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This example schematic is supplied for informational/educational purposes only.

Click to plot V(N003). DC operating point: V(n003) = 0V
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H CLEIfY) SMPS HLBR IR . Ef ARG, SR SE A View=>Efficiency Report K A% .

H BRI H S R RS FEA AR BB LA, A IR IR 1) 25 h i T 7257, AR SOL T 5k . /RAT LUs S
sstol B i) BRI AT 3 v B AR B i BRAE

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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2.5 WA ATHR

RHZRR AL TA LU T LTspice ATFATH XVIIx64. exe (XVI1x86. exe on 32-bit systems) [f]

i

Flag

—ascii

-k

-big

-encrypt

—Fasthccess

—ini «path>

—-max
-netlist

-PCBnetlist

-registry

—-Run

-50I

—uninstall

Description

Use LSCII
performance.

.raw files. Sericusly degrades program

Run in batch mode. E.g. "XVIIx6d.exe -b deck.cir"

will leawve the data in file deck.raw

Start as a maximized window.

Encrypt a model likbrary. For 3rd parties wishing to
allow people to use libraries without revealing
implementation details. Not used by Linear
Technology Corporation models.

Batch conversion of a binary .raw file to Fast

hocess format.

Specify an .imni file to use other than %APPDATA%
VLTspiceXVII.ini

Synonym for -kbig
Batch conversion of a schematic teo a netlist.

Batch conversion of a schematic to a PCB format
netlist.

Force LTspice to store user preferences, MRU, etc.
in the registry instead of the file %APFDATAY

\LTspiceXVII.ini

Start simulating the schematic opened on the command
line without pressing the Run button.

Bllow MOSFET's to have up to 7 nodes even in
subcircuit expansion.

Executes one step of the uninstallation process.

S

AT AR TR WVETIAL BUR 17150, A T I H 3
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3 REE S

3.1 RHEERmEE
LTspice XVIT & —/MERAMNRBEEMERF. ©RFRREEREE, Qs 4rFS, AmmESCH, w5 EE

oo JESCHRPTCRR ] 0 J5 2 PR /INFT 2 IR 14

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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3. 1.1 IR gmiRSEnt
TR g AR AR 2 AR B 8 — AN A TR BE B el 2 1B e — MR BE R s 1 FL R o TR B B B K/ INRDE YR R FE R 52 FU I Y 55 YRR
il o

FEFFBAE 1 2000 ZATTIATS o XEERF S 1 LTC 2 "l RE 2 MRS R, 185G RS AYF 2 AT s g it s oo
o AR AT EURR A BB R AN RE R TRl ) B SR TR 5

AT | Tspice BV - [372%.a5c]
4, File FEdit Hicrarchy View Simulate Tools Window Help SEAE
B&(H = Unda ' R pRERESISwIiiErBe s i
Redo Chitt+Ea
4« Tent T
w SPICE Directive 'S
———  SPICE Analysis
+ Resistor R
_ * Capacitor 6 oL
Jec 1 [nductor b iy X
161 - % Diode D —IRF7811
[ T Component F2 L1 R1
Boostl - - Hotate Ctrl R - : .
Mirror el | D3 ip .003
SWLE 2 Draw Wire F3 a2 émﬂsum
@ Label Met F4 i ;
BGLE - place GND i | IRF7809A
- k- Place BUS tap b ouT
ansel+ - ;
L Delete k5 Rload
I & Dyplicate Fe 5
' Z Move P/
B Paste |
2 Drag 18 @
TG2 - Draw = Line
= Rectangle
[Boost2 B 2 Circle
~ 47 T Arc _
sw2 T " #* Line Style i CIUM"
BG2 ’_:.I;ﬂ

LTspice JEH Egmf & —A “Bhia-21d” 80, mAR— “Aid-shiE” . BREMEAHEELEERENSR (i) , &
JE AT, e, EHIEMIER B o EREERERAE, ARG FEEN R FICYIREERD), R1E, e, Hshalg
MERXT G, HIEERED), HIEMBrd4. RERATCLED Sk 5. Wl bhdid s — AN A HER FENEE 2 A
WG BT ARFERE s, HshasipriiX, BRET R EEIE T Esc 8. “BNia-faia” W78 T Yk R 2 B A
P BRPR BRI SR, —HER T AL, AP LTspice dmiE R H B AT EA MK B RIE £,

Undo: &G —Fm4

Redo: EEfifisp fa — 25 MBS i &

Text: W CAMBEMNIEEE L. X HEREEX EE BB TER. XA SCRR BEREE A .

ASCHAE A AT BTH B, AUH T2 258, ATl B RiEsh !
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SPICE Directive: JBUTEJRIREF P CAKASTEMER AP, X315 w23 F1 SPICE MR R LIRS H. Brrblik
Muﬁmﬁﬂﬁ SR SRR SCIE, 8 SCHTRIRE Y, Bl i AT &4 SPICE 4. BT LA ERIET —NEH
ST, HiERTEREEE LA R sEE) (—ALL “X” H3LI SPICE 4 , FRinblE X

SPICE Analysis: %N/ —MiHA4.
Resister: 7EJFHEE FJCE —ANHT 0 HLBH
Capacitor: 7£ ¥R K FCE —/MET oA
Inductor: 7€ J5 3 K b B — N Hri Bk,
Diode: 7EJEH & LS E — AN BT A .

Component: TEJRELE FAE —MNHTHIIGHE. IXA&MmASHH —ANXHEHE, SHRNEMTE o E . X2 g, HAES,
FRRER AN R dr I — R S @ A B

Rotate: JEFe— NI IIXT R, TER 2 BATIE T QU XA 6y @ 175 5 2 KT
Mirror: L& — Ak B G, TERSEA T R XA 67752 KO .

Draw Wire: giili AR/ZAEBETFAREIZE. R AR ST — DT IZBL. B BIA LB, R B S IUA R BUEHGR K
A L RO i iE L. FHXCH T DGR i tbdr & ARWT B s PHAE o mik . el B ah Uiy, fi raBHELE S i gk oh
k.

Label Net: f8E— NS AFR, XFEMRP AN BA 23X S AR E NS T
Place GND: B —/MUFIFTFS. XA “07 , ATEANHE.
Delete: FIT Aiahxt G EiE RAEXT G FHHE A5 HESHAT M .

Duplicate: it H X REGELEN G FTHHa A THERIFATE M. WERARTE LTspice HHIRINFTH T AN BRI, /RATEAM
— AR R R A R R AN . RIS D R B a4, SR E S S AN R R OO
Ctrl+V,

Move: TEVRAEEERE AN G o BURHESN AN HE, ARG R AT LK X S0 G 88 2h B — AN A
Paste: MW RELH “Duplicate” 2 ik i), EXEE— PR EE O FJE .

Drag: {EAREEAEANAIN G b il sl HEzh AN HE, SRS IR AT CLRE X L8t RIS B — B A B, AHROER B 25
o BT .

Draw=>Line: fEJRHE] b —2 4. XEEA0 BB IAT FAUMR, (H2 ) DU TR LK
Draw=>Rectangle: fEJRFRE Bl — M7 . XEEAS HUBRBCA FL AU, (H2 AT DUFIVE R R R
Draw=>Circle: fEJFIEE b —/ . XL B AR, (H2m] DUHER i .
Draw=>Arc: FEJFFLE b — NI . IXEL i SCA RS, (E AT LRIV R f i

Note: BEEALMIUHT; HL. . BAGG EBNEILT, 205815 T g S| IR s =l A R R B 2R
XL TR RN 4 Crrl B8, At el LU B 3%t 5%

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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3.1.2 BpE—ANTAELT
FEL B R R R AN T AR T AN ME— 2 FR . AT AR T AR, XFERR A S ARG IE T SRR TEER, (i
JREEERS,  E SR S A S R AN AR T AR

— it N RENCONF 2T S TR . A OB, DA HAl AN HERE 7 SR AR IEAT Y A, RE A R 2
ﬂﬁﬁoﬁ%M$ﬁ%ﬁ%%ﬁE%ﬁﬁ=EWE&%%%ZW,ﬁﬁﬁﬂ&@%ﬁoﬁﬁ“wn%%%é%%ﬂa FHHF
REEERF S AR LFR 07 RoR. B
E—ANNHT A CCOM” B XHBETERS, (HRXATT SR A RRNE L. M2, B & SPICE &2F/RA
RAR s . BRBERES S5 5 A R 5 55 o Bk R IR T [ .

m%%ﬁﬁﬁ—¢u“wfﬂ%%%%;Mm“%jw”;%Z%%%%E%%Eﬁ%%*%ﬁ%ﬁ%?
« M

W, ZT SRR
2R AY//
L7 LTspice XVII - [3729.asc] =3 8 [}~
“': File Edit Hierarchy View Simulate Tools Window Help
=||7= | x

P EF AN QAR ORI R A8 L@ L 3

Right click to edit node "OUT".

o

- 4
AR E T A « FTERERR R S [y 1 o 3 v R DICAS [R] 1) 75 SR 1], (B R B 52 o Fi g i 11 2R A0 AT DA
ﬁ%%%?ﬁ%ﬁoéﬁﬁﬁmuﬁﬁmﬁﬁ%ﬂ,ﬂ%@%z%%ﬂ7—4E0

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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3.1.3 FEHEFIMN
eSS T ESBGO R, R RkE R T 2R RER0EE. Bt rplrg2 /e — 3R, HEHL. s
FAD R 5 AR 1 ey 3 0T B i

L7 [ Tspice XVII - [3729.asc] = R |
4 File Edit Hierarchy View Simulate Tools Window Help [-]=] =] -
BE R FFACAR|L ERE S BENOS LM+ IDHOO :\

S

d&mmmmémm&wmm&x

Sensé| Selected Item:

Selected Item Color Mix

r g o

Green: E]

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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3. 1.4 B ILAE
A R e I EHeS . AR, T DLE R A T AR DG A B A R E L. RS, RS
74 Edi t=>Component 3k i 3l — A X H HE K ) W3 45 75 22 1) oo -

PR D N A 45— e R L T R

L RET MRS LSRRI BT TLAS TR, 9000 B e B % 5
9. A AT LIT T LTC A AR i S L

3. SRS A,

4. AT AEAR TR R BT (T SR B AR

L7 | Tspice XVII - [3729.asc] = ||| X

{ File Edit Hierarchy View Simulate Tools Window Help - =

He kT F0 8 R]E HERE LB M ﬂ%liw&-@%#B-}!ﬂ@:
AT Select Component Symbol -
Top Directory: | C:\Users\Mike\Documents\L TspiceXVIT\ibisym - |
. — s IEEE802 3at PD with Synchronous
i i No-Opto Flyback Controller with 12V
i i AUX Support
paCLASE FRRGI
WG
PHASEM il b |
CLKOUT o ﬂ L=t m
PLLIN ey ¥ f=="00
PLLFLT - cocc )
| ek Open this macomodel's test fixture | |
- e ) LTC427
[Run/SS - i I E
fio C\Users\Mike\Documents\LTspiceXVIIib\sym\PowerProducts,
LTC4224-2 LTC4231-2 LTC4257-1 LTC4a412
fith LTC4225-1 LTC4232 LTC4260 LTC4412HY
LTC4225-2 LTC4232-1 LTC4261 LTC4440
Pgood LTC4236-1 LTC4233 LTC4267 LTC4440-5
LTC4226-2 LTC4234 LTC4267-1 LTC44404-5
Diffout LTC4237-1 LTC4240 LTC4267-3 LTC4441
LTC4227-2 LTC4251 LTC4269-1 LTC4441-1
B LTC4227-3 LTC4251-1 LTC4269-2 LTC4442
b LTC4227-4 LTC4251-2 LTC4A274 LTCa442-1
LTC4228-1 LTC4252A-1 _TC4278 LTC4443
0S5+ LTC4228-2 LTC4252A-2 LTC4280 LTC4443-1
LTC4229 LTC4252C-1 LTC4281 LTC4444
LTC4230 LTC4252C-2 LTC4282 LTC4444-5
LTC4231-1 LTC4257 LTC4354 LTC4446

ASCHAE A AT BTH B, AUH T2 258, ATl B RiEsh !
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3.1.5 VB P

S Hfir4 Tools=>Control Panel=>Drafting Options=>Hot Keys

RV R L H i 2 SR IGETT . R
7 WA 2 JFZ “Delete” .

LT LTspice XVII - [3729.asc]

i B B —

N,

=

IRJE T ARAY BB O iZ

=] ®x

oGBS G . A E MR

=

4, Fle Edit Hierarchy View Simulate Tools Window Help -]
A& HContmlPane} PO —— S
b Opermtion I ~ Gracks | W intemet
Il Netist Options | @ Sym & Lib. Search Paths I_Ewm
jcumpmsﬂun | # save Defauits | G sPice. | = Drafting Options

L7 Keyboard Shortcut Map __. —--—r 4

- —

i Schematic £ Symbol | WaveForm | B Netist

Place Component: |
Draw Wire Mode: |
Place Netname:
Delate Made: =
Duphicate Mode:
Move Mode: |
Drag Mode:
Undo: | :
Redo: | Shifts P4
Place Comment Text:
Place SPICE Directive:
Unconn Pin Marks:
Text Anchor Marks: |
Place Ground:
Place Resistar: |

Place Capacitor:
Place Inductor: !

Place Diode:
Draw Lines: |
Draw Rectangles:
Draw Circles:
Draw Arcs. |
Reset T=0:
Schematic Grid:|
Rotate:
Mirror-|
Zoom Area:|
Zoom Back: |
Halt Simulation: |
Run Simulation.
Place BUS Tap.|
Zoom to Fit:|
View SPICE Emor Log:|

Resal 1o Defaull Valuas

Click an item below and then press the new keyboard combination for the new short cul.

A E A

AN i = 15 O B S R AT DA s e I TR A B R O REE
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3. 1.6 PCB M F4EH
JE R ESE H.A 4 Tools=>Export Netlist

FLEERY PCB A A A ASCTT MK . iBTEERUL A —2H 5 LTspice £75 B A M B IR F /5. —i PCB THEE
B HAREFRUER SPICE & BIINUF & SUEA T M RN E g, HAh, LTspice 5 &K 5@ % 5 LTC AR P~ & S A
[H], RERlE S — N s 2 AN .

LTRSS HB: Accel, Algorex, Allegro, Applicon Bravo, Applicon Leap, Cadnetix, Calay, Calay90, CBDS,
Computervision, EE Designer, ExpressPCB, Intergraph, Mentor, Multiwire, PADS, Scicards, Tango, Telesis,

Vectron, and Wire List,

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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3.2 HEuasft
A7 =T T F I )5

Lo B XARREE G NRR. A5 EaR  R E g SR, WoTfHE, A, SRR A REE RS
Ao HIEFRFSCRRE, QIR PG, AR AR A RO RALRT

2. MR AR AR AL BRI A A GUT, 1% GUT K B IR Z R AL B AT E
SPICE VAR H BN (A g s B IR 7> BR A M), sl B A N B e & B3R i B AR, BARR A
H.

