I7tLE 34 A|ZH0] & &9
22 Zel= BR7t 25 &= olif= +XE YHSt= options gtE HEDI0 0[S
ojgt = QUCh Options= Analog Simulation, Gate-level Simulation, Output file CategoryZ
T

AutaConverge Options @

I AutoConverge

Option: Relaxed limit;
E ooe
= [i
r 1000
r :
3 Advanced Analog Options
r ﬁ MOSFET Options X
= Totsl Transient iteration it (O=infinity} (£ ITLE| oK
] Detault draiv v [I mete? (DEFAD) ! Al ) | ]
e W et DEFAS] Relative magnitude far matrix pivat; |T.EIE—3 [PIVREL] Gty
T— efault source area |0 mete
r s Cancel Absalute magritude for matris pivat 1.0E-13 [PWTOL)

Default length; 10000y meter (DEFL]
Simulation algorithm: default | [SOLYER]

Default width: |T 00.00u meter  (DEFW) Reset
Fleset Relative factor for minimum dela 1 [DMFACTOR) 4

oK Cancel I Reset J

1) Analog Simulation Options

PSpiceo| ZAtof| CHst etz = Z+E =St= Options S0A RELTOL, VNTOL, ABSTOL,
CHGTOLS| A7o| o8} FRECh 1 FUME AMEE BE MY, MF0| Chgh Ari=l
Jet £ A3 sl= RELTOLO| 7t &83%t H92l{| 0.001(0.1%)0| default £tO|LCt.

VNTOL, ABSTOL, CHGTOL2 2z} Mg, ©&/, FHol/At&0f| oist 7by £2 == 90|t
0 RETOLZt CHZof A A0 ofsf Y=t=7t ZF &Lt

LtQIE2{~ EDA (F) 8
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Options | Default | o o|
RELTOL 0.001 M M=o| MIfA accuracy
VNTOL luVv F| A M HIBHK|
ABSTOL 1pA A& ME ALK
CHGTOL 0.01pC KA MEF AHAK|
GMIN 1p X HEHEHA
ITL1 40 DC and bias point “blind” iteration limit
ITL2 20 DC and bias point "best guess" iteration limit
ITL4 10 DFESHA A[o| HHE H|BHX|
TNOM 27 22k
STEPGMIN 7§ =l Convergence GMIN AtE
PREORDER Matrix Fill-In &ZtS 2|5t Preorder Al

Voltage Accuracy default = MAX(0.1% of voltage, 1uV)
Current Accuracy default = MAX(0.1% of current, 1pA)
Charge Accuracy default = MAX(0.1% of charge, 0.01pC)
Flux Accuracy default = MAX(0.1% of flux, 0.1Weber/m?

PSpiceO| Al H|S3t= default gis 7t Aabd 420= Cf3ar 20t

rir

el F=HoM & 5= UKO[ PSpice| AMOM 7t ZX7t &= X2 HYOIL WF/RIL 7
F= Slzero)FZ 2| ALl oo ALtAZEOl AlZ2|0]d TA| AlZte| CHREES
XX|5HH convergence error?p 7hy EEO| RdiotCh UHPHO =2 PSpiceOf M= 12Xt 7|
£ AESt=h orY kA CHRol MHEE A0 0| & O RELTOL=0.01%, ABSTOL=1pAE
Meigh A2 kA THR|7F 1pAQ| 12Xt O|40| E 22 convergence errort Zdgt AX|7F QU
C. hetA Mo|Lt 72| Orderdf i} ABSTOLL} VNTOLE =ZEY K7t UL

0f) ABSTOL = 1uA ; kiloampere range
ABSTOL = 1mA ; megaampere range
VNTOL = 1uV ; kilovolt range

o] 39 RETOL-000L01%E HeS®l HR0lY Hald Mg Suste Hos A
S0 0|ME & O e dMstz{H RELTOL=0.01(1%) =2 RELTOL=0.005(0.5%)E ME4SIC}.
RELTOL=0.01(1%) O|& QUEHBI= ZHdE2 A|ZH0|M ?Edl'l-Oﬂ QETJI YMEE AT Q7| |2
of 1 04 YUK =2 FosHof BHCh

Ao

» MOSFET Options

Options | Default | <] 1]
DEFAD 0 MOSFET default drain area(AD)
DEFAS 0 MOSFET default source area(AS)
DEFL 100.00u MOSFET default length(L)

DEFW 100.00u MOSFET default width(W)

» Advanced Analog Options

Options | Default | ol o|
ITLS 0 Total iteration limit (0=23tCH)
PIVREL 1.0E-3 matrix solutiong pivotstZ| st MCHA 37|
PIVTOL 1.0E-13 matrix solution2 pivotst?Z| et ACHE A 7|
SOLVER default | A|E30o|M L1g|=
DMFACTOR 1 A|A delta®] MTIE QA

LtQIE2{~ EDA (F) 9



2) Gate-Level Simulation Options

Simulation Settings - ex_tran

General ‘ Analysiz ] Configuriation Files  Options |Data Collection 1 Probe 'windaow

Cat: i
el : i~ Timing Mode-
ulation .
imulation " Minirur
% Typical
Advanced Gate-level Simulation Options X
" Maximum
Dirive strengths _EIK
™ Waorst-case [min/max] Mirimum output drive resistance! B obme  [DIGDRVF)
M aimum output drive resistance: |20K ohms  [DIGDRYZ] m
[~ Suppress simulation eror meszages in waveform data file Overdiive alio; |20 IDIGOVRORY)
|nitialize all fip-flops to; |5 ﬂ Defaiit delay calculation
- Typical x JU4 = minimum [DIGMNTYSCALE]
Diefauilt 1/ level for A/D interfaces: | 1-2] Typical = 16 =masimum [DIGTYMHSCALE]
Per-device eror message limit [D=infinity): |20.0 [DIGERRDEFAULT)
Advanced Options... I Reset | B e TR o [DIGERALIMIT)
Reset

Ok, | Cancel | Apply | Help ‘
& Timing Mode : %|2(Worst-case)2| AL E 7hASIO timing A|Eg0|ME ANTICE
Digital Setup CHZMAXIO|AM AMEIX| 1 ZF AXtQ| circuit-wide delay
modeE AN IYHEHEEE = JTE propagation delay modeE AHET %+
QICt Zt AKXt Minimum, Typical, Maximum, Worst-Case S22 A7H

g+ UL

& Initialize all flip-flops : EEEZ&2| x7| gf2 AFICL X£7| 442 X2 HdHSIH ZE
!

EZEZFLE setO|L} reset & M{7FX] unknown AEE SX|3l
= 02 4735t B EEHEES 022 4d3¥EY, =7 42 12 4
Yol BE ZYEZES 12 4L

@ Default I/0 level for A/D interface : O}=t2 19} C|X|E 3|27}
T ANEHo|NE Y I 22 THeb 24
Q} DtoA Subcircuit®] QIEHLO|A S MEHSICE AtoD2} DtoAQ|
Subcircuit QIHIO|AE OfE2 MY/JLEASl HEE CIXE HEfQ
HEe Wil 1 wojo] Weke Lol

MeE HY Eel VILMAXSE VIHMIN AtO[of &7t =2 HEfQl R, F, X
JEIE Hdots AOIH, HE 200 S =2 Ee R F X JEIE
YASHA] @ K 0Dt 1 Es 1 '0el ks LIERHCH 2 3:t
o 4= 2 1at A 29t 4z Zonf, LSO AHES flsl =HIE A
o[t

» Advanced Gate-level Simulation Options

Options  |Default| ol o
DIGDRVF 2 | A~ cotolE MeHD]A| D)
DIGDRVZ 20K | Z|0f Sato|= MBHC|AD)

DIGOVRDRV 3 EZlolE MEto| H|

DIGMNTYSCALE | 04 typical delay2E2E minimum delayE S E5}=0 At235t= scale factor
DIGTYMXSCALE | 16 typical delay2E2E maximum delayE S E5l=0 AI25l= scale factor
DIGERRDEFAULT | 20 C|X|& constraint AXH0| CH3E Of 2 A|SHK|

DIGERRLIMIT 0 ZCH CIX|E o2 HAIX] HMHX|

LIOIZ2{A EDA () 10



g or 298 A 7= S
3) Output File Options
Simulation Settings - ex_tran
Genelal‘ Analysiz ] Configuration Files  Options | Data Collection ] PrubeWinduwl
Categary: Iniclude the following in the: output [.OLUT] file: [OFTION)
Analog Simulation [ Detailed summary and accounting information:  [ACCT)
]Gﬁle"e‘f&'SimUlaliD” I Subcircuit expansion and Load Bias files [ExPAND)
I™ Statements included from libraries [LIBRARY]
™ Device summany [LIST]
W Bias point node voltages [MOEBl&5]
1™ Mode summary [connections] [NODE)
W Circuit file statements [NDECHO]
¥ Model parsmeter values (NOMOD)
¥ Digital timing and hazard messages (NOOUTMEG)
¥ Page breaks and banners for each section [NOPAGE]
I Walue of 2ach PSpice option [OPTS)
Mumber of digits in printed valuss: I 4ﬂ [MUMDG)
Dutputfile width: |80 | charactars
Fieset
Ok Cancel | Apply I Help |
Options | 9| oj
ACCT DE oM = AEO| Q9F 4l accounting informationS output L0 XA
EXPAND Subcircuit 0| o8l M=l AXE LSO
LIBRARY ArE St library oS LEESHCL
LIST 23t AKFE LIQStCY.
NOBIAS HFO|O{A I OQIE| AA ZAUE HA|SHK| &=L
NODE LC oA Af AHE EA|SICL
NOECHO AMAUS FA[SHX| Y=Lt
NOMOD 23 metojy 8 2ES HEAISHA| @=L
NOOUTMSG | A|Z20[ Z71S BAISIAl S,
NOPAGE Output I}2o| =8 HE20| bannerE HA|SIX| QU=Ct
OPTS D= options 4f=2 HA|SICT.
NUMDG Digit Display HE ==

(5) Data Collection

Simulation Settings - ex tran

General ‘ Analysiz ] Configuration Files ‘ (Options Data Collection | Probe ‘Window

Data Callection Options

Yaltages: IAI\ but Internal Subeirclits _:]
Currents: |4 but Intemal Subcircits ﬂ
Power: ]AH but Internal Subcircuits L‘
Digital ]AI\ but Internal Subcircuits ﬂ
Moise: JAII but Intemal Subeircuits ﬂ

™ Save datain the C5DF format [ CSD)

Ok, Cancel | Apply

|

Help

IIZEEONM =&Y Mol &F MEH Voltages, Currents, Power, Digital, Noise

- All - TH2| 20 Ciet 2E HOH ME

None : G|O|E|2 HMABSIX| %S

At Markers Only : Marker0| 2|8} Schematics JFHAMO| HEA|SH =& [ O|E2HS MZESID

b

All But Internal Subcircuit : Subcircuit Q20| EX|st= TEE X Qs RE & HO|H XM&

Save data in the CSDF Format [.CSD] : Probe2 G|O|E{E binaryCijl Text formate =2 X%

LIOIZ2{A EDA () 11
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(6) Probe Window
Simulation Settings - ex_tran
Generall Analysis ] Configuration Filesl Dptinnsl Data Collection  Probe Window
[ Dizplay Probe window when profile is opened.
¥ Display Probe windaow
" during simulation.
@ after simulation has completed
Show
& all markers onopen schematics.
" Lastplat,
" Maothing.
0k, | Cancel | Apply | Help |
4 Display Probe window when profile is opened : ProfileS open% [ Probe window&

HEA|TIC]
& Display Probe window

» during simulation :

€ Show

» All Markers on open schematics :

= =
IIXJT]—E

HA|SIC

o et

AlZ20]d0] TAEl=

» after simulation has completed : A|Z20|

£ 9t probe windowE HA|BHC}.
A

2t 20| probe windows

Schematics S}HANO| EA|SH 2= marker
XSO 2 probe 3FHO| HEA|SHCE

» Last plot : XsHO =2 J1E % 29| probe sessionS X AN SIC}.

» Nothing : O{™ WY T probe J}HO| HA|SHK]

4. SPICE H&o0{

OF |:|..

s

off A S Ef

ZE O |

DC Sweep .DC DC Sweep
Bias Point Detail | .OP Bias Point
Transfer Function | .TF Small-Signal Transfer
Standard Sensitivity SENS DC Sensitivity
Analysis AC Sweep AC Frequency Response
AC Sweep/Noise | .NOISE Noise
Transient JTRAN Transient
Transient/Fourier | .FOUR Fourier Components
Simple Multi-Run | Parametric STEP Parametric
Analysis Temperature .TEMP Temperature
Statistical Monte Carlo .MC Monte Carlo
Analysis Worst Case WCASE Sensitivity/Worst-Case
General Save Bi’as Poi.nt SAVEBIAS | Store Unclamped Bias Point.
Setup Loagl Bias Point | .LOADBIAS Restorg Unclamped Bias Point
Options .OPTIONS Set Miscellaneous

fEE 3ol FS

TEXTZ 3|22 =38

I AlZgoldE & B2

LoIZ A EDA (3)




All Capture Windows

Key Mouse click equivalent
ALT+F4 Exit
ALT, F, X Exit
ALT, SPACEBAR, C Exit
F1 Help

Ctrl + F8

Switch Capture to Full Screen mode (Click Close Full Screen

button or press Escape key to exit Full Screen mode)

Schematic page editor

Key Mouse click equivalent

CTRL+A Select All

A Ascend hierarchy

D Descend hierarchy

B Place bus

E Place bus entry

F Place power

G Place ground

J Place junction

N Place net alias

P Place part

T Place text

W Place wire

Y Place polyline

X Place No connect symbol

F7 Record macro

F8 Play macro

F9 Configure macro

CTRL+SHIFT+A Add part(s) to group

CTRL+SHIFT+R Remove part(s) from group
Opens the Selection Filter dialog box where you can
specify the objects that should be selected when the

CTRL+I
mouse pointer is dragged diagonally across the schematic
page.

CTRL+SHIFT+Left Click | Lock component

LoIZ A EDA (3)
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Schematic page and part editors

Key Mouse click equivalent
CTRL+C Copy
CTRL+E Edit properties
CTRL+F Find
CTRL+G Go to
CTRL+P Print
CTRL+S Save
Cursor snap to grid (identical to the Preferences dialog box
CTRL+T
Grid display tab option).
CTRL+V Paste
CTRL+X Cut
CTRL+Y Redo
CTRL+Z Undo
F4 Repeat
DEL Delete (Design and Edit menus)
DELETE Delete (Design and Edit menus)
BACKSPACE Delete (Design and Edit menus)
ENTER Double-click left mouse button
ESCAPE Deselect all and switch to selection tool (arrow pointer)
SPACE Click left mouse button
UP ARROW Move 1 grid up (grid on) or 0.1 grid up (grid off)
DOWN ARROW Move 1 grid down (grid on) or 0.1 grid down (grid off)
LEFT ARROW Move 1 grid left (grid on) or 0.1 grid left (grid off)

RIGHT ARROW

Move 1 grid right (grid on) or 0.1 grid right (grid off)

CTRL+UP ARROW

Snap pointer to nearest grid and then move 5 grids up

CTRL+DOWN ARROW

Snap pointer to nearest grid and then move 5 grids down

CTRL+LEFT ARROW

Snap pointer to nearest grid and then move 5 grids left

CTRL+RIGHT ARROW

Snap pointer to nearest grid and then move 5 grids right

PAGE UP Pan up
PAGE DOWN Pan down
CTRL+PAGE UP Pan left
CTRL+PAGE DOWN Pan right
F5 Redraw

C Center the view at the pointer's current position
H Mirror horizontally

I Zoom in

@) Zoom out

R Rotate

LoIZ A EDA (3)
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2%t Probe

i
ol

=2

rio

1. Probe Window 14

HE| o =

g : = Menu = |
=a File Edit View Simulation Trace Plot Tools Window Help cadence L

u b 3 e 8 O E.,ai. 0 & 5 @ JSCHEMATICTbies | [ ™ Toolbar
QQRQA(T-B Vi@ X I~ 2 Do o o b e e

10w

o

GEEDE e

£V

ow

o iv v w 4w £ -1 w av v low
ViIN} o Wi{OUT)

Simulation running... Legend S | ﬁ I I I
** Profile; "SCHEMATIC -bi = ghipple_dcripple de- -

Reading and checking circuit
gwg:il:“:;?sm and checked, no errors Stat= D VA= 10 End= 10
DC Analysis finished

Simulation complete -

| | v Tl Anslysis CWalch 7, Devices /.

Labe

(CHUSERTrainingtripple_dotripple_dc-PSpiceFile swECHEMATIC T¥biasWhias, dat (ac X678 Y=477 WM =10 (1003 WNAANNEE -

2. Ml A SH 74

1) Ol
ﬁ File Edit Yiew Simulation Trace Flot Toole Window Help %

P00 ® 0 6 ® ® OO
@ File : Probe mQ 2tz
@ Edit : Probe ImtQ! m™E
® View : 2181 F, SH}, 2|2/Z2/AEY0|H TY B7|
@ Simulation : A|Z2{[0[d Run, Stop
® Trace : Efo|A(mE 2 M) 27}, AbF|

LIOIZ2{A EDA () 15



2%t Probe 2R EHE

® Plot : X-Y = X4, stH 23, 2t
@ Tools : D1|'— t 2Ht =9

Window : £33tH FE, SEULE A

© Help : oo

(0 Alternate Display : Probe 33Ot HO|= ®o=2 EZ
play

2) EHt

e A= = e 1 SCHEMATICT Tran 3ms  [3ms b

@® @0 @6 60 o1 a @ ® @ ®
@ New : 22 A[B20|M Z20iY 9 HAE OHY Ay

@ Open : {22 Probe Data Plot 1% €7|
® Append File : SXj2| Plot =20 CtE Probe G|O|E HE
@ Save : SX| 2AE29| Probe Data AM%Et

® Print : Plot I 3IH QI

® Cut : HE &= ZatLy7|

@ Copy : & &5 SA

Paste : 2EEE W& 20 E7|

© Undo : & A 2 FA

@0 Redo : X Al&isE Undo A

@ Current Simulation : Sx| 2 =0l A|S0|M ZZmt
@@ Run For : Yst= A|ZH7FR| A|E80|M ZIeH

@ Run PSpice : A|280|M M
(3 Save Simulation State : SZX| A|SH 0| AEN M
@ Pause : A|280|M UA|FX|

IQ QA QA (G B | Vi@ X |IhE N e e S
Q@00 6 ® ®©© @M M @@ B B B0 @B B
@ Zoom In : 3}H =HCOf

@ Zoom Out : g}H =4

® Zoom Area : d™HIEY /=2

@ Zoom Fit : MAE7|

® Load Next Part : C}2 Part 22{27|

® Toggle Large Data File Mode : CHY H|O|E LIYZE HA| EZ

@ Log X Axis : X& Log 2A ¥ X|H™

Fourier : =2|0| Bzt

© Performance Analysis : &4 A

@0 Log Y Axis : Y= Log 2#H Y

@ Add Trace : Trace =7}

(2 Evaluate Measurement : Lj&st=2 =HH T}
@ Text Label : EAAE i =7}

LIOIZ2{A EDA () 16



2% Probe RIER &E&

» Mark Data Points : G|O|E| ZQIE FA|

Toggle cursor : Cursor Probe & H&A| E&Z

Cursor Peak : C}Z PeakZ FHA| O|&

Cursor Trough : CtE TroughZ 7{A O|&

Cursor Slope : Z|C Al ZQIEZ A O|s(HIH)

Cursor Min : XA ZQIEZ A O|&

Cursor Max : X|Of ZOIEZ HA 0|

Cursor Point : Ct2 HO|EH ZQIEZ 7{A 0|&

Cursor Search : 20| o|3F HO|E ZQIE X|HOZE HAM 0|
Cursor Next Tran : C|X|E2|Z20|A CtS Transition@Z HA| O|=
Cursor Prev Tran : C|X|E g Z0A O|™ Transition@Z 7HA| O|=
Mark Label : &1 HA ZEQIEQ| Zf HA|

BRBROB8@®@ 6

®

SRER-AF-. 1)

®©@ @260 ® 6 ®

@D Always On Top : 2hat F[AQAZ HA|

@ View Circuit File : Circuit ItQl HA|

® View Simulation Output File : A|E2|0|M =3Ot HA|

@ View Simulation Results : A|Z2|0|M Al HA|

® Simulation Queue : A|E8|0|M F HA|

® Edit Simulation Settings : A|Z8|0|d Z20t MY A HA|

3. PSpice A/DOj|M Al8E £ Q=
Otz | RE
g = g8 & g = g &
BS(x) A K| () Grouping
SGN(x) Sign function ~ Logical complement
SQRT(x) Square root * S0 HE)
EXP(x) PNES=1E / L= MI(BH A 00 ML)
LOG(x) Aoz + oI Ml(H A0 0 & 8)
LOG10(x) 4821 - WMl (B A Of| 3 M 2)
M(x) xo| 27| & =2l&
P(x) x2| M=) A HEFS OR
R(x) x| d=8 | g%t
IMG(x) x| &4k
G xo| IEX A2t
PWR(x) Power
SIN(x) Apeletas
COS(x) FArRIgt
TAN(X) S E
ATAN(X) Ol EHHE St
d(x) xo| O/&
) x| &g
AVG(x) 3N
AVGX(x,d) dELE K| TRK|
RMS(x) A A|

LteI S22 EDA (F) 17



2%t Probe {122

e

2
S

4. PSpice0i M A83Hs TH9|

Alphabet used... | Stands for.. o)

F(f) femto Notations ‘ Equivalent to...
P(p) pico 2M2 2.2M
N(n) nano 2MEG2 2.2MEG
U(u) micro
— 415 4.5H(Inductor of 4.5 henry)
M(m) milli
K(K) kilo 2K2 2.2K
MEG(meg) mega 12C2 Capacitor of 12.2 farads
G(g) giga 5R4 Resistor of 5.4 ohms
T(t) tera 2p2 2.2p (2.2*10™)

5. Breakout Parts

Use this For this device Which is this
breakout part... type... PSpice device letter...
BBREAK GaAsFET B
CBREAK Capacitor C
DBREAK Diode D
JBREAK JFET J
KBREAK Inductor Coupling K
LBREAK Inductor L
MBREAK MOSFET M
QBREAK Bipolar Transistor Q
RBREAK Resistor R
SBREAK Voltage-Controlled Switch S
WBREAK Current-Controlled Switch w
XFRM_NONLINEAR Transformer K and L
ZBREAKN IGBT z

6. Cursor

1) Toggle Cursor

LIOIZ2{A EDA () 18



2%t Probe {122

Z -

e A T,

,{Prcbe Cursar

Al = -4.7037,
AZ = -6.6687,

e
-4.7037 g
—€12_€50m
dif= 1.9630, -4.0851

Al : Cursorl(Left Mouse Button Click),

T
-5V ov

(IN) :o:V(MID) ¥ W{OUT)

A2 : Cursor2(Right Mouse Button Click)

Key Combination...

Ctrl+Left arrow key and
Ctri+Right arrow key

To do this with the cursors...

Change the trace associated
with the first cursor.

Shift+ Ctri+Left arrow key and
Shift+ Ctri+Right arrow key

Change the trace associated with the
second cursor.

Left arrow key and Right arrow key

Move the first cursor along the trace.

Shift+Left arrow key and
Shift+Right arrow key

Move the second cursor along the trace.

Move the first cursor to the

Home beginning of the trace.
Shifts Home Moye 'Fhe second cursor to the
beginning of the trace.
Move the first cursor to the end
End
of the trace.
Shift+ End Move the second cursor to the

end of the trace.

2) Search Command

Search [direction] [/start_point/] [#consecutive_points#] [(range_x[,range_y])]

[for] [repeat:] <condition>

[direction]
Forward(Default) or Backward

[/start_point/]

A The first point in the search range

Begin The first point in the search range

$ The last point in the search range

End The last point in the search range

“ A marked point number or an expression of marked points.
x1 or (x1 - (x2 - x1)/2)

LoIZ A EDA (3)
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(AHE ofl)

search forward x value (100)

search backward level (max-3)

[(range_x[,range_y])]

2%t Probe {122

(In,200n)

X range limited from le-9 to 200e-9, Y range defaults to full range

(1.5,20e-9,0,1m)

Both X and Y ranges are limited

(5m,1,10%,90%)

Both X and Y ranges are limited

(0%,100%,1,3) Full X range, limited Y range

(,1,3) Full X range, limited Y range

(,30n) X range limited only on upper end
7. Markers

1) 7|2 Marker

Volt Marker :

2) AC Sweep Marker (AC sweepl 2 A A|OEt AtETtS)

.

0| & PSpice — Markers — Advanced

dB Magnitude of Voltage

Group Delay of Voltage \VG Real Part of Voltage

Imaginary Part of Voltage

Current Marker :

Diff Volt Marker : \V+ Power Marker :

Phase of Voltage

LoIZ A EDA (3)
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2%t Probe {122

3) 1 Q|(H|5& PSpice — Markers — Plot Window Templates A3H)

Plot Window Templates

Running average ower time

.
7 = 2
Falltirne of Step Responze [multi-rul
First Peak [multi-run]
Fourier Transform -
Integral -
Overshoot of Step Response [mult]
Peniod [rmulti-run] |
Pulzewidth [multi-run] —
‘ Risetime of Step Response [multin _
Rmz
< (i ] r
Description:
-

LIOIZ2{A EDA () 21



| =] =3
PSpice shortcut keys

2%t Probe 2= =

Key Mode or user interface item Function or menu command
CTRL+A Zoom menu (on the View menu) | Area
CTRL+C Edit menu Copy
CTRL+SHIFT+C | Cursor menu (on the Trace menu) | Display
CTRL+F Edit menu Find
CTRL+SHIFT+F | Cursor menu (on the Trace menu) | Freeze
CTRL+G Edit menu Goto Line
CTRL+H Edit menu Replace
CTRL+I Zoom menu (on the View menu) |In
CTRL+SHIFT+I | Cursor menu (on the Trace menu) | Point
CTRL+L Zoom menu (on the View menu) Redraw
CTRL+SHIFT+L | Cursor menu (on the Trace menu) | Slope
CTRL+SHIFT+M | Cursor menu (on the Trace menu) | Min
CTRL+N With a PSpice window active Creates a new text file
CTRL+SHIFT+N | Cursor menu (on the Trace menu) | Next Transition
CTRL+O File menu Open
CTRL+P File menu Print
CTRL+SHIFT+P | Cursor menu (on the Trace menu) | Peak
CTRL+SHIFT+R | Cursor menu (on the Trace menu) | Previous Transition
CTRL+SHIFT+S | Cursor menu (on the Trace menu) | Search Commands
CTRL+SHIFT+T | Cursor menu (on the Trace menu) | Trough
CTRL+U With a waveform window active Restores the last deleted traces
CTRL+V Edit menu Paste
CTRL+X Edit menu Cut
CTRL+SHIFT+X | Cursor menu (on the Trace menu) | Max
CTRL+Y With a waveform window active Add a Y axis
CTRL+SHIFT+Y | With a waveform window active Delete a Y axis
F1 Help menu Help Topics
F3 Edit menu Find Next
ALT+F4 File menu Exit
Restores the last waveform
F12 With a waveform window active
window
Opens the Add Traces dialog
INSERT With a waveform window active
box
DELETE Edit menu Delete
Deletes all traces in the
CTRL+DELETE With a waveform window active
waveform window

LtQIE2{~ EDA (F)
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3%+ Bias Point of| A

Bias Point o Ad

1. Bias Point sjj A
HFO[Oj& HQIE A4t2 R0 Ot JHHEI0Me gt Autst= AS 2lojsta ofH
ZE0| HlHE S+ TE YEA BR s sfAo|ch
o sjAg Metst B2
- BE OojgE1 L& MOl glAE
- DE C|X|2 LEO| MR g|AE
- 2= HYRel MRt Power
- B = DeviceQ| small signal parameter 2|AEE output filed|| =3
2. Simulation Settings
Simulation Settings - ex_tran
General  Analvsiz | Configuration Files] Dptions] Data Callestion | Probe Window |
Analysis type: — Dutput File Options -
I Include detailed bias paint information for nonlinear controlled
. sources and semiconductors [OP)
Options:
WiGiereral Settings I Perform Sensitivity analysis [ SEMS)
1 Temperature [Sweep] 1 |
15 ave Bias Paint
[|Load Bias Prirt I Calculate small-signal DT gain [ TF)
]—
——
(6] 4 | Cancel | Apply | Help ‘
- Include detailed bias point ~(OP) : H{M& HO|M0|L} HBIEX| AXIE Qs AbA|sH HE
O|ojA HEQIE A&t ZAUE F3iCt
- Perform Sensitivity analysis(.SENS) : 2IZt = 3| & (Sensitivity analysis)g $243tC}
Output variable(s): sjAd& ZSHHLE QUL
- Calculate small-signal DC gain(.TF) : &, 30| L3t ML E A AISHC}
From Input source name : &3 ™MEYZ UABIC}
To Output variable : &8 H4E AHBICH

Lt

QIE2{~ EDA (F)

23



3%+ Bias Point of| A

ZE2ME O
1) M2 T2HMEO| A|Z (File - New — Project)

File  “iew Tools: Edit Options MWindow Help

| Mew | Project, ., |

Open 4 Design
o Save Chl+5 Library

Save As WHOL File
Frint Preview Verilog File
Print Ttl+F IBXt File
— ==

2) ZENEQO| FF

Hame
|F| C_circuit

0K, I
=0

Cancel

Help |

- Create 3 New Project Using

=
.L‘ﬁ 1+ Analog or Mised A/D

% " PE Board Wizard

] 5 " Programmable Logic ‘wizard
a

)

- Tip far Mew Users

Create a new Aralog or
Mized &0 project. The
e project map be blank.
o copied from an existing
template:

" Schematic

Location

C:huzer] Sraining

" Create a blank project

« Analog or Mixed A/D (PSpice)

« PCB

« Programmable Logic

» Schematic

* PSpice LibraryQ| A=

OLB mtY ZZ(OLB : Al=1F #&HEl 2lo|E22)

C:WCadenceWSPB_16.3WtoolsWcaptureWlibrary¥pspice

LB ot
C:WCadencetSPB_16.3WtoolsWpspicettlibrary

BE(LB : £F2| Hr[Hol £ = &H

E|

—

ENEEED)

LIOIZ 2 A EDA (F) 24



3%+ Bias Point of| A

D 2z=(EY 22)

R1
in out
M
1k
|
10V de— § RrR2
T 1k —
1n
CAP1

2 N87I5 % 25

44 (Place Part)VDC, R, C, * (Place Ground)GND, L (Place Wire),  (Place Net Alias)

3) AlZgold =¢

~ Output File Options

™ Include detailed biss paint information far nonlinear contraled
sources and semiconductors [OF]

|
BP

! General Settings I Ferfom Sensiiviy analysis [ SENS)
: Cancel I [ Ternperature {Sweep) . |;_|
Inkeit From: [ 5ave Bias Point

|none j I [1Load Bias Foint IV Calculate stalksignal DE géin (. TF) :
: _ Frbrﬂ'lﬂbuf‘&aw_c‘a__hiam'e:’:l\ﬂ
Root Schematic: SCHEMATIC To Dulput anable: ViR2)

[ ittt

4) Run PSpice

iZI SCHEMATIC1-BP — Allegro AMS Simulator — [BP.out. 11
File Edit “iew Simulation Trace Plot Tools Window Help %

o S ™ = Q ki
QQa A | S-B View @ X (I~ @ 28 U N i b B by 6

Yo [ B % & SCHEMATICIBF

[-
4

HMODE  WOLTAGE HMODE  WOLTAGE HODE  WOLTAGE HODE  YOLTAGE
(HO1B45] 10,0000 (NO1E52) 2. 5000

YOLTAGE SOURCE CURREMTS
HAME CURRENT

WV -2, SO0E-03
TOTAL POMER DISSIPATION — 2.50E-02 WATTS
raas SMALL-SIBNAL CHARACTER|STICS
V(R_RZ) /YY1 = 2. G00E-O01 DC gain = -0.5
INPUT RESISTANCE 4T ¥_¥1 = 4. 000E+03 SourceOflAf = EEA = 2k
53 OUTPUT RESISTANGE 4T Y(R_R2) = 7.500E+02 |VRMAM = mEX = 0.5k

ALrol 2t=E|™ Output FileOff OFZ21 =0 MY CIX|E EO| JEIE ZEotct
? Ao 4 LEo HY, TR, HEHO| it Aat

— [ -

LIOIZ2{A EDA () 25



3%+ Bias Point of| A

5) Bias Point Display

SCHEMATICT-RC_bi.7] '||ﬁ||£|ﬁ|’3|fo?|a‘ 1_"'@ Ulﬁ El

T e B eacers

5 g - |
Dl 000mA

,, 10.00vi - R1 AR
H n 1 W\/

L 000\
- || Wl 5.000mA
10Vde——

TEmm Coy -
' ‘o T

5.000mA
7 CAP1

out

LIOIZ2{A EDA () 26



R1

3%+ Bias Point of| A

Anode

1k

§ R2 § R3
2k 4k

?0

1. Anodel| MUt MEE Bias Point A|S2{|0|M Sl0 TAISIA|L.

Mew Simulation

[

1 ame:
BP

Inherit From:

Cancel

nane

7] L]

Root Schematic:.  SCHEMATIC

Analysis type:

— Output File Option:

|Bias Point

Options:

M General Seftings
1 Termperature {Sweep)
[Save Bias Point
[ILoad Bias Paoint

¥ Include detailed bias point information for nonlinear controlled
zources and semiconductors [ OP)

[ Perform Sersitivity analysiz [ SEMS)

Output wariablelz): I

[T Calculate small-signal DC gain [ TF)

From |nput source name: I
To Output variable: I

SCHEMATICT-BP  ~| ||ﬁ||4|ﬂ|/3|'ﬁ@“|@ WE‘

4.286mA
TR 18.37m

5.714

Anode |

l1.429m/
LV 2.857mA
10Vde—=—--1 42.86m - R3 -
T 8.163mA
i 286mA o2
— m
-0

Anode?| M2 5714V0|1 MEBEE 0| 220N

Ea
55 |(ANODE) 57143 (NO1845) 10,0000

YOLTAGE SOURCE CURRENTS
59 NAME CURRENT
50

51 ¥_¥1 -4, 286E-03
-]

== TOTAL POWER DISSIPATION 4, 209E-02 WATTS
54

A HFt SYSEE 4.286mAO|LCE

LoIZ A EDA (3)
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4% Time Domain sHAd

Time Domain(Transient) off A

1. 1} = (Transient) ojj A

MESHM2 AZESHoA L2 oot 23S 2Fsts S ZTRCh Dt dfAol A
MUY Y Lk Col M AL fE EIIKZ 5t OF A" AMS sdTtrt

2. &2|0|(Fourier) s}

FFT= Probe AOIA =2 GO|EHE 7}X|1D FFT L2 SO =2 HASt= Z{OZ Probe 3

T AHEHZ FHol= 7|52 =¥, Felof siMd2 ADtHOlHE Falof H

o ZutE =Ct mMetM FFT ZotoM&= EHX| 37|20 MSEX|BH F2[0f sidS
o 5

sto 2

e Fools 27|, AN, NFRE SO P FIS ZADE BRX, J|=m MaX|,
=

=

=

General  Analysiz ] Configuration Files | Options | Data Collection | Frobe Window |

Analysis type:

——— Run to tirme: 1000ns zeconds [TSTOP)
o Start saving data after. |0 zeconds
[ General Settings Transient oplions x 5 i

Transient Output File Options

[IMonte CarloMforst Case M aximum step size: seconds & E
[|Parametric Sweep § . : : i i
| ITemperature [Sweep) [ Skip the initial trarisient bias point calculation (SKIPEF)

Frint walues in the output file every: zeconds
[_|Save Bias Point

[|Load Bias Point ™ Bunin résumie mode Dutpit File Optians.., [ Performn Fourier Analpsis
[15ave Check Pointz Fk sy

[ IR estart Simulation
I Include detaled bias paint information for nonlinear
controlled sournces and semiconductors [/0F)

Ok | Cancel I Apply I Help |

- General Settings : Time Domain(Transient)dt ZtEASIO A|ZH0| CHSH 2ol MY, FME,
CIXE 2|29 =2|dE 52 Mt=dEfE Al Letot.

=
- Monte Carlo/Worst-Case : Ot F Ot|M T = AXte| R nZl0jHE YUo|Z =HH
St HSHAIA ZtEA O Helof ME 3|20l SEHS Alrstth. &Xte|
QK HQE AIEX7F AEE £ Qo0, Monte-Carlo 3AE A=

BREAKOUTS| 2to|=2{2|0f Q= £AHE AH8SE7{Lt SPECIAL 2to|=2f
20| 9= VARIABLESE AF23}0{0F StC}.
- Parametric Sweep : T2, MFY, =24 Ii2t0|E{(Global Parameter), 2 If2}0[H,

LIOIZ2{A EDA () 28



4% Time Domain sHAd

=

Helo|
..I

A =3 = = otLCF.
Temperature(Sweep) : SH2EE Fol Tl =AM0f| M} HSpAA 7HEM S8 si4S gt

=235iC}.
Save Bias Point : TiXl| 2|Z9| HIO|O{A ZEOIEQ CHet OO|HE LtYZE MASHCL.
Load Bias Point : O|T0f| A4St XYt BROJOfA = QIE{Of Cfet H|O|E Im¥ZS Load
bC}.
Save Check Point : &Xf 3|20 M3 ZQIEO Cis HO|E T (FSHE AlZH AlE2 0]
M ZhZO|L} AlZH ZtZ)e MO
Restart Simulation : O| M0 AAMSIY MESH M3 ZQIHO CHSH GHO|H IS Loaddt
Oof Al=20|M ot

rot

Run to time : A|EY|0|MH ZEA|ZHS s}

Start saving data after : A|E20|M 7jA| =& HO|HE MZES= A|ZtS YSICL
Maximum Step size: It AEf A O| =X|A LS Qs Z|Cf step sizeE ¢lE
Skip the initial ~ : MElS A QIEE, HIfAIH 2| XRI[X[E FA|
Run in resume mode : A|Z0|MO| XfA|ZH A| Resume R EZ FISHSICL.

Output File Options... : S2{I}A0| HAE HO|E[o| A|ZHZHH, Balof sjA, BE K|, bl
I.

g TRO| HOlojA ZOIH HO[He XM RFE HHSIL,.

- ze W0 MIE HolE o Azt 72, Falof iAol L
Fopg, DED A4, Balo] MY W4, Med 2 HNE e
=
=

St
=
O HFO|OjA EQIHGIOIH S| NERFE MEASICE

Lt
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4% Time Domain sHAd

D) 2 2EAEs &)

TOPEN =50 R1
1u1 2 o ’VV\/ out
100k
2
. V1
5V —— K} u2
T TCLOSE =50
1 - C1
100u
0
L 2

2) 875 A RE

ﬁ(PIace Part)VDC, R, C, sw_tOpen, sw_tClose, 1 (Place Wire), = (Place Net Alias)

3) AlZold =¢

Simulation Settings - Tran_100s

General Analysis ]Configuration Files | Optians | Data Collection | Probe Windaw |

T :
Mew Simulation ﬁ Analysis type:
I ]Time Damdin (Transient_j_j Run ta time: i'IDD seconds [TSTOF]
M ame:
. ey Options: Start saving data after: iD seconds
ran_100s
= Earcal mGeneral Settings i~ Transient options
Inherit Fram: - [IMonte C?rlo/WDrSt Cas| hd aximurm step size: !1Dm seconds
[C|Parametric Sweep | |
nens v| E] [ Temperature (Sweep) |5 ]P Skip the initial transient bias point calculation [SEIPBR) |
[“|=ave Bias Point | 4 |
Foot Schematic:  SCHEMATIC [ILoad Bias Paint I

Save Check Points = I™ Runin resume mode Dutput File Options...

4) ™ Probe 47

TOPEN =50 R1
1u1 2 . A out
100k
Vv
2
. V1
5V — K’ u2
T TCLOSE =50
] - C1
100u
0
L

A™2 7= RC= 100k < 1004 = 10sec
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4% Time Domain sHAd

5) Run PSpice

0= z0s 40s &= 20s 100s
B V(C1:2)
Time

“% Add Trace Y3 M3

/s

Ot
-
2

—

-

Q

(@)

D

m

x
e

=

(0]

(%]

Q.

o

S5
=2

o

(o)}

w

N

=

N

*
u

g

[=
i
Io
18

%

"o \_jere (&all #A[0= Tault LIEFLT)

wiCi:-2 T | z
B 5 I° = | Trace Expressior:

401.3d42p, 137.574u

: .000p,  66.243u
dif= 301.342p,  71.33Fu

_|
(@]
«Q
Q
D
8]
C
=
wv
(@]
=
N
or
lo
@]
S5
>
™
[
T|_
-
x
(@]
O
D
e)
C
=
[%2]
(@]
-
02t
o
-
-
m
rC
[
T|_
S
nn
y
fm]
o

Search Colmie

:lsearch fansard  walue [1 Ds].
CursorToMove: @1 2
' DK‘.] -Eanb‘el'l HEEZ =28 search forward x value (10s)& Ql=d3tC}.

Mark Label& = &2I3tC}.

iﬂﬁii%'%;\r!mﬁgh@iﬁfh5_@_@@;_@

6.0
4.04
(10} 00p#3.1579)
2.04
0 T T T T T T T T
Os 10s 20s 30s 40s 50s 60s 70s 80s 90s 100s

[E[V(OUT)  tau
Time
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4% Time Domain sHAd

E-MXAHE 0|83t HIQHY LTI
R = 6.8k0, 100k) F C = 0.01pF, TR = 2N3904Z 0|23}0f H|OHY LXIS|ZE PAMSD
Al E2f 0|3t CHS YRFOE A LSHA| 2.
HIAIE O] SYTHO| 2l5t0o] QE0AM BAE JI5X| b0t HAE UMSOZ HIOHY 3
Z0|Ct XI7|ZHCZE CO| X7|HMYS FO{0F Lt
L 4
R4
6.8k
out? V1
BV —
v T
Q2N3904 Q2N3904
\ 1
fOSC:
n 0.693(R,C, + Ry Cy)

o

New Simulation

[

M ame:
Tran_3ms
Caneel
Inherit Fram:
nione v| E]

Analysis type:

Options:

General Settings

[CMonte Carlo/Worst Caf
[Parametric Sweep |
[ Temperature (Sweep) |5

i~ Tranzient options

]3m seconds [TSTOP]
Start saving data after; ]U seconds

Fiur to time:

b axirmunm step size: 10.3u seconds

Root Schematic:. SCHEMATICT ¥ Skip the initial biangient biaz point calculation [SKIPER)
[ 13ave Bias Point
.0V -} T
T T T
-
4.0V 4
b
Z_0V+ 4
av T T f T T
0= 0_5ms 1. 0m= 1.5ms 2 . 0m= Z2_5ms 3.0ms
o V{OUT1) < WiQUIzZ)
Time
Measurement Results
Evaluate Measurement Value
] Period(V{out1}} 1.44738m
» ] Period(V(out2}) 1.42391m
Click here to evaluate a new measurement...

Ltol
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5%t DC Sweep ol

DC Sweep off A

1. DC Sweep 8l
DC MO = BRE FMRAS DCE ZHFStD B E
d(Open) 22 7tFSH0] S AISHCL

(small signal sensitivity),

OlgElS Thaf(Shor)o 2, FHTHAIEI S )
HFO|O{ A& T QIE HAt, DC Sweep, AT OIZ4E SiA
MEtak A 4AHsmall signal transfer function) S0| QULCE.

Of AXto| ZHS BBIAIZIE IS SweepOlzt sHEH| DC MY, 2, MR DY mtt
O/E|, Global #4- Mest0f M¥Hol 7h8, Octave/Decade| 2IFQl 7HIL 7HEIA|Z
2ol BAES Yool ofa & Uk

Gereral Analusis ] Configuration Files] Dptions] [iata Collection ] Probe Window |

Analysis bype: Sweep variable -

* ‘oltage source Mame:
o " Current source ]—_]

tiors:
P 'DS - (" Global parameter

Fnrn.ar_-,l SAC ™ Model parameter LT ]
[ 15econdary Sweep P e ]—‘
[ItMonte Carlo/warst Caze £ Slenoeiatie il
[“1Parametric Sweep
[T emperature [Sweep) Sweep type |
(15 ave Biaz Paint i Start value:
[_|Load Bias Point - Eridvalie:

" Logarithmic |[e0a

Increment:
" Walue st |
(6] 4 | Cancel | Appls | Help ‘

- Primary Sweep : Sweepd X HHW| B0 ZHZ S0 DC Sweep S-S F=Hotrt.

- Secondary Sweep : SweepZ X HA 0| ZAZ YHBI| DC Sweep SHMES Aot
Ct. O] O Primary Sweep Bi4=7} XSt 720 Secondary sweepO| Zl
M= Nested =& X|LICH

- Parametric Sweep : =2 2% IjZ{0|E, REO| mi2t0|H, AKX 4f B2 SH2EE M|
T &=Mof et HatA|7|BHAM S8 7|2 s S Bh=otrt

- Temperature(Sweep) : SA 25 FoiTl =MOf| U2t BstA|A 7HEAM E8S 7| 2504
= Ht=otot.

- Save Bias Point : 91X 2|=9| H}O|OjA ZQIEO| Cioh HIOJHE mtY= Xt}
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5% DC Sweep ofjd

- Load Bias Point : O|TH0| A &i5t0] Xt HIO|O{A = QIEOf CHeh HOJE M-S Load

- Sweep variable : Sweep% B0 CHSH 2HH Af

- Sweep Type :

SI WAHS AL sweep W)

s22c MY % meto|e, 29 DEtojE, 25 S0| o
O

o TT — [y — il A R %
o, MYR/ARAY U= © EH
I}2t0|Ef, Model LIZtO|EE MEASH HR0= ZH type, ZH, m2t0
active £|0] O[0f R=sOF S}, TemperatureE MEASIH EHE
disable E=ILC}.

Sweep typeOf|= Linear} LogarithmicO| o, 10 MEdOISO| Mi2f Q=
%=20| Ct2Ct.

—

» LinearE MEiGH AL
F

Start value : A|2} g8 Q=SHCL
P4

End value : &

HA H =
Increment : 7}4E2S 2ot
» Logarithmicg MEiSH AL

Value List& M

Start value : A|EF Zt2 QL]

= -
End value : & 42 YHDICL
Points/Decade : Decade/Octave & O|O|E £ Q=S|

3 ZOOlE ofT YOl SIS Hoks i U NY YL

H =
O M Zto| £2|& space barZ 0|2%tCt.