3. L HFMIN: AT, AT, WA R T SR SR JE AT DL S R AR B k. 8T LLEY
AT A B AN A7 E, JF BT DL R B B R Sz Jm 2 A5 e

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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3.2.1 LR
gAY SR

K2 AT WL T 1y B RT LIOE L A SRR AR 180 SRl A B R o 2 RS R BB R SORRT, e AR B — NSO SR
Ri5 e X2 A HE I — M5 (7 %

| 7 LTspice XV - [3729.asc] (= 8] % || 4..7%/
4 File Edit Hierarchy View Simulate Tools Window Help - | - - "‘\

ul®

FE H R QR L AR LR A8 L@ L wD Y

IRight click to edit "1.1u", the Value of L1 h

Era

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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3.2.2 HiphEC
ARLiPGR ks

VP2 oRAS, WneBE . A, U, AR IURGRARE . MOSFET @hfR% . JFET ddiE . A7 s EJR . JT e iRt IR A 43
JZ AR R ERAT L [T R A . TR LS B8 FT LAVS A SC LA R 0E L B e o B P IR Se g e, T A0 S i JoPh ) 4K

| 7 Tspice XVII - [3729.asc] (=@ X | B
‘-'!: File Edit Hierarchy View Simulate TJTools Window Help - .=_-.'|_ «.\

PSP AN ROAR[E I ERE LRANOS L LE 2 L] #ﬁﬁ-‘v%

Manufacturer: Coilcraft

Part Number: SPT20L-112

Inductor Properties
Tnductance[H]:
Peak CurrentfA]l: 6.7
Series Resistance[Q]:  0.01376
Parallel Resistance[Q]:  103.62
Parallel Capacitance[F]:
(Serfes resistance defaunstu 1mg)

|Editinq component:

g

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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3.2.3 WYL FHR
I P g

A I T BT RS AT HT TT R R R g AR N AR WA . AT DU B TERT 544 b 4% 4E control 83 Hik BbR
AR I VPP g A . K Bl N RORPTA AT S RV R BRI HA — A RIEHE, TR

5 B A SR P L B
L7 | Tspice XVII - [3729.asc] =@ X | 4./\%/

-l: File Edit Hierarchy View Simulate Tools Window Help - ;__|

y
P& E P F Q0| BB s ROAQS LIP3l TDY @

J& Mt SpiceModel. Value. Value2. SpiceLine 1 SpiceLine2 #+& jGAF I BARIE 1 —B 4. H¥E SPICE £EM 2% 51 H JeAF )
Jr, AR AE R an R B BT R i SPICE 47 :

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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<name> nodel node2 [...] <SpiceModel>
+ <Value> <Value2> <SpicelLine> <SpiceLine2>

SRR A 5 ) PR R S — AR, R3] PR R A RN R0 ROZRSEREAT Insthame H440TF « § 7
S DA — TR “M” A1 InstName JRTE “Q17 , EANZFEMZEH MS QL. K AVFE 1 5 SPICE
4 PR I 0 5 7 4 31 R AR L R A K0

LR =M4h . B — NIRRT S, Bhek, EAEERRERITR, A —MEmMNEALRIBSHITES, STFHIE A B
R SA WM ARRI LR A—MASNEE X T — NS “X” KIS, e X T —AMEM Value2 J&Mk. XA 2440
255 T W4T SPICE:

.1ib <SpiceModel>
<{name> nodel node2 [...] <Value2>

5 A0 VF 1 B 6 T T M 2 SO PR 7 S S I PSRBT 0. Lib V0. JERE, OR T RO I
RGN . FEA TR RS, BAMFSE LT —HIER X7 WF B RI—E LT ModelFile JRIERIFFS . X
PO TE LT BLSY 7 SPICE:

. 1ib <ModelFile>
<name> nodel node2 [...] <SpiceModel> <Value> <Value2> <SpiceLine> <SpiceLine2>

AR A S B SR IT SUEE B A AT g R AT B SE S, TR . AR5 R SpiceModel £77E, Jf HAZfiE
NModelFile> fSCAf i BRI A4 FK, AR AFEJEBE B B4 AT 5 HISEBIIN, Ay 1 HLBR A4 AR R R0 81 2K mT

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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3.3 RIEF TS
55 0T DA SR 7~ 0 v FHL 3% 5l R 2 28 IRE B SR AR T 2F s AAAETE SRMOCC i 1 1 H s B o5 — TR BRI . AR HEIR Wil 52 X
HOWHFS. ERIIEFFAFS, EHHEHEm4 File=> new symbol.

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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3.3.1 HyofFFk

B USRS I ERLHIN— REVE L. . BRI, XS Rt B %A o . 808 a] DA %o HeL S 0 AT S T 1)
draw => text A TERF 'S LI SCA . IR LEA A P Bl w2 FH /INCL BB H SR, IR AR 350 60 T FE HB 30 B AT T s BETA T 4
T BWATLAESE A4 View=>Mark Object anchor HHJ)J#esr BARID .

| 47 Lispice XVII - (6BQ5.asy] =i Y
Fle Edit Hierarchy | Draw View Took Window Help  |=|e|> «\

=T IR -t

B Line e s =& 2 ~0 =3 To80
© Cirde N
2 Arc ; ™~

= Rect
# Line Style

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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3.3.2 WINE
B RV AIERERT S . FRSEH a4 BEdit=>Add Pin/Port WINHTE M.
L7 | Tspice XVII - [6BQ5.asy] e X |
1 Eile Edit Hierarchy Draw View Tools ﬂlndow Help SEIE -
B RBP4 Q0aR LI DAY S DBM OB/ -0t B ﬂ/\%/
{5{]} _'2) |
; L 4
“Bl RSN E” WEWER. “B7 o “T7 o “E7 M “AH7 RXAMERE. Hlal, nRRELEFRE R

HRXT AT, KREF( USCAR T B D) REAL T AR 107 o AR50k E Y SPICE JRE R sy %, I pin #x
1 AW HE, WRAT SRR R KRG E I ER R RE I, W pin £S5 0Z FEELEH # net 4%

“Net Order” HiE M5 AT SPICE [ Netlist T

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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3.3.3 gk

YRAT LIS FISE B4 4 Edit=> attributes =>Edit attributes NfF5 € XEBINEME. HEZEMEMER R “HIE” .

e 1

PP IREARA . WUERAFS T 30R SPICE JiiE, WHZAT 5 NiZHA@E A5, RFRAM. C Bl %, M3 MOSFET,
SR WORERIFT SRR E T LR, ATZRMIZE “X7 .

LT | Tspice XVII - [6BQ5.asy]

R =

I File Edit Hierarchy Draw View Tools Window Help
qoar|l

HEaE iR M a8/ -6

AT Symbol Attribute Editor

m—

Symbal Type: | Cell

x|

This delermines the type of a circuit element, e g, R, C, o

attnbute value

Prefix |xl :ﬂ

SmoeModel VacuumTubes\pentrodes'6BQS5.nc
Value 6B8Q5

Value2 6BQ5

Spiceline

Spiceline2

Dascription

ModelFile

FE5 B @ T LA SR B I B ST E AT S Sl th S . i, SRR — AT E My “M” B MOSFET

—ANSEGI R B SRSy X7, IR A AT DA T L .
A MR RIEA S, 5 FBURTH K B s BB AR MERRT S KR

Prefix: X

SpiceModel: <name of file including the spicemodel>

Value: <What ever you want visible on the schematic>

Value2: <The value as you want in the netlist>

Value2 $ 5845 spicemodel 7E A FISCIF 5 SCHF FEBE A RO — 2, JF T LUK At 2 Hufk i 45 1 g . 24 DL 7 308
XA, AEegmEEAT T 1E B se ], A AN E R .

Pzl =)

7,

PRAT ELAE

ASCHAE A AT BTH B, AUH T2 258, ATl B RiEsh !
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WRER B SRR ER B ER 3 — 0 WP R IEAN B 2. AP SR BN N “ T RO “B7 . AREREENE
1E.

A LA E — M5 8 M ModelFile. X TRHAE NG S TE netlist ISR HR. W prefix BIER “X” , JHIEM
RISCErp g LT 775 @k SpiceModel, ARAFEZRE B EIEAT 5 HISEEIIN, A 1 HLER 2K I T HL 20 vl

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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3.3.4 J@MEAr Wk
YRATLAEE FASE A4 edit => attributes =>Attribute & D gnfE @RI AT WHE. EMALEEEREN 2 G, RERY
R4 755 1) 7 R AT e

| (7 | Tspice XVII - [6BQ5.asy] = B % |
T Eile Edit Hierarchy Draw View Tools Window Help el x| ﬁ"‘
P RPN ROAR U ERE S DBMAE LT = OB *\

lr%
This is the second attribute to appear
on the netlist line.

InstName
Type
SpiceModel

WValue2 ﬂ

SpiceLine

Spicelina2

(-110, -21) i

(BT LB %%m:;waﬁazmm%rmmm%%mnwzzo

*

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !



LTspice XVII help H 3CEH AR

o LTspice XVII - [6BQ5.asy] =@ % ]
T+ Hle Edit Hierarchy Draw View TIools Window Help - o=

PF RPN RCAR| L AR A RBAQSE B = OB

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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3.3.5 HIAERITUHRAFS

5 AT AZE B RS0 H B4R Rk

L e R ER RS, AT AT SRR IS IR G =>4 R TAER TS . AR EIFF 5B, LTspice ¥y MRS A E A3
AR — AT o IXANFFS AT LR RAE — S0 = 2 SR B P R B XA R R . B VERG, WORRgm A T R ERE s 1, B4
RS A R B A AT IN R, AR RO BRI TS R BT AE R .

2. HEREEE T HIEE LW ASCIT MBI RN, e E & 7R AT b, AR AT BN SRR
“Create Symbol” o XF-T KZHH K, XRRPIZHEEIRINE X T B = BB — 5%, AR A 4
T HR A RAEER )

AT L Tspice XVII - [ACME.net]

‘B Fle Edit View Simulate Tools Window Help - e =]
| B (B[P #0[0068 0 O0K  EBHROS LsE =) DU
* (C) ACME Semiconductor, Inc. 2009 -
x

* ,hon-inverting input

* I . inverting input

* | | ,positive power supply

% | | | ;nhegative power supply

% I I I I , output

v |

«SUBCET ﬂ[tm'l TALE TN W Wi Pat

m

RC1 V+ 80 (# Run Ctrl+R
RC2 V+ 90 +". Halt Ctrl+H
QL 80 102 Marching Waves »
gﬁlggwiﬂfﬂj £ Visible Traces

RB2 TN+ lﬂ:i = View SPICE Error Log Ctrl<L
DDM1 102 1%; Cut

DDM3 104 1(

DDM2 103 1¢ ° Copy
DDM4 105 1(® Paste

C1 80 90 8|= Undo F9
. # Find

IEE 12 V- . e e
RE 12 0 zo0] Open.inc/lib File

CE 12 0 1.{2]

GCM 0 8 12| @enerate Expanded Listing
GA 8 0 80 |

R2 8 0 100( Float Window C

i als] 1 i~ bty i B |

i;ﬂ.utomaticgil_y_generate a symbol to netlist against this subcircuit.

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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3.4 BIREW
JE R 73 R 22 A SR 3. 7R AR R/ R PR I AT e R A, AT DA A K F B R 2 ) — T B R L. IR AT
RS AT DL ARG A 5 AL B . RS AT DUAEAE AR B, DUGE LS B 3 H

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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3.4.1 JEIREE I

TE 1 2 40 1 D 2 P o DAASE B (1 70 = P — A 2 B 9 T vl A2 B — A TR 4 2 1) R S R 75, SR e AN T A
SCBAE AR E FL B, BARE — A XYZ. asc FITRZ EERE, S —MRARERALETHE XYZ. asc F Y
preamp. asc [} JFHE, BARHELE NI preamp. asy FIBIRFT S, ARG FHRHXAFFSIESITZ XYZ. asc {52 E
o R P T (Y E A A S I T i R R 1 2 3 T DADCE B2 SR B P i 0 44 . A T R S 4% AR

OSSP B (R B T LA 8 S M

L7 LTspice XVII - AMP.asc il (5 S
Eile Edit Hierarchy View Simulate Tools Window Help |
B4 AR Bl ERE iboh 28/ L4003 v0 80 i daap | l
_f.' AMP asc — Instance. X1 | AMP. asvf-( Tup.ascli;;_ Top raw| |
‘_( Top.ase = = 3 ) TrAMP.asy b= ] 1’

— o - ; ;
vz 1 : VCC
Veo |
b4 3 t =M
@; An IN out|—2T
- GND " i []IN i ‘49' i OI'-'T[j : E
10K
sine(0 .1 1K) i e 0 N
Save V(*2=) I(*2?*) GND
I
+, AMP.asc — Instance: X1 =) ] | B2 Top.raw = || & |3
3K o3
—fou>
Ay |
[ |
[10
-540mV-I |
0.0ms 0.6ms 1.2ms 1.8ms 2.4ms 3.0ms
Click to plot V(X1:N003). DC aperating point; V(x1:n003) = 987.15013mV

LTspice SxfE 0z I BE B op RSB AN 5ok 58 B ITUZ SR BRI A o VRN AR JR B TR B O 455 AN 2 8 SUE (TR 1

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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3.4.2 MR IRAH

LA File=>Open fir 44T FF B # & SONTHZ R . AR AT AEIX BTN SPICE dr 4, 1847073, 5| FME— (R R A,
AT H—ANEm Z R BB ) R R, R BT — A 2 R R B, AR5 AR B s BT S i 34k b 37E
FET B FEAR AT BAR G BT BN, 2R — ANRPER O U HELL AR T IT SR B o A0k P X 77 AT T 2 sk
PRAT AR IZ A B b {22 A R AR BT AT R R AR BT o TERARNAZ IR FIAE Control Pannel H1ff] Save Defaults Pane 2Jik
”Save Subcircuit Node Voltages” F1”Save Subcircuit Device Currents”. B4k, WHRARETZEEME FE= AN
R Bz R EAR)Z B B B e v L ok

Y
| =\
LT LTspice XVII - [Top.asc] = |3 33X .
+ Flle Edit Hierarchy View Simulate Tools Window Help [-Ta]x] )

BEEF £ R0ARE . ERY LA BENAS LLD I YODD i

o4

Editing component: X1 i

FERE, Xﬂ‘iﬁ@ﬂ:%ﬁ, W3] preanp. asc i) 5 9.

-y

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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4 WEEH

LTspice XVIT 4%/ —MEMMBIL AR S, € LASEIU H80 4 K7 20 58 42421 .

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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4.1 BTG
A =Rk F R L 3y 5

1. BEEMNEFREA RN,
2. fHHZEH A4 Plot Setting=>Visible Trace
3. fHHZEH A4S Plot Setting=>Add Trace.

Tt F EaR AR Ay 3, A E & R VR IR B e AN R R B
1. B 2R LR R

L7 | Tspice XVII - 1371.asc o
File Edit Hierarchy View Simulate Jools Window Help

el P £ AR B RN i REH A8 B2 L TN
« 1371.asc B2 1371 raw

ES 1371 raw o E s
V(n001)
120us 156u5 200us 240ps
-, 1371.asc , — T '
L1 D1
Tyl
T 4.7p MBRS340 icz
Vin §R1 22p
SHDN SW 33.6K
U1

Click to plot V(N0OO1). DC operating point: V(n001) = 5.9994485nV

PR R 5 V12 e 7 BRI 05 o R I 7 1 B — MR R A T DA I AR 2 B H . AR A i T RR R T (A
R, HADGEHEED , URATPOEE s o B AOR R 2 il BT . RARORAE T A T R LR AT, AR A
E AT CAE LR AR T /2 2 B AR o Rt m] LU B ol So P75 b AR 58 (06 BAIOR 22 1 AR BT o A SRAR el ) — A Hi s B
KR, AP HA R R, B AR 2 E Shaa il ok ARTT DAEIERE TRy & 2 5, @i S
PTE PR B HEAT IR - T A BR R B B R 1 U 4R e — S Te PR I B . R, BRI AR, e R

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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WA AR AT OB . B, RS B, T
7 | Tspice XVII - 1371.asc |

File Edit Hierarchy View Simulate TJTools Window Help
Bw d A AAR(E BRI REMOS LT3 ¥ODD
]«: 1371.asc |E2 1371 raw

Ix{U1:3W)

390us 394us 398us 402us 406us
_1: 1371.asc - _. [— ___?.!
Y —m NI .
T 4.7y MBRS340 +
Vin R1
—_ I 53.6K <
— SHDN - SW

e 4 FB

Left-click to plot Ix(U1:SW).

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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WAT LR BRPR R AR F IS 22, R AT BL B — AN s AR BB 2 53— D e BORAESS — AT m R B B R AR AT
FESE — AN R LB B RO ROREE . IX AR AT A AN [R] e v 1) PR -

L7 | Tspice XVII - 1371.asc ol 2

File Edit Hierarchy View Simulate Tools Window Help
Fe d 5 £ fLoar Bl BRI RPN OE LB xDHD

]«; 1371.asc | B2 1377 raw

.U{H i’l“:l -I .DU T]

o [

-12V
382us 386us 390us 304us

4, 1371.asc | B |

L1 D1
e = */MD&F & . ouTt

4.7u MBRS340 4| €2 Rloa
R1 22p 50
53.6K
SW V4

Release Left button to plot V(NOO1,0UT).

AT — P SR ERI ARG 22— A oe (B DR 1A SEBLI S 02 4% AT ALT SIS i e RO RF 5 50 I I DR 2 DA
HL S AT LA A ST N o AR S AE B CIIARE B LUBLRF M B 2 oK o 2 BRFRAR B4R 7] — AT DL K D 3R

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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BN J AR RE T BIbR. o DAL s b 2 R PR T 3 T
7 LTspice XVII - 1371.asc =X

File Edit Hierarchy View Simulate Tools Window Help
SR = R SN S o E=% & & ﬂ'rﬁ%ﬁ%@?#.'iiz{}@f}_
| « 1371.asc |E] 13710aw

VI(NDD1.0UT)*1{D1)

382us 386ps 390us 394us

+, 1371.asc = ﬂ
D1

J S_— ) m

MBRS340 + C2

R1 22u
53.6K L.