LtQIE2{~ EDA (F)
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5%t DC Sweep ol

. R1
in AV . out
10
R4 D1
OVde— ~ D1N750 R2
-T 1k
-0

al

2) AE7s &

or

=
M

1 (Place Wire),

=
45 (Place Part)VDC, R, DIN750, # (Place Ground)GND

= (Place Net Alias)

3) AlZgold =A
Simulation Settings - DC
General Analysis ]Configuration Files | Optians | Data Collection | Probe Windaw |
Analysis type: ~ Sweep vanable
|DC Sweep -] & ‘Yoltage source Hame; |V1
Options: Clmas y =&
r = b
New Simulation ﬁ ) - i
CISecondary Sween " Model parameter
MName: [CMante Carla/Warst Case " Temperature e |
B [CIParametric Sweep ! .
m (I Temperature {Sweep) — Sweep type |
anicel : :
Inherit Fram: B [ISave B!as Po!nt Start value: iD
[“ILoad Bias Point S i.m_
= nd value:
hane |E] r Logarithmicil’)ecade \'I
Increment: 0m
Foot Schematic:  SCHEMATICT
© Wale list |
4) Probe A7H
R1
in out
MW\
10
\Y Vv
V1 D1
+
OVde=— X pintso R2
T 1k
b~ - S = o 5 S A
MYAOHT|Z EXSIE HUCIO2ES] B HY S4Z HAY & ULk
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5% DC Sweep dj{Ad

5) Run PSpice

sVt Pt

g
o

L

v
o V{IN) ¢ V{OUT)

v vl

48V O|¢FEH o 5Vo| & =9 HYO0| =9 THo| LIEHLL,.
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5%t DC Sweep ol

S EREEERE

Q
in . Q2N3904 out
\ 4
.
L[V 10 Rzg
OVdc—___— ® 1k
- D1
ZXD1NT50 chgol 2lzolM YEEeol sve o
0
@

o My H&F HO|~ TR HI R0 s2= FR £ Y MY RlY s=2= HRE

TOHA| 2.

Q1
in Q2N3904 out

\ 4

Vi1t | \' Rzg\l

+
0Vdc—
— 1k
- D1
D1N750
- 0
&
40ul. T
Z0ui e =
— Probe Cursar
__-—l-'-'-'-'-
o0& - : a1 = a&_pooo, 4.194Zm
o IB(Q1) Bz = B.0000, S10.26Zm
200mk T T 1l dif= 0.000, -306_088m

Cursar TaMowe: 1 (2

=il oK l Cancell
awv- i 1
o V{IN} < W{OUTL)
5.0ma T
0’-’-—"-—-—-'-_' |
SEL¥» /
02 —_— ; f
av v av 38 v 1o0v
eI (R2)
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6% AC Sweep/Noise 3|4

AC Sweep/Noise ofj A

AC o2 YHFOIE BotAF ZHEHA | ZA|AE0 O Fos SEHE AUt 4
oltt. Fot SEHE ALst7| Hof 2t AXte| small signal Lfet0EE ZF5tD WFHY
o

Of CHet HIO[O{A HQIES AAHSIC DFHMOA AA-e BEME, JU|EHA SH40] R

3|2 Ljo| AMZ3He MBD BHEX AXHE FIA0| Y3S B LO|XE WAAIZ|=G O
28t WAL O|xOf Cfs) sjAistai® ma|AT} HHOF BTt I mBs|A Ol 2t Zopof
CHstol SIZLfol 2t AXIOIM WAMSHs LO|x S AMStD £ =cof OXEe IS
S0 YMYUT S2AHY A0|o| 0|SS AMSL, 0 HAS EfjE SHHA A
Sob 93 wO|x 22 HASI wO|x YMS0| Of v/ 2 S S wo|xY
Olghe APAMOICE 5 S71 w0|x Y2 0|83}0] LO|xE Y2}G TEE wO|x A2
sf et

3. Simulation Settings

Simulation Settings - ex_tran

General Analysis ] Configuration Files | Options | [iata Collection | Probe 'window |

Analysis bype: - AC Sweep Type
AL Sweep/Moize " Lirear Start Frequency: l—
Opticrs: % Logarthric: End Frequency:

I General Settings J Decade i ] Fointz/Decade:
[“IMonte CarloMworst Case |
[“1Parametric Sweep

- Moize Analpsiz
1T emperature [Sweep]
" 15ave Bias Point I™ Enabled v Bl age
" |Load Bias Paoint S ,—

i~ Output File Options

I Include detailed bias paint information far nanfinear
controlled sources and semiconductors [[OF)

Ok, | Cancel | Apply | Help ‘
- General Settings : Y3 M%o| Fot Q| HO|H 74 LO|= sHMS ot AUEH H
2 =X ¢l AC/Noise offMd5 F=2HBtC}

(=]
- Monte Carlo/Worst-Case : O{fH ¥ OtOM ZE AXto| RE ulZlO|EHE QUo|E =HH

Ju
Ot
2
N
L
bl
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6% AC Sweep/Noise 3|4

SHAl BIStA[Z{ ZHEAM O Hstof| ME 20| SEE ALtetch AXt

o Xt HRIE AEXII B = A0, Monte-Carlo {4 S 2|

M= BREAKOUTQ| Zi0o|EZ 2|0 U= AXHE AFESEHL} SPECIAL 2}

0|2 2{2|0| = VARIABLESE AtE3}0J0F SHL}.
Parameter Sweep : 2 2% Iiz}0|E, 2 & ni2t0lg, AXO| I 22 &

MO w2t BstA[7] Z7HEHA EF 7|23 S Bh=
Temperature(Sweep) : S 25 H|Xl =A0f| M2} BSIA|A 7IHM E
HEE SIC

—

mjo

o2
s
tu
m
e
ro
N
i

AC Sweep Type : &3 WEAMSO| Fht4 sweepS MEH =22 K|
Medsict,
P Start Frequency : A2} FOt+=E AT

b End : ZH FOIHE QasCh

» Points/Decade : Total H|O|E == Decade, Octave™ 9| GH|O|HE Q= SHL}.

k=N=1
- Noise Analysis : Noise 8412| Enable O{82 5 MEHSIC}
» Output Voltage : Noise &3 M L& YASBICL(Net Aliasg 0|23}0
node0f O|&= R0{5t 1 O|§=2 E=CH)
» 1/0 Source : Source EES QI =TICH

» Interval : 7t4
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6% AC Sweep/Noise 3|4

VCC
R1
—AW— ?
VCC VEE
33k ¢ El
VA - ¢ 2 v
1Vac 1n
OVdc@ UA741 15V —A— 15V
=0
_ 4
-0
R3 %
10k =0
=0
2) A87I5 o 2B

Q(Place Part)VAC, R, C, uA741, VDC, + (Place Ground)VCC, GND

1 (Place Wire), |'*(No connect), J'L‘L(Place Net Alias)

3) AlEgold =

Simulation Settings - AC

=X

New Simulation

e
e
Cancel
Inherit From:
| none X | B

Root Schematic:. SCHEMATICT

4) Probe 47

General Analysis | Configuration Files | Optians | Data Collection | Probe Window|

Analysis type:

/i

Options:

General Seftings
[CMonte Carlo/Worst Case
[CIParamettic Sweep

[ Temperature {Sweep)
[“|=ave Bias Point

[“Load Bias Paint

I@ Accessories  Options  Window

| MNew Simulaticn Profile
b it Drnf
o

Markers
Bias Peints

» Veltage Level
¥ Voltage Differential

Current Into Pin
Power Dissipatian
Advanced

Plot Window Templates..

-AC Sweep Type
" Linear Start Frequency: I‘I_‘
* Logarithmic End Frequency: ﬁak_.
i Decade 'i Puaints/D ecads: ﬁﬁ‘l_
— Moige Analysi
[ Enabled

~ Output File Optiar:

I Inchide detailed biaz point infarmation for nonlinear
controlled zources and semiconductors [ 0OF)

dB Magnitude of Voltage I

U8 NIagrnoe or carem |

Phase nf Voltane

LoIZ A EDA (3)
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6% AC Sweep/Noise 3|4

VCC VEE
o 0o
V1
1Vac, L V2 L V3
0Vde\= 15V —— -15V—

10k

5) Run PSpice

4.0

——_
ol
-4.0 t + +
1.0Hz 10H=z 100H=z 1_0¥H= 10¥H=
o DB{V(OUT) )
Frequency
T , - .
A REF A B[R] 2 *
b e r(._
....... 'Probe Cursor
|21 = a_s10z8, &6z _03am
A; = 1.oe00, 3_E620
[[dif= 2.8082R,  —=23.0000 [  eome e
(4 B10ZK, bb 03 3m)N 1 KICF=OIAE K¢ ols
e AtCHEI=E 7] 25
...................................... Search Command T

/ éToggIe Cursor HEZ Z&lst1

=
:Search Command HHES F+& L3

zearch forward lewvel [max-3

Cursor ToMove: & 1 (2 olzl E_=I|7(CD|-O“
ﬂj Esearch forward level (max-3)
2 2sta Mark Label
1-'_\r=JHz l_fJiK}Iz 10EHz %@!3}01 E”OlE-i% EAl-é';I-EI-'
R | o —

Measurement?| 7| SO 2 XIEHFLIE P2 H

—
It 1 1 Mark Data Paints
Tgolsh Window Help & IJ‘J Display Evaluation [\l
Customize... i T
| | . Jar Auis W Display Statistics
| L =2 3g|s o f s
Jl_Qptions— __f Tools > OptionsE 2&% Tt “ile % Highlight Errar States ML EHC
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6% AC Sweep/Noise 3|4

View| Simulation Trace Plot Tools

E Zoom

3
O™ Cte EIE MR |§ View > Measurement Results& 22811

I1¥1] ] || B_F-----*1 begin
101+ B g Cutoif_Lowpass 3dB[1] -
N2 1 Cutoff_Lowpass_3dB_ =R .2, Lbegin
: CiutyCrcle(1]
DutyCycle_xFange(1.begin_x.end_x)
| Falltime_Malvershoat(1)
Falltime_StepResponze(1]
Mchs l s Falltime_StepResponse_*Range(1.beg
ent VI Gaint argin(1.2)
oo FiETE to evaluaty]| | YINODT81) Max(1] )
YMO0192) aw_ R ange(1.begin_s.end x]
(M O0253] SR : HMin(1)
Vo] @ | Min_%R ange(1.begin_x.end_x)
IVIRTT) : : . H Mth_Duty_cyele[1.n_occur]
ViR12) 63 variables listed - -
YIRZ1] - i '
| Full List |

Trace Expression:jEutoff_Lowpass_SdBN[out]] : @ E Ok, | Cancel Help

2 O=EXE =AMUE Of22A ZEE2510] Trace Expression0f Cutoff Lowpass_3dB(V(out))O|
LIEFLEA $F Ch2 OK HES ZE|5tH otz 2 gla 20| LiEtHCH

4. 0o T T
L Cutoff_Lowpass_3dB(V(out)) = 4__81023kn\ E
SEL>>
-4.0 } I ; D\\
1.0H= 10Hz 100H=z 1_0EH=z 10EH=
o db(Viout))
Frequency
4.0 r &
{4 81026 A 153
a u\:
-4.0 t t t
1.0H= 10H=z 100H= 1.0KH=z 10FH=
o DB (V{OUT) )
Ereguency
Measurement Results
Evaluate Measurement Value
13 Il Cutoff Lowpass_3dB{V(out)) 431022k
Click here to evaluate a new measurement...
1 1
Koo o= = = 4.822[kHz]
T .
= I 2R, C, 2Xx3.141592 < 33k X 1n
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6% AC Sweep/Noise 3|4

1Vac,
OVdc@

HA 9 HEEAO| B
" V2 - V3 " V4 -4 V5
T+ 0Vdc = 0Vdc =7 0Vdc —F 0Vdc
R1 R2 R3 R4
50 50 50 50
V1
® L1 ® |2 ® L3 ® L4
5m 10m 15m 20m
- C1 C2 C3 C4

JH

ST HY0IE Ay ol

) AL Sweep Type
Mame:  Lingar Start Frequency: |1
Iac_sweed Options: ' Logarithimic End Frequency: |1meg
Cancel | M|General Settings l—_" ) _
Inhesit Fram: éotCarloorst Case Decade Points/Decade: 101
= il [1Parametric Sweep
lmne J _I ] Ternperature {Sweep) - MNoise Analysis
Root Schematic:  SCHEMATICT EEEVE g!as ED!H: [|Ensbled  Hutputi/altages [T
nad Bias Poin -
l’ V2 l’ V3 I’ V4 L~ V5
~ 0Vdc — Ovdc — 0Vdc — 0vdc
3 g\\z' g\' 3
50 50 50 50
V1
1Vac@
0Vdc\<
® L1 ® |2 ® L3 ® L4
5m 10m 15m 20m
- C1 C2 C3 C4
1u T 1u T 1u T 1u
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6% AC Sweep/Noise 3|4

15mA-

10mA-

SmA-

0; T + + + T
1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHZ 1.0MHz
o I(V2) o I(V3) v I(V4) a I(V5)

Frequency

- gmEA
Plotol Al Add Plot to Window — TraceO|A{ Add Trace EE&= Insert
1/1v2), 1/1(V3), 1/1(v4), 1/I(V5)E 2+ =

ion ~ Eunictions o Macros
l‘_ !Analng Operatars and Functions ;I
1[C1:1] e ek £] o
| CZj [ Dt L
IIC2:1) : i
1IC3] p b = /
IIC31) - @
IiC4] 7 cbuents LES()
I[C41) ARCTAN( )
IiL1] W' Bower ATEN()
i1t | AV
iz R G |
I[L2:1] T e COs()
T [ Alis Mariss Bij
I[L3:1) b2 Pt DB(]
I [ St ades ENMA ]
IiL41] ENUMING )
IR EXFL)
IiR1:1) G()
1IR3 IMEG( ]
IR2:1] _ LOG[]
1[R3) : 1 LOGI0 )
IR21] 134 variables fisted M)
R4 [ A =]
Full List
Tiase Evprossion 0K | ancel | e |
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6% AC Sweep/Noise ol A

100K

o 1/I(V3) v 1/I(V4) » 1/I(V5) o 1/ I(V2)

20
o E A
HEHEA
10mA-
SEL>>
0. T + + T
1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHZ 1.0MHZ
o I(V2) o I(V3) v I(V4) » I(V5)
Frequency
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7%t Parametric S|

Parametric off Ad

1. Parametric Sjj A
Parametric 42 ZZUjo| 4K g WA PN ZEHO| OB BSBEIE MHE
= 8ol

g

2. Goal Function (or Performance Analysis)
Parametric o4l A3t = SHWIIO| WIS UsH PSpicedi M HBsHe WotH4E L

stk

3. Measurement Definitions

Definition ‘ Finds the . ..

Bandwidth Bandwidth of a waveform (you choose dB level)

Bandwidth_Bandpass_3dB Bandwidth (3dB level) of a waveform

Bandwidth (3dB level) of a waveform over a specified

Bandwidth_Bandpass_3dB_XRange X-range

CenterFrequency Center frequency (dB level) of a waveform

Center frequency (dB level) of a waveform over a specified

CenterFrequency_XRange X-range

Ratio of the maximum value of the first waveform to the

ConversionGain .
maximum value of the second waveform

Ratio of the maximum value of the first waveform to the

ConversionGain_XRange maximum value of the second waveform over a specified
X-range

Cutoff_Highpass_3dB High pass bandwidth (for the given dB level)

Cutoff_Highpass_3dB_XRange High pass bandwidth (for the given dB level)

Cutoff_Lowpass_3dB Low pass bandwidth (for the given dB level)

Low pass bandwidth (for the given dB level) over a

Cutoff_Lowpass_3dB_XRange specified range

DutyCycle Duty cycle of the first pulse/period
DutyCycle_XRange Duty cycle of the first pulse/period over a range
Falltime_NoOvershoot Falltime with no overshoot.
Falltime_StepResponse Falltime of a negative-going step response curve

Falltime of a negative-going step response curve

Falltime_StepResponse_XRange over a specified range
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7%t Parametric S|

Definition ‘ Finds the ...

GainMargin Gain (dB level) at the first 180-degree out-of-phase mark

Max Maximum value of the waveform

Max_XRange Maximum value of the waveform within the specified range of X
Min Minimum value of the waveform

Min_XRange Minimum value of the waveform within the specified range of X
NthPeak Value of a waveform at its nth peak

Overshoot Overshoot of a step response curve

Overshoot_XRange

Overshoot of a step response curve over a specified range

Peak

Value of a waveform at its nth peak

Period

Period of a time domain signal

Period_XRange

Period of a time domain signal over a specified range

PhaseMargin

Phase margin

PowerDissipation_mW

Total power dissipation in milli-watts during the final period of
time (can be used to calculate total power dissipation, if the
first waveform is the integral of V(load)

Pulsewidth

Width of the first pulse

Pulsewidth_XRange

Width of the first pulse at a specified range

Q_Bandpass

Calculates Q (center frequency / bandwidth) of a bandpass
response at the specified dB point

Q_Bandpass_XRange

Calculates Q (center frequency / bandwidth) of a bandpass
response at the specified dB point and the specified range

Risetime_NoOvershoot

Risetime of a step response curve with no overshoot

Risetime_StepResponse

Risetime of a step response curve

Risetime_StepResponse_XRange

Risetime of a step response curve at a specified range

SettlingTime

Time from <begin_x> to the time it takes a step response to
settle within a specified band

SettlingTime_XRange

Time from <begin_x> to the time it takes a step response to
settle within a specified band and within a specified range

SlewRate_Fall

Slew rate of a negative-going step response curve

SlewRate_Fall_XRange

Slew rate of a negative-going step response curve over an
X-range

SlewRate_Rise

Slew rate of a positive-going step response curve

SlewRate_Rise_XRange

Slew rate of a positive-going step response curve over an
X-range

Swing_XRange

Difference between the maximum and minimum values of the
waveform within the specified range

XatNthY

Value of X corresponding to the nth occurrence of the given
Y_value, for the specified waveform

XatNthY_NegativeSlope

Value of X corresponding to the nth negative slope crossing of
the given Y_value, for the specified waveform

XatNthY_PercentYRange

Value of X corresponding to the nth occurrence of the
waveform crossing the given percentage of its full Y-axis range;
specifically, nth occurrence of Y=Ymin+(Ymax-Ymin)*Y_pct/100

XatNthY_Positive Slope

Value of X corresponding to the nth positive slope crossing of
the given Y_value, for the specified waveform

LoIZ A EDA (3)
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7%t Parametric S|

Definition ‘ Find the ...

YatFirstX Value of the waveform at the beginning of the X_value range
YatLastX Value of the waveform at the end of the X_value range
YatX Value of the waveform at the given X_value

YatX_PercentXRange | Value of the waveform at the given percentage of the X-axis range

ZeroCross X-value where the Y-value first crosses zero

ZeroCross_XRange X-value where the Y-value first crosses zero at the specified range

4. 2% AG WY

“Place Part L L&J

Bart:
=
PARAM

: Cancel |
Part List: =
PAL20RSD /DIG_PAL & Add Library... |
PAL20RP4E/DIG_PAL —
PaL20RPER/DIG_PAL | Remove Library
PAL20RPSE/DIG_PAL —_—
PAL20R10/D1G_PAL | Fart Search,.,
PAL206104/D1G_PAL =
PAL204/DIG_FPAL = | Eilter
PAL20AA/DIG_PAL (] =
PAL20MB/DIG_PAL
PAL 202840 1G_PAL
PAR Clat i
PEB0/AM/APER - [ Hb ]
Libraries: Graphic

2, @ Narmnal
4 Lareert R1
Paiaang PARAMETERS:
Parts per Pkg: 1 D_/M_D
{Rvar}

Type: Homogeneous

L
oretole i 57 siMe A S (H5E) "HAc=E AYStn Place PartoM
param 2XHE =2{2Ct 18 CtZ parametersE G & 28610 H-H 52 St

5] Property Editor

|New Coalumn... | | Apply | lDispIay...| lDeIete Fr

hdd New Column

M ame:

Riwar

Walue:

10k

Enter a Rame and click Spply or O
property egditor and optionally the o

Mo propertiesyill be added to sele
here o in the Agwly created cells i
4 . : ;
E\P?E Alwapszhiow S colufndiow i
%

[ épob | DKI:_]

OK HEZ Bl FI7t = TE Al Apply HE2 Ha AL F7F Al ALttt

rlo
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7%+ Parametric off Al

B Property Editor

‘ Mew Calumn.., Apply | |Display. LLDelete Propert
R1 | Reference
O—AMN—O 1] SCHEMATIC : PABET: 1 1
{Rvar} f

Display Properties /

B CR N A EE a . Font
PARAMETERS: | Mame: v i
E"R_Val' = 10K Walue: 10k [
Diizplay Forggat
= . Calar
(0 Do Wit Diigplay A
S )

@) Warme and Value %

= Rotation
=3 Marne Oni @ 0
SsBoth it Valugsists 90

[ oK ]l Cancel |(

Rvar B4 MZ Z&/5l10 Display HEZ £2/$t C+2 Name and Value 252 MEHSID
OK HHEZ £&/5t™H PARAMETERS &=0]| Rvar=10k 2}t= &/40| Display ZIC}.

1»
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7%t Parametric S|

1) 32
R2
PARAMETERS: {Rvar}
Rvar = 10k
VEE VCC  VEE
o o} o
R1 LM2002/NS 11
in 2 V- V2 V3
- |’ ()
VYV 15V de=—-15Vde=
10K gt T T
VA ou
VOFF =0 3
VAMPL = 1 @ b v -
FREQ = 1k UTA | V¥ 1
o =0
e vCC
=0 )
2) M7 A 2=

@(Place Part)VSIN, R, LM2902/NS, VDC, PARAM = (Place Ground)VCC, GND

1 (Place Wire), s (Place Net Alias)

3) AlEefold =4

4
MHame:
il
Tran_3m:

Cancel

Ikt From: 4'
[one = =
Root Schematic:  SCHEMATICT

Simulation Settings — Tran_3ms i

General Analysis | Configuration Files | Optians | Data Callection | Probe Window |
Analysis type:

BT T Ruri to time: 3ms seconds [TSTOP)

Start zaving data after: ID seconds

~ Lransient optiohs

Mawirmum step size: |D.3u secorids

™ Skip the iritial tansient bias point calculation [SEIFBF)

Output File Options.... |

Options:

[CIkonte Carlo/Warst Cas
[w|Pararmetric Sweep

[ Termperature {Sweeap)
[T=ave Bias Point
[CILoad Bias Foint
[CI5ave Check Points

I Bunin resume mode

-|

General Analysis | Confiquration Files | Options | Data Collection | Probe Window |

Analysis type:

i~ Sweep variable

| Time Domain {Transient = |

Options:

[w|General Settings

™|Fara eep

1 Temperature (Sweep)
[5ave Bias Paint
[Load Bias Point
[]Save Check Points

[CIMonte CarloMarst Cas

— Sweep type
LI O Liesn Start value: |1Dk
- Logarithmichecade Vl el 0k
Increment: |5k
 Walue list |

 Yoltage source T ammes I—
€ Cuent source
- I odel tupe: I 'l
~ % Global parameter
" Model parameter tadlel rame: I

" Temperature

Parameter name: IHvar

LoIZ A EDA (3)
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4) Probe AH

7%+ Parametric off Al

R2
ANV
PARAMETERS: {Rvar}
Rvar =10k
VEE VCC  VEE
o) o)
R1 LM2902/NS 11
in 2 V- Jlv2o | vs
- 15V de—-15Vdc—
y 10k Tobt =
VA ou
VOFF =0 3 \V
VAMPL = 1 @ b v -
FREQ = 1k U1A | v+ T
O ?0
e VCC
=0 )

5) Run PSpice

“Available Sections

Al None

4.0V

Vo B 10k

= [ — _
|_| Av V ( 1)?

(2

R, 10k

LoIZ A EDA (3)
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7%+ Parametric off Al

A - b M2 2o T

1k 30Vo| Sinel}Qt DIN914, R = 1kQ, C = 1pF, 2uF, 5uF2 O|83t0] Hiot YHHZE 7L
g5t 3msTHA| AlZef0[d SHAlL.

sf d
D1
N out PARAMETERS:
. 2
l/ID»|N914 Cvar =1uF
V1
R1
@/OFF =0 1k -~ C1
VAMPL = 30V {Cvar}
FREQ = 1KHz

1T

=0

"New Simulation (e
fiaa Analysis type:

Cigats i | Time Domain (Transient = | Riun to fime: I3m seconds (T3TOR)

Tran_3ms _
| . . Opns: . Start sfa\-'lng dfata after: |D seconds
Inherit Fram: miGeneral Settings - Tranzient options
hiohe.. v| E] Egﬂonte %?rlDS/WDrSt Cay M awirnum step sizex iD.3u seconds
arametric Sweep
| Bt chematiz: SCHEMATIC (1 Temperature (Sweep) |= [ Skip the initial ransient bias point caloulation [SKIFER)
) [15ave Bias Paoint
Analysis type: - Sweep vanable-
| Time Domain {Transient » | " “oltage source: Nama |
Optians: " Current source : Iﬁ
- ' Global parameter '
@General Settings - S raA G l‘—
IMaonte Carlo/Warst Cay | " Model parameter %
®Parametic Sweep " Temperature Parameter name: [Cvar
I Termperature (Sweep) |=
[13ave Bias Point ~ Sweep bupe
Load Bias Point = ;
1Save Check Points =  Linear )
 Logarithmic IDecade 'I o
& Valuelist |1u2uBu
407 T T T T T
207
ovH
~2 07
—40V t t t t t

Os 0.5ma 1.0ms 1.5msg Z2._0ms Z.5ma 2.0ms
o +-v Vi{D1:z1) 4 » + W(OUT)
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8% MOUA/MNEY UG
o] X= =0 S
HUUHRY B8

\& DC= WE0| Bt Q= X2 7t o
VAC 1Vac ACPULSE= ;g(jll)u-lu_ A T BA ESENCPER=Y
(IAC) ovdc oo (AC Sweepg)
ACMAG= | m2fx=
DC= DEO EfD U HF 3| Fu+oiAE
AC= WEXZE (AC Sweep2)
V3 | VOFF= W&o Etn Ues HF U
VSIN | VOFF = VAMPL= | IRZIE
(ISIN) | VAMPL = e ] Y=4- PuE=1
—_ = AL -1 O
FREQ = ET:EQ_ B_J'Lh_. F (Transient 8} A1-8)
= amping Factor
PHASE= oAb
DC= nEol EfL 9= AR 2| Fmaelsg
AC= WEXZE (AC Sweep&)
%f va | vi= % Stagezt
VPULSE| TD= ve iﬁﬁ;ﬁgﬁi
= = ALC= [ (i o
(PULSE)| TR TRe As ASAlZ TESA L
PW = TEo IA_I§ ;;AI;P (Transient 8}jA1L)
- — o —
PER = W= WAz
PER= F7|(Period=T)
HEol A% mefmtel AE®o| Vit ofd I2 HHHD 750/t ofn], 8EE SUSHA A
I OhEg2 YA Lot Ant DrE7EX| 2 R0 CHsH LHEFLH AT
(7h 1IDC (Lh IAC (ChH ISIN (2h) IPULSE
1= 14
12 =
1 12 13 ID=
0Ad 1Aac |OFF = TR=
0Adc IAMPL = TF =
FREQ = PW =
PER =

7|E} : VEXP(IEXP), VSFFM(ISFFM), VPWL(IPWL), VSRC(ISRC), VPWL_FILE(IPWL_FILE), ... etc.
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DSTMH1 COMMANDL
Stim1 CIX|& 1 Signal =¥ | CIX|E YHZ
B> COMMANDN
DSTM2
Stimd4 BA =0 CIXIE 4 bit Y2l
COMMANDN
Stim16 DSTM4 CIX| 2 16 bit Y
pidl: COMMANDL
qrele oles
FileStim1 F>-0 CIX/E 1 Signal @e | o= OIS
FILENAME = COMMANDN IXI =2 H-1Oo
SIGNAME =
DSTM6
FileStim?2 FZoi= CIX|E 2 bit YUY
FILENAME =
SIGNAME =
DSTM7
FileStima | [FA_Lr>=(] CIX| 2 4 bit Y
FILENAME =
SIGNAME= | 1 ENAME
DSTM8 Hoy/a 2=
Flestimg | [oT>=0] e CIX|= 8 bit 9l2ie) oty 0|8
FILENAME = HAE 2@#8
SIGNAME = SIGNAME :
AlSH
DSTM9 H=d
= it oladel
FILESTIML6 | o coe = CIX| 16 bit &Y
SIGNAME =
DSTM10
FileStim32 | FILENAME = CIX|E 32 bit 24
SIGNAME =

LteIZ2|A EDA ()

54



gl Implementation : C|X|& 1 Signal Stimulus =
. N HE S =2 -5/ ElxlE-I olgix
Implementation = = =7e
DSTM12
I C|X|E 2 bit
DigStim2 B> _;.glcz@q‘%
Implementation =
DSTM13
C E |
Digstima | [SAL>={1 SRR
=25 "™
Implementation =
DSTM14 :
. . Stimulus&
— Implementation : CIX| & 8 bit o o
DigStimg [ pAI“‘OJ E::le slal EO|24°I o8 2t
) 12H 3o = " EIXIE-I olgd
Implementation = = =7e
DSTM15
C|X| & i
DigStim16 | [S16LC>=(] ST
= B = R
Implementation =
DSTM16 x|
e C|X| & 32 bit
DigStim32 | [S3Zrr>={] =2 oj2g
Implementation =

4. CIX|E M3 AL o

1) Stim(N)
DSTM1 DSTM2 DSTM3 DSTM4

COMMAND1=0s1 COMMAND1=0s 0101 COMMAND1 = 0s 00110000 COMMAND1 = 0s 0123

2) FileStim(N)(H = Z1b gt ALO[Of HIEA| otE =g 27])

. | SRCSTM - B 2% I SRCSTH - B E ]
oHE(F) #ETE MAO) -m
DSTMS CLK DSTM9 CLK
[T [FTErr>=] |
|
FILENAME = C\SRC.STM ™= 1 FILENAME = SRC.STM Oms 1A5D
SIGNAME = CLK |1m5 0 SIGNAME = CLK '1ms 0234
4= SHER(ZENES| T2 UtUAHELLY)
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3) DigStim(N)

Mew Stimulus

Name; LLE
Afalog
EXFP [exponential]
FULSE

PWL (piecewise linear]

SFFM [single-frequency Fi)

SIN {sinusoidal]

Clock Attributes

Mame; CLK
Specify by
@ Frequency and duty cycle
Penod and on time

Digital
- o E  Clock Frequenoy (Hz] 1K
i Signal Duty cpcle [%] 0.5
: Bus widh: Intal value [0
! Implementation = CLK IitialValue: Time delay (se¢) 0
——— = = e
[ ok DJJ | Cancel s i————
New Stimulus X
Marng: | LLES
tralog
E%P [esponentiall
PULSE

Pl [piecewise ingar]
SFFM [zingle-frequency FM)
SIM [sinusoidal]

Diaial
e e dit Part B
‘DSTM13 it e ) Signal

@ Bus width 4

Initial Walue: 0

| ok ] [ Concel

5. 7|Et AL Of

1) VPWL_RE_FOREVER(IPWL_RE_FOREVER) : #tZtm}

out

% °

R1S

|

==

7]

mulation Seitings - Tran

FIRST_NPAIRS = 0,3
SECOND_NPAIRS = 5m,-3
THIRD_NPAIRS = 10m,3

1

-0

1k

General  Analysis WCunﬂguratinn Files | Options | Data Callection | Probe:'Windaw |

30m geconds [TSTOF)
Start saving data after. |0 seconds

Transient gptions
Maximum step size seconds

™ Skip the inftial transient bias point calculation (SKIPBR)

Dutput File Optiors

Bun totime:

Options:

@ General Beflings
[ IMonte Carlo/orst Cag
[CIParametric Sweep

[ Tempetature (Sweep) |~
"1Save Bias Paint
Load Bias Point
[15ave Check Points

™ Runin resume mods

(0,000, % 0000
X A

~
(10 000m

0000}

w 0000m, -3

,3.0000)
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2) VPWL_RE_N_TIMES(IPWL_RE_N_TIMES)
: Rectangular Pulse {0 for

out
V2
@TSF =1m §
VSF =1
REPEAT VALUE =10
FIRST NPAIRS =(0.25,0)(0.26,2)(0.99,2)(1,0)

il

=0

0<t<0.25ms, 2V for 0.26<t<0.99ms}

R2
1k Fur ta time: 10m seconds [TSTOP)

Start zaving data after: |0 seconds

Tranzient options

b awimum step size: eCOnds

I™ Skip the initial transient bias point calculation [SKIPBR)

Ims 4m=

3) VPWL_ENH(IPWL_ENH) : Triangle Wave, TSF, VSF(ISF)

out

V3
@TSF=1ms
VSF =1V

FIRST_NPAIRS = 0,0, 0.5,-1, 1,0, 15,1, 2,0, 25,-1, 3,0, 35,1, 4,0

§ R3
1k

Run ta time: 4m seconds (TSTOP]
Start saving data sfter [0 seconds

Transient options
Mazimum step size: seconds

I Skip the initial transient bias point calculation [SKIPBP)
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1) 2

in

V1

@

VOFF =0
VAMPL = 10V
FREQ =60Hz

DSTM1

OFFTIME = 7ms
ONTIME = 1ms CX=H

DELAY = 5ms
STARTVAL=0
OPPVAL =1

gate

§ R2
10

out

’\;{\;\, me

10 2N5444

=

0

2) 875 A RE

44 (Place Part)VSIN, DigClock(Source.olb), R, 2N5444, % (Place Ground)GND

3) AlEgold =

“Simulation Settings - Tran_30ms

1 (Place Wire), e (Place Net Alias)

e _ General Analysis ]Configuration Files | Optiong | Data Collection | Probe Window |
Analysis type:
Mame:; - ]Time Domain (Transientl] Hun ta time 30m seconds [TSTOP)
R -—rea e
Tran_30msz Options: Start saving data after; !D seconds
) Cancel (N = Gereral Seffings 1~ Transient option
(clmherisiom | Maxirmum step size: iBu zecands
| | SaE 5 | D I~ Skip the initial ransient biaz point caleuiation [SKIPBFE
| Boot Schematic:  SCHEMATICT Load Bias Paint  Runi i B
! [15ave Check Points UM IESUME Mods Qutput File Options
4) Probe &7
in
V+
R2
10
V1
~ VOFF =0 out
- VAMPL = 10V
FREQ = 60Hz .
DSTM1 R1 A
OFFTIME = 7msm gate AMV X1
ONTIME = 1ms 10 2N5444
DELAY = 5ms v
STARTVAL=0
OPPVAL =1

1=
=0

LoIZ A EDA (3)
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5) Run PSpice

10W T T
3
ov- & 7 < 9 v &
—10v t t t
E} Sms 10ms 15ms
o ViIN) ¢ W(GATE) v W{IN,OUT)
Time

TRIACS SCRO|A THEE Quist HEE Hofsty| Q¢ M2 vrex| AX0|0| 2749 SCR

o o
2 22 752 FHY 4 QUCh TRIACS YWy J4TO S42 7K1 Yooz o

ot WRHYES JIHuRTYCR Hetg U =2 0|83t

Add Plot ®2S 0|83}0] 2tzto| Plot WindowOj| TraceS H{X|g 2 QICk.

10wV

sz . o L | | |

o V{IN, OUT)

==HE ! T T i | Add Trace
[ Add Plot
zZ=s= *rr "1 00 &N |
- —%Add Y Axis
o : : g - LogX
e o V{GATE) | Ly
/ \ /’"_ n‘“\ Fourier
™ \ / Zoom In
-10v I i, S _.../"I I | Zoom Cut
os Sms 10ms 15ms 20ms Zoom Area
TR Zoom Fit
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8% MYUY/HEY B8
ax 8
9V 1k, 3V 3kiz, 1V Skiz AISZ SHAsIe] A|SH0|M 8FA|L.
out
L 4 L 4
R1% > Rz% > ng > v
1 1 /‘ 1 /.
§ RL
1k
V1 V2 V3
VOFF = Ov VOFF = Qv VOFF = Qv
@VAMPL=QV @\/AMPL=3V @\/AMPL=1V
FREQ = 1k FREQ = 3k FREQ = 5k

0 0

New Simulation

1 ame:;
T.ran_‘l.lﬁs

Inherit From:

Analysis type:
| Time Domain (Transient = |

0
=5
Create

Options:

General Settings

none

[ IMonte Carlo/Warst Catl

7] L]

Root Schematic:

[Parametric Sweep

|‘Im seconds [TSTOF]
Start zaving data after; ID seconds

- Transient options

Rur ta time:

I aximum step size: !D.‘I u seconds

SCHEMATIC [ Temperature (Sweep) |= [ Skip the iniitial transient bias point calculation [SKIFEF)
1Save Bias Point
10% . . .
0’-'—"-..\
5V & |
Eg-é. 0
o p
s
~10¥: + t t t
0s 0.2ma 0.4ms O.6éms 0.8ms 1._0ms
o V{OUT) + V{RI:l) ¢ W(R2:1l) & V(R3:1)
Time h
4._0v- T T T T
n/-—|'.|-..._.__‘_._n___.__.___..-—n
v
e ——— /
SELs> ) H
—4.ov £ L L
o Vi{QUT)
S /—9—‘-—\\ j
> 3
0':-’;_““'-.;.. '\“‘?[ hw_/”i;7<,>iﬁ“" —
\/ 7
\‘—/
-10V- t t t t
0z 0.Zms 0.4ms 0.8ms 0.8ms 1.0ms

« V{R1:1) v W{R2:1) s W(R3:1)

Time

LioIZE8{A
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9%t Model Editor &

Model Editor

ol

1. Model Editor §}E-'r“}5'

"ﬂ““l Mudtﬂ Plot :Hllli Elp = cadence -l7(x]
I“IHIEI L[ B nlﬂllﬁl L*I“'*|E~"~|“‘|_|u_lﬁl@LU

200V

Yhe(sat] Voltage

Tainclude this spee in the model
extraction pléasle enter bwo af more
data bt in the following table:

Ic. ¥be j

7001V

ol <l i) | ] el =

ledlb: | 10

600m¥
100ud 1_Oma 10md 100ma
Vbe (277)
Collector Current

J e Vbatsat) .. [ Output Ad.. [ Forward .., [ Veatsat) ‘.‘I.CfE-Cap‘.‘ |l E-B Cap... | ;& Storage ... [ Gain Ban...|

Xl
Parameter Name| Yalue Minimum Maximum Default Active Fixed -
15 1e-014 1e-020 1e—006 Te-014 v
BF 100 1 1500 100 r r
NF il 1] 1.2 1
VAR 100 a 1000 100 - - =
IEF i) 0,01 20 [i]
ISE 0 a 1 0 E [
NE 15 T Z 1.5
EBR i 1 a1 S00 1 =] [
MR 1 01 g 1 =] -
VAR 100 1] 1000 100 ol r
1ER o 0.0 20 o il - ;
I5C 0 a 1 0 l o i g
(T3 o 7 E} o o — =l

|Ready T M|

PNE| 0@ & apsoice | @PSpice, | g @M. | alksrs ., |[F sty [[EUntte... A [« -4 Qa4 /0@ @3 422

2. Toolbar

uleldcn] B Woe] QUA[R] @ [X[v] FD[]E]
Q@06 6 @ ®® @ O @A @ ®» ® M@® v
New Library : 2t0|E2{2| 44

Open Library : 2t0|E2{2| &7|

Save Library : 2f0|E2&{2| X%

Print Model Directly : 2@ G|O|E =3

Print Preview : =& 0O|Z2|E7|

Encrypt Library : 2t0|E2{2| =3}

Cut : Zt2tLY 7|

QO@O®e0O6
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9%t Model Editor &

Copy : SASH|

© Paste : 20 47|

10 Zoom In : 3} =tC
@) Zoom Out : 3}H =4
2 Zoom Area : ¥ =Hrj
@ Zoom to Fit Data : H|O|E ¥ Atz o
@ New Model : A D& AN

@ Toggle X : X& Log £ Linear Scaling

o

X rx
i m

@ Toggle Y : Y= Log =& Linear Scaling
@) Extract : D& Ti2tOly FZ

@® Sync Splitters : & HO|E &=22 57|3}
Update Graph : J2fj= G 0|E

@ Auto Refresh : O|O|H H3} & X5 ZHAl

3. Model Device Characters

Diode .MODEL D

Bipolar transistor .MODEL Q
Bipolar transistor, Darlington model .SUBCKT X
IGBT .MODEL z

JFET .MODEL J
MOSFET .MODEL M
Operational Amplifier .SUBCKT X
Voltage Comparator .SUBCKT X
Voltage Regulator SUBCKT X
Voltage Reference .SUBCKT X
Magnetic Core .MODEL K

4. PSpice Template
RA@REFDES %1 %2 ?TOLERANCE|RM"@REFDES| @VALUE ?TOLERANCE| ¥n.model
RA@REFDES RES R=1 DEV=@TOLERANCE%)|

- R*@REFDES = X & 9| Reference syntax
- %l %2= XNEo| m HBZ X

s
- ? ~ & X&o| Device ToleranceE HO|5}7| |5t PSpice syntax

* ToleranceE 7JQ|StA| Qf=CtH ZHCHS| of2fot &0 malg = QUCH

R&A@refdes %1 %2 @value
= Translate : R_R1 0 vcc 5k 2| Netlist2 #Hzt
O7|M, 0 vecs %1 %20 Hol=l Mg Lo - E HH.
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9%t Model Editor &

5. Model Parameters

1) Capacitor Model Parameters

Model parameters | Description | Unit | Default
C capacitance multiplier 1.0
TC1 linear temperature coefficient °C 0.0
TC2 quadratic temperature coefficient °C 0.0
T _ABS absolute temperature °C
T_MEASURED measured temperature °C
T_REL_GLOBAL relative to current temperature °C
T_REL_LOCAL relative to AKO model temperature °C

VC1l linear voltage coefficient volt 0.0
VC2 quadratic voltage coefficient volt 0.0

C Value= <value> -C -+ (1+VC1:-V+VC2:V?) . (1+TC1l-(T—Tnom)+TC2- (T—Tnom)?)

2) Diode Model Parameters

Model parameters ‘ Description ‘ Unit ‘ Default
AF flicker noise exponent 1.0
BV reverse breakdown knee voltage volt infinite
cJO zero-bias p-n capacitance farad 0.0
EG bandgap voltage(barrier height) eV 111
FC forward-bias depletion capacitance coefficient 0.5
IBVL low-level reverse breakdown knee current amp 0.0
IBV reverse breakdown knee current amp 1E-10
IKF high-injection knee current amp infinite
IS saturation current amp 1E-14
ISR recombination current parameter amp 0.0
KF flicker noise coefficient 0.0
M p-n grading coefficient 0.5
N emission coefficient 1.0
NBV reverse breakdown ideality factor 1.0
NBVL low-level reverse breakdown ideality factor 1.0
NR emission coefficient for isr 2.0
RS parasitic resistance ohm 0.0
TBV1 bv temperature coefficient(linear) °C 0.0
TBV2 bv temperature coefficient(quadratic) °C 0.0
TIKF ikf temperature coefficient(linear) °C 0.0
TRS1 rs temperature coefficient(linear) °C 0.0
TRS2 rs temperature coefficient(quadratic) °C 0.0
T transit time sec 0.0
T_ABS absolute temperature °C

T _MEASURED measured temperature °C

T _REL_GLOBAL relative to current temperature °C
T_REL_LOCAL Relative to AKO model temperature °C

\2 p-n potential volt 1.0
XTI IS temperature exponent 3.0
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2
S

ok

' <model name> Model name2 2HHX Ol Partd, Implementation Namelt Z2 7
: <reference model name>

AKOE (A Kind Of)o| 9fAtZ CHE DEEIQS| SNTAI0[E{Qt HX3 BUS Hog 1 ALSEC

fO1|) .model D1IN4003 ako:D1N4001 D(Bv=300) ; use non-rep. peak voltage
> DIN40032 DIN4001u} Z+2 E£/d9| DeviceO| Breakdown VoltageBt 300V S LIEFLHCE

3) Inductor Coupling(and Magnetic Core)

Jiles Atherton Model

Model parameters ‘ Description ‘ Unit ‘ Default
A Thermal energy parameter amp/meter 1E+3
AREA Mean magnetic cross-section cm? 0.1
C Domain flexing parameter 0.2
GAP Effective air-gap length cm 0
K Domain anisotropy parameter amp/meter 500
LEVEL Model index 2
MS Magnetization saturation amp/meter 1E+6
PACK Pack2 (stacking) factor 1.0
PATH Mean magnetic path length cm 1.0

4) Inductor Model Parameters

Model parameters ‘ Description ‘ Unit ‘ Default
L Inductance multiplier 1.0
IL1 Linear current coefficient amp 0.0
IL2 Quadratic current coefficient amp 0.0
TC1l Linear temperature coefficient °C 0.0
TC2 Quadratic temperature coefficient °C 0.0
T _ABS Absolute temperature °C

T_MEASURED Measured temperature °C
T_REL_GLOBAL Relative to current temperature °C

T_REL_LOCAL Relative to AKO model temperature °C

L Value= <value> L+ (1+IL1-1+IL2-13) - (1+TC1: (T—Tnom)+TC2 - (T—Tnom)?)