Left-click to plot D1 dissipation: V(NOO1,0UT)*I(D1) DC operating point: I{D1) =

PRA AT PRI G 26 iR FRUR ol 20T ALT ST B dnE 2ok el . BB TR U RAIALSR, FRREIR M XA IR, 46
7k s IE AR 7 1

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !



LTspice XVII help H SCEHEAR

L7 | Tspice XVII - 1371.asc | (]

File Edit Hierarchy View Simulate Tools Window Help
PEE T 40 Q0aR|EC EHRE (I REMA QS LB OB

]4; 1371.asc | &2 137 1.aw

I(D1)-I(R1)

394us 398us 402us

+, 1371.asc |- |

D1
~ o OuT

LA
MBRS340 +| C2

o e T

R1 224

Click to plot wire current [{D1)-I{R1)

2. fFHH3EH A4 Plot Setting=>Visible Trace:
EE, RAEWTRERIIE T AL AT R 2. BE 2 HE I BAR R a4 Fnl, ZFEHIRE A

FE— MR BT IR, M4 Plot Setting=>Visible Trace &R — /MW VRAT LLEFRAIIE M PULHAT 2], B
A ABEHL A 22l B 1) p AR — 2%

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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L7 | Tspice XVII - Butterworth.raw ] R

File View Plot Settings Simulation Jools Window Help
Pw T 4F0 Qe Bl BRT | ibeon a8/ &

- Butterworth asc| E= Butterworth raw

= Butterworth.raw = || [ | &3 ||

Only list traces matching

n0o| I |

| Asterisks match colons

Cancel |

Select Waveforms to Plot:
Ctri-Click to toggle, Alt-Double-Click to enter an expression

V(n001)
VinDoz2)
VinD03)
VinD0o4)

+ | Auto Range

3. fFHHEH A4S View=>Add Trace:

4 Plot Setting=>Add Trace Fllfy4 Plot Setting=>Visible Trace ;2R {li. (BRRARAGER & RMEE— & WLIHIEL
o EE AT ITIARE . — AT SO URTE XU AE A0 TO8 I I A g B AE P N — B 205 o AEXTUEHE AP H & R 54U AL Y
M4 7. B RACE T R4S 7h, X—ADIRet ARl AE A . o, mERERIENRIEAXER S —

2, IOV LB X AERE R I K, TS A A4 K

ASCHAE A AT BTH B, AUH T2 258, ATl B RiEsh !
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]

L7 | Tspice XVII - [Butterworth.asc] il

L= File View Plot Settings Simulation Tools Window Help

FeHETFI QR Ed ERw +rR2EN 88|

B2 Butterworth asc - Butlerworlh.asc
V(n001)

700miV-
600miV-
500miV-

LT Add Traces to Plot

Only list traces matching
I T | ok |

AR st ' | Astensks match colons | Cancal |
I(C1)
IC2)
I{C3)
I(C4)
I{C5)
I{11)
I{LT)
I(L2)
I{L3)
I(L4)
{LS)
I{R1)
I{R2)

Expression(s) lo add

V' | AutoRange [

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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4.2 JEORZE/]
B AH S E I, LTspice XVIT AT LAESIBOKEGE /. 4 ERORFEA X, A TR AE AR Ay 275 1) 5K X 8 - 1 4t
fla sl A7 HERT A

L7 | Tspice XVII - [1371.raw] ESRAEIE X

’:-.-.. File View Plot Settings Simulation Tools Window Help
= A RO B HaR oA A8
| € 1371.asc| & 1371 raw

120us 240ps 360ps 480pus 600ps
dx = 222.16901ps(4.5010777KHz) dy = 4.22A (slope = 19004.9A/s)

(EAFE R IR A TBUHE ) R/ 2 s AE SRR IR B, SRRl AT LAAE AN 0 BB 7 1A 305 b A 156 D0 R DRI B e 1 22 57
T RS EWAT T4/, PR AR E] A ShAR B e VAT A 4CEH AN 2 e R B AN R A TR L

J3— MR R 2 CTRL B2 F9 [F) A% 50 BRUbR O e e SRR A o BRI i BT 4% M il 2 A B, DLE R e B R s
ez B o XM GE 1 7 2 LR B R ) K B RO S

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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L7 | Tspice XVII - [1371.raw] E=RIEE X

E= File View Plot Settings Simulation Tools Window Help
iR = " Jf_ OB R EHRER oA QS

[’

4 1371asc| &2 1371 .raw

12.6V—
11.9V
11.2V
10.5V
9.8V
AV-
4V
v+,

(=]

~ =~ @

=
=
o
]
—
)
]
o
. I

2.9261333A

1.0363794V
1.1750434A

277.31747us 685.90511us

x=350.10pus y=1159V, 1.511A

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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4.3 ¥BE
SR B R R DLt AT =R ria

L 22 RIE B

TR AT RS S T R
3. BORERER I HE A,

L L RIA KL .

View=>Visible Trace Ml View=>Add Trace fir & #8 A VFHI A SIS EHERIEN . 53— bl 07 TS P s A 722 1 B
PR B B BRERFIARZEIF A il o BHR BRI AE VR UR I BRI, IF SRVFIRR AR NP IE e LTspice Ktk ik
TR, IR SRR X A BB B, R IRAT UG BRI -

2%p*pow (V(out), 2) /abs (V(n001)) /Te (x1:Q1) LL Q MR~ o LA HH IR 87 PR 222 1] T A o 0 o 8 T A0 0 A A ) P By L

N

ALY | Tspice XVII - [Top.raw] = @ 3

i,,,,_ File View Plot Settings Simulation Tools Window Help
e | T 40 AQQR EL SR e n o8|
| € Topasc E2 Top raw

Default Color: Attached Cursor: {none)

Enter an algebraic expression to plot: | Cancel |

~2*pi*pow(V(out),2)/abs(V(n001))/Te(x1:Q1)] I

Delete this Trace

n+—rr5—T1+r—"75—
0.0ms 0.3ms 0.6ms 0.9ms 1.2ms 1.5ms 1.8Bms 2.1ms 2.4ms 2.7ms 3.0ms}

-Riqht-CIick to edit expression. Control-Left-Click to integrate.

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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PINHUEIZEE; B0, V(@) -V(b); WTLARSE S L V(a, b) o FESEERNA] A AT LA LA (305 2K

Function Name

Description

abs (x) Absolute value of x

acos (x) Arc cosine of x

arccos (x) Synonym for acos ()

acosh (x) Arc hyperbolic cosine

asin(x) Arc sine of x

arcsin(x) Synonym for sin()

asinh (x) Arc hyperbolic sine

atan (x) Arc tangent of x

arctan (x) Synonym for atan()

atan2 (y, x) Four quadrant arc tangent of y/x
atanh (x) Arc hyperbolic tangent

buf (x) 1 if x> .5, else 0

ceil x) Integer equal or greater than x
cos (x) Cosine of x

cosh (x) Hyperbolic cosine of x

d0 Finite difference-based derivative
exp (x) e to the x

floor (x) Integer equal to or less than x
hypot (x, y) sqrt (xk*2 + y¥%2)

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !




LTspice XVII help ' SCEIHERR

if(x,v,2z) If x > .5, then y else z

int (x) Convert x to integer

inv (x) 0. if x > .5, else 1.

limit(x, v, z) Intermediate value of x, y, and z

In(x) Natural logarithm of x

log (x) Alternate syntax for 1n()

log10(x) Base 10 logarithm

max (x, y) The greater of x or y

min(x, y) The smaller of x or y

pow (x, y) Xy

pwr (x, y) abs (x) #*y

pwrs(x,y) sgn (x) *abs (x) **ky

rand (x) Random number between 0 and 1 depending on the integer value
of x.

random (x) Similar to rand(), but smoothly transitions between values

round (x) Nearest integer to x

sgn (x) Sign of x

sin (x) Sine of x

sinh (x) Hyperbolic sine of x

sqrt (x) Square root of x

table(x,a,b,¢c,d,...) | Interpolate a value for x based on a look up table given as a
set of pairs of points.

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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0 L 13k
H$E? tan (x) Tangent of x. m%ﬁf
PR B3R AT A IE
1

tanh (x) Hyperbolic tangent of x

u(x) Unit step, i.e., 1 if x > 0., else 0

uramp (x) x if x > 0., else 0

white (x) Random number between —.5 and .5 smoothly transitions between
values even more smoothly than random().

atan2(,), sgn(), u(), buf(),
table(...),

inv(),uramp (), int(),

floor(), ceil(), rand(), min(, ), limit(,), if(,), A

BRI KL Re (o) A Tm ) AT TR0 808, 3R 0] (1 SR B S A 70 79 85 1 SE B R 8, GB35 T %
BR K Ph (x) A Mag (o) th i F T2 208, IR [ Bl &5 T S8 M aioh, BT %.

PR conj (o) AT F R 2888, JFIRIE] x MR ILH.
THIRAIE, HRER KPS, AT T et

Operand Description

& Convert the expressions to either side to Boolean, then AND.

| Convert the expressions to either side to Boolean, then OR

) Convert the expressions to either side to Boolean, then XOR.

> TRUE if expression on the left is greater than the expression on the
right, otherwise FALSE.

< TRUE if expression on the left is less than the expression on the right,
otherwise FALSE.

>= TRUE if expression on the left is greater than or equal the expression on
the right, otherwise FALSE.

<{= TRUE if expression on the left is less than or equal the expression on
the right, otherwise FALSE.

+ Addition

- Subtraction

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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* Multiplication
/ Division
ek Raise left hand side to power of right hand side.

Convert the following expression to Boolean and invert.

@ Step selection operator

TRUE fE#({H _E5T | FALSE 555 0. WIRME KT 0.5, MPRHERHY 1, & IUHEHEE S 0,

WGP ERERF “@” 7E. step. . temp 5K, de AT Z MRS ITI HEE G H . B MR s T Rk B . flin, e
TR S IR AT 424, V(1) @3 W42 5 = IS AT N 1 R

T EREEE, R+ - o« /o sefI@rT . WX S REERE, B R BRI, B8, R, «.
AR B A T E S -

Name Value
E 2. 7182818284590452354
pi 3. 14159265358979323846
K 1. 3806503e-23
Q 1.602176462e—-19

FELHIBEAS M SR, FRfociy “IHA” o 5,  “freq” Al “omega” TELH| AC AT EIEI B AT LM, w il
PIEN omega 1] S

2. TSR B TR

WA % T CLAE R LIRS B os X 38 i I E AN T iR . B e R T R BB (1) X 35, SR 5 K R bR 3l 21 BRI
BIFRZE, $4T CTRL B If el Rbn Ao 2t

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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LT | Tspice XVII - [1371.raw]

*m File View Plot Settings Simulation Tools Window Help
RN~ R QOB BEd ERW +B2a MO8

|'( 1371.asc| B2 1371 raw

Interval Start: 1.648ms

Interval End: 1.696ms

Average: 242.04mAl

RMS: 443.11mA

1.648ms 1.656ms 1.664ms 1.672ms 1.680ms 1.688ms 1 .EElEms
Right-Click to edit expression. Control-Left-Click to integrate. Alt-Right-Click to h |

T RMS P A AR SR i X A B, D R B2 1 I A 4 7ty DA S 7 S AR L R 8 5 51 2B I NS TR =K
3. S SRR e B I AR 4
PRVT DA FH S iy 2 Vi ew=>FFT X 2% F 8405 H20 $h AT PRk o LI A 4

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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4 A7 Select Waveforms to include in FFT vl
O l Tspu o :
NOTE: Fourier components are normalized to . 0K
correspond to the time domain RMS amplitude. —_—
Ctri-Click to toggle Cancel |
(V(in) I(L1)
(V(out) I(R1)
\V(n001) I(R2)
[V(n002) I(R3)
V(n003) 1(Rload)
| |V(nOo4) I(v1)
[V(nD05} [x[Ui FB)
\V(n006) Ix(U1:GND)
i{{a}] (u1 NFB}
(c2) Ix(U1:5W)
I{C3) Ix(U1: V(.]
| 4 Ix{U1i:Vin) |

SV <(U1: SHDN)

Number of data point samples in time: 262144

Juadratic interpolate uncompressed data

Time range to include
Start Time: Os @/ Use Extent of Simulation Data
Use current zoom Extent
End Time: 2MS Spedfy a time range

Binomial Smoothing done before FFT and windowing

Mumber of Points: 3 -

Windowing (Periodic and normalized to unit area)

Windowing Function: {none) -

NOTE: The DC component is removed before windowing.

Reset to Default Values

LTspice [ —F& 4 1 FFT 5ik, RVHMERBENEIES, ART 2 1%,

KA BB BRI AT FRT I, RATREA BRSSPI 48, MU ORI 125K, 2 AT e A FH 00K B 9% 7 SO A% 2Ok B
BUEEEE TR, FHM netlist 7% LTspice i FFT kR4 M A T IR 300dB.

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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L7 | Tspice XVII - 300db.fft X
File View Plot Settings Simulation Tools Window Help ‘
B@E DAL RQAARBEL ERE S ROMOS |
& 300db.cr £ 300db fit

300db.cir = | = =

V11 0 sine(0 1 1K)

.tran 0 10m O .0lu

.options plotwinsize=0 numdgt=15 I
.end

£ 300db fft P
0dB-

-40dB
-80dB

‘---——jl.. -.h—u“i'-l-

100Hz 1KHz 10KHz 100KHz 1MHz 10MHz

\Right-Click to set up phase/group delay plotting parameters

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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4.4 fiFPEaeXEH
SEHLT4 Plot Setting=>Edit Plot Defs File RVFRTEIHIEER HHHINH O REE XS HE Lo X5 BARAFTE X
{E%HOMEPATH% \Documents\LTspiceXVII\plot. defs #1,

EVES TSR, paran A1, func iBAJAH[E . 120, . func Pythag(x, v) {vx % x + v * y)}. &F X K% Pythag()
NERAN S TR

[EFEHD. param twopi = 2%pi &8 XH A pi N 6. 28318530717959., JE & EATF T & B S 3 LI 5 pi s

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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4.5 A

BRI B2 W XA 2 AN, Yehr B AbR R . X RIRRIETESS MNZH) B . SR A AR, /R DU N — X6
ME, Fah NFP Yo RSB . i, XTTsebrfdE, e RAresh 3 ksl md Bin A8, el —
AN IEHE R T 22 i KPR . IXALAR T LLm S £ A

KT R, R DUERSHIAAL . AR BUNER X A T H S ST N A . I RArFe sl B & 225085 10 12 1 H.
Hh, WLOEE 2 HEEN R R TE XN Bode BN Nyquist 8% Cartesian.

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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4.6 BT

B ER DURRE— AN H b XV E A X P, IF oA R RS E S . AT DLE R i

W 2 (R HE SN RS . TERE TR AR P I 4% 48 CTRL 8, AT DAYE 53— A% LA ST EIA .