5) MOSFET Model Parameters

LEVEL=1 Shichman-Hodges model

LEVEL=2 geometry-based, analytic model
LEVEL=3 semi-empirical, short-channel model
LEVEL=4 BSIM1 model

LEVEL=5 EKV model version 2.6

LEVEL=6 BSIM3 model version 2.0

LEVEL=7 BSIM3 model version 3.2

LEVEL=8 BSIM4 model version 4.1.0
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Model parameters | Description Unit | Default
AF flicker noise exponent 1
CBD zero-bias bulk-drain p-n capacitance farad 0
CBS zero-bias bulk-source p-n capacitance farad 0
CGBO gate-bulk overlap capacitance/channel length farad/meter 0
CGDO gate-drain overlap capacitance/channel width farad/meter 0
CGSO gate-source overlap capacitance/channel width farad/meter 0
(@] bulk p-n zero-bias bottom capacitance/area farad/meter? 0
CJSwW bulk p-n zero-bias sidewall capacitance/length farad/meter 0
FC bulk p-n forward-bias capacitance coefficient 0.5
GDSNOI channel shot noise coefficient (use with NLEV=3) 1
IS bulk p-n saturation current amp 1E-14
JS bulk p-n saturation current/area amp/meter? 0
JSSW bulk p-n saturation sidewall current/length amp/meter 0
KF flicker noise coefficient 0

L channel length meter DEFL
LEVEL model index 1
MJ bulk p-n bottom grading coefficient 0.5
MJSW bulk p-n sidewall grading coefficient 0.33
N bulk p-n emission coefficient 1
NLEV noise equation selector 2
PB bulk p-n bottom potential volt 0.8
PBSW bulk p-n sidewall potential volt PB
RB bulk ohmic resistance ohm 0
RD drain ohmic resistance ohm 0
RDS drain-source shunt resistance ohm infinite
RG gate ohmic resistance ohm 0
RS source ohmic resistance ohm 0
RSH drain, source diffusion sheet resistance ohm/square 0
1T bulk p-n transit time sec 0
T_ABS absolute temperature °C

T_MEASURED measured temperature °C
T_REL_GLOBAL relative to current temperature °C

T REL_LOCAL relative to AKO model temperature °C

w channel width meter DEFW
Levels 1,2,3

Parameters ‘ Description Unit ‘ Default
DELTA width effect on threshold 0
ETA static feedback (Level 3) 0
GAMMA bulk threshold parameter volt?

KP transconductance coefficient amp/volt? 2.0E-5
KAPPA saturation field factor (Level 3) 0.2
LAMBDA channel-length modulation (Levels 1 and 2) volt 0.0
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LD lateral diffusion (length) meter 0.0
NEFF channel charge coefficient (Level 2) 10
NFS fast surface state density 1/cm? 0.0
NSS surface state density 1/cm? none
NSUB substrate doping density 1/cm’ none
PHI surface potential volt 0.6
THETA mobility modulation (Level 3) volt 0.0
TOX oxide thickness meter
Gate material type:
PG +1 = opposite of substrate i1
-1 = same as substrate
0 = aluminum
UCRIT mobility degradation critical field (Level 2) volt/cm 1.0E4
UEXP mobility degradation exponent (Level 2) 0.0
UTRA (not used)mobility degradation transverse field coefficient 0.0
uo surface mobility cm’/volt-sec 600
VMAX maximum drift velocity meter/sec 0
VTO zero-bias threshold voltage volt 0
WD lateral diffusion (width) meter 0
XJ metallurgical junction depth (Levels 2 and 3) meter 0
XQC fraction of channel charge attributed to drain 1.0
6) BJT Model Parameters
Parameters ‘ Description Unit ‘ Default
AF flicker noise exponent 10
BF ideal maximum forward beta 100.0
BR ideal maximum reverse beta 10
cc base-collector zero-bias p-n capacitance farad 0.0
CJE base-emitter zero-bias p-n capacitance farad 0.0
CJS (CCS) substrate zero-bias p-n capacitance farad 0.0
242
CN quasi-saturation temperature coefficient for hole mobility ’;Z’(\:
PNP
0.87
D quasi—gaturgtiqn temperature coeffic.ient for NPN
scattering-limited hole carrier velocity 0.52
PNP
EG bandgap voltage (barrier height) eV 111
FC forward-bias depletion capacitor coefficient 0.5
GAMMA epitaxial region doping factor 1E-11
IKF (IK) corner for forward-beta high-current roll-off amp infinite
IKR corner for reverse-beta high-current roll-off amp infinite
IRB current at which Rb falls halfway to amp infinite
IS transport saturation current amp 1E-16
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2
S

ISC (C4) base-collector leakage saturation current amp 0.0
ISE (C2) base-emitter leakage saturation current amp 0.0
ISS substrate p-n saturation current amp 0.0
ITF transit time dependency on Ic amp 0.0
KF flicker noise coefficient 0.0
MJC (MC) base-collector p-n grading factor 033
MJE (ME) base-emitter p-n grading factor 0.33
MJS (MS) substrate p-n grading factor 0.0
NC base-collector leakage emission coefficient 2.0
NE base-emitter leakage emission coefficient 15
NF forward current emission coefficient 1.0
NK high-current roll-off coefficient 0.5
NR reverse current emission coefficient 1.0
NS substrate p-n emission coefficient 1.0
PTF excess phase @ 1/(2m-TF)Hz degree 0.0
QCO epitaxial region charge factor coulomb 0.0

quasi-saturation model flag for temperature dependence

if QUASIMOD = 0, then no GAMMA, RCO, VO
QUASIMOD temperature dependence 0

if QUASIMOD = 1, then include GAMMA, RCO, VO

temperature dependence
RB zero-bias (maximum) base resistance ohm 0.0
RBM minimum base resistance ohm RB
RC collector ohmic resistance ohm 0.0
RCO epitaxial region resistance ohm 0.0
RE emitter ohmic resistance ohm 0.0
TF ideal forward transit time sec 0.0
TR ideal reverse transit time sec 0.0
TRB1 RB temperature coefficient (linear) °C 0.0
TRB2 RB temperature coefficient (quadratic) °C 0.0
TRC1 RC temperature coefficient (linear) °C 0.0
TRC2 RC temperature coefficient (quadratic) °C 0.0
TRE1 RE temperature coefficient (linear) °C 0.0
TRE2 RE temperature coefficient (quadratic) °C 0.0
TRM1 RBM temperature coefficient (linear) °C 0.0
TRM2 RBM temperature coefficient (quadratic) °C 0.0
T_ABS absolute temperature °C
T_MEASURED measured temperature °C
T_REL_GLOBAL | relative to current temperature °C
T_REL_LOCAL relative to AKO model temperature °C
VAF (VA) forward Early voltage volt infinite
VAR (VB) reverse Early voltage volt infinite
VG quasi-saturation extrapolated bandgap voltage at 0° K \Y 1.206
VJC (PQ) base-collector built-in potential volt 0.75
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VJE (PE) base-emitter built-in potential volt 0.75

VIS (PS) substrate p-n built-in potential volt 0.75

VO carrier mobility knee voltage volt 10.0

VTF transit time dependency on Vbc volt infinite

XCJC fraction of CJC connected internally to Rb 1.0

XCJC2 fraction of CJC connected internally to Rb 1.0

XCJS fraction of CJS connected internally to Rc

XTB forward and reverse beta temperature coefficient 0.0

XTF transit time bias dependence coefficient 0.0

XTI (PT) IS temperature effect exponent 3.0
7) Resistor Model Parameters

Parameters ‘ Description ‘ Unit ‘ Default

R resistance multiplier 1.0

TC1 linear temperature coefficient °C 0.0

TC2 quadratic temperature coefficient °C 0.0

TCE exponential temperature coefficient %/°C 0.0

T _ABS absolute temperature °C

T_MEASURED measured temperature °C

T REL_GLOBAL relative to current temperature °C

T_REL_LOCAL relative to AKO model temperature °C

R Value= <value> - R - 1.017CE" (T—Tnom)

R Value= <value> R+ (1+TC1- (T—Tnom)+TC2 - (T—Tnom)?)

6. Subcircuit Template2 0| 2% D& AM

of)

ut7

.SUBCKT 74LS00 A B Y
+ OPTIONAL: DPWR=$G_DPWR DGND=$G_DGND
+ PARAMS: MNTYMXDLY=0 IO_LEVEL=0

.ENDS

* connections: non-inverting input
| inverting input
| | positive power supply

| 1| |output

LT
subcktlF411 12345

~

vin 092 dc 25

* 0k * % %

.ends

| | | negative power supply

.model jx NJF(Is=12.50E-12 Beta=743.3E-6 Vto=-1)
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Subcircuit H|ZHHE2 of2] 7FX| gtE0| QUCH AR O Z ASCIQ| format@Z O|F Xl lib

El

U S FEste 20| SH0[0, ¥A AT Model Editor0f M= Capturedf| A At E|E
Olbm S AHHELZ HEdAZ FCt Lib oS UHE= HR|= BHEX Vendor Web
pagel]| OpenZl ZI0|EZ{Z|E 72 pcE £ =0|= W & = SchematicE lib
formatO 2 HZst= 20| QCH =M A= SchematicE lib formate 2 X &SH=
Bt 0= Captured| M X|2E|= Create NetlistE 0|2% 4~ JQOS0O{, Hierarchy ¥4l 4
Subcircuitgd Al g 0|8 7+s95tCt

2 .model FAut FE k= A2 CapturediM AtEE|l= HES XK= @,
Subckt formatO| ¢ 2t 20| Xt0|7t QUL Model FormatZ O|8l|sta, Capturedf| A

netlist d-gAl ERot Subckt TS ApH| Hg3f FALE HEL 5+ AL

2

N 2|2 AlZg0]d0] ERsttt.

Kl

MEZS XFrm_ex2 Y g8iA L1t &2 =2|2& g

=
gl BEE2 VSIN, R, L, C, DIN4004, K1041T060_3E2A, GNDO|LC}.

At
AC_SEC1
DC_SEC1
lKI K1 1 Vi D1 D2
K1041T060_3E2A —D——
COUPLING=0.85 Lsect D 1N4004 D 1N4004
L1 =Lpri 356
L2 =Lsec1 D3 [D4
L3 =Lsec2 2 1
re D 1N4004 D1N4004
V-
AC_IN
= AN &
0.01 1
V-
Lpri
Ve 5200 AC_SEC2
' ore 0 DC_SEC2
) VAMPL = 230 1 v+ D° D6
FREQ =60 5
Lsec2 D1N4004 D1N4004
271
Rvg
D7 D8
+—\NWA——2
1G 2 "—H—"—Di
3 D1N4004 D1N4004
TO v

Al=gold Z2OtYH2 Tran_60msE 4 JBtCf

"New Simulation [
N.ame: i I Create Run to time: 1BDm zeconds [TSTOF]
Tran_B0msz
I e Start zaving data after; |0 seconds
Inhesit From: - Transient options
hione ¥ | M axirnum step size: seconds
| _J [Paramettic Sweep - "
Root Schematic: SCHEMATICT 1 Ternperature (Sweep) |= [ Skip the initial ransient biaz point calculation [SKIPER)

[15ave Bias Point
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=

400V

. -Ad d Tra ce

/| AddPlot |I/
v | Addyags | 1
L i
SEL>>
—400V
o V{AC_IN)

Os llems 20ms SOIms 40Ims Eillms &0ms
o V{AC_SEC1,Bvg:2) ¢ V(DC_SECL,R3:2) v W(AC SEC2,Bvg:2) » V(DC_SECZ,R4:2)
Time
Plot > Add Plot to Window H3&2 Alsistn VAC IN)ES MZ MME Windowz2 £ 7ICH

AC_SEC1 AC_SEC1
K1 1
K1041T060_3E2A
COUPLING=0.85 Lsect
L1 =Lpri 356
L2 =Lsecl
L3 =Lsec2 2
Rs
AC_IN| ACIN_ A . AC_CT
0.01
1
Lpri
5200 AC_SEC2 HC_SECZ
1
2 Lsec2
271
GND |
2
Rvg
M
1G

LIOIZ2{A EDA () 70



9%t Model Editor &

e T WInaow  HEelp cagence
= H & (BB = = poRTRIGHTR A U?:-:I_ X ] &l

HE B 208

B cworcaD Dat_ [0 1= 1152 ] |1 |_|| S
Analog or Miked &4/0 -
- 8 Crea'te Netlj !

£ File |E.¢ Hierarc:hy|

507 Dasi --—ﬁ‘F"C’B Editor [EDIF 200 [ IMF | Layout| PSpice | SPICE | Werilog | WHOL | Other
% sdrmmodel_ex dsn ||| Options
[7| Create Hierarchical mat Metlist

&3 Outputs | i .
wmyx‘rm lib ¥ Cr?_ate Sub it Format Metlist Use
© Descend PSpiceTemplate

Do Mot Descend I |

[T|Place DRC markers for Errors and Warnings

Metlist [ Wiew Dtput

Browse..,

HXA xfrmmodel_ex.dsn EE2& Z&2I5t10 Create Netlist HES = 2/siC}
PSpice §HOj|Al Create SubCircuit Format NetlistE MEiS T C:WOrCAD_Data¥MyXfrm.lib2
Q2st 0 View OutputE X3t CH2 OK HES SE/5tH ZAtEO0| LIEFLCEH

Error&t0| EEX|BF ™MX|7} QiCt= E30|B2 AY OKS|E =IC).

I‘\-f-|‘?‘\‘3-|-4-\‘_E.-|-5‘|‘7-|‘5-\-g‘l-‘ e

" ; = r Netlist Format: PSpice B

Orcad Capture — [ Design Name: C\ORCAD_DATAWFRMMODEL EXWFRMMODEL _EXD
Writing PSpice Flat Netlist CVORCAD_DATAWyXfrm.LIB
Warmings were reported, check Session Log WARRNING [NETO129] Your design does not contain a Ground (0) net
e PSpice netiist generation complete

7] Do not show this dialog again |D°”e [

— Gl m I 3

@y o
"8 | CHORCAD. DATARMyXfrm.LIB *
* source XFRMMODEL EX
.SUBCKT SCHEMATIC1 AC CT AC IN AC SEC1 AC SEC2 GND
R Rs AC IN NO4220 0.01
L Lpri H04220 GND 5200
L Lsecl AC SEC1 AC CI 356
L L=ec2 AC SECZ AC CT 271
R _Rvg GND AC CT 1G
Kn K1 L Lpri L Lsecl
+ L Lsec2 0.85 K1041T060_ 3E2A
.ENDS
HE =

"5 CHORCAD_DATARMyXfrim.LIB =

* =zourc L _FX

.smsmi MyXfrm AC IN GND AC SEC1 AC CI AC SEC2|

R Rs ICIN NOTIIU O.0T

L Lpri NQ4220 GNL 5200

L Lsecl AC SECL AC CT 356

L Lsec? AC SEC2 AC CT 271

R Rvg GND AC CT 1G

En E1 L ILpri L Lzecl T — —_ .

+ L Lsecz 0.85 K1041T060 3E2A DEYN 25 =ME E0 2t +=EoCL
.ENDS

B HES =2 MYStL WA L2

o

LIOIZ2{A EDA () 71



9%t Model Editor &

| 1) HSpICe ACCESSONEs _[l9¥] Magneuc Kars camor |
|, Tutorials » ___MDdeI_Editur__ I
[=7] Cadence Help |@ Simulation Ma‘[%ger |
e
[B Cadence Switch Release P stimulus Editor
o L
(o mE = [ e wpuse
[l . OrCAD 16.0 t What's Mew in OrCAD
|l radenra GBR 157 vl TR |
2|9 ZEZY M Model EditorE AISsSICt
“Create Parts for Library = . (]
: Enter Input Madel Librany:
Pipice Model Editor - TR R e Al |
m Edit View Tools Window Help CAQrCAD_Data\kykfrm. LIB
1 Enter Dutput Part Library:;
E:.\"D-rt&iil_b-ata.\-
Expert to Capture Part Library...
” E . : o L\\y- 0K A[‘} [ Cancel I [ Help I
Model Import Wizard [Capture]...

Export to Capture Part Library OjHFE Astd MyXfrmlib ZZ2& YHSIH MyXfrm.olb
ool XAtEs22 MY E

CHOICAD_DataMyxirmerr [
STATUS: PSpice Schematics to Capture translator [16.0.0.2001) -
STATUS:

STATUS: Translator started at Thursday, May 22, 2008 11:25:44

STATUS: CADCADNOCAD 16 0 oolsh\Capturehsch2eap | "C:ADICAD_DatahMyifm LIB" -0 "C:ADCAD_D:
INFO: Uging existing library 'C:ADMCADNDIICAD 16 0\ oolshCapturesLibran\P S picedmodeled.etc’.
INFO: Created new librany 'C:AOCAD_D atabMulfrm, olb.

STATUSL latorgd deatelbibad sl apd g 105 17:25:44

STATUQ: 0 Emor messages, 0'Warning messages

ZTZHME OjL|MES 228t File > Close ProjectE Z2I8§A MZESED k& LtZiCH

] orcAC Capiure Ao |
File Design Edit View Tools PSpice Accessories Options  Window

i@ d @ L BE DO poRTRIGHT-R
[ = =i T A O

“Save Files In Project @

Save changes to CAOrCAD. Datavxfrmbdodel Esssfrmmodel_ex. dzn?

ST l [es All and Mo All affect all remaining open files in Xfmbodel_Ex.opj.]

\D_Dat..
Analog or Mised A/0

T File [T, Hisrarchy|

= -C0 Design Resources

B

5] Wdrmmodel ax dsn e
‘ S::,,mjm [ ves || YgsAuD‘l [ Mo | [ Moan | [ Cancel | [ Heb |
: . sy lib wE W L
£ e S I
B
View Edit Options Window Help

‘ Mew 3

1 X1, Model_Ex.opj
2 C#ORCAD_DATA#MYyXFrm LB
| 2 c#0rcAD Dataw_#xim_Exopj IL\,

A rrhamnabied mek

O™ ZtBHE Xfrm_Ex.opjE MEHSICE

LIOIZ2{A EDA () 72



9%+ Model Editor

= X=1

A

=)
[ W
A

HEYS

2to|22{2|7t 7t D MyXfrmS 238 =
e

;8| MYXFRM.OLE

I

A

P —— |

IbE O8Ny

IF "A(Tx

MY xXFRM, OLE

[Capture Libraries (+,alb)

Analog or Mixed &,

T3 File | T8, Hierarchy |

-0 Outputs
- RE] scrm_ex-|

.1 Design Resources

£ PSpice Resources

oo e o uES ozt ZHo|

4 HEE 2 5+ Urt
& (=& =)
=y
u? Bl
s ACIN- Ac_cT 2
ol S0 . _ | 5
5 GND AC_SEC2 T T
pspicefilest AC_SEC1 [ I T
-~ MYXFRM
SO WZHA mg =i asto) QXIS O[S A|ZIC
U7 o
1l ac N AC_SECt —
Ac-eT 3
2 | GND AC_SEG2 >
MYXFRM
s & o

=2 O
Ecworcan_.. [o | = sl ]
Analog or Miked 4/0
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C2 Design Resources <1
; cfrm_ex.dsn pe0_3E24
& e o
3 Outputs A Z2ME OjLXNQ| Library EHE =85t OFR2 QER
-[RE) xfrm_ex-pspicen]
HEZ =2 Add Fileg A&t 0 CWOrCAD_DataWMyXfrm.olbE %0} E7|StCt
&} add File to Project Folder - Lirary == o]
| = A0 | OrCAD Data - @F e Er
| P B 3z |
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-
-
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‘orcAD Capiure ﬂ

@ Save changes to Part MYXFRM?

LtZFCh. [ am ] [omam | [ =z

Place PartO Al MyXfrmZ E2{2t I ZE =it

‘Place Part ) . M

‘ Part:

| Part List:_ B

| ‘ w11 ArEM/Design Lacne

M7eFRM 0/Desion Cache

Libraries:

Graphic

@ Maormal

Ll

Loryert

Packaging
Parts per Pkg: 1 izt

Pt

Tupe: Homogeneous g

AC_SEC1
DC_SECA1
Ve D1 D2
D1N4004 D 1N4004
D3 D4
——D
D 1N4004 D 1N4004
U1 v
AC_IN 1 3 )
AC_IN  AC_SEC1
) AC_CT &
GND AC_SEC2
V-
i MYXFRM AC_SEC2
DC_SEC2
& D5 D6
VOFF =0 D
VAMPL = 230
FREQ =60 D1N4004 D1N4004
D7 D8
e
- D1N4004 D1N4004
- O V-
V-
MATIC1-xfrm_tran v.l : ' [ Poe 2y

7 /- (SCHEMATICI : PAGEL) it simulation settings | Edit Simulation Settings HE & Z&|StCt.
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“Simulation Settings - xfrm_tran - [

General | &nalygst (Options | Data Collection | Probe Window |

Filenarme

i|!C:‘W‘CJrC."-"«D_Data‘v‘v‘r\-'u,'><frm.LIB Browse,

Confaure A

. Ay lib \M
|
[ Chipgs |

Library

["CHOrCADWOrC AD_\G, MtoolsWRSpicetLibrary” Brawse. ..

! et | @2 | mme | =sw |

Configuration Files EHO|A Categoryd LibraryE Z&3}

L =
C:WOrCAD_DataWMyXfrm.libE %t2 CtE Add to Design HEZS =g &350 F7t3 LS

. Qrok oA BIX| %S AP ALKt UE Bo|EBE|E FIIYE W 2F7t Hrt
@ U AC_IN 0
+SIN 0 230 68 0 0 @
D_D5 HBB521 AC_SEC2 D1H40B4

=xxx RESUMIHG xfrm_tran.cir =s=s=
-EHD

iERRI]R -— Subcircuit HMYXFRH used by X_U1 is undefinedll I

Run PSpiceE 2&otH Ol =|z9| Zite} &YUSHA LIEFLT.

4007 T T T T T

SEL»>
—s00v . . . . .
o ViAC_IN)

vt 3

-Z0V; t t t t t
Qs 10ms Z20ms 30ms 40ms 50ms &0ms
o V{AC SECL,D3:2) ¢ V(DC SECL1,D1:1) ¥ VIAC SECZ,D3:2) a VIDC SECZ, R4:2)
Time
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D1
N DiNT50

1) 32
R1
out
NN
1k
. V1
oVdc—
[ 3
)
2) A87s 4 &2

=
git'ﬁ(PIace Part)VDC, R, DIN750, ¥ (Place Ground)GND

1 (Place Wire), LL"~(Place Net Alias)

3) AlZdlold =

i

Simulation Settings - DC

General #nalysis | Configuration Files | Options | Data Collection | Prabe Window |

Analysis type:
|DC Sweep

=

Options:

=)

New Simulation

[5econda

1 Sweep variable

* Volkage source

M ame:

" Current source
" Global parameter

Sweep  Model parameter
Has [Monte Carlo/Warst Case " Temperature
oc [IParametric Sweep
[:\C | [ Temperature {Sweep) ~Sweep ype !
Sncel n '
Inherit Fram: [IZave B!as Po!nt ol Start value: 11_.
[JLoad Bias Point i -
na wvalle: i
= '| E] ™ Logarithmic I[Iecade ~'i
| I8 0.0z
Root Schematic:.  SCHEMATICA ncremen i
 Walue list |
4) Probe A7
R1
AW 2
1k
Vv
NI D1
0Vde=— ’ZS, D1N750
[
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5) Run PSpice

5.0V T T T T T
n/f—_"—\
/ | o — P
Model Text ""‘-u...._‘__
.model DINTSO D(Is=880.5E-TE—Re=w25 IKI=0 N=1 Xti=
2.5V + ¥3j=.75 Fc=.5 Isr=1.859n Nr=2|Bv=4.7 [Ibv=20
+ Ibvl=1.9556m Nbvi=14.976 ThvIi==2T 277u)
% Motorola pid=1N750 case=D0-35
* 83-9-18 gig
I * Vz = 4.7 @ 20mA, Zz = 300 @ 1mA, Zz = 12.5
Ready N
ov : : : : : —_— ]
1w 2V 3v a7 sv &V v av v 10v
o V{OUT)
v Vi
et wo
i D1 ‘
i =
A DIN750
! o =22 &S o A = EOo =
:____\ __________________ Capture0fA{ DIN750 @& 22 & OIRA QEX% HES =0

| (=]
Yl MudEl Piat TDL||B cadence -=I1=lx
T
- required for S‘moké.ﬂnalym
Madified Dc Test Node Mapping
Diade
Thig is the Modes and F‘cut Mapping:
“You can enter ports of your choice Device Max Ops Description Yalue
IF Max Forward Current mom]
IRk Max Reverse Current 96, 72m
Hode Port 0 FOM Ma Pwr Qissipation 05
- - T Max Junction Temp 200
S . RIC J-C Thermal Resist C
NODE_&N i = : bl kel i
a aad
+
+ Ibvl=1.9556m Movl=14.976 Thv T 277u)
* Hotorola pid=1N750 case=Di- 35
* 89-9-18 gig |
¥ Ve = 4.7 @ 20mk, Zz = 300 @ 1wk, EZz = 12.5
[Ready ML 7

Bv {2 82 7ot MY LS A LiZiot
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CITemperature (Sweep)
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 Waolkage source
7 Current source
" Global parameter
' Model parameter

" Temperature

Madel tipe:

Model name:

Parameter name: |Bv

]|

D

|d1n?50

i Sweep type

™ Linear

™ Logarithmic I[Jecade "i -

& Waluelist [4.7v 8¢
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9%t Model Editor &

, ; : ; ; ; , ; Secondary Sweep 4%

v 2
8 V{oUT)

- ; ; ; ; ; ; , ; Parametric Sweep 4%
v v v 4 5V av W 8V av 1ov
o ¢ V{OUT)
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- Clipper 3|2 Ot=7|

ofziel (1) gl2& MY Clip ZHE

(1)

(=

Ir=

9%+ Model Editor

= X=4
=0O

(2) 2122 AlE20|M AR

VCCK:

R2 N D1
3.3k D1N3940
MID
R1 couT
IN | AW MD 1 ’ Jout
1k 0.47u
VCCK— § R3 D2 R4
1k D1N3940 1k
V1
5V — -
=0
=0
U1
2
1 MID
IN 3
ouT —
V1
Wac@ MY_CLIP
OVdeNs
=0

PCB Editor| EDIF200] INF | Layout PSpice | SPICE | Verllna | VHDL | Other |

e | e

Option
I Croats Histarchical Format Matlist

Setfings, ..