LT | Tspice XVII - [astable.raw] | (2]

|L~,.; File View Plot Settings Simulation Tools Window Help
BFEw T F FOeR S BEHRaY BT M O

+ astableasc| & astableraw

13mW= 6.6V ' — L {00pA~120V2Q
6.0V CLt KL - sopaprt11ova
5.4V | b |- sopal-100veQ
4.8V SEGESEESEH: 70pA[ 20VQ
4.2v-] (MY AT SN sopal BOVQ
3.6V WS M A (Il sowal” V0
3.0V ' | | 40MAL 5pvg
2.4v 30AL 4ov=0
1.8V | 11 1 EUFA 30VE0)

17 et Gttt . - s 8 T 10pAL- 20v20

OpAL- 10vEQ
ovQ

.i- ---..I. B i o e . [.. e 1
Oms 2ms 4dms bms 8ms 10ms 12Zms

x=271ms y=430mW, 2184V, 26 41pA, 39.72V*Q

EhhR

A
W

1

t

[y

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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4.7 BERE
SHL 4 Tools=>Color Preferences colors FUVFRIEEH T4 Bl ME (. minple B Eg, REMHI6, 426
A €0 )T BOR AR 1 3 TP BB

LT | Tspice XVII - [astable.raw] = @ R

La File View PlotSettings Simulation Tools Window Help
B@E P FRAAR(BUISRY L REH O/
- astable.asc| EX astablaraw

13ImW= 5

OmW-' 0.
- 2.TmA
2.4mA
- 2.1mA

Click on an item above to change Its color. - 1.8mA
1.5mA
Selected Item: Trace V(1) Bl - 1.2mA

Selected Item Color Mix P - 0.9mA

Red: | | - 0.6mA
- 0.3mA
- 0.0mA
-0.3mA
-0.6mA
6ms 12ms 18ms 24ms

Green:
Blue: ||

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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4.8 Kb HIWEAR

TN R 2 AT ROIEAR o AR AT OB BbR 2 8 B T PO AR B RO AR IN BB b o Rt m] DA A B o i U
ZIFIEFE st & 2nd”AAG PN b 25 2 BN F o picid a] DA A 8 8 o B8 R bR B8 55 FH BRI KD e b T S AR 26— A
BT 5 AR B PSR I SRS o BROIN AR AT AR SR 5 s A % 50

A7 | Tspice XVII - [1371.raw] .
i_,.,_.; File View Plot Settings Simulation Tools Window Help
| P& BT AR ECERE IRAMOS |
I{ 1371.asc| B 1371 raw

Default Color: w Attached Cursor:

Enter an alaebraic expression to plot:

I(L1)

Delete this Trace

. 1.1586ms 1.1598ms 1.1610ms 1.1622ms 1.1634ms 1.1646ms
[Right-Click to edit expression. Control-Left-Click to integrate. Alt-Right-Click to h

A TESN M INFERRIT, K I —AS readout AR, ZRAKEEEUIAR b BRI RS 2 R

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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AT | Tspice XVII - [1371.raw] = =]

==,.,_“ File View PlotSettings Simulation Tools Window Help
B Mg # A B EHRT (R2E8N SS

< 1371.asc. B 1371 raw

vert:|  1.0935819A
Cursor 2

‘ Horz: 1.163616ms Vert: | b67.32408mA
‘ ' Diff {Cursor2 - Cursorl)
|

Horz:|  1.2162857ps Vert:|  -426.2578mA

Freq: B22.17524KHz Slope: | 350459

1.1586ms  1.1588ms  1.1610ms 1.1622ms  1.1634ms  1.1646ms
Left-Click & drag to move Cursor 2

TERIEA — AL T BN bR s A8 B ) AR b a3 BRI R RS BT & 1 B, SRR RO AL B R AR A B R IR
ke WRARBAGTBORFAGS) SR, REAE b2 BoRMERI R /N 3K AT BAAE AR bR s P &t SRR bR 2 IV 22 57 o o SRAS A AR
FEIS ], S ek 1) 22t T AR 46 S

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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LT | Tspice XVII - [1371.raw] : =1 -m-|

gﬁ File View Plot Settings Simulation ITools Window Help '
B d g F QAR B ERE iR N oS

< 1371asc £ 1371 raw

|
| ‘i.1536ms 1.1598ms 1.1610ms 1.1622ms 1.1634ms 1.1646ms
!dx = 1.9328571ps(51/7.36881KHz) dy = 1.172A (slope = 606299A/s) |

PRAT LA R XA MR Z 5, A PAT AR R AR AR S 2 T4 T Esc Sl Bbn A o

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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LT | Tspice XVII - [stepmodelparam.raw] = O X
E_M File View Plot Settings Simulation Tools Window Help
D& M £ AR |ECBERY oM o8

| -« stepmodelparam asc E2 stepmodelparam raw

le(Q1)]

T —

5mA

4mh

11=40p 2n2222(vaf)=100 (Run: 4/15)

JmA
2mA
TmA
OmA

-1mA
OmV 100mV 200mY J00mV A00mV 500mV

Left-Click & drag to move Cursor 1. Right-Click to see .step/.temp/.dc values.

Bt Anii bRid vT LA T30 step/. d/. temp FRIWRANPUIE & TIN5 F2AT o KA DU T 1) B/ 170 T BB PR B e b M — %
FREIME D — MR E, R AR IOURUESRIZETIERER.

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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4.9 RELERE

SEHLAT S Plot Settings=>Save Plot Setting/Open Plot Setting Files, YR EACBILE 2. 2K E X
e AN, plt (1) ASCIT Ut o BRI S 44 g il i M H AR SOy @ 427 L plt” B He” raw” , WIERAES —IXFT 4L
P SCAF R AR IR B ) SR 4, WS OZ S R B TYIR = K E -

BADHRMY. tra, .ac, .noise 2, FELEBWEIFPAATH KT K EMN R R RMEE] 7 — Mo Hr R R A
FIRER . (EZARTT B IR B AR R 2 B R 20 55— AN R 2 B B B LA

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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4,10 PREFPOAERE
FEQF B RE T, LTspice 3% 8 —F 40 i — 3 SO 2, SO VFFE AME SO IE A B0 20 i v T 38 hn et 15 B0 88 . 2
e EATETER, N T RSO AN AN F A R RS, SR SO 2 T ) T T R SRS

N T AEIRIX AN 6], AR AT DR SCAF R 53— R PR U7 1) (A% e X Rk SRR BEAE T L TE e, AT B B N 2 S AR A
ATLAHAT o H S — B R HsaX Aas 2, BT BaZE AN T 1038 ¥ x> — N, PR 55 T SO i ORA 0 Bt 2 ) 2
o P, WRARE — DS 2000 DMEERUER) 56B ST, IBATIN—SHT OERER AT RERR 22 4 20 dh . (HRAER OV IR
YT M 25, X4 7B R EN (R 2 1D . XA SRR f B 5 8 K 7 OB SO B S B AR
U IR SO IS B 7 (B DI 18] 58 22 S TP B A2 OO, T AN S A A 2

A ERWOR O PR T R R BOEE DR ENTESI W, JFIAT ST 4 Files=>Convert to Fast Access.
Al I RERE 7 B L R SO R /NRE A5 0 2 PRI 52 1), (R R R ST L JR G SRR 11 79

Fepad REv] BT AR ), JF B S AR NAF RO 7> 22— SEBr b, R ST s g bodt 7 1) i s LU A6 07 FUBT 5 4
IS TA)BE A o e dh 5 (10 B4 DI A ) B ke B 0 A P DR S AR A7 B S R 3 . AR R R, B PT RE & R BRI T 5L
X SRR AR PR AN ARG o AT BLE AT LA iy AT TE VA EAL AL B A & i 4 S0

XVIIx64. exe -FastAccess <file>
HArdrile> B EH PR YT WA . raw T2 FR .
A R SRR S, A SRR, ac MR R R

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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4,11 WAE RAM FipbhlZ= 6]
LTspice &5 — 3T PC /) SPICE F2/%, EEMEA RSB T B O 64 Ardbht=siE], ovEH P EE LT TR K3 EE SC
o

LTspice XVIT(XVITx86. exe) i 32 SLARAT] LAALEE 605 ¥F 2 Gb it OB SCiF, (H— IR BEALBE R 3G A BT,  DLEAED:
TERGH TS

64 SLARASH] LTspice XVIT (XVIIx64. exe) Al LMEH 5 S 25N FE—FEZ FINAE, (BARE I BUR R AR L, DIE
BEM LI NAER IO &, HATH 64 frACFE887E 32 Arabsigs b A —Se A i bk AT o

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5 LTspice

LTspice XVIT j& DAJE 3 EI9R 3 (1) %1 EFE /T . LTspice {fi H a3 i bl &2 T Berkeley SPICE 3F4/5 JF M. fil#R&d T
SERMES, DUREERLSSIYERE, BE bug, FFXTEINSSHHTY R, ILEENEIEATAT AR 2 SRR T R AL, T
B FEGE S, BV R E . ST, SPICE {5 F 84317 7 KSR AU SGE, 5] 4046 55 55 50 MR SR iR 4% 34T AT A BR AN sh 25 2
i, DASAERR EARARES, f# LTspice XVIT Rk 5 s i 2 AR5 BL4%

LTspice &£ A/EVRAIER SPICE {E 2%, w] DLA P B A0 R B B HE R 2 W0 0 B . 8 F © 850 /9 SPICE B3k, {iE a4

AMSHUE NSRRI EAE R B P R sy A A, oy SR B P e 00 BUbR s RIDAT 22286l P o AT i
.

FEAR S RG ) — N E S E B R Giuseppe Massobrio fl Paolo Antognetti, McGraw Hill, 1993 405 Sk ) B ENHY
SPICE M2 —f - SRS L. AR PR T C&¥ TS Mrlk SPICE #2763 LTspic F27 HI: S oot fEfmey
fE. X BSIM 3 F1 4 Jofh, 1ES BN KA 7R 431 CAD 32 AL A AR I STRY

LTspice BERFFFRA T FIEM R Hr o

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.1 ME
FEL % 154 B

LB IS — SR SO SO AT 2 e MR RS R TIult, TR, BARE SCRIE Al SPICE fiv & 1513

W R LA N . BTG — N R K, BSR4 File=>0peno. K HHIL—A> windows SCAFRIE & . %
BFUA R EHEE IS LR AT, s8N 2@ s A JZ B E . LTspice 2 A FIRTHSCLER
R, MRFEERHE— N AN ¢ ase” B, schematic capture iy T Edit SEER T o fn S M EEA i w71
1E Schematic Editor Overview .

AP E AR, WA SR R A A R AR R 5 SR B A R A2 (B SO R 408 L net” [ISCAFH . LTspice #§i%
I 2

PRIETTLAFT I« AU AN G 48 T3 s /MR R IR SCAS . LTspice AN AN net” , 7 Lcir” BURE” . sp” XA AN
RN

AFTHIFE BSOS R 7 R A R, B g R B 2 O

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5. 1. 1 — AL A5 1]
TN FEL R — AN MU S X 3R A SO A SO R IR . IR A S — AT IR E R, AT DI ANS . MERIRE 1T
PL” END” Z5°R, tHATLAENE . FEIX —4T 2 J5 BATATTAT #R AT A4k 2008

RS R (B AT % . AT AT DORIERE . F BT A I F4R 2o AR RATM— M7 IT 46

* This first line is ignored

* The circuit below represents an RC circuit driven

* with a 1IMHz square wave signal

R1 nl n2 1K ; a 1KOhm resistor between nodes nl and n2

Cl n2 0 100p ; a 100pF capacitor between nodes n2 and ground
V1 nl 0 PULSEC0 1 0 0 0 .51 1un) ; a IMhz square wave

.tran 3 ; do a 3us long transient analysis

.end

HTPRATRERE . ARMTEL “5” JPRAATHORIERE, WAL . BL “R17 JF SR AIZ SR RR T 5 nl Al n2 Z a4 —> 1K fIH
o EESS"7 ATHTAAEATHRRITRER. Pl “C1” TRk IR SFZ IR 5 n2 MR 2 (84 —> 100pF IR . 781
“0” AR HLBR I A SRR

NS LTspice ] AR -

o BIEAG. MR R AT A g
o NI A-Z [ REATT A OBM 74 th#il 2 .
o B MNEEARTRE SCT TR .

Leading Character Type of line
* Comment
A Special function device
B Arbitrary behavioral source
C Capacitor
D Diode
E Voltage dependent voltage source
F Current dependent current source
G Voltage dependent current source
H Current dependent voltage source
I Independent current source

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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J JFET transistor
K Mutual inductance
L Inductor
M MOSFET transistor
0 Lossy transmission line
4] Bipolar transistor
R Resistor
S Voltage controlled switch
T Lossless transmission line
U Uniform RC-1ine
\ Independent voltage source
W Current controlled switch
X Subcircuit Invocation
A MESFET or IGBT transistor
A simulation directive, For example: .options reltol=le—4
+ A continuation of the previous line. The ”“+” is removed and the remainder
of the line is considered part of the prior line.

B AT LR A7 5ok 3R B, 1 el2; A TREsfes. a2 1000. 0 8 1e3 ] UG AL 1K, T e — 4> B
TR H -

Suffix Multiplier
T lel2
G 1e9
Meg leb

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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K le3
mil 25. 4e-6

m le=3

u(or u) le—6

n le-9

p le-12

f le-15

JEAX KNG o By BT REIRIEAR Ja T R R 7 B g8 mg . AL, 10 10V, 10V A1 10Hz #ER AR 108y, M.
MA. MSec Fil MMhos #Z7=AH R A LB 5~ (0. 001) o — AN ILEIHS SRR 22— MEDD IM A FFEES, B RE]—> 1 IR
RUBHAS, SRT, IM AR — A 1 RO S . 10T Shr#E SPICE SKZBR AR SHe 2 i b )

LTspice #4452 6K34 F13RIR 6. 34K HI%L T . X@EMH T LA Iest. V¥ 3] Tools=>Control Panel=>SPICE F:HUH
HiE “Accept 3K4 as 3.4K” B[],

WAL DURAT R . AR AT S () 2 €07, “OND” J9RpBRIF S R, BT SRR, €07
A 4007 AR T AL

FETHO AT B, 5 EREIRR 5E 15 B A il 7 B B #RFARIE S8R Bl “ (srename>” g B ANRF 2 YK 44 5 o
J5 55 2R I B B0 7 BUR AT

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2 mfd

PiFARL — KA

FOSATIAN, ADLEE SO, M0 HZE R EPATHI MR . A NFAF SR 50 B - R /NS 5280 B
iy WAL B TAER MBS RS R BB S M. RIS AT RN, A Z50RS ML i 58 3K 7N M M e B — A

ERL AR PO A A O S B P i S 1, R IR AR SO AR SR B B AT I A QAL TSk, AR R R

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2.1 . AC——XF B LA mUdtAT &AL ) /IME 5 58 7 A

LTspice /M55 (Ze1h) 22 it /M i H HAZ I 52790 s A AR (R 4. 170k, HRBIMBR M B TAE . 3Tk, XeigF
P AR MRS/ ME SR AT T &R, 1980 TiZ TESR/ME SR, )5, DO RIEA BRI IS E S, 15
o5 TE AT P PRI AT PN SR AR 2R PR AL L

XA AT CE ] T UE RS . 4% RRETE T AR A B R . R AT AR I LR B — N A ] 5

Syntax: .ac <oct, dec, lin> <Nsteps> <StartFreq> <EndFreg>
.ac list <FirstFreq> [{NextFreq> [<NextFreq> ...]]

PRAESNHR StartFreq AANZE EndFreq Z [AHE T PBEH BT “oct” . “dec” B “1in” Fl Nsteps ' X, WTFFE
B

Keyword Nsteps
oct No. of steps per octave
dec No. of steps per decade
lin Total number of linearly spaced steps between StartFreq and
EndFreq

HE” Lac list <Freq>”, 5.step GG MAHEAIHE . R R EIRLHIAN RS EN R, WATRBIFTR.

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2.2 . BACKANNO——4% - L% 5| i 42 Fipm i 21 oty 1 FELIAE

i&v% . backanno

ZARS BB SRR E A SN MRS . EF8s LTspice £E. rav AP AES(E R, X&E B H T8 S R FR5|
FH i T EL R o 3 SRR I 50 o 55 5 1R 5 BRI SR 28 SCER N A R FL VAL

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2.3 . DC—PAT EIRMIEH R4
BAEFRVE I B ST B 0T © 0T T SO S 0 B AL 3 bR B0k 2 ) it A T el 2 DA AT A R B TE

Syntax: .dc <srcnam> <Vstart> <Vstop> <Vincr>
+ [<srcnam2> <Vstart2> <Vstop2> <Vincr2>]

<srenamdAE— N B R EL B YR, E<Vincr> step size B, M<Vstart>fHZFI<Vstop>. 7E FHKIE T, 28] 720N
ff) BSIM3v3. 2. 4 4 #h 2% -

* Example .dc sweep

%

MI 2 1 0 O nbsim

Vgs 1 0 3.5

Vds 2 0 3.5

.dc Vds 3.5 0 -0.05 Vgs 0 3.5 0.5
.model nbsim NMOS Level=8

.save I(Vds)

. end

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2.4 . END— K A [ 45
ENMES IR EEMER IR R X—1TZ G T AT AR 20 . AEE/ENEBE ERSCR, FAMRIERE SR
JEHRHEE

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2.5 .ENDS—F Hi & & M 145
RENMELSIEE TFHBE LNER. BLERATUSA. subckt,

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2.6 .FOUR-—TE. TRAN /3 #r 2 Ja it A B4y &

Syntax: . four <frequency> [Nharmonics] [Nperiods] <data tracel> [<data trace2> ...]
Example: . four 1kHz V(out)

BT AL R AN G AT RN T SBB Y SPICE i AT HRHEI . By & ST ERRHTENFE. Tog STIFH - S HL
% “View=>Spice Error Log” EATIEl. XWTREZHHAM, PILEGHRTNEMN FFT IIREEA M.
USRAFAE BB UGB, M T B S O B AN . I REH 1€, B BRI 9.

TR N EG — R, T, BET AT — N, BRAREARE B 4t — DN S nperiod. A1 n Y
=1, DULE A (7 BB VE T A HEAT 8 B #

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2.7 .FUNC—H /" [ 5 ek %k

Syntax: . func <name>([args]) {<expression>}
Example: . func Pythag(x,y) {sqrt(xkx+y*y)}

. func 54 R VFRIEE AT F P S 800k B AT DU R T P 8 LR, O TR L, 30T K 44 Bk 5 BR ORI AR SR DA SR 1
FL % S DURERE il 51 s DR A AE B PP AR A

. func TEAJ AT DLELE 7R T AL B8 SO, DUKE R iR S Bl BR A D 12 FELBR M 1 LR O P ) FELER
B AR L 7 S R B0 S B0 AR IA A ORAE, TR R IA SR e R T o B PR RIE S ORE e  m fE  dHte
N —ANRIEAE . func F. param &) 7R .

* Example deck using a . func statement
. func myfunc (x,y) {sqrt(xkx+y*y)}
.param u=100 v=600

V1l a0 pulse(0 10 1n 1n .51 1u)

Rl a b {myfunc(u, v/3)}

Cl b 0 100p
.tran 31
.end

FEOT T AR R Fr A Z 80T T B T4

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5 2.8 . FERRET——F%W/\% URL A4

XA SR VFRIEIE 4R URL CAEARERAR 20 R B0 o AR AN B 6 ZI0RE 0 T 241 17 B A SO By B2 BHLLE 0 B8 X S AR AT

AR, RRARE TR . N BSOS U5 R PR R B A R F e o i X6 07 FLBOA S

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2.9 . GLOBAL——7 B4 JRj ¥ &
Syntax: .global <nodel> [node2 [node3] [...]]
Example: .global VDD VCC

. global i 4 FEVFARFE B~ LB th 32 21 A RE LG AR 7 HUBR IR A BT A, T 46000 42 JR) 49 R

HE, ®RBEEAIEMERE node “07 , ANFE. global 6. BEAh “$6_ 7 TEAMI T R4 M2 A 1E. global 4] = B
ESCRED=

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2.10 . IC—WBEWIIH K1

Cic /A VIR E RSN IMIAE 2. FTHG e T AT B A R IR . B WIIE SR E N LR AR, 53 T HRR. 5,
ESRTEHAD SPICE R /7 b, FRUBESE & PN B M h O, (B R AG & THILE MR, WIFZE LTspice Hfs AL AT
55 KBAPL HL IR

Syntax: .ic [V(<n1>)=<voltage>] [I(<inductor>)=<current>]

Example: .ic V(in)=2 V(out)=5 V(vc)=1.8 I(L1)=300m

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2.11 . INCLUDE—f0 5 55— 30
Syntax: .include <filename>

IR W E T E N, M DA AR LT AZ. include frd i —Ff. X0 TASHRB ST HERAEE A
Hle

T LA 2 N3 Bk A2 42 . S5, LTspice & 4/E H 3 %HOMEPATH%\Documents\LTspiceXVII\lib\sub F &+, 4R J5
FRAMENE®PER, RETEEEREETSHIEFXYERFER.

BB AT B4 . WS4 N "myfile. 1ib”, fRUZE”. inc myfile. 1ib” TMAZ “. inc myfile”.
a] DK PL R A% AT URL 48 5@ NCfE 4
.inc http://www. company. com/models/library. 1ib

PESCAE” . 1ib” R http AR H s RO &R . M T LURRTR, 7R faa s 0 ST 8ok, wBLgy
. inc 1HH) 3]

.inc library. lib

ER, WEARRTEER) URL APAE, REH web 55 as AR IR, MR [E—A html web UU[f, EoR7E web J Wias+,
fAREATR . LTspice AREEE K IX L BT AE A R A ARG PRI 2 0 F S5 B 0 B0 L5 1 hiem] 3 35 BR DU A 2
[¥) SPICE iH AT AL FRIN , (R BE & 15 2 — Lep R i S IR 2.

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.2.12 . LIB—al$F—/NE
Syntax: .1lib <filename>

AR A B A A4 SO R RN T BB E S, SR B2 NE] netlist AN, 1ib fir & i —H¢. 42Jm i Fl s T
RIS

A LA A S N a3 #6147, 5 LTspice ¥ & 5a7E H F%HOMEPATH% \Documents\LTspiceXVII\lib\cmp F &k, REH H
SE%HOMEPATH%\Documents\LTspiceXVIT\1ib\sub &, HEMEMRETX ML HIMEHFEHEH.

RBCBA S 4, R4 2 "myfile. 1ib”, RAZHUEH]”. 1ib myfile. 1ib" A", 1ib myfile”s
PRA AT BARLF 1 394 X — > URL SRAE RSO 44
.1ib http://www. company. com/models/library. mod

FESCAE” . mod” H44% http AARIEI I H FEIHIER—NEAS . N TIESEMME, T B GE T ERE F#octE, ar
PAgAE. 1ib 154

.1ib library. mod

EE, WMRIRIEEM URL AEE, KZH web g ds ARG R, 2R E—A htm] web JUIH, R/R7E web JIbE &,
fERERT IR . LTspice ANAEE R R IX L TR B R A BEHL, PR 24 07 LR 07 B B3 (9 him] 3 35 B R UM E A 2%
(¥) SPICE 1HILHEAT AL HEIS , RATRE 15 5 — Lo AL IO IR 2

D e

LTspice AJLAAL SO — FioRp R UKD P o 3K SR P — >R P 2 5 — S AP T BRSO 8 AR 2, T JE 7 a8 683 R (14
K. CARHARESS 7, 0 e XE ABOR S B RIE T g As,  (H SRy FAR SR A, it A T se B, st ANBEIA
NERTEULEN,

B — AN, R B A AT T “—encrypt” MAT AT LTspice. TRTEEE LM IXANE, EAT KN
FRAS B o AAFAERE N B e S e [l W S SE AR e LSS T AP 3R

N S — A 280y o MBS AR N Fh) R AR
AT EEA\XVIIx64. exe —encrypt <filename>
AF<Filename> B INEE A E e, I FE 75 B L4 4F .

AT, A — DI ASCIT SCF. ATRALE “* Begin:” AT HIHASINAAUAE B, (HZSCAFRIHT 9 47 L2 ERFF A
A2, I BARESIN B AR — AT RROBUR IR A R L 745 %7 Tk
M, XHEA—AH LTspice g5 KIINEE 1

LTspice Encrypted File

This encrypted file has been supplied by a 3rd
party vendor that does not wish to publicize
the technology used to implement this library.

Permission is granted to use this file for
simulations but not to reverse engineer its

contents.

KX K K X K X K K *

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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* Begin:

50 3E 46 OF FA 6E 67 FF B8 4D D9 62 14 32 60 24
36 71 35 OB 66 4F AD 52 B8 F5 9E 22 9F CO 18 8B
FB FE 1D...

PR A] DAEEHLRR: * LTspice Encrypted File

*

* This encrypted file has been supplied by a 3rd
* party vendor that does not wish to publicize
* the technology used to implement this library.
*

* Permission is granted to use this file for

* simulations but not to reverse engineer its

* contents.

*

* Copyright © 2005 Acme SPICE Modeling

* For additional information, see

* www. acmespicemodels. com

*

* Begin:

50 3E 46 OF FA 6E 67 FF B8 4D D9 62 14 32 60 24
36 71 35 0B 66 4F AD 52 B8 F5 9E 22 9F CO 18 8B
FB FE 1D...

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !



LTspice XVII help ' SCEIHERR

5.2.13 . LOADBIAS——fIN# 2 Hi fif tR ) ELIR Al R 7 58

Syntax: . loadbias <filename>

. loadbias fiy 2 4&%T. savebias iy 2 HIAbFo . B SLIBAT — AT, savebias S HITE . SRJ5¥. savebias TS T ik
N. loadbias 4.
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5.2.14 . MACHINE——{T B IR ML
LTspice XVII B& T —MEREREN, FFIINT —FHOEIIMIEES NHmEES . AANT@4:

.mach[ine] [<tripdt>] ; tripdt is an optional temporal tolerance
. state <name> <value>

.rule <old state> <new state> <condition>

.output (node) <expression>

.endmach[ine] ; end of block

-mach M. endmach %) 2 [ K5 AP BOA AL X0, XA BIVETE S bR E WK (5 C RFERE VR S, ER A
W2 — ARSI IRE, U LI R &

IR R R AT, AT DMEST BN R U iR 21 .

MWATLAIRZ, WAL RALEE TARIRES>, BRI RIRIERAME R T. 5, MIHLES RIS CHRE> . AN ]
BPRAPAT — KN F5F " A NRIRE KA ILRCAE TR . B e e A X SR

output i A SLIL 5 EE AN 1A B 1B K S AR W R R R, @A 1K R 225 B, (ESR AR Re A B
[ TR0 — S~ AT AL R PRt i . 3RIA 0O T AL & AL A 12 3 A/ BUIRAS

FERCRE LR ST S ] 7 A RS HPRE L. X2 — NGRS i i) 1 -

% inverter state machine example

V1 10 pulse(0 10 1u lu .5m 1m)

R1 2 0 1K ; an impedance for the .output statement
.machine

.output (2) V(1) < .5

. endmachine

.tran 3m

.end
KRG —MlFERUL 2 584

* divide by 2 example
V110 pulse(0 10 lu lu-.5m 1m)
V2 ¢ 0 pulse(0 1 0 1u 1u 5m 10m)
R1 2 0 1K
R2 3 0 1K
R3 4 0 1K
.machine
.state SOa 0
.state SOb 0
.state Sla 1
.state Slb 1
.rule SOa SOb V(1) <
.rule SOb Sla V(1) >
.rule Sla Slb V(1) <
.rule Slb SOa V(1) >
.rule * S0a V(c) > .5
.output (2) V(1) < .5
.output (3) V(1) > .5

o1 o1 o1 O
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.output (4) state

. endmachine
.tran 30m
.end
VE AT IR RS W RAREHIT ELERE RIS, 0 5] B B M A AN IE .
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5.2. 15 . MEASURE—FAi F P 58 I B2

- MEASURE T4 PRAPEEA AN RIZE R . FaBAsbn L) — il (AR RIEMUE bR, BIRIL measure iHA], IXLETEHA)T| HIREAL
PR —ANEE o 55— AR (8 R RAR FR B — A s BRRCAS) T R 52 1) e B0 AL 26 AR I 3T BN B (B s A 5. (T A
TR

Syntax: .MEAS[SURE] [AC|DC|OP|TRAN|TE|NOISE] <name>
+ [<FIND|DERIV|PARAM> <expr>]

+ [WHEN <expr> | AT=<expr>]]

+ [TD=<vall>] [<RISE|FALL]|CROSS>=[<countl>|LAST]]

W, AT DL W), meas 1EA) R T AU AT 2R AL . X SR VFURIC R 5E 10 70 BT B AR E K. meas 54). 2945 R
P ANAAEHAD. meas BRI S H Y, FEMAIZHK FHEHEH]T. meas 1HH) 51 T RIS EFT—A 5

.MEAS TRAN resl FIND V(out) AT=5m

FTED t=5ms B V(out) {H, FRicH resl.

.MEAS TRAN res2 FIND V(out)*I(Vout) WHEN V(x)=3+V(y)

S UGl R A V () =3V (y) i, TENZRIEF V(out) *I (Vout) FIfH. IXJE res2.

.MEAS TRAN res3 FIND V(out) WHEN V(x)=3%V(y) cross=3

TEI R V() =3%V (y) IIBHL T, 5 =KATED V (out) (IfE. XAFRZIE ress3.

.MEAS TRAN res4 FIND V(out) WHEN V(x)=3%V(y) rise=last

V) I wrt3 «V () B, 2 V) HIE A V() =3V (y) B, FTEIV (out) BIfH. XAMREZE resds
.MEAS TRAN res5 FIND V(out) WHEN V(x)=3%V(y) cross=3 TD=Im

S = RAE AT AT ED V (out) BB 2 V (x) =3+V(y) , (HE BN AT 1ns A HFUARTHE X MREER resb.
.MEAS TRAN res6 PARAM 3%resl/res2

ITEN 3kresl/res2 HfH. X ANFPRX TITENHAD. meas 1AL R MFRIEARA M o IFA KLU EE T EARBA AR 2R3k 20 (i
V(3)) & MBER R AL, EaRAAAE, BRI A fa — M A 45 FABHARILN res6.

TR, LIRS GRS IR ARRR DR — s, SRS T IR Hdls (B &) « WnREATERYPALIREE, . MEAS
AR AR DR 2 R AR AR L AT B A

.MEAS TRAN res6 WHEN V(x)=3%V (y)
AT EIH B2V (%) =35V (v) » IXPFRZE resb.
A —FETUH). meas 1B AR FERALSR L —ANE . LB

Syntax: .MEAS [AC|DC|OP|TRAN|TF|NOISE] <name>
[<AVG |MAX | MIN|PP|RMS| INTEG> <expr>]

[TRIG <lhsl> [[VAL]=]<rhs1>] [TD=<vall>]
[<RISE|FALL |CROSS>=<count1>]

[TARG <1hs2> [[VAL]=]<rhs2>] [TD=<val2>]
[<RISE|FALL|CROSS>=<count2>]

+

+ 4+ 4+ o+
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REAsAR ERVE R <=7 A “TARG” & MM HRE. WIERENE =AM, NIV G . K00k, TARG mERABE
NBUEAE AR . nARAE NS T =8, TARG MRTHI =, . meas WEAPRE AR Bl VE I WIZAT . 7T LA7E —BUit
[ P 52 i 1 I B 45 A 2

Keyword Operation performed over interval

AVG Compute the average of <expr>

MAX Find the maximum value of <expr>

MIN Find the minimum value of <expr>

PP Find the peak—-to—peak of <expr>

RMS Compute the root mean square of <expr>
INTEG Integrate <expr>

R EMEERVE, M. meas ¥EA)II45 5 & = M BB TARG S 2 [AVEREARRIFER S . T &% F interval . MEAS iE
IR

.MEAS TRAN res7 AVG V(NSO1)
+ TRIG V(NS05) VAL=1.5 TD=1.1u FALL=1
+ TARG V(NS03) VAL=1.5 TD=1.1u FALL=1

FTEP VNSOL) (P31, M VNS05) & — Rk T3] 1. lus J5I 1.5V, M VINS03) #— Wk FIE3] 1. lus J519 1. 5V, X MRZ 2

res’s

XFe ac 70, RHEIERIBXMEHUEREE, A5 R4 BRI 5% AF R8N TSRk T
FIFE, . meas IBAJAILAE R FT LA T 55 —A%. meas i), fEAWIH, THH 3dB ¥ :

MEAS AC tmp max mag (V(out)) ; R EEAE N B FFFR 2 “tmp”

.MEAS AC BW trig mag (V(out))=tmp/sqrt(2) rise=1

+ targ mag(V(out))=tmp/sqrt(2) fall=last

FIENPIAS 55 22 I FA0 R 22 3dB MIG(EMIN . 33 :. ac M HTHIBIERE 2%, . measurement iBA) L5 RBRE . MERIEE
RSz, BI “mag (V(out))=tmp/sqrt (2) 7 4+ Re (mag (V(out)) =Re (tmp/sqrt(2)).

P FAI, FIn “Z<condl> = <cond2>” , LKA LEFMELEN, MAMERLE. XEUNELAXR BT
FEAEBCT I A B EE S R A BR A, RIS R ZEER P R4 5

AVG. RMS A1 INTEG #1EXTT. noise #7150 W28 RS AR K, Ry B A = SO EE BAE IEAZ R DU . Rk, AVG A
RMS #B%5 ) T RMS MERSEL L, INTEG 45H 745 & MMk . K, dniR¥%5n SPICE 454

.MEAS NOISE out_totn INTEG V(onoise)

.MEAS NOISE in_totn INTEG V(inoise)
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SERE AN EN S FH (1 rms MK 4T EDTE. log U

. meas EAIFENT B SE UG HHT /G A0 HE . XA VFERS. meas A KA FERGRSE LHATEANT. Nk, KEIEE REN
BN E HHPAT R AT 2 XM => execute . meas A, {E45 HGMEAEEF, . meas BRI A —NERE, . meas ifH)
FTENAIHERA Y 52 21 R 48 )5 B AR AR PRI BR 1) . PR 7T e 75 ZE B IR 4 1 B DURA RS, meas 1EAJFTEN.