* zource CLIFPER
LSUBCET MY Clip IN MID OUT

¥ Create SubCircuit Farmat Netlist silam] 3
G Hrrnat fuetlst U =“1hi’KI"’|~‘-l D D1 MID VCC DIN3940
& Descend Fopice lemplate D D2 0 MID DiN3Z40
o hot Descend E_R1 IN HID 1k
| R_Rz MID VCC 3.3k
[ PBlace DRC markers for Errars and Warnings 3‘3? 3(:?3 sérk
C_CcouT MID OUT 0.47u
o E_R4 0 oUT ik
Metlist END3

[FTRAINGHY_CTip. L5

Browse... |
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9%t Model Editor &

t[ File iEl" Hyerarch}l U? =
; CHCadence s 2
Enlee Input Model Library: CifCadencettsh MID
IC:\useﬂ “trainingshy_Clip LIE 1 IN
3
Enler Dutput Part Librany ", I/I ouT
IE “userlihrainingh'r_Clip.olb Browise... E Libr_ary Cache
Outputs W_C:LIP
P
ok Bl | Help I PSpice Resources .
PEER .PJJ.&
U1
2
1 MID
IN 3
ouT
Vi MY _CLIP R1
1Vac@ 10G
OVdoNs § R2
10G
-0 -0

Analysis type:

—&C Sweep Type

© Linear Start Frequency: |1
Name: Options: & Logarithmic End Frequency: |1 00meg
General | ]
Iac:_1 D0med el Decade = Foints/Decade:  [100
Cancel [C1tonte Carlo/Worst Case
R Erpny [CIParametric Sweep
= x 1 Temperature (Sweep) - Moise Analysis
Inone d —I []Save Bias Point ™ Enahled (bt il ame: I
: : : Load Bias Paint
Root Schematic:  SCHEMATIE] = | Saree: l—
—
-0
-204
-404
-60. T T T + + + +
1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHzZ 1.0MHz 10MHz 100MHZ
o DB(V(R2:2)) o DB(V(UL:MID))
Frequency
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10% Monte-Carlo/Worst-Case dff A

Monte-Carlo/Worst-Case ofj A

1. Monte-Carlo Sl

=ZHZIEZ di42 o8 oo ZE aXte| mEtily g2 HESHA B=AZ|HA 2=

o &S o= diMOICt Of ZMZRH X Ot2t0lH #HSof| HE

E %’8 Hotof it &
Al HoEtE g + AL, =7t HA HFHOAM SEHY O o SEHRI ENY
ARA7HE o5 &+ Utk

Simulation Settings - ex_tran

General Analysis ] Configuration Files] Dptions] Data Collection | Probe Window |

Analysis bype:

@ MonteCarla [~ Enable PSpice 44 support for legacy
= = ™ WWorstoase/Sensitivity  Output variable: [ViouT)
Opticrs: i~ Monte Carlo options -

Mumber of runs; 100
Use dishibutior: Uniifrm _:_J Digtributions...

[“1Parametric Sweep

T Svineratins [Swesa) Fandom number seed: |23 [1..32767]

[_15ave Bias Point Save data from Al - ung
| 1Load Bias Point

15 ave Check Paints : 3BEIIEE Uil

1R estart Simulation

ML Load/Save. .. ‘ More Settings... ‘

| Cancel ] Apply ‘ Help ‘

Distributions

Existing distributions:
Clelate Cancel
I Load parameter values from file:
Help

Distribution name: |

Save

Distribution curve values:

|
| | e

Enter up to 100 [<deviation:, <probability> | pairs. Each deviation value ok |
must be between [-1.1] and in increasing order. Probability values must be
greater than zero.

LoadfSave Monte Carlo Parameter File

I~ Save parameter values in file:

Cancel ‘

2. Worst-Case ofj M

2= —"r“H BAOI HEfZE SAI0] Z[20] £[E Mo= 2RI SEEHLE J|ls2 YUY
F= 2 ASto AMEZ7L 1R =2 HAE & = UAEF s{AM5I0 ALEDICL
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10% Monte-Carlo/Worst-Case dff A

Simulation Settings - ex_tran

Gereral Analysis ] Configuration Files] Dptions] Data Callection | Probe Window |

Analyzis tupe:

" Monte Carlo. [ Enable PSpice & support for legacy
Time Domain [Trangient] « o st st BRELE AR ]—-—-—-—-V[DUT]

Options:

[# General Settings

[“1Parametric Sweep N 4J

[ 1Temperature [Sweep]

15 ave Bias Paint

[_|Load Bias Point

[ |5 ave Check Points 1~ Wwiorst-case/Sensitivity options -

IR estart Sirulation Wary devices that have 1b0t|’1 DEY and LOT '] tolerances

Limit devices to typels]:

I~ Save data from each sensitivity run

ML LoaddSave. ‘ ore Settings... ‘

ok, | Cancel ] Apply ‘ Help ‘
Monte Carlo/Worst-Case Output File Options |

1~ Callating Function -

The collating function iz performed on an output wariable [for
example. V(1)) The rezult iz listed in the output LOUT] file only. Gl

Evaluate only when the sweep variable iz in the range:

Ik~ o Ok ]

[~ List model parameter values in the output file for each run

3. Tolerance
1) DEV

Device Tolerance2 Zg XMooz HY 4= Q= SHAE Q|0|sHCt
2) LOT
2Ll AXI7L CHESH =3 Ao Hatg = = 3{ETHAE 2|0|3tCt.
Plat Tools Window Help
|l‘|H|(aa|E;|J wjojo| alalajal @] xX[vi| @]
||| .model Fhreak RES R=1 DEV=2% LOT=10%

Madel MNa,,, Ty.pe. Mud‘iﬁed Dal | |

Rbreaks RES
OE =0 R=1 DEV=2% LOT=10%2} ZLCIH ODjASHA|OC LOT=10%0{ 2ol X&t0| 10%
W 22 UOE WS T8 DEV=2%0| o8| ChAl 212t 2%4 WEY & USS oo|sct,

MErA E|CY 12%7tX| 2] HE0| & =ICH
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10% Monte-Carlo/Worst-Case dff A

1) 32k
R1 t
ou
MV

Rmonte

1k

oy Vi R2
= 3
Rbreak

-0

2 M85 U 28

44 (Place Part)VDC, Rbreak, * (Place Ground)GND, L (Place Wire), = (Place Net Alias)
3) AlZ2g0|M =

Simulation ettings - Tran_Ims

r = | T
Mew Simulation M General Analysis iCnnﬂguratinn Files | Options | Data Callection | Prabe Window |
5 Analysis type!
Marne;
) - [ Gl ] iTiITIE Domain (Transienl_v_] Run to time; Tm seconds [TSTOP)

Tran_Tms Options: Start saving data after. |0 seconds

Inherit Fi ﬁ 1 General Settings - r~ Transient options:

nherit From: - r —

[honte Carlo/Waorst Cas P l_
i P size seconds
—_— - | E] | CIParametric Sweep I

[]=ave Bias Point
[Load Bias Point )

[1Save Check Points ~ [ Runin resume mods Output File Options...

[ Temperature (Sweep) r 1™ Skip the iritial transient biss point calculation [SKIFBP)

Fioot Schematic:.  SCHEMATICT

Simulation Settings - Tran_1ms

General Analysis | Configuration Files | Options | Data Callection | Probe Window |

Analysis type:

‘ r_r—ﬁ—‘.m_—:] + Monte Calo [ Enabls PSpice A4 support for legacy
‘ i lomaly: flanslent 2 " ‘worstcase/Sensitivity Dutput variable: !V[nut]

Options: Monte Carlo optiohs —
Mumber of runs: 10
rahome Carlg

Parametrc W Use distribution: Unifarm '! Distributions... I

I Temperature (Sweep) iE Random number seed: [1..32767]

CI5ave Bias Point Save data fram 1AII v“ funs

| |Load Bias Point

[# General Settings

4) Probe A7
R1
ANV out

Rmonte V

1k

oy V1 R2
= 2
Rbreak
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10% Monte-Carlo/Worst-Case dff A

5) Run PSpice

| Ratate
v Edit Properties, ..
Edit Part
R2 Export FPG&
1K - [ Edit PSpice Model

Rbre  Edit PSpice Stimulus

| Export Parameters to Optimizer

Rbreak AXtZ ME{3H & OLQA Q2% BEZ £2f Edit PSpice Model B2 Mefstn
DEV=5% TCl=5e-4 TC2=0 .
1 Fhreak RES R=1
IBIS Translator,,,
Import . XS o4&l Model > Copy From..& A
Export...

New Model IHmDnte

Source Library: |CAUSERTMtrainingyripple_ derippls, | Browse |
From Maodel:-

New Model0| RmonteE 23t From ModelQ|

Plot Tools MWindow Help
=L B[ «[o]m] alajaja] @]
. .)SI .model Bmonte REZ R=1 DEV=1D%|

| MndIN.. I fgpe | Mndified Da
RES

| Rrnontex

Rbreak RES

DEV=10%=Z HAs1 X ESt L2 Model EditorE A LtZICH Run PSpiceE & stC}.

5.2V T T T T
e —— 3 & ry Ryr—
% * # * # * *
5.0V-@ ¥ -] a 3 a a 5 -] a
v v
4.8V t t t t
Os 0.Zms 0_4ms 0.6ms 0.8ms 1.0ms
O 4% &4 # W{OUT)
Time
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Irace| plot Tools Window Help p@
T2 Add Trace.. Insert 5
= Delete All Traces Ctrl+Delete
1 o i

< Fep Fourier
| Performance Analysis...

[ I
l%

Tuorrar

Trace > Performance Analysis... O

Performancs Analysis

FPerformance Analysiz allows you to see how some characteriztic of a

| waveborm (a3 measured by a Meazurement] varies between several
simulation runs that have a single variable [parameter, temperature,
etc]| changing between runs. For example, you could plot the bandwidth
of a filter vs a capacitor value that changes between simulation runs.

Multiple simulation runs are required to use Perfarmance Analpsis.
| Each simulation iz a different section in the data file.

10% Monte-Carlo/Worst-Case dff A

L=
T =

‘performance Analysis Wizard - Step 1 of 4

Analog sections currently selected !‘I Oof 10

‘ariable changing between sections 1M0nte Carlo run number

Fange of changing wariable j‘l to 10
The . awiz will be a histogram.
The ' axis will depend on the Measurement you use.
If you wish, you may now select a different set of sections.
Choosing 0K now will take you directly into Peffarmance Analysis,
{ where pou will need to uge Trace/ddd to 'manually’ add your
Measurement, or expression of Measurements, to create the Performance
Analyzis Trace.

| Instead, you may use the Wizard to help you create a Performance
| Analyziz Trace,

Ok, | Cancel JI Wizar“l Help ‘ SelectSections...‘

V(out) =EQO| Mt

w2 FH 27| s Max

"Performance Analysis Wizard - Step 2 of 4

Choose a Measurement.

Falltime_StepResponze -
Falltime_StepResponze_*Hange

Maxltrace name]

Find the maximum value of the trace.

Min_#H ange

Mtk Duky_cypcle

MthPeak

Owershoot

Overshoot_*Fange -

W ! Measurements...
‘ Cancel ‘ <Back I’Tbl\ll Finish ‘

0

“welcome to the Performance Analysiz Wwizard.
It will help vou create a Performance Analysis
“trace, by helping you chooge a Measurement,
and test that Measurement on one of the
traces you want to characterize,

- Choosing Finish now will take you directly into
Perfarmance Analysiz, where pou will need to
use Tracebdd to 'manually’ add vour
Measurement, or expression of Measurements,
to create the Performance Analysis Trace,

Help I Cancel I <Back| Mest: ]\il Finizh I

SIAE
S =
I:!‘TE

0[-83}0] ZActLt.

=

"Performance Analysis Wizard - Step 3 of 4

Meazurement Expression

[ Mty [out)

Mow vou need ta fill in the Measurement arguments. That iz, you need
| to tell the Measzurement which trace(s] to look at, and if necessary,
| the ather numbers the Measurement needs to work.

| The Measurement 'Max' has 1 argument.
Pleaze fill it in rnow.

Mame of trace to sealdl W out] i

Help T
Help Cancel ‘ <Back Mext> Finizh ‘
o F L
ddel 822 Max 0| LtEFECE
B.0 T T T T
Max (¥ (out)) =5
e. 01 1
P1
.
| Performance Analysis Wizard - Step 4 of 4
4.0+ 4
Sometimes a trace doesn't have the characteristics you expect. Mow
we have tested the Meazurement you have chozen on the trace from
the first section.
If thiz result appears to be carect, then choose Next or Finish to
dizplay the Performance Analysis race.
z.0 } I
0s 0_2.“% Help | Cancel ‘ <Back ‘ Mext> Finish ‘ 0.28ms 1.0ms
o Vious) —
Time
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10% Monte-Carlo/Worst-Case dff A

40
%
20+
SEL>> 3 i ;
0 T ; = t T ; T 1
4.7 4.8 5.0 5.1 5.2 5.3

Max (Viout) )

n samples =10 sigma = 0.094073 medien = 5.0l11B2 S*sigma = 0.283B822
n divisions = 10 minimum = 4 53444 30th %ile = 5.10401
mean = 4.959275 10th %ile = 4_B5533 maximum = 5.18023

i
3]
=

v 7 v v

4.8V t t t +
O= 0.2ms 0_4dm= 0. &ms 0.8ms 1.0ms
O "% A + W{OUT)
Time
Rbreak AX}9| ToleranceE 0|23t ZH|FIER S| S alist Anto|Ct
W7 HE FY oto| ME o HXL, Z7t 24 Bk Zoigh xagh 52 dEIF QUCL
n samples : M3 =/ sigma : X} median : &7+ 4t
n divisions : A= £ | minimum : XA gF 90th %ile : 90% ¢ [jo| 7t
mean : W) 10th %ile : 10%< HQ| Zf | maximum : Z|CH Zf
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- Source MHZO| Q|

10% Monte-Carlo/Worst-Case dff A

St F3ko|| CHa Tran, Param, Monte-Carlo dfj A1=34
PARAMETERS: *
Rdown =6.3 R3
Rup=37 {Rup}
VDC =10V Rmonte
R 1 U17 | yA74t . |Vv2
IN —_—
MA—— 3 '~ o =
Rmonte
ouT
V1 V1=0 2 v
*r— - o]
V2 =10v 4
@ TD=1m - C1 / V-
TR =1n 0.1u § R2 R4
TF =1n Cbreak {Rdown} 100k
PW =10m Rmonte
PER = 20m Rmonte
J. J. -

nE

)
V(in)9| Rise-Edge TriggerZ| 2f44StH =0 CHsl 1msC| Delay=l &2 V(out)E

HhAH
= = - d = O
ot 22 ZHY7|0|C). Delayo| 24 Sit= &¢HA| 1.1lms, StetX| 0.9ms= ohCt
L Hge B 20 e =9 HotE 580t dYel HEF0 2 =9 Viouyel I
S ECHoICE MQto| HigtEk2 +5%0| 1 Parametric AnalysisE £3t 248 3IA|Q

2. HIAIE Clut Mgt R1o| X0 28 LtEtLt= =3 V(ounel FeE FHSIAL
Cl : DEV = 5%, R1 : DEV = 10%
Monte-Carlo s ES $=3stD HHEZI4= 100, Distribution2 Uniforme 2 AL}
1ov
5V
AlE2{0|M A1} Delay 1msehil L ; ‘
0s llllms 20ms 30ms 40ms 50ms
a ViIN) » W(OUT)
Time
Moidels List i%|| | .model Cbreak CAP C=1 DEV=5% Maodels List 8l| | .model Rmonte RES R=1 DEV=10%
Model Name Type Mod Model Name Type Mod
Cbreak CAP Chbreak CAP
Rmonte RES Rmeonte RES
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Analysis type:
|Time Domain (Transient = |

Options:

mGenaral Setings
[Monte Carlo/Warst Casg
[C|Parametric Sweep
CITemnperature (Sweep) |
[15ave Bias Point

¥

Analysis type:
| Time Domain {Transient = |

Options:

[#General Setiings
mhMante Carlo/Worst
[Parametric Sweep
I Temperature (Sweep)
[1=ave Bias Point
Load Bias Point

»

Analysis type!
| Time Domain (Transient |

Options:
[ General Settings -
Mote Carlo/Worst Cay |

raParametic Swee ..
CITernperature (Sweep) | =

£p

|50m seconds [TSTOR)
Start zaving data after. |D seconds

i Tranzient option:

M aximunn step size; l seconds

I Skip theinitial transient bias point calculation (SKIPBP)

Riur to time:

(% Monte Carlo
™ ‘worst-case/Sensitivity

[~ Enable PSpice &4 support for legacy

Output variable: |V[0ut]

|1DD
|Uniform vi D.istributions...l

Randor nurmber seed: |43 [1..32767]

IAII - i I Tuns

~ Monte Carlo options
Murmber of rrs:

U ze distribution:

Save data from

- Sweep vanable
(' ‘oltage source
" Current source
" Global parameter
" Model parameter

" Temperature

10% Monte-Carlo/Worst-Case dff A

- Monte Carlo 8} A

[15ave Bias Point - Sweep type
[Load Bias Point = ; Start value: |9.5
[1Save Check Paints = @ Linear
o End walue: 1058
" Logarithmic IDecade 'I
Increment: ID.1 P
- Parametric 3l A
" Walue list I
2y = e L R Y T
5 ‘ i 1
"..' J‘: %
| L |
)
T pES - G
£ il ¥ £ 1
3 i S § b
syt & 8 :1‘. 1 4
i = | I
3 L b
i ) Ed 2
3 i : s 1
2 i 3 5 z
= ] £l . o
e I £ LR gy - Time + Monte 3|4
e T T i
0= 10ms 20ms 30ms 40ms S50ms
- £ .o V(IN) D " Yo vi{ouT)
Time
20
[
SELs> J
0 T T i
9.818192 9_816196 3_816200 9. 818204 3.B16208 3816212 9.818216
Max (V{OUT) )
n samples = 100 minimum = g.8162 maimum = 9.81621
n divisions = 10 10th %ile = 3.8182 3*sigma = 1.1Zez2e-005
mean = 9.B81&2 median = 9.8162
sigma = 3.75401e-006 30th ‘$ile = 9.81621
L0V g | —— e % "
% : ke il
2 i i :
el 1 £ 3
Sl B i i 0
- g i b %
i i : :
zl il Ty Hl £
gv-'-is?'* } | ST o TS NIPREON B P |
0= 10ms 20ms 30ms 40ms 50ms
o s w4 + ... V(IN) o 4 % LY % --. V{OUT)
Time
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1. ABM(Analog Behavioral Modeling)

ABM 2}0|EE{E|l= HXAX 22 MXA|AHO FZE MEIE MUBLE 222 Look-up
Table S5 Sdl0 7|ed = U= 7IsS 7|2 2

Hol 2X+E 0|8t 2A5HA| Bk 2|29 & HEIE +stHQ Bz 7|&dty Z
=3

AX
2+ AL

—

) 7| 2Rt
7IE ARtE MEF AME Z = Aes ABM AX0|D YEH TYO J|EFL OfEER1

Z R BRI EL

A X}O| £ |
1,000 _ N
CONST ourrd Output=Constant Al gt 0 1
IN N
SUM 5 yr | Output=Input+Input | &= LHo| o 2 1
IN
MULT Output=Input*lnput | & =] & 2 1
IN
GAIN D—b—ﬂ Output=Gain*Input | 2/2{o| ZZ Zt 1 1
IN
DIFF Output=Input-Input | = &=9| Xt 2 1
N
2) Limiters
=8 Mol AVIE %N & X1 YUSE NStE 71s5S H= AXEO0|CE YoEH CHXt

o 7|E2 Otg=1 ®X| EHALOILY.
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ZF
HA
Zt

HA

A
T

| A+ATH
| arctagent

| A

10| cosine 4f

i 0
=

=0

40
=)l
2o

H =

U Zgtel X M&at
Y20l X HZ3

22| tagent gk
Q39| arctagent 4f

U= 9| sine gf

ol &
=]
ol &
=]
ol &
=]
o

O

O O O
O O O
M ol |k o0 5% |Ki Y
K — e — _ 0
s o @
ol |5 o Nk (53
— &l = ol
| K. - O <
Two Swl 0E
~N ol e NK +
~ H N —
m oF m_m_ oy, oju oI

o o ﬂur Jlo mum
ol . o ~ K
m“__u W_E Dl._m.__A = oHr r
z1 03 BN 2 Ko |oll 3o
ir = oojoju — o N\ .
K = 7o ol i - ol T

[e) — .o 0 o -7 —
Tt B |5 O E
oo Hr & S &%

M 53 &3 TFKo &r @ TS Ar ©

)

Input

)E Xpression

(

sin(Input)
cos(Input)
tan(Input)
tan~ ! ([nput)
-1
91

log, (Input)
|]nput‘Exprcssion

log,,(Input)

v Input

[Input]|
(Input

Input
e npu

tan

51O

0

1

] |Output
-] |Output
] |Output
—J |Output
-1 |Output
1 |Output
—J |Output
] |Output
—1 |Output
—J |Output
—J |Output

OUTy
ouT
OUTy
OUT
OUT
oUT
OUTy
OUTy
OUT
OUTF
OUTF

COS

LOG10
SQR T
N
N
TAN
ATAN
N

ABS
N

OHIN

LOG
EXP

CHIn

SIN

ARCTAN

PWRS1.0
IN

LN

)

D—IFI)\TWRE])UOT—D Output

Oz
N
Oz
(W
OHIN
[t
OHIN
I

(@)

0

10

GLIMIT | CHpw |®

0

‘rT(
e10
O

SOFTLIM | [N

ABS
2~ EDA (

LOG
LOG10
EXP
SQRT
PWR
PWRS
SIN
CosS
TAN
ARCTAN | O

ATAN

=

Lel




DIFFER | OHmv ourid |Output= Gain =

INTEG | [H b O |Output= Gain* / (Input)dt + IC 0 0 1 1
ov

Ci7[0Af IC gt2 =7| MY %S 2lo|sto.

LI E{ (Filters)

IHE dA5 P7| st AEEl= EEH s 0d ZFRZE UKL ABMOM A E= 7|
ZETEE Chebyshev HE|O|Ct. Chebyshev EEE = S HMA WS RippleO| Lt
EfLt= A0 E"'OIEH XpEtEIb=(Cutoff Frequency)= WIS EFES W L7H= FOb=7F EICh
Ol= Butterworth HE{S| HHT0M XtEtFOi+=E X C0[S0|N -3dB ZMEl= Fo+-E
Ho|z|= ZAut Ct2C}

rkr rul:I N

An

LOPASS

10Hz 1dB
100Hz 50dB

D_I% ouT

HIPASS

10Hz 1dB
100Hz 50dB

1000HZ

300H

BANDPASS |CH Q%o 198H§-u e ED™E | O o |o|olo|o
Z

AU
300H
BANDRE) |[H % 100HA-0| CHE X X|ZE{ | © o |olololo

otz #= EHO 7|52 8alst7| floto ALEE= #Ha0f gt 2F0|tt
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S e o
RIPPLE |EDjC0A] WEAT|O| dB
FP |0 ELt= AEFL4-E Hz THelz B9
LOPASS
FS  |SoHF0NM EZFOE Iﬂlﬁrﬂi Hz THRI2 H#?
STOP |FS FhI40|A X490 ZA43 7|2 dB o2 EH
FS  |Sa=XtYo EFF04+E Hz2 5
STOP |FS FOi40|A |40 ZA|T 7|2 dBZfCZ EH
HIPASS
FP |SIHCHAO| AJZtE|s XHEHFDISE Hz2 B
RIPPLE |EDIC{A0A2] WS 7|0 dB 2t
FO |Ss=AtHYAM Mol EFFa+E Hz2 #H
I |HOiSa7t ARtEle MO XEHFEDSE He2 B
F2  |eEntyp &Lt o XCHFEObE Hz2 BH
BANDPASS
RIPPLE |EDjC{0A2] WEAT|O| dB
3 |EREX Yoy Do EYFMLE o|0|stH Hz2 B
STOP |FO % F3 FO-0flA A& ZA3A7|E dB G222 EH
RIPPLE [M9¥, nASMNAML| WS 27| dB 2=z B
FO  |MY SRpfo| BLis XEHEDSZ o|0jstn Hzz2 B3
F1  |SAsX[tHYo EFFat+5 205tH Hzz #Y
BANDREJECT
STOP |F1 Q! F2 Z=Oj40|A %4 Zaf 37|2 dB o2 HE
F2  |SWEXYolM E-EFLGE o|0[stH Hz2 BH
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8) 7|5 B &Kt
Yo=Y MY B2 IRUAE =X S S50 oAAE HEL = U= 20|t
z3
EnN R X HE s 28 SiE|
3.14159265
ABM outH-O =3 7+2 314159265 e
*
ABM1 [HIN OUT{H] Output = Input * 100  of
1000
(V(%IN) *100)/1000
[HINL
ouTtJ _ Input 1+ Input 2 % OF
ABM2 i I Output = 5 AL
(V(%INTIV(%IN2)) / 2.0
[ 18\f]
[HIN2 ouT+]
ABM3 [HIN3 Output — Input 1+ Input 2+ Input 3 ot
(V(%INT) 3
+V(%IN2)
+V(%IN3)) /3.0
OUT+—1
ABM/I 1.4142136 { S2 7t 14142136 e
out-L
OUT{—D
[HIN ~ Input + 100 =
ABM1/1 our T Output — 1000 AR
(V(%IN) + 100) 71000
[Hrnz OUTJ§—D
_ Inputl+ Input?2
ABM2/1 N2 our-L4- Output = 5 M=
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D—INl OUT+_D
[ 18\
ABM3/1 [HIN3 ous Output = Input 1+ Input 2+ Input 3 2
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+V(%IN3))/ 3.0
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Table G4 ETABLE
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1) 22k - A& {f(Root Mean Square Value)

N @ E1
ﬂIN+ OUT INT

IN- OUTH IN-

GVALUE I EVALUE

V1 C1< Ri

VOFF=0 (7 1 1G
VAMPL = 1 @
FREQ = 1k
’ 1

-0

2) MNE7|s 3 BE

4 (Place Part)VSIN, EVALUE, GVALUE, R, C,

3) AlZ0|M =
5

reate

Itlan_5ms{

Cancel |

Ikt From:

&= Fir

V(%IN#, %IN-)*V(%IN+, %IN-)

IF(TIME<=0,0, SQRT(V(INT)/TIME))

OuUT

R2
1k

1 (Place Wire), = (Place Net Alias)

Font Schematic:  SCHEMATICT

Simulation Settings - tran_bm B

‘General Analysis | Configuration Files | Options | Data Collection | Probe Window|

Analysis type:

Dptions:

General Settings
[CIMaonte CarloWarst Cag
[CIParametric Sweep
1 Temperature (Sweep)
["|5ave Bias Point
["|Load Bias Point
Save Check Points =]

iomain . Jrans

Bun to time: Bz

seconds [TSTOP)

Start zaving data after: ID seconds

Transient optiohs

Maximum step size: |1u secands

[ Skip the iritial transient bias point calculation (SKIPER)

™ Burir resurme mods

Output File Options... |

* (Place Ground)GND
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4) Probe AH

V(%IN+, %IN-)*V(%IN+, %IN-) IF(TIME<=0,0,SQRT(V(INT)/TIME))

G1 E1

IN TN+ OU@ ouT
IN- oUTH
GVALUE EVALUE v
V1 C1 R1 R2

VOFF =0 1 1G 1k
VAMPL = 1 @
FREQ = 1k

5) Run PSpice

.Oms
o V(IN) o V(OUT) v I(Gl) a -I(Gl)

Add Plot ZH O Z Plot WindowE F7isff M= M

1.

o I(Gl) o -I(Gl)

0Os 0.5ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms
o V(IN) » V(OUT)
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22| 0| M35HA| 2
EVALUE : +EHRH(VPULSE), -EHXH(VSIN)
VPULSE : V1=0v, V2=5v, TD=0ms, TR=4.8us, TF=0.1us, PW=0.1ys, PER=5pus
VSIN : VOFF=0v, VAMPL=2v, FREQ=10kH:

H
-
o2
>
o
<
>
Ral
e
oo

E1
PUL ouT
: 4 SN IN+ ouT
\ IN-  OUT
v EVALUE v
V1 V1 =0v
V2 = 5y o V' IF(V(%IN+, %IN-)<0,0,5)
@ TD =0ms § V2 R2
TR =4.8us 1k ~ VOFF = Qv
TF =0.1us -~/ VAMPL =2y 1Meg
PW = 0.1us FREQ = 10kHz
PER = 5us
-0 -0 -0
"Mew Simulation (e
: Analysis type:
Marne: .
.ame B lTime Torriain (Transient_v_] Rur to time: 100u seconds [TSTOF)
Tran_100us
[W‘ Options: Start saving data after; ]D seconds
Inheit From: mGeneral Settings . - Trangient options -
s [CIMante Carla/Warst Cag| | - . ]“_
nang | D P armetic Gvsah | M asimum step size: |10n seconds
Foot Schematicc.  SCHEMATICT 1 Temperature (Sweep) |= [ Skip the initial iangient biss point calculation: [SKIPER)
[ 13ave Bias Point
(-3
&
4.0V
z.0v+ i
-
ov \
/‘/
3 5 40u; &0u: BOus 100us
o V{PUL) ¢ V{SIN) v V{(OUT}
Time

& v(oUT)

Time
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12%t Stimulus Editor 8

Stimulus Editor &

1. 3HHT
nulus Editar = [funtitied) +]
& File Edit Stimulus® Plot Wiew Tools MWindow Help cadence =l=lx
BEEEERRNEEAEEE il |
o5
ad ] I
o gl o o WA R T gy [ Fal L s [%
-1 _ =
o= 0. Sm= 1= 1._5m= Zms £.5m= 3m=
wy_sin ¢ my pwl
Time
al l
! Digital value to use when adding transitions
2. Toolbar
CERERREREC R
Q@03 ® 6GeO®® @ W O ® )
@ New : Stimulus A 3}7|
@ Open : Stimulus &7]
® Save : Stimulus X%t
@ Print : Stimulus T2 E =&
® Zoom In : 3}H =hCj
® Zoom Out : 3}H =4
@ View Area : €<% =t
View Fit : 2tHO| A =HCf
©® Axis Settings : = &A7H
0 New Stimulus : Stimulus I} TS 7|
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12%t Stimulus Editor 8

@ Get Stimulus : oty 714 27|

@ Edit Attributes : It &M HE

@ Add : Cursor ZQIE F7}

@@ Digital Value : EBX|M =7} A| AF2E Digital Value

ct.

J! Implementation : Stimulus S
VSTIM el oia | OFgE1 HYW | olgs
[ = o©°
Implementation = o= ¥HE
\ Implementation : Stimulus S
ISTIM P mel ma | ORI MRY | ol
Implementation = e Of= YHE
DSTM11 : =
. . Stimulus&
o Implementation : | C|X|& 1 Signal s
Implementation = Cxg uH8
DSTM12
cns CIXIE 2 bit
Digstim2 | [S2>={] Ty
Implementation =
DSTM13
i C|X| & 4 bit
DigStim4 @‘D B E%I 249
Implementation =
DSTM14 :
. . Stimulus&
o Implementation : | C|X|& 8 bit L
Implementation = CIXg 888
DSTM15
el CIX|& 16 bit
DigStim16 I@-D =2 oy
Implementation =
DSTM16 x|
e C|X| & 32 bit
Digstim32 | [S3ZLr>=]] =2 ozig
Implementation =
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1) 32

12%+ Stimulus Editor

=13
=

2
S

R4

MV
1k

—>Vss
LF411 ¥

2 \ 1

=

ou p

3 5
1k 1n
MYPULSE % "
ut |V 1k
— ) = —)VPD
=0 -0
= C2
SHVDD SHVSS PARAMETERS: {Cvar}
V2 V3 =
. . Cvar =1n —
15Vde— -15Vde— =0
2) Ar871s Y BE

% (Place Part)VSTIM, R, C, LF411, PARAM

1 (Place Wire)
3) Al23lo|M xH

* (Place Ground)GND

< (Place Net Alias) -(PIace Off-page connector)

mulation
Mame:
|butfer_trar
Caricel |
Inkerit Fram:
|none j |
Root Schematic: SCHEMATIC
Analysis type:
|Time Domain (Transient)j Biun to time: Bug zeconds [TSTOP)

O

CIhonte Carlo/Worst Cas
v Paramettic Sweep

[ Temperature (Sweep)
[15ave Bias Point
[Load Bias Point

[5ave Check Paoints =l

Start saving data after: IU seconds

Transient options

Mawimum step size: I seconds

™ Skip the initial transient bias point calculation (SKIFEP)

™ Bunin resume mode

Output File Options... |
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12%+ Stimulus Editor &&

Time Domain {Transient)| =]

HEmes

General Settings = ) Wodelnames
[ Monte Carlo/Warst Cas R

WP arametric Sweep 3
[ Temperature (Sweep)

[Save Bias Point
[Load Bias Point
[1=ave Check Points

4) Probe 47

R4
NN
1k
SYVSS
R1 R3 LF411 ¥
2
NN e ¢ NN
1k l
V1 R2 c1 Tk 5
1k 1n
&) s
MYPULSE 1k
o VDD
L ?0
=0 —SVDD —pvss
PARAMETERS:
V2 v3 Cvar =1n

5) Stimulus 474

Edit Part

Export FPGA

Edit PSpice Model

Edit PSpice Stimulus

Export Parameters to Optimizer

Import Model Parameters,
Link Database Part Ctrl+L
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12%t Stimulus Editor 8

_ mulus Editor = [bizs st]
] Fle Edit Stmulus Plot “ew Tools Window Halp

65

: MYTULSE

| ¥

6) Run PSpice

M M M m-m M m mmmmmm mmm

200uz

~100uA: T T T T T
0Os 0.5us 1.0us 1.5us 2.0us 2.5us 3.0us 3.5us 4.0us 4.5us 5.0us
06 v a6 + A v o+ ... I(C2)
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127%} Stimulus Editor &g
PlotOl Al Add Plot to Window Al3H — TraceO A Add Trace &3
[(C2Q)@25- [(C2Q)@1 =
= Simulation Dutput Yariables - Functions or Macros:
I" IAnang_Dperators and Functions ;I
o = | .
IE2:1) Ll b ¥
IR1:1) b nliages ;
IR2) ; @
12 1) W Curenis BES(]
IR3) : ARCTAN( ]
RZ1] o fRoses ATAN(]
IR 4) T AVG(]
R4 1] I e (VEHE] =
IR 5) P Cos(]
IR5:1) G b(}
U1:+] T DE(]
|[U1:-+] = Subeeit ades ERMA( ]
101:0UT) ENVMING )
U153] EXF(]
U134 Gl
101 IMG[ ]
I¥1:4] _ LOG(]
:%L] 0 variables listed kl:j[?‘l o
£ MA ] il
K| Conoel | Heb |
200uA
OA_/\
SEL>>!
-200uA
o I(C2)@25- I(C2)@l
200u?
(0.8
—200uA- T T T T T T T T T
Os 0.5us 1.0us 1.5us 2.0us 2.5us 3.0us 3.5us 4.0us 4.5us 5.0us
oo v Ao+ Ay s ... I(C2)
Time

Performance option

Trace — Performance Analysis — Wizard
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Choose a Measurement.

Cutoff_Lowpass_3dB =] IMasitrace name]
Cutoff_Lowpasz 3dB_<Range :
DutyCycle

DutyCycle <Range

Falltime_M olvershoot
Falltirne_StepResponze
Falltire_StepResponze_#Range
Gaintd argin

J Find.jha-n‘fa_ﬂifqurh walue of the trace.

Max_XF! ange

in 2
W HREY, T
4l ] E

Measurements...

12%+ Stimulus Editor

=13
=

2
S

Measurement Expression

[MaxiE2)

Mow you need ta fill in the Measurement arguments. That iz, you need
ta tell the Measurement which trace(z) to look at, and if necessary,

the: other humbers the Measurement needs to wark.

The Measurerment Max' has 1 argument.

Plezss fill it in now,

Hame of trace to sa’a[chE II[C2]

Heln | Cancel | <Back [ New> | Eiish | = —
— bl — — - Help: | Caricel | <Back I Hesty I Finizh |
200u
1oou‘//
SEL>>|
0 + + + t t
100p 200p 300p 400p 500p 600p 700p
o Max (I(C2))
Cvar
200wz
0A-¢
—200uA- T T T T T T T T T
0Os 0.5us 1.0us 1.5us 2.0us 2.5us 3.0us 3.5us 4.0us 4.5us 5.0us
06V A O+ X AY 3 I(C2)
Time
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VSTIM AX+E 0| 823}0] Phase =

Y578 Fyotm

Vv

1

AlZgold

()

12%

Stimulus Editor &g

=

0, 120, 2402 LC}&3| 20 DIN4148=

SIA|2. [V(out), R

D1

MS(V(ou

N\

Implementation =

D1N4148

\%

D2

ouT

Ch

Implementation =

V3

D3

N4148

M\

L
-0

©

Implementation = P24

N

| 2]
\D1
P120@ "V

D1N4148

o

1) 58]

F7totof 3¢ 99

[T

V V: Mirror Vertically
i - Rotate
R1 ; f C}J\‘ Edit Properties
1 k ! == Edit Part
Impls‘ Edit PSpice Madel
----------- Edit PSpice Stimulus
V3 ‘ Expoit Patameters i :.z“Rr?m:

P09

o Be

P1209| my™ME

P2409| mtA™KE

Mesy Stimulus

Mame: | PO
Analog
1 EXP [exponential
(& PULSE
() PWL [piscewize
i SFFM [single-treq
1@ 51N {sinusoidal]

Digital

171 Clock

1 Signal

(O Bus widthe

Iritial Value:

)

SIN Attributes

==

Wame: P

=1

Offset valug

Amplitude

Frequency [Hz] Tk

=

Time delay [sec

=1

)
Damping tactor {1/zec)
)

o

Phase angle {decrees]

[ 0K J[Eam:e\]l Apply ‘

Mew Stimulus

Mame: P120
Anslog
11 EXP [exponential
(I PULSE
(1 Pl [piecewize
11 SFFM [zingle-freq
1@ 5IM {sinusoidal]

Digital

11 Clock

1 Signal

(1 Bus width

Iritial ¥ alue:

SIN Attributes

===

Mamie: P120
Offset valuz O
Amplitude 30
Frequency [Hz] 1k
Time delay [s8c) O
Damping factor (14sec] O
Phase angle (degress] 120

[ Ok J{Cance\]l Apply ‘

New stimulus

Mame:  P240
Analog
11 EXP [exponential
& PULSE
(71 PWL [piecemize
1 SFFM [zingle-treq
1@ 5IM {sinusoidal]

Digital

171 Clock

1 Signal

O Bus widthe

Initial ¥ alue:

e

SIN Attributes

Marie: P240

=

Oifset value

w

Ampliude 30

Frequency [Hz]

=

Time delay [sec)

=1

Damping factor {1/3ec)

Phate angle (degrsss] 240

[ ok ]{Cancal]l Apply ‘

[ stimulus Editor - [stm_testst! 7]

|® File Edit Stimulus Plot View Tools Window Help

cadence

|:|>||§.|g

0.5ms
o M0 » P120
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12% Stimulus Editor &2

: '
Mew Simulation (o]

Analysis type:

Mame: Z
e Create [Time Domain (Transient ] Funtetine: [3m seboncs TR
Tran_3ms
il Options: Start gaving data after: |U seconds
Inherit From: ara i

£ ® - Tranzient optionz

P peraatis SWEDEr'Et Cay | I axirmurm step size: !D.Su seconds
[1Temperature (Sweep) |= [ Skip the initial transient bias point calculation [SKIPEF)
"15ave Bias Paint

Inone bt | E]

Roct Schematic:.  SCHEMATICT

ov+t p

—zav- 1

SEL>>

o ViouT)
407 T T T T T

g

L

i’

—-407 t t t t +
Os 0.5ms 1.0ms 1.5ms 2._0ms 2.5oms 2.0ms
 WiDl:1) » W{W¥2:+) 2 ViD3:1)

Time
S =
S =]
Add Trace & RMS =%
Add Traces i M i A
| Siteustinn Output arisbles Functions o Macros | |
\F Plot ‘window Templatss -
= e m T T e e
3 T TR = St "
I = ¥ Analog Clent Gainl1.2) I ew Simulation l P10t Window Templates
Itv1) I Dt D Current Gainl1,2) s E
Itv1:4) = D Voltage Gainl1 2] dit Simulation PY | Derivative < [P |
Itv2) 7 woksoes Dirivativell) | |Faime of Stes Fesparse fruitu
1(v2:4] m Faflime of Step Response [multinunl(1] Fist Pask [multirun] o)
Itv3) Pt Fifet Peak. fmulti-un](1) W Simulation || | Fouiier Transfom s
14341 * Furier Transforra(1] vt e e "
Time Impedancel1.2] utput File wershoot of Step Response [multi=
| fvm 1 Foner Ind=grall1) 3 | Berod [muiaun]
YD1:1) r 3 LdarLinear(1) Crekite Netlist Pulsenidih [mult ]
|viptz) LdoLag(1) ; Risefime of Step Response [l
D21 : Nbauist Plot(1) Netlist =
D22 AL Dlershoot of Step Riesponse [muliun]
: - Priod [multirun][1) ced Analysh)
Phiase Difference(1.2)
victh [multiun]1] -
sistance|1,2)
Wi Rizetime of Stei Hasﬁnnse rivlti-run](1 Bias Points 3 Voltage Diffedgntial
VIRTT) Square Foal(1] a | current Into Fi
(i S5 varisbls ted Voliage Gaini1.2] B Power Dissipation
‘ VIv1) £ el t 4 Advanced
Ful List

Plot Window Templates... I}

‘ Tisée Expressior: [FmsviOUT]] > [Cancdl | Hek |

T8V T T T T T
n\/uvuv—u\_/_-ﬂf\uf
247 g
IV g
zovT g
18V + t t + t
as 0_5ms 1.0ms 1.5ms Z.0ms Z.5Sms= 3_0ms

o rms {V{OUT})
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13% Digital 2|2

Digital 2|2

1 =232
CIX| 2 A|AEIO| 7|2 =232 AND, OR, NOT Gate?} Flip-Flop S22 T 0 Lt
q OF
=]

Ol =29 YHut =8| 7|z2 1 = 022 HAISIH O|AS Y2 1M=Z LIEHLOY.