. meas IEAJEH HRMEN SPICE fe & i n K L, 8038 5 HA LA & F L B 8 —R2TE netlist Ho T ENHRTE.
Log b+, JUMEFZEH M4 View=>SPICE Error Log. WHRMGEME. step 14, MARAPEMAT. neasure EH], I
BEERITEN. log XX . IX 2. measure 45 5 R T DMEIEL I TE —FEE T UL T B 3B 2] -

DIFESER)E, $UT menu SEH 454 View=>SPICE Error Log

i) AERE. log X, $AT ETFCEEH M4 Plot . step’ ed . meas datas
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5.2.16 . MODEL——%E X SPICE 7!
SESLTARE . SR PR, AR B 5] RC LR

AL TTE, BIIEAE, GIF22H. SRE AR N RRE RSB E N RIAESH, R R A iR 41F R
AILFIZH AR SRS 0T DA AR RIBRSE,  JF L HASERERT URGE SS9 K/ NEEAT 26

Syntax: .model <modname> <type>[({parameter list>)]

ZHBNIRMP T EM . DU R R RS 3R :

Associated Circuit Element
SW Voltage Controlled Switch
CSW Current Controlled Switch
URC Uniform Distributed RC Line
LTRA Lossy Transmission Line
D Diode
NPN NPN Bipolar Transistor
PNP PNP Bipolar Transistor
NJF N-channel JFET model
PJF P-channel JFET model
NMOS N-channel MOSFET
PMOS P-channel MOSFET
NMF N-channel MESFET
PMF P-channel MESFET
NIGBT N-channel IGBT
PIGBT P-channel IGBT
VDMOS Vertical Double Diffused Power MOSFET

Z WHBR TR, T RS HOR R E TICBI R, MRS HOR BRI A IS AL

N
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5.2.17 .NET-—7E. AC 3 Hr P it M 4% S50
B S /MES ( ac) AT —H THE 2 i DS AR H S48, L. vy 280, 2 28 h 250 s 33 Sl
DU SR B — A B 1 B BN SOV ATBE DT X2, ac TEA)—#EAH ], %05 A1) LR 58 R4 b AR 313

Syntax: .net [V(out[, ref])|I(Rout)] <Vin|Iin> [Rin=<val>] [Rout=<val>]

0 2% S A\ R ST FL S P <V D> BRI FEIREIRCTin> 4 R o TR Rt 11 9 5V Cout) BOFLPHL T (B R 28) F8 7€ 1R o i A48
ZOb SR Rin ANEE 28 WORARIRE, LimPHITERIY 1 BRAY, (4R 1 Rser AL HIEBARE 1 HL BH Ko o 11 AR 156 e
BRAbo ERXPIMEILN, Zim BRIt . net IHAJHIRE M ILER B, net TS, (EAEGIE
WL ac WAITHEEMER. RHURY, T, ac AW IHERIER BB, . net IEAIASN WLt INA BT

152 I 2 B AE%HOMEPATH% \Documents\LTspiceXVII\examples\Educational \S-param. asc _F 7~ S0 . o DU A B R
V4, Rser WEFTT HVREBEPL, I router & &5 Hiw, . net IEE)HAMHIEE “. net I(router) V4”7 . .net i&EH)
& A TR E Rin B HAHE, BN/ B &I & E . KR eHER. ac W SEERHERE Bl net 15HA)
AR TRT R % L 1 DR 4% A o)
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5.2.18 . NODESET-—A#HJUf FLim 1k 77 e 4R

R IR T R E R EAE IR . IR EBA Z AR ERURES, Bk, B4 TR ER A s
AIREAGE A28k, — 4. NODESET #8417 LLA R 51 S B B — A0 —/MIRES . AL, 7EMRT AERS L ErEE
SRR T A2 5, X G kAR I L O B R B

Syntax: .NODESET V(nodel)=<voltage> [V(node2)=<voltage [...]]
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5.2.19 . NOTSE—#E4THE 3 47
XA AT, TR R, S AR RN DA BRI S . HE O D SR S AR T T I R R
Syntax: .noise V(Kout>[, <ref>]) <src> <oct, dec, lin> <Nsteps> <StartFreq> <EndFreq>

.noise V(Kout>[, <ref>]) <src> list <FirstFreq>[ <NextFreq> [{NextFreq> ...]]

V(out>[, <ref>]) BiFHESHEMEAERIT S, ATLARZRA VL, n2) REFERHADTTEZEIHEE. <src>f& 5| FARSE T
TENTIRI ZFR . <sre> NLEMEEIANES . Z2%<oct, dec, lin>, <Nsteps>, <StartFreq>, and <EndFreq>Pl.ac 54
A5 F ) 5 2 SO B ) AT 2R 3 6 D 73 2R

i HH AR ERER V (onoise) 52 IR TEE i 8 52 IO %A 19 R AR A 0 A IR R . WUAREANS SR — MR, A BE R R
V(inoise) MlA2MIASH KWL BB R WK NIRE N R TIE,  HGE PRER PR R R I\ R IRUIR S SR . AT bl
il RS B S TR X LS TTRR B S B . ST DO R B R ER 328 SRR EATS R

POV AT & LB <Ctri-Key> +l b /e B il A S A B0 BRER bR 25K AR BT B8 L R 7

R . MR V(Cout>[, <ref>]) <sred list <Freq>” 5. step S5 eI, A BRI, B AT RN
R A BRSSO A, A
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5.2.20 . OP—#RF E R TAE R

PHAT H 28 T 50 R b SR I T LR A AR T 5. R T AR BB 10 AR 55, B R EEE R 5 — R b B — 3 kT .
R A A BB L E . ope 4K IV BIE — NRHEMER . 7E. op HEZJE, MURIRREAT S8 S wII, . op i
T ZoK AR L.

BRI BB 1 AR A BEORIE AR A By b RS AR B IR a3 3 W R B BUA RN, LTspice 2%
V2 HA AR B — DA e N R ZE AR 7 iR BT G AT I AN v B 3R

Method Directive to disable
Direct Newton Iteration .options NoOplter
Adaptive Gmin Stepping .options GminSteps=0
Adaptive Source Stepping .options SrcSteps=0
Pseudo Transient .options pTranTau=0
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5.2.21 . OPTIONS—i& & 1) Bk 15

Keyword Default Description
abstol 1pA Absolute current error tolerance
baudrate (none) |Used for eye diagrams. Tells the waveform viewer how to wrap the abscissa time to
overlay the bit transitions.
chgtol 10£C Absolute charge tolerance
cshunt 0. Optional capacitance added from every node to ground
cshuntintern cshunt | Optional capacitance added from every device internal node to ground.
defad 0. Default MOS drain diffusion area
defas 0. Default MOS source diffusion area
defl 100 um | Default MOS channel length
defw 100 b m | Default MOS channel width
delay 0. Used for eye diagrams. Shifts the bit transitions in the diagram.
fastaccess false |Convert to fastaccess file format at end of simulation.
flagloads false |Flags external current sources as loads.
Gmin le-12 | Conductance added to every PN junction to aid convergence
gminsteps 25 Set to zero to prevent gminstepping for the initial DC solution.
gshunt 0. Optional conductance added from every node to ground.
itll 100 DC iteration count limit
itl2 50 DC transfer curve iteration count limit.
itl4 10 Transient analysis time point iteration count limit
itl6 25 Set to zero to prevent source stepping for the initial DC solution.
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srcsteps 25 Alternative name for itl6.
maxclocks Infin. | maximum number of clock cycles to save
maxstep Infin. |Maximum step size for transient analysis
meascplxfmt bode |Complex number format of .meas statement results. One of “polar”, “cartesian”, or
“bode”.
measdgt 6 Number of significant figures used for .measure statement output.
method trap Numerical integration method, either trapezoidal or Gear
minclocks 10 minimum number of clock cycles to save
MinDeltaGmin le—-4 Sets a limit for termination of adaptive gmin Stepping.
nomarch false |Do not plot marching waveforms
noopiter false |Go directly to gmin stepping.
numdgt 6 Historically “numdgt” was used to set the number of significant figures used for
output data. In LTspice, if “numdgt” is set to be > 6, double precision is used
for dependent variable data.
pivrel le-3 Relative ratio between the largest column entry and an acceptable pivot value.
pivtol le-13 | Absolute minimum value for a matrix entry to be accepted as a pivot
reltol .001 Relative error tolerance.
srcstepmethod 0 Which source stepping algorithm to start with.
sstol .001 Relative error for steady-state detection.
startclocks 5 Number of clock cycles to wait before looking for steady state.
temp 27° C |Default temperature for circuit element instances that don’ t specify temperature.
tnom 27° C |Default temperature at which device parameters were measured for models that
don’ t specify this temperature
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topologycheck 1 Set to zero to skip check for floating nodes, loops of voltage sources, and non-—
physical transformer winding topology
trtol 1.0 Set the transient error tolerance. This parameter is an estimate of the factor by
which the actual truncation error is overestimated.
trytocompact 1 When non—zero, the simulator tries to condense LTRA transmission lines’ history
of input voltages and currents
vntol 1uVv Sets the absolute voltage error tolerance
plotreltol .0025 |Sets the relative error tolerance for waveform compression.
plotvntol 10uV |Sets the absolute voltage error tolerance for waveform compression.
plotabstol 1nA Sets the absolute current error tolerance for waveform compression.
plotwinsize 300 Number of data points to compress in one window. Set to zero to disable
compression.
ptrantau .1 Characteristic source start—up time for a damped pseudo transient analysis to
find the operating point. Set to zero to disable pseudo transient
ptranmax 0 If set non—zero, that time of the damped pseudo transient analysis is used as the

operating point whether the circuit has settled or not
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5.2.22 . PARAM——FH & X 1S3
. param 54 R VF R 8 CHIAR S . A TIEMER I, X5 T4 4 AR5 (E SR SR LLROKG 7 FL 2 Hik UK Jih 52 F B AR
A ER AR A

- param 1 A AT DAL S 7R 7 RS E O, DR S 8008 109 BB BR A 2% 7 HEL B
LS HB B RIEFORME, R RIE IR 5 . B PR RIA R i (L ik
N —AME. param A A E AL T S 2k AR S S H RG]

*

* This is the circuit definition
.params x=y y=z z=lk¥tan (pi/4+. 1)
X1 a b 0 divider top=x bot=z

V1l a0 pulse(0 10 .51 .58 01n)

* this is the definition of the subcircuit
. subckt divider nl n2 n3

rl nl n2 {top}

r2 n2 n3 {bot}

. ends

%

.tran 3u
.end

SHBHRR M S HEYNEIES . SHARIENTH EHELIER S T, THRENRENK AL G LT, BEERES
I, ARGE AR S AT R B A Sk AR TSR P RIA K, IR LRI P R

SRt LU ThREAERAE :

Function Name Description
abs (x) Absolute value of x
acos (x) Real part of the arc cosine of x, e.g., acos(-5)

returns 3.14159, not 3.14159+2.292431

arccos (x) Synonym for acos()

acosh(x) Real part of the arc hyperbolic cosine of x, e.g.
acosh(.5) returns 0, not 1.0472i

asin (x) Real part of the arc sine of x, e.g., asin(-H)
returns —1.57080, not —1.57080+2. 292431

arcsin(x) Synonym for asin()
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asinh (x) Arc hyperbolic sine

atan (x) Arc tangent of x

arctan (x) Synonym for atan()

atan2 (y, x) Four quadrant arc tangent of y/x

atanh (x) Arc hyperbolic tangent

buf (x) 1 if x > .5, else 0

cbrt (x) Cube root of (x)

ceil (x) Integer equal or greater than x

cos (x) Cosine of x

cosh (x) Hyperbolic cosine of x

exp (x) e to the x

fabs (x) Same as abs (x)

flat (x) Random number between —-x and x with uniform
distribution

floor (x) Integer equal to or less than x

gauss (x) Random number from Gaussian distribution with sigma
of x.

hypot (x, y) sqrt (xek2 + ykx2)

if(x,v,2) If x > .5, then y else z

int (x) Convert x to integer

inv (x) 0. if x > .5, else 1.

limit(x, v, z) Intermediate value of x, y, and z
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In(x) Natural logarithm of x

log (x) Alternate syntax for 1n()

log10(x) Base 10 logarithm

max (x, y) The greater of x or y

me (x, v) A random number between x*(1+y) and x*(1-y) with
uniform distribution.

min(x, y) The smaller of x or y

pow (x, v) Real part of x¥*y, e.g., pow(-.5,1.5) returns O.
not 0.3535531

pwr (x, y) abs (x) ¥y

pwrs (x, y) sgn (x) *abs (x) #*y

rand (x) Random number between 0 and 1 depending on the
integer value of x.

random (x) Similar to rand(), but smoothly transitions between
values.

round (x) Nearest integer to x

sgn (x) Sign of x

sin(x) Sine of x

sinh(x) Hyperbolic sine of x

sqrt(x) Real part of the square root of x, e.g., sqrt(-1)
returns 0, not 0.7071071

table(x,a,b,c,d,...) Interpolate a value for x based on a look up table
given as a set of pairs of points.

tan (x) Tangent of x.
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tanh (x) Hyperbolic tangent of x
u(x) Unit step, i.e., 1 if x > 0., else 0.
uramp (x) x if x > 0., else 0.

PR 3R 4% R AELAIE S 8 RO AR BRI 441 -

Operand Description

& Convert the expressions to either side to Boolean, then AND.

| Convert the expressions to either side to Boolean, then OR.

Convert the expressions to either side to Boolean, then XOR.

> True if expression on the left is greater than the expression on the
right, otherwise false.

< True if expression on the left is less than the expression on the right
otherwise false.

>= True if expression on the left is greater than or equal the expression on
the right, otherwise false.

<{= True if expression on the left is less than or equal the expression on
the right, otherwise false.

+ Floating point addition

- Floating point subtraction

* Floating point multiplication
/ Floating point division
*ok Raise left hand side to power of right hand side, only real part is

returned, e.g., —2%%1.5 returns zero, not 2.82843i

FEOT T AR RN Fr A ZHOAT T BT
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5.2.23 . SAVE-—[R I & frAr Fodis (1 K
—EEf I, R B, T RAARE R R B . GBI . save $R A R ARAFIEOGIR AR BT 8 BE RN A R, AT RARR
i B

Syntax: .save V(out) [V(in) [I(L1) [I(S2)]1]] [dialogbox]
84 . save 1(Q2) K {RAFEXMR SRS Q2 HYFEM . S ARF R G IR . A BRAE BN KR R, 1H1EE 1c(Q2) »
SEECEF “x” F 97 oI AT E SR ULE O EIERES. BN, “. 5547 V) Td ) DB BE AR BT

WIRFEE TRy “XHEHE” , KB — NS T A] BRI SR I 53 OXHEHE, o VR P A 36 AR e 4 B % A3
TERITI RS AN o G SR 0 2 A MJBLEE B AR R, R AT DAE 5 PR e 4 1) B s 5 s R e pE, AR H B R X R AE A g o 9 A
et
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5.2.24 . SAVEBIAS——K¢ 1R AF sl fRAF BB AL

Syntax: .savebias <filename> [internal]

+ [temp=<value>] [time=<value> [repeat]] [step=<value>]
+ [DCl=<value>] [DC2=<value>] [DC3=<value>]

Wiy A SUA SO 5 NBER, R AR TE 5 SASAUL FH. loadbias v 4 SR INAR. T LA ¥ FLBR A — Xk DU R B T
PR, AT CURRZ M o7 SR ORAF BB AL, DU U3 HT AT AR k8 BEAT HLAx BORRALL 2 19 8 B PR LR o7 SR BRI IR)

AN 7 “internal ” SRERTRIERZ IR B HELE B2 O A BT i, DASEERAF DC At I 20 B SE B RRAS

UIREN. tran S04 FHORAERFE R DC #RAE R, T LR E — NI TR] 72 URE I TR] )G B0 55— MR I TR SR S N . B eks
“repeat” K- EL DC fift th 77 ZRAELLIN (845 € O RE NN E BEZ JE BN o %304 A 8 Sl il vk (9 DC #3. DCLL DC2 A1 DC3
AT de $ 57 M b SR B AN R AR AT

savebias 4 LL. nodeset a2 MIE NS NSCASH. 7, nodeset WH) FURMH T RIEW . WEbR UL, REZIGH
nodeset TEAJHEETE AT A AL T AR IEAZ AR TT 58, (HR R QR BEAR, BRI EHIE M T 20 2. IR EEM DC
B S E B S B0 tran RRTER, AT LK SR nodeset RN, ic, LASRMHIERVLEEFF MOX A DCARZSFFAE .