F

2. C|X|&E3| 2 SimulationES 2|st MH
Simulation Settings - Tran X
General | Analysis | Configuration Files  Options | Data Collection | Probe Window |
teory o i~ Timing Mode
" Minimum
i+ Typical
1 Maimum
17 Worstkcase [mindmax]
[T Suppress simulation eror messages in wavefom data fils
Initialize all fip-flops to: 5]
Default 140 level for & ? el 7]
rbizeed Ontins | Reser |
20l g2 | =sm | =8
) CXE M= B BF
‘0" : Low ‘1" : High
'F' : Falling ‘R' : Rising
‘X' : Unknown 'Z' . High Impedance
Digital Probe State Displayed As
< High —— single green lines
* Low ——— single green lines
¢ Unknown ————————— doubleredlines
¢ Risingtransitons — double yellow lines
¢ fallingtransitons — double yellow lines
« Tri-state —— ftriple blue lines.
2) Syntax

<digital_node_name>;<display_name> or <digital_expression>;<display_name>
o) U2:yY;,0UT1

{digital signals list};display name;radix or {bus_prefix[msb:lsb]};display name;radix
ofl) {Q2 Q1 QO}A;O[B,D,H], {a3 a2 al a0};d

B : Binary, D : Decimal, O : Octal, H or X : Hexadecimal(Default)
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3) Digital Operator

13% Digital 2|2

() | grouping

~ logical complement

*/ multiplication/division (bus values only)
+ - addition/subtraction (bus values only)
& and

A exclusive or

| or

4 Cxg M

=
Flacz Fower @ Placs Fower ﬁ
| [
Symbol Symbal "
sD_HI $0_L0
Carncel Cance|
[$0_HI/Design Cache = _ [$0_L0/Desin Cache = =
Eﬂ!’ﬁﬂﬁﬁ—,j Add Library. 50 L0/50URCE ] Add Library..
|$D_L0/Desian Cache | — @_@ [/CAPSYh E | D a
0 L0/0LRCE Sl soURCE D | (omaum
o { Help I Help:
| |
‘ b Name: [ Manne:
$D_HI $0_L0

5) Timing Mode

AME20|d Z=2Tof

HO|El 7|24k Options — Gate level simulations

Minimum Delay

Typical Delay

Maximum Delay

lWIN|R|O

Worst Case Analysis

DSTM1

U2A
data 1 2

data+delay

Bl
COMMAND1 = 0s 1
COMMAND2 = 40ns 0

7404
MNTYMXDLY =4

DATR O

i1

|
CLOCK+DELAY 1

OUTEUT X

Probe Cursor

A1 = &2Z.000m, 1
AZ = 44_800m, B
dif= 17.200m

LoIZ A EDA (3)
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1) 2

13% Digital 2|2

OFFTIME = 4uS 0
ONTIME = 4uS % =
DELAY = 0 VDD Q[0:2]
STARTVAL = 0
OPPVAL = 1 Ut
: D78Q2 6 Q2

OFFTIME = 2uS 3 a
ONTIME = 2uS it R Q1
DELAY =0 T3 DS Q1
STARTVAL = 0 T3 Bg 0 9 Qo0
OPPVAL = 1 12 Q

T 07 s ¢
OFFTIME = 1uS psm2 o) D1
ONTIME = 1uS 5 Q- 15
DELAY = 0 Dfj El 3EO0 =X
STARTVAL =0 .| V1T o] CD45328B
OPPVAL = 1 12Vde=—
OFFTIME = .5uS )
ONTIME = 5uS ooTM!
DELAY = 0 1=
STARTVAL = 0 =
OPPVAL = 1 0

2) Ag7ls % 2B

Q(Place Part)CD4532B, VDC, Digclock(Source.olb), = (Place Ground)GND

1 (Place Wire), L (Place Bus), = (Place Net Alias)

3) AlEgold =

Simulation Settings — tran_20u DN

General Analysis | Configuration Files | Ontians | Data Callection | Prabe Window |

Nw imulatiun o = ﬁ-ﬁaS?Ste: Fiun to time: |50us seconds [TSTOP)
I_tran_ISDd Options: Start saving data after: IU seconds
e General Settings — Iranzient optiohs
Inhierit Fram:; ;I Mot Carlorst Ca II\'1a><imr,|tm :ttephsize' I_ seconds
(1P ic 5 = '
|n°”e j _I ET:;?EH;ELEEV(VSE\?\;ED) [ Skip the iritial transient bias point calculation [SKIPEP)
Root Schematic:  SCHEMATICT I_:@Save B!as PD!nt
:E:lézig EI::CEDFl‘EtintS =l ™ Burin resume mods Dutput File Dptiokis... |
X ey
Input Output
El | D7 | D6 | D5 [ D4 [ D3 [ D2 | D1 | DO | GS | Q2 [ Q1 | Qo | EO
0 X X X X X X X X 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 1
1 1 X X X X X X X 1 1 1 1 0
1 0 1 X X X X X X 1 1 1 0 0
1 0 0 1 X X X X X 1 1 0 1 0
1 0 0 0 1 X X X X 1 1 0 0 0
1 0 0 0 0 1 X X X 1 0 1 1 0
1 0 0 0 0 0 1 X X 1 0 1 0 0
1 0 0 0 0 0 0 1 X 1 0 0 1 0
1 0 0 0 0 0 0 0 1 1 0 0 0 0
LIQIZE{A EDA () 113



4) Probe &7

OFFTIME = 4uS
ONTIME = 4uS ELET'\M
DELAY =0
STARTVAL =0
OPPVAL = 1

OFFTIME = 2uS
ONTIME = 2uS DSTMS3
DELAY =0
STARTVAL=0
OPPVAL =1

OFFTIME = 1uS pg1Mm2

ONTIME = 1uS
DELAY =0

STARTVAL =0
OPPVAL = 1
OFFTIME = .5uS
ONTIME = 5uS ot
DELAY =0

STARTVAL =0
OPPVAL = 1

5) Run PSpice

e

N

13% Digital 2|2

Q[0:2]

DSTML:1 [ e L L L L L L L L L L L L L L L L L L L L L L L L L L L
psTM2:1 LI L oI Lo 1L oL r . oo oo o e e e r e e e e e e e e
pspM3:1 [ Lo L. ¢ L. . .’ L . . . __r . - L. L 1 1L |
DSTM4:1 1 I I | I— | I— | I— [ —

Q0 | I B | | N N | | I B | | I B | | I B | | B |

o1 1 1 1 1 1 1

Q2 1 r 1 1 r 1 r | —
{Q[0:2]} 6 XTI X6 X2XX0 1 (6 X2XX 1 (6 XZXXX 1 6 XZXKX 1 (6 X2XXX

Os Sus 10us 15us 20us 25us 30us 35us 40us 45us 50us
Time

HA MS BHHOZ = {MSB eeceecees |SB} IE= {Bus_Name[MSB:LSB]}
o) {Q2 Q1 QO} =& {Q[2:0]} E= {Q[0:2]}
QAR |G E |V .zs.m@gg
S
DETM1:1 S
DETHE: 1 ‘ Hﬂ' 2
DSTM3:1 z 11:02
DSTH46; :
g; - Full List
ES?SEEH#,. e
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13% Digital 2|2

- HtJHALD| Delay Time 75}7|

88 AKXt 7486, 74002 O|83t0] HIZMTIE FMSt0 AZ0|M SHA|2.
H M3 E= 02us ZHAdS 2 00, 01, 10, 11, 00, 01, 10, 11, ..E QI7ISIA| L.
Zt TransitionO| YOjLt= HE29| Delay TimeS ZAISHA| 2.

OFFTIME = .4uS , U1A
ONTIME = 4uS A A\
DELAY = K> 3 SUM
STARTVAL = 0 v i
OPPVAL = 1 v
7486
U2A
1
OFFTIME = .2uSg 3 CARRY
ONTIME = 2uS B 2
DELAY = (ST, v
STARTVAL = 0 y 7408
OPPVAL = 1
'New Simulation M

Analysis type:

N.ame' - Create [Time Domain (Transient »|  Funtotime: [1u s LTS
Tran_Tus [W' Options: Start saving data after: ID—_ seconds

Irherit From; - mGeneral Settings B - Transient options

nane v| E] [IMaonte Carlo/Warst Cag - b airmunm step size: l— seconds

[1Parametric Sweep
[ Temperature {Sweep)
[15ave Bias Point

Root Schematic:.  SCHEMATICT [ Skip the initial rangient biss point calculation [SKIPER)

A&a M8 o IUFI g
f
£ ——
: I _...-—-—'
— -
4
o | Probe Cursor
(i A1 = 215_000n; 1
REZ = 200.000n, 1
|ldis= 15_oo0m
1 1 1
H
T } } }
Os 0.2us 0.4dus 0.gus 0.8us
Time
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FE A ZHEAY
Hij = M [dB] e, ®FdB]
1/100 -20[dB] -40[dB]
1/10 -10[dB] -20[dB]
1/4 -6[dB] -12[dB]
1/2 -3[dB] -6[dB]
1/v2 -1.5[dB] -3[dB]
1 0[dB] 0[dB]
V2 1.5[dB] 3[dB]
2 3[dB] 6[dB]
4 6[dB] 12[dB]
10 10[dB] 20[dB]
100 20[dB] 40[dB]
3. S/N H|
Mz of g HIE oojgin 1 gol 248 TS| He 77D 2 & Uk
Vi
S/N= QOlong]'n[dB]
vV, MzgR AagX], vV, Lo|=ge HdaXK
4. Bode Plot
32 =2 A|AHIO| Frequency ResponseE ffZ3} o ZACZE Fhat=0| CHSH Ol
(Gain 41 /45 dE #7|et AO|CL O] I & FH0| QAJSte A=o el 7=
DEE0f A0 FObEF MFO|A A0 fE27HK| Sweepst= HEIE &0 UCE
Meet+E Fote SEO| st 37|12 dez mBIstsE A2 LD 20| S0i7hs
LMo = FO0f MEtN 37| 0| Hesh= AtQIme| gtoz HESHot
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Common Emitter Amplifier

Ol x| 2| =

- VSIN, R, C, Q2N2222, VDC, GND(Place Ground)

\ 4
§ RB1 §RC
49k 5k
CcC
11 out
7 I
Q1 u
_ R1 C1 . |voc
n | e
W—i} =
u -
Q2N2222 §RL v
Vsig )\ 1k
@VOFF =0 CE
VAMPL = 1mV RB2 RE
FREQ = 10k 27k 1.8k 75u
@ \ 4 L
-0
Analysis type: Output File Options
LETEREREY ﬁ |Bias Foint j [ Include detailed bias point information for nonlinear controlled
fla Options: sowrces and semiconductors [OF)
BF mGeneral Settings [ Performn Senzitivity analysis [SEMSE
Cancel I]Tempelrature FSWEED) Output variable(s): |V[Dut]
Inherit From: - [1Save B!as F‘o!nt
| D [JLoad Bias Point |v Calculate small-signal DC gain [.TF)
LA ) L From Input source name: |V'sig
Roct Schematic:.  SCHEMATICT

(oLt

Tao Output variable:

XX

ESMRLL—SIGNRL CHARACTERISTICS l

U{ouT)/U_Usig = 0.060E+08
INPUT RESISTANCE AT VU_Usig = 1.688E+28
OUTPUT RESISTANCE AT U({OUT) = -1.888E+83

LoIZ A EDA (3)
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i
DC SENSITIVITIES OF OUTPUT U(OUT)

| ELEMENT ELEMENT ELEMENT NORMAL1ZED
NAHE UALUE SENSITIVITY SENSITIUITY
(UOLTS/UNIT) (UOLTS/PERCENT)

=
- R_R1 1.0800E+03 0.000E+00 0.000E+00
: R_RB1 4.900E+ 8L 0.008E+00 0.006E+00
= R_RB2 2.700E+84 9.000E+00 9.000E+00
R_RE 1.800E+03 0.000E+80 0.000E+80
R_RC 5. BO0E+ 03 0.008E+80 0.008E+80
R_RL 1.800E+03 0.000E+00 0.000E+00
u_upc 5. BA0E+ 00 @.000E+080 @.000E+80
U_usig 9.008E+08 @.000E+00 9.000E+00

o_n

RB 1.8080E+ 01 @.000E+00 @.000E+00
RC 1.800E+00 0.000E+80 0.000E+80
RE 0.000E+08 0.000E+080 0.000E+080
BF 2 .559E+82 9.000E+00 9.000E+00
1SE 1.434E-14 0.006E+00 0.006E+00
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Common Emitter Amplifier

- VSIN, R, C, Q2N2222, VDC, GND(Place Ground)

x
§RB1 §RC
49k Sk
CcC
1 out
T [
Q1 u
R1 Ct vbe
. \VDB*
n I\N\, : : K fp—
Tk 3u Q2N2222 §RL 5
Vsig )\ 1k
@VOFF =0 J_ CE
VAMPL = 1mV RB2 RE
FREQ = 10k 27k 1.8k 7ou
AC=1
L 9 L
-0
Analysis type: AL Sweep Type
|AC Sweep/MNoise ﬂ £ Linear Start Frequency: |1
Mew Simulation i) Options: {* Logarithmic End Frequency: | 10meg
Rl M General Settings Decad - . .
; " Mante Carlo/Worst Case ecade Paints/Decads: 100
AC [Parametric Sweep B -
e Cancel CITemnperature {Sweep) Nois= Analysis
riheit From: []=ave Bias Point Output Waltage: [v/[out
— Y| D [JLoad Bias Point fout)
14 Source: Wsig
Foot Schematic:.  SCHEMATICT Imterval: 10

40 T T T T T T

a4 / \ -

a4 i
Zznd i
-40 t t t t t }

1.0H= 10H=z 100H= 1_0KH=z 10EH=z 100EH=z 1._0MH=z 10MH=

o DB({W{OUT))
Frequency

LoIZ A EDA (3)
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Measurements

Argurments for Measurement Evaluation

New Meazurement Exprezsion
| o | |Bandwidth((out), 3)
’_t CenterFrequency = Ry
=
_Irace Blot Tools Window Help B CenterFraquency | 1 The Measurement 'Bandwidth' has 2 arguments,
J. m Add Trace.. Insert EE::::?:E:E::: - Wigw | Please fill them in now,
3 Delete All Traces  Ctrl+Delete Cutoft_Highpass_2dB Edi Mame of frace to searc i\u"[out]
I f i Cutoff_Highpass_3dB_<Range _'t| —
i =t Cutoff_Lowpass_3dB 3
i _| |
4 Fes - Cutoff_Lowpass_3dB_*Range Delets
1 E]: E::IEI' v DutyCycle ————l
Periormance Analysis... DutyCycle_*Fange
Falltime_MNoDwverzhoot
Cursor L3 Falltime_StepResponse
Falltime_StepResponse_XRange
Macros.. Gaintd argin Load I
v -
|| Measurements I | 2 ' Caricel l
| % Evaluate Measuremer]rt... l Cloze I Help |
40 T T T T T T
Bandwidth(¥{out), 3) = 1 06384meg
P1 P2 1
o
201 =
D\\-
Measuremants Display Measurement Evaluation [ 4
Bandwidth_E andpass_3dB L
Bandwidth_B andpass_3dE_¥Fange ‘ = (03 Press OK when done viewing
CenterFrequency = i T
CenterFrequency_»Fange |
o ConwversionGain
20 ConwvergionEain_<Hange = 8
Cutoff_Highpass 3dB = =el
Cutoff_Highpass_3dB_<Range e |
Cutoff_Lowpass 2dB
Cutoff Lowpass 3dB #Fanoe Midlete |
o . o .
Add Trace HHES =2{ Noise HHAZ YHSIC]

| 2% B

[EII= =N

[

Full List

g

Add Trace|- ‘
sl g

Trace Expression:iSQHT[NTDT[DNDISE]*NTDT[DNDISE]]

DK&I Cancell Help I

YZ=2 &L} =7A|7 Noise 2T 2 0[S A|ZICH

L %97, se0E T T T T T T
/’-r v \
N\
204  4.084 2 1
LB 3.0E4+ -
=20 2081 <
TraceExpression:!SQHT[NTDT[DNDISE]"NTDT[DNDIS:]];Noise_Figure ] |
o / / \
-40- 1.0 t t t t t t
1.0Hz 10Hz 100Hz 1 z 10FHz 100EHz 1.0MHz 10MHz
o DB (V{0UT)) v Noise Figure
Frequency

Trace Expression

SQRT(NTOT(ONOISE)*NTOT(ONQISE));Noise_Figure

LoIZ A EDA (3)
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Common Emitter Amplifier

- VSIN, R, C, Q2N2222, VDC, PARAM, GND(Place Ground)

\ 4
PARAMETERS:
Rvar = 5k §RB1 §RC
49k {Rvar}
CC
! 1 out
|
R1 Ct Q1 Au vbe
) +
n I\/V\, : : + K e
Tk 3u Q2N2222 §RL B
Vsig )\ 1k
@VOFF =0 J_ CE
VAMPL = 1mV RB2 RE
@ \ 4 L4
)
"New Simulztion ﬁ
Narne: Analysis type:
T.ran_SHDGus iTime Domain (Transient_v_l Rur to time: ISDDu zeconds [TSTOR)
Cancel :
nhert From: L === Options: Start saving data after; !D seconds
ln:net - v| D [ General Settings ~ Transient options

Root Schematic:. SCHEMATICA

Analysis type:
| Tirne Domain Transient = |

Options:

@ General Settings
[CIMonte Carlo/Worst Cay |
w Parametric Sweep |
[ Temperature (Sweep) |=

&

- Sweep vanable -
(" MWaoltage source:
" Current source
* Glohal parameter
" Model parameter
" Temperature

[Citante Carlo/Warst Cas
CParametric Sweep !_
[ Temperature (Sweep) |~

Pararneter name: iHvar

[1=ave Bias Point ~ Sweep bupe 5
[ClLoad Bias Paoint o & Start value: in
[Save Check Points - * Linear
o End walue: i?k
" Logarithmic IDecade VI r____
Increment: 200 .
Xetdt Parameter

20mV:

 Valuelist |

10mv 1

V-

~10mv 1

A \

t &
A &

7

|

200us 300us 400us 500us

Time

M aximum step size: !SDn seconds

I~ 5kip the initial transient bias point calculation [SKIPEF)

Sweep

LoIZ A EDA (3)
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RAAR o MExE K% 8. o

ol

20ml
Simulation Settings - Tran_300us

General Analysis !Configuration Files | Options | Data Collection

&nalysis type:

| Probe Window |

— Sweep variable

| Tirne Domain (Transient = |

Options:

.General Settings
[CIMonte CarloMWorst Cas

mParametric ap
| [ Temperature (Sweep)
[15ave Bias Point
[Load Bias Point
[1Save Check Points

© Edit Wiew Simulation Trace Plot Tools Window Help g&

-

m

" Woltage source 1 & I
" Curent
e Model type: MNP >
" Global parameter
e et Maodel name: iQ2N2222

" Temperature

Paramneter name: ibf

- Sweep bype
& Linear Start value: I‘IDU
: End value; l2UU
(" Logatithmic I[lecade *i A A
Increment: |2D Model =c Bf Sweep
" Walue list I

x

cadence ~

=5 &

B

*  SCHEMATICT Tran_500us |

E C%} —

M ¢ B 57 % - of

20wV T T T T
10mV -+ 4 E
Fo\ / / g
¥ ¥ \
I 4 Il\ll $ Y Q
1 1 } [ * b
i ! 3 L 1 k)
. ] 1 1 $
i J'-l— i : -r b
§! \ ¢
-10mv+ \ f 1 ¥} 1
v Qi 4
o \Y
—20mV I t t t t
Os 100us 200us 300us 400us 500us
¢ ¥ oa Vi{ouT)
Time
Analysis type:
lTime Damain (Transient;] " Rur the simulation at temperature: I e
Opfinns: (* Repeat the simulation for each of the temperatures:
[@General Settings = |s0027 80 C
[CiMante Carlo/Waorst Cas Enter a list of temperatures, separated by spaces.
i F le, 0 27 125
[CParametric Sweep iE o example %E Sweep
|

10mV

1
~10mv T “\'j B
~20mn t t t t
o= 1o0us zoous 200us 400us so0us
$ 9 4 ViouT)

Time
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Common Emitter Amplifier

VDC ‘

PARAMETERS: Cl §
Rvar = 5k §HB1 EE§RC
P <40k i< (Rvar} !
i 'CC
i R A L I out
11 -
............... Q1 4u
TR C1 \
0 ——| Li
______ W Q2N2222 § g
Vsig e
@ ya = i ) i | cE
VAMPL = 1mV/ { ~RB2 1 L-RE e g
FREQ = 10k Sk Py 75u
EOM XNETHS MEISH O3 Enter7|Lp OFRA 2

2|
Al

AMEHA|7{ Tolerance 20 Of2fet 0| LAIEHLR[E X|

Mirror Horizontally
Mirror Vertically
Rotate

Edit Fart

Edit Properties...

Edit PEpice Model

5| property Editor

L

5| Property Editor

[New Column...] l Apply | [Displa}l...| [Delete F'roperty] Filter by: | < Cunent properties » s

Power Pinsi:

Source Part| TC1| TC4| TOLERANCE |Value|vOLTAGE
SCHEMATIC : RNormal 0 @ 0 5% 1k - RVMAX
2| = SCHEMATIC1:PAGE1:RB1 R Normal 10% 4%k RVMAX
: 3| m SCHEMATIC1: PAGE1:RB2 R Normal 10%
[~ | Pwot 4|m SCHEMATIC1:PAGE1:RC R MNomal C10%
| . s 5|m SCHEMATIC1:PAGE1:RE RMNomal 0 0 10%
Edi.. 6|m SCHEMATIC1:PAGE1:RL RNormal 0 0 18%
Analysis type:
]Time DGR (Transientlj Run to bme: ’W seconds [TSTOP]

Options:

m Genetal Setings
[Mante Carlo/Worst Cag
[CIParametric Sweep
CITempetature (Sweep) |=
["15ave Bias Point

[

Analysis type:
| Tirne Domain (Transient » |

Options:
FGeneral Setings
Muonte Catlo/Wors
[CIParametric Sweep
CTemperature {Sweep)
[T15ave Bias Point
[TLoad Bias Point =

Start saving data after.

i~ Tranzient options

M asimum step size:

ol [1] seconds
l seconds

[~ Skip the iritial ransient biaz point caloulation (SKIPEP]

* Monte Carlo

™ W orst-casedSensitivity

i Monte Carlo options -

Murnber of rins:

Use distribution:

Random number seed: ]

Save data from

]100

[ Enable PSpice &4 support for legacy

Output variable:  {y(aut)

] Gauzsian _V_] |

[1..32767]

Al v i Tung

20mV- T
5,
4,
10mW :!: 3

4 '%i

~10mv+

Al
ey,
g
W"""hg
¥

Time

500us
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CtS Performance Analysis

Irsceb Plot Tools Window Help p®
1 P Add Trace... g
Delete All Traces  Cirl+

Insert
Delete

FFp Eourier
Performance Analysis...

IHE 3l Monte-Carlo £ 7|3}

M

=3
=

o
rot

Performance Analysis

Performance Analpsis allows you to see how some characternistic of a
waveform (a3 measured by a Measuement) varies between several
| simulation s that have a single variable (parameter, temperature,
| etc] changing between runs. For example, you could plat the bandwidthy
| of afilter va & capacitor valus that changss betwsen simulation runs.

Multiple simulation runs are required to use Performance Analysis

Each simulation iz a different section in the data file. Performance Analysis Wizard - Step 1 of 4

“Welcome to the Performance Analysis Wizard
It will help you create a Performance Analysis
trace, by helping you choose a Measurement,
and test that Measurement on one of the
lraces you want to characterize

Analog sections curently selected | 100 of 100
Variable changing behween sections [Monte Carla run number
Range of changing variable |1 ta 100

The & asis wil be a histogram.
The Y ais wil depend on the Measurement you use.

|Fyouwish, you may now select a different set of sections.

Choosing Finish now will take you directly into
Pertarmance Analysiz, where you wil need to
use Trace Add to 'manudlly’ add your
Measurement, or expression of Measurements,
to create the Performance dnalysis Trace,

Chaosing O now will take you directly inta Performance Snalysis,

where you will need to use TraceAdd to 'manually’ add your
Measurement, or expression of Measurements, to create the Perfomance
Analpsis Trace.

| Instead. you may use the Wizard o help pou create a Performance
| Analysis Trace,

Help Cancel | <Back f| Mewts pJ|  Finish
[

Cursnr 3
Cancel ﬂi Help Select Sections.
Performance Analysis Wizard - Step 3 of 4
: Measurement Expression
| [Ma)
Performance Analysis Wizard - Step 2 of 4
Mow vou heed to fill in the Measurement arguments, That iz, you need
Choose a Measurement. b tell the Measuremnent which trace(s) to look &t, and if necessany.
> the other numbers the Measurement needs to work.
DutyCycle +  |Maxitrace name]
DutyCycle *Range The Measurement Max has 1 argument.
Falltime_Nalvershoot Find the maximum value of the trace. Please fill it in'riow.
Falltime:_StepResponse
Mame of trace to seardg B aut]
—
Hel C 1 <Back Mexts Finish
e | Cod || b I s NI vt | Heb | Concel | Back I et | Frish |
20m: T T
Max (¥ {out)) = 15 36478m
F1
10m- a
Performance Analysis Wizard - Step 4 of 4
Sometimes a trace doesn't have the characternistics you expect. MNow
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1. Unmodeled parts
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3. Missing DC path to ground
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