T T L HL L B BUIR AS BV AT TRAT(E. savebias SUPEHR, BT LA AR (1 B Ih AR FE & A ARTA o
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5.2.25 . STEP—Z:%41 4
W4 SBHEZEPITIRE . BASH . £RSHEESMIIEN EEPAT O, SR LREMER. s8n, siFZfkesh—1
HF1%,

;. step oct vl 1 20 5

A HEMST B R YR VIO 1 E 20 X8 )\ 5 .

fi4n:. stepil 10u 100u 10u

B RS FELAEYR 11 M 10u F1] 100u, PRERIEEN 10u.

sfil:. stepparam RLOAD LIST 5 10 15

E4JRB % Rload 2018 5+ 10 A1 15 ITEHLF, HHT =R H .
it :. step NPN 2N2222 (VAF) 50 100 25

AR NPN #7250 VAR M 50 3] 100, B3R 25.

f5-F:. step temp —55 125 10

—IBHIREMN-55" C £ 125° C PA—2D . DRRETMA IR SR T LA R =)=
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5.2.26 . subckt——E X — T HLEK
RN E CRER B, HER R DVESTE T BB E R, FHENE— BT, AT 28, midH T
FLME PR TR B B AESUOR A, KRBT REATEMSE SR, THEEBRNE Z %G R .

FHLEE 2 L EE SR A 202, ends FE4
T 2 —AME T R 4T

*

* This is the circuit definition
X1 a b 0 divider

V1l a0 pulse(0 10 .51 .58 01u)
* this is the definition of the subcircuit
. subckt divider nl n2 n3

rl nl n2 1k

r2 n2 n3 1k

. ends

.tran 3

. end

JEIT e iE1T
* Expand X1 into two resistor network
r:1:1 ab 1k

r:1:2 b 0 1k
*

vl a0pulse(0 10 .51 .58 01n)
.tran 31
. end

EE, 2T B RAT R E SOT R A M K IR 1 LB BT AN I PR B T 3R T AR R
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5.2.27 . TEMP——i& B 13
ORI R R A A 1 — Rty 2T e A AR P AT AR

The syntax: .TEMP <T1> <T2> ...
EFT

.STEP TEMP LIST <T1> <T2> ...
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5.2.28 . TF-—3R B iL/IME 51518 B L
KR —Fh A, TR RN A, R A R B S FL A B M S AR R A
Syntax: .TF V(<node>[, <ref>]) <source>

.TF I({voltage source>) <source>

Examples:

.TF V(out) Vin
.TF V(5,3) Vin
.TF I(Vload) Vin
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5.2.29 . TRAN——HUAT AELR MRS 2 T
PATHES A XX B AT, © 2B A B IS . WG S @ EE LGS A .
Syntax: .TRAN <Tstep> <{Tstop> [Tstart [dTmax]] [modifiers]

. TRAN <Tstop> [modifiers]

F—MIEXRAESM. tran SPICE i, Tstep REEHILENE, WAl HAIEVIMEZKIEN . LTspice (8 HEIE LS, Ktk
ZSHIER/N, LRSS EANE . Tstop ARBHLIFRFEENT . BRSO S RTESE T 2NN ZI G, Ha, wffeT
Tstart, WIALRLE 0 B Tstart Z [AIFBIEER . X2 —Fhif it 288 5 30 kA8 R B B ST RN T v e — 124
dTmax, R4 FER 75 B i ORI PG . IIRTEE 1 Tstart B dTmax, NAZ0$E € Tsteps

A PAFE. tran 47 ECE JLAMEMIFT .
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5.2.30 . WAVE——Fi% 5E 015 s 5 N Wav S0
LTspice AT LA4RS. wav TS0 . ARJE, XSSO RT AR IS AR B F 1R 55 — AN LIS N

Syntax: .wave <filename.wav> <Nbits> <SampleRate> V(out) [V(out2) ...]
Example: .wave C:\output.wav 16 44. 1K V(left) V(right)

U4 wav> R R A BRI, wav SCAFR) S8 BN B4R, B 2 B S HEIUR RIS netlist i) FHRIF AT R4 . W
SUSATH TR E A8 TR IS . Nbits >/ RAEAL M. A RURTEE 2 1 3 32 fi7.

<SampleRate>/E FFHAU—FP G NI AL R . GROEEDY 1~ 4294967295 MFEMIRZ o TEVEM AR 2 51 A B AR AE 1)
e BRI, wav SO IOBOLETE . JEERNBETT R A, WATREZIA 65535 4. ATLLH AR A,
40 o QD) ANT i i I o wav B 7 34 as HoA -1 2+ 1 ARRF B2 (1 e ARV

WER, ARRREN. wav THTCIEIERER) PC & RG ERE, JREMIER . SRR AL (B T 1) PC 4w it
AIPRE) o (HIZIX LS. wav SCHFATISA T LAFE LTspice 1 RAE 5 — MM . 2 WETT LTspice=>HEEoff=>v. M T

. wav SCEFRETE] LTspice 47 Brb A5 B0 B R JRFT FLIR Y . i SRAEARTE PC A R BB wav SCHF, TEICAE B AZ XM ). wav
SRR A 1B 2 ANEiE ;8 78R 16 A7/183E ; RAE 2N 11025 Hz, 22050 Hz, B 44100 Hz.

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !



LTspice XVII help ' SCEIHERR

5.3 BRESOHTIET

. TRAN B i1

UIC: BRI EL R AR T S, SER R R AT AR 2 A

steady: IBFIRE A e IR H

nodiscard: FEILBIRSZ AT, ANEMERE ST 5y .

startup: SRAFASL FL S PSR L R G PR N (000 A i ARG TR Sh S 04T, FAERILIT AT 20us AT Lk
Step: TS LR A R 5
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5.3.1 UIC

fEPIIR AT W, EIFRES A, AT ER TSN . X NRLMEIX MR . KL BTk A aa 2 1F
AT LAPE SRl B3R E o Uic JFANE SPICE Rpl#E# iR . Bhid R AR s Wk S BEEM AR %M. i, HE—1
SHRAIFBRI B HORTEE, WA R ERE. R)E, EHDREE, —ADEROER TR AR SR
PR RO PR 1T AR 7, IR “ I TR/ NS SR T B
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5.3.2 startup
XFALTF SPICE I “uic” o XEREMSLFIRIEROZIGITESE — A 20 0 s (. 2R, B TA/ES 2. ic f8
4 FFRE B L AR BAT Y
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5. 3.3 steady

ERRESEF IR KRR EIRE LT HRASKN S N SMPS Z At @, Bl T FREBREBRE
i B IR TSR — AN B . X RE T R TR ZE IO I AR NS . AR R AR R A LL BT sstol
JETIFE E

H 2 A AN AT G822 B O A I SR ERAN IS I ST R M. ATRAAE B ERRAS I T i H—JF 8, TR 4 simulation
=>Efficiency Calculation=>Mark Start. 5—RKIITEAN AR, EEVF LTspice B Fahts g LR RH . LHEEE LK
REREIRE G, BXATIZa 2. XEIER I RIFER BRI R N5, —BEE, miEprE R, @il 10
ANEFER R, PATERL=D R T =R IR 4G R . BHR BT =D BRI H=>F5 10 Start B, 53R S8R T IS BRIE T
Sl 1K B I HE SO AR AR R R 0 R AR 1B (R 4 5, DRI U S SR RAT L= R o =085 Start, R
FUR T R E AL L R AR B I

M. ic fa e W M AU, DAEAE T ARSI & MBS AT K
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5. 3.4 nodiscard
ERBRES AT, ANEMBRESGER .
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5.3.5 step
A B MTER R . SR S — A HRIE— & TAE, ZHERIEAETE —RKIIMBKERN A EH. XMEREE:

TR RIS RS I B sk, BRI B L
WOIEHAT L BT —MESIRFH) 20 a / us KFHESE
HHERERE

R 2B BENBE SO PR I —ME, WEREAT, IR

B R A, A S BREGE AT RETCIE IS EIRXAEAL T, R, tran @y RBITHRSM R, JEREITFK
PR D 28 L PR T A RS SR S o A P PWL iy 50 4 th) B 38 B R REAT A, R AE T 75 B ) BE D) BN R 1 ] o o

FEAKHEQO 0.5m 0.5 1.0lm 0.1 m 0.1 m 0.1 3.01m 0.5)

FAR A O IFZI1 0. 5A FF4h, 1ms PR35 0. 54, 1. 01ms )33 0. 1A, 3ms IAE4F 0. 14, 3. 0lms INUI#:F) 0. 5A, f54F
0. 5A.

PWL JUF-R] A T BRX (i) s AED) 7751
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5.4 HEEITH
HLER ORI 2 3R

Component Syntax
Special functions Axx nl n2 n3 n4 nb5 n6 n7 n8

+ <model> [extra parameters]
Arbitrary behavioral source Bxx nt n— <V=... or I=...>
Capacitor Cxx nt+ n— <capacitance>

+ [ic=<val.>] [Rser=<val.>]

+ [Lser=<val.>] [Rpar=<val.>]

+ [Cpar=<val.>] [m=<val.>]
Diode Dxx A K <model> [area]
Voltage dependent voltage Exx nt n— nct nc— <gain>
Current dependent current Fxx nt+ n— <Vnam> <gain>
Voltage dependent current Gxx nt n— net nc— <transcond. >
Current dependent voltage Hxx nt n— <Vnam> <transres. >
Independent current source Ixx nt+ n— <current>
JFET transistor Jxx D G S <model> [area] [off]

+[1C=<Vds, Vgs>] [temp=<T>]
Mutual inductance Kxx L1 L2 L3... <coeff.>
Inductance Lxx nt n— <inductance>

+ [ic=<val.>] [Rser=<val.>]

+ [Rpar=<val. >]

+ [Cpar=<val.>] [m=<val.>]
MOSFET transistor Mxx D G S B <model> [L=<len>]

+ [W=<width>] [AD=<area>]

+ [AS=<area>] [PD=<perim>]

+ [PS=<perim>] [NRD=<value>]

+ [NRS=<value>] [off]
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+ [IC=<Vds, Vgs, Vbs>
+ [temp=<T>]

Lossy transmission line Oxx L+ L- R+ R— <model>

Bipolar transistor Qxx C B E [S] <model> [area]
+ [off] [IC=Vbe, Vce] [temp=<T>]

Resistor Rxx nl n2 <value>

Voltage controlled switch Sxx nl n2 nct nc— <model>
+ [on, off]

Lossless transmission line Txx L+ L- R+ R— Z0=<value>

+ TD=<value>

Uniform RC-line Uxx nl n2 ncommon <model>
+ L=<len> [N=<lumps>]

Independent voltage source Vxx nt n— <voltage>
Current controlled switch Wxx nl n2 <Vnam> <model>
+ [on, off]
Subcircuit Xxx nl n2 n3... <subckt name>
MESFET or IGBT transistors Zxx D G S model [area] [off]

+ [IC=<Vds, Vgs>]
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5.4.1 A Rk REL
55 4%: INV, BUF, AND, OR, XOR, SCHMITT, SCHMTBUF, SCHMTINV, DFLOP, VARISTOR, #1 MODULATE

Syntax: Annn n001 n002 n003 n004 n005 n006 n007 n008 <model> [instance parameters]

RSP N ) T MR R D e /R R FOT . BUABESR LTspice AT AIIORE— UL BL, ENLR SR ER
e, e AR 2 B A S EATTRIAT R A SR S 1. ART, BT EATRIN T, AR Bl H 2k,

INV. BUF. AND. OR 1 XOR &t ] i BRARAL ) I T2 AR 28 F . BT A T 10 8 AN 28uif . X UG TR ZE AN AR . LI A R L
DUBENE AN, 2 6 F1 7, FRRELEE & ILE, &K 8. ity 1 B 5 /25N o A 4 N AN 5 % 12 21 & ity
8o KT WA PRI LA N AR R A om bR &, I B R . X3 T — M AE R EL R, B S5 A\
B R, TTRITTIE R ARER . Rt 2T A L, A AN R IRIFME T, REANRE TN
—HBy . IXPESZILXEE TR RS, XM 2-0 3-. 4-ER 5-E D], A ELSEHY. IA R E AN S, X
T ARAEFH ) o B AU PR R . AR UL, RIS ARG T 12 MR RIZEBYMAI T, T1BRIACH OV/1V 848, @R BIE N
0.5 v, TAEHEIEIR, %y FHPTA 10hm. {5 FH X 6 S 2505 B St Re i

Name Default Description
Vhigh 1 Logic high level

Vlow 0 Logic low level
Trise 0 Rise time

Tfall Trise Fall time

Tau 0 Output RC time constant
Cout 0 Output capacitance
Rout 1 Output impedance
Rhigh Rout Logic high level impedance
Rlow Rout Logic low level impedance

R, JEAZITA KIS HE T CLRERE R —Asef) B e, flan, Sl ez a2 % L), 22472 RC (e W 4L, 1
AR EHAE .

FERFAEIRERIN Y 0, FEAEF SIS 40 Td BEAT I E . SN OREFI (] 55 TR 48 4818 .
2R R BB, 5% (Vhigh+Viow) , (HF] LU LI 240 Ref HEATICE . DREFI A4 T HRAEIE .

LRI AR, Sl XOR B B EFRAEAT N DS PR N P — A ECR, 9. A XOR 524> XOR 3¢
# R SRIB R R S DR A A BB XOR B

Jith E R A AR B 5 T AR St ARE I o AT ) i S 2B Ve M Vho 4R E . IRBE I A Ve-Vh, ikl s 2 Ve+Vhe

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !



LTspice XVII help ' SCEIHERR

BRIANEDL T, gates A1 Schmitt fil & 28 & & A LG RN TEPKAB B . WU, HEMNELCRIRER, BEfifAiesE
E, RS SR RIAEA — AP K. 7L B SEHI S A tripdt SRS BRI B IR A B o) e KR TR 2B K

APRH 28 A —Fh H R AR BH2S . Hah g R B T 1 A7 2 Z B EE R E . HEFHITHESESI S rclanp I8E. &
W EIE . \examples\Educational\varistor. asc.

TR E R A HEEHEIRG 3. 2 WR6lR & B \exanples\Educational \PLL. asc. I35 4526 H R AU\ P FLF 4
SE o HUS BRI AR LA, PSS 4 mark A1 space BEAT B E . Mark ISR LV IF AR, space A
OV I FRIAIA . IEAE i AM AN RS BEE, A R A RAE A GESEZIH G2 H) . WBRA 1V,

LTspice fJ schematic capture Jy [l EA—FReik (077 s0F TR S W& AT 5 o T RIER I & im 3 H SE L2 20 8. 7
bb, URSR A 8 WA IERE, WA TERRT A 0.
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5.4.2 B. fEEATNHEESH IR
548 BV, BI
Syntax: Bnnn n001 n002 V=<expression> [ic=<value>]
+ [tripdv=<value>] [tripdt=<value>]
+ [laplace=<expression> [window=<time)>]
+ [nfft=<number>] [mtol=<number>]]
Bnnn n001 n002 I=<expression> [ic=<value>]
+ [tripdv=<value>] [tripdt=<value>] [Rpar=<value>]
+ [laplace=<expression> [window=<time)>]
+ [nfft=<number>] [mtol=<number>]]
B MBVEFR AT NHRIEE, T MEERE e R, 208, 0T LAE Rpar S2615 50 2 347 HEH
Tripdv F1 tripdt #HDBEMH] . W RIEA L tripdt FPRRALEEIT tripdv PR4F, THZAILR 8] 20 B g dE 4
FKixAXTBEELTHE:
R, B, V(n001)
WRHEZESR, #1001, n002)
<X O ELE 0 an, 1(S1), @ik FFoe S18k Ib(QL) U H A, QL MUSEEER. SR, FRAMERS I o4 Ha i A2 v B A AR 1k
1, BRI SE 2 IR 517 R < AR B it i, 7R/ NMES &M air, R IXFhas 4 i T
Aoy N .

CREET “time” ORI K 2 AT A] .

o “pi” R ESE 3. 14159265358979323846

LR IhRE:

Function Name Description

abs (x) Absolute value of x

absdelay (x, t[, tmax]) x delayed by t. Optional max delay notification tmax

acos (x) Real part of the arc cosine of x, e.g., acos(-5) returns 3.14159, not
3. 14159+2. 292431

arccos (x) Synonym for acos()

acosh (x) Real part of the arc hyperbolic cosine of x, e.g., acosh(.5) returns 0,
not 1.04721

asin(x) Real part of the arc sine of x, asin(-5) is -1.57080, not -
1. 57080+2. 292431

arcsin (x) Synonym for asin()

asinh (x) Arc hyperbolic sine

atan (x) Arc tangent of x
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arctan (x) Synonym for atan()

atan2 (y, x) Four quadrant arc tangent of y/x
atanh (x) Arc hyperbolic tangent

buf (x) 1 if x > .5, else 0

ceil (x) Integer equal or greater than x
cos (x) Cosine of x

cosh (x) Hyperbolic cosine of x

ddt (x) Time derivative of x

delay (x, t[, tmax]

Same as absdelay ()

dnlim(x,y, z)

Similar to max(x,y) but with a continuous lst derivative transition width
z

exp (x) e to the x
floor (x) Integer equal to or less than x
hypot (x, y) sqrt (x#%2 + ykx2)

idt (x[, icl, all)

Integrate x, optional initial condition ic, reset if a is true.

idtmod (x[, ic[, m[, o]]]

Integrate x, optional initial condition ic, reset on reaching modulus m,
offset output by o.

if(x,y,2) If x > .5, then y else z
int (x) Convert x to integer
inv (x) 0. if x > .5, else 1.

limit(x, v, z)

Intermediate value of x, y, and z

In(x) Natural logarithm of x

log (x) Alternate syntax for 1n()

log10(x) Base 10 logarithm

max (x, y) The greater of x or y

min(x,y) The smaller of x or y

pow (x, v) Real part of x¥ky, e.g., pow(-1,.5)=0, not i.

pwr (x, y) abs (x) sy

pwrs (x, y) sgn (x) *abs (x) **y

rand (x) Random number between 0 and 1 depending on the integer value of x
random (x) |Similar to rand(), but smoothly transitions between values
round (x) Nearest integer to x

sdt (x[, ic[, assert]])

Alternate syntax for idt()

sgn (x) Sign of x

sin(x) Sine of x

sinh(x) Hyperbolic sine of x
sqrt (x) Square root of x

table(x,a,b,c,d,...)

Interpolate a value for x based on a look up table given as a set of pairs
of points.

tan (x)

Tangent of x.

tanh (x)

Hyperbolic tangent of x
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u(x) Unit step, i.e., 1 if x > 0., else O.

uplim(x, v, z) Similar to min(x,y) but with a continuous lst derivative transition width
z

uramp (x) x if x > 0., else 0

white (x) Random number between —.5 and .5 smoothly transitions between values even
more smoothly than random().

(x) Alternative syntax for inv(x)

“(x) Alternative syntax for inv(x)

THEs, HRES R K

Operand Description

& Convert the expressions to either side to Boolean, then AND.

| Convert the expressions to either side to Boolean, then OR

Convert the expressions to either side to Boolean, then XOR.

> True if expression on the left is greater than the expression on the right, otherwise false.

< True if expression on the left is less than the expression on the right, otherwise false.

>= True if expression on the left is greater than or equal the expression on the right, otherwise
false.

<= True if expression on the left is less than or equal the expression on the right, otherwise
false.

+ Floating point addition

- Floating point subtraction

Floating point multiplication

Floating point division

ok Raise left hand side to power of right hand side. Only the real part is returned, e.g., —I%k1.5
gives zero not 1i.

! Convert the following expression to Boolean and invert.

True fEHUH L5 T 1 False 5T 0. WIRME KT 0.5, WPRHERHN 1, HIUPEHE N 0,

R, LTspice {# AT S F4F, 7, /K XOR FIFR I “*x %7 . oAb, LTspice iBIX4r THREUEHE . xiry IR L

pwr(x, y) o L5 = 7 BIER X AT NSRBI SEEUAS IR, A -3%x3 E R 5O 27, TANE-27, AIRER N Tk ek
FAABHCFR M, LTspice i8I iR [B] R F 45 R B SR AR BIX AN M &, 1, —2%+1. 5 55T 0, XRIEFER
2.828427124746191 WS, IX MG MR TN —NEE = BV XS 28 = 7 UL 8, IS mT e BRI A x © oy x % %
y, 8 KR BNHE (x, )

GO 2RE SCT — AN AL AR AL AR, A2 AR BRI ] T AT OV R B R IR B 45 2R e i R A b U — R K s IE R
BUERAE, T, R3S, BRI, * BT RS TRIA . RS (C1) «2%pixf Fdfe s HEIBIR £ LLIMARMINL . I sE
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7 P W I LT (P ) 5 Bk e i 2 6 73 S 5 RS 80 10 43 4 0 A 328 by 0 P Sl e i 2w P S50 ML B s — MR AE (R T 54
AR, R G ATEUE AT R — MR £ LTspice v, ki N2 e AUskomi B b 25 B0 E (B A FET #3301 X — R 5
HILFET (8 WA, Wi iR AT A A A, X2 B AL FFT )8 WIS, LTspice M —F LA RIS, R E X
RiA — MRS RIE I, IR N E AR L TR R ATIN 2% . SRTT, LTspice 4520055 D& 24 4% i B AN 7
o WHESCRVF LTspice W ULHATHTIN . & LA FET e sl (0B ASAE. Tog SCMFrPIlR S . 285, AT LUE
B ABE nfft M RO B ERRES . & ENEECEIR D PR . nfft LU HR IR %8 1 iR mER
T e N, 5 AT IR S AR T g e — MR LA R R
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5.4.3 C. %

54 H: CAP, POLCAP

iEy:: Cnnn nl n2 <capacitance> [ic=<value>]

+ [Rser=<value>] [Lser=<value>] [Rpar=<value>]

+ [Cpar=<value>] [m=<value>]
+ [RLshunt=<value>] [temp=<value>]

AT LA E SRR R RE, A IBCHURR, IR, RIS A . SRR ERINT

§R59¢

-
; Rpar —T <Capactance>

= Cpar
ziLjer Z%:RLshunt
A
HL 25 S 24
Name Description
Rser Equivalent series resistance
Lser Equivalent series inductance
Rpar Equivalent parallel resistance
Cpar Equivalent parallel capacitance
RLshunt Shunt resistance across Lser
m Number of parallel units
temp Instance temperature (for tempcos in a corresponding .model statement)
ic Tnitial voltage(used only if uic is flagged on the .tran card)

T4 B f a7 L Rpar Rser. RLshunt. Cpar Al Lser B E/E AT, IXAF L S5 S AMATE L. LTspice I &H
{1 LS 017 AR T 1 I B AT A 387 R O B L A AR o XA A AR R S, SR E R, I HLAE AR 18] A %5
St AT REMESE /I

EERAE, HTRAESCEE VIR ARE, B e T A A R A SR FR AR A T
B —ANEAR ALY R AT .. SHAEEEE, NS B fRiE .
LTspice ¥ X AN FRIEATEX A R EIATFF S, $HRE 5 AR R i 5 5

¥4 Syntax: Cnnn nl n2 Q=<expression> [ic=<value>] [m=<value)]

ASCHAE A AT BTH B, AUH T2 258, ATl B RiEsh !
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AR R x, ERRES LMHBE. Fik, 100pF 1525 0] U5 il
Cnnn nl n2 Q=100p#x

EFHET, HEZH 100p 2484 300p, A LAS L

Cnnn nl n2 Q=x*if (x<0, 100p, 300p)

2B T PR Al — FoB R (B AT R AT s BN R A
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5.4.4 D. —#k%&

%5 4%k: DIODE, ZENER, SCHOTTKY, VARACTOR, LED, TVS.

ify:: Dnnn anode cathode <model> [area] [off] [m=<val>] [n=<val>] [temp=<value)]

Examples:

D1 SW OUT MylIdealDiode

.model MyIdealDiode D(Ron=.1 Roff=1Meg Vfwd=. 4)

D2 SW OUT dio2

.model dio2 D(Is=1e-10)

SEHIS BN W B FAT AR, LRI SH N & E BT R EE.

CHRE R E. model SKEEEHAFE . AWM A ZRE . — MR MERRIEERT, AN A RE TR EE
BRFRR. BAEMEMEESXKE 8, xSy . ERASARAGFEATLUA Tlinit (revIlimit) K48 & — A HE R
IR, MMSEEAELEYE . tanh O FRILE IEMAE SRR ZWIR B 7T LT ES 4 epsilon f revepsilon P U] #
KNG HARA . ZHFFE IRREEIRAE, WS- s R S S M E R A R AR I HE(E ¢ A2 IA T
1% 32 revepsilon Z [P, Rmd%E.

LA ORIz 2R A R R 24

Name Description Units Default
Ron Resistance in forward conduction Q 1.0
Roff Resistance when off Q 1/Gmin
Viwd Forward threshold voltage to enter V 0.0
conduction
Vrev Reverse breakdown voltage V Infin.
Rrev Breakdown impedance Q Ron
Tlimit Forward current limit A Infin.
Revilimit Reverse current limit A Infin.
Epsilon Width of quadratic region V 0.0
Revepsilon Width of reverse quad. region V 0.0

TR A $EE T Rony Roff. Vfwd. Vrev B{ Rrev, MIA# A SbERAELLATY

I3/ AT IR R AR EAA 7O A SPICE 4K “ AR, (B9 R BN FLE AR i AT M B AL it AR 1€ 1 R e At
BREROHTRAARECE . R Z RE B S

Name Description Units Default Example

Is saturation current A le-14 le—7

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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Rs Ohmic resistance Q 0.0 10.

N Emission coefficient - 1.0 1.0

Tt Transit-time sec 0.0 2n

Cjo Zero—bias junction cap. F 0.0 2p

Vj Junction potential V 1.0 0.6

M Grading coefficient - 0.5 0.5

Eg Activation energy eV 1.11 1.11 Si
0.69 Shd
0.67 Ge

Xti Sat.—current temp. exp - 3.0 3.0 jn
2.0 Sbd

Kf Flicker noise coeff. - 0.0

Af Flicker noise exponent 1. 1.0

Fc Coeff. for forward-bias depletion - 0.5

capacitance formula

BV Reverse breakdown voltage v Infin. 40.
nbv Reverse breakdown emission - 1.0 2.0
coefficient
Ibv Current at breakdown voltage A le-10
Ibvl Low—level reverse breakdown knee A 0.0
current
nbvl Low—level reverse breakdown - 1.0

emission coefficient

Tnom Parameter measurement temp. °C 27 50
Isr Recombination current parameter A 0.0
Nr Isr emission coeff. - 2.0
Ikf High—-injection knee current A Infin.
Tikf Linear Ikf temp coeff. /° C 0.0
Trsl linear Rs temp coeff. /° C 0.0
Trs2 Quadratic Rs temp coeff. /o C 0.0
Thv1l Breakdown voltage temp coeff. /° C 0.0
Thv2 Quadratic breakdown voltage temp /o C 0.0
coeff.

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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Perim Default perimeter m 0.0

Isw Sidewall TIs A 0.0

ns Sidewall emission coefficient - 1.0

Rsw Sidewall series resistance Q 0.0

Cjisw Sidewall Cjo F 0.0

Vjsw Sidewall Vj V Vj

mjsw Sidewall mj - 0.33

Fcs Sidewall Fc - Fc

Vp Soft reverse recovery parameter - 0.0 0. 65

IR4E Teng A'S. Pan 7£ 1996 4 2 7 16 HHHARAY CRTEIRD) 25 32 B2 4 WIh3R HH A “ R0 — M8 S ) R RO I HEAF 42
HITRE” , BOREKRE SV 48 A FE N T dQ/dt BHE.

AT DL E AT A A N AR ATV R o e B R AR SR BRI R GUT o, A Bk st &, (HASEARE M Jh i
AT . ATRMEE LT B

Name Description Units
Vpk Peak voltage rating V
Ipk Peak current rating A
Tave Ave current rating A
Irms RMS current rating A
diss Maximum power dissipation rating W
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5.4.5 E. R AH G A L

Symbol Names: E, E2

A = e R O 17 o T 98 B 8 e
Syntax: Exxx n+ n- nc+ ne- <gain>

2 TCAF TS TR nt AT R n-2Z T R, A R T A ne+ A ne-Z [ BN B . 3SR — AR SR AU,
A8 B RO e £

Syntax: Exxx nt+ n— nc+ nc— table=(<value pair>, <value pair>, ...)

BEREFM TR MEE R A 2R HECT X FIR . 200 15 M S i R S T S ME R A e . 2
P P S AE AR R B R RN, i 2R A o dn R ) PSR L ARV L, U Y P e AR B R RS — S R

Syntax: Exxx nt+ n— nc+ nc— Laplace=<func(s)>
+ [window=<time>] [nfft=<number>] [mtol=<number>]

XA LB TTAT IR A% 38 oA 5 B A S T AR HOR R TR o Pl R AR A s [KIBR B MIR £ A R AR i 2 AR 5 (=
D#2% £ Tffe s FFRIM) o IFIBCRFAE A2 PR AT 157 ) e BL P2 0 81 A Jk ek ik 2 453 381 . LT spi ce 26 20055 D3 24 A A S 16 A
IR WA RN E R TR, BRI R UWE S RV LTspice XMLHEAT R, SRR/ reltol B sk E
nfft FE DR AR M. & DE R RSO RSP . nfft LA PR E R B R R m R, 2R e3gE, <7
P&, RF SRR “x 7 PR A TR A .

Syntax: Exxx nt+ n— value={<expression>}

XRAT NIR  —FEE, ERAT NHIEIR B.
Syntax: Exxx nt+ n— POLY (KN>) <(nodel+, nodel-) (node2+, node2-)+ ... (nodeN+, nodeN-)> <c0 cl ¢2 ¢3 c4 ...>
XM 2 DT AR BAT V@R 2 7. EXTE/TH E opamp A HE R A H

VE: A BRI UL E YR EE ) B YR BT . 5 R ) PR ORI B, SR L L 7 1 L o) PR R S B R,
WSl B /b AN, I A AR T T REA R SE PR L
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5.4.6 F. AU HIALIR

54 F

i&yE: Fxxx n+ n- <Vnam> <gain>

XA FL B TTARAE Y s nt AT A n—2 ()N FL AT ot D P 98 55 T 38 2 (L e DA @i 4 78 2 <Vnam)> ¥ L 5 FF) HLUAT
By Fxxx nt+ n— value={<expression>}

AT VR T3 — PP, AR AT AR B.

183 Fxxx nt n— POLY(KN>) <V1 V2 ... VN> <cO cl ¢2 ¢c3 c4 ...>

Ko — M 2 BT AR EAT MBS 2 0. EX T I AT s AT VR AR A .
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5.4.7 G. HLFEAH K HLIALIE

5 470G, G2

A = e T O 11 o A0 UE B 8 e
iEy%: Gxxx nt n— nct nc- <gain>

% LS ORI S T A nt FIT B n— 2 AP R AR T 19 R ne R ne—Z [ N B R o KR — MR MEAH S IUR, A E AR

WA FE

{535 :Gxxx n+ n— nct nc— table=({value pair>, <value pair>, <)

XBEEH—ANERRRE AR R %2R —HEF X RFR . 1205 AME S 38 ) B R S5 Tz 10 56 — AME R 15
HET. Mt mIEER e a2 mn, it E. wREEslmEBHERGE, Wi ERMENERR G — SRE

iy Gxxx nt n— nct ne— Laplace=<func(s)> [window=<time>] [nfft=<number>] [mtol=<number>]

XA S O F AR R B B e R R TR R R R . R R R e AU s RIBRER. A £ ARSI R RS (-

D) #*2% £ B4 s 1320 . IS804 A2 B kb 275 20, kb S22 B sk )57 ) (8 B AR 4045 2 [ . LTspice M AUE G
MR IEE A R . W NS BAE AR T, BNRE IR B E LR LTspice XTUb#b 4738 M, SR 5 &b
reltol BRI E nfft G O RHERME. & OERBIEUEIR PR, nf 't RLAL D FERNEL BRI KR, BHR
BERE, “77 R, BWRERR x +7 pE AR R R

iV :Gxxx n+ n— value={<expression>}

X RAT IR A —FinE vk, AERATAHEIR B.

iy Gxxx nt n— POLY(KN>) <(nodel+,nodel-) (node2+,node2-) ... (nodeN+, nodeN-)> <cO ¢l ¢2 ¢3 c4 ...>

Ko — M 2 BT AR EAT MBS 2 Tk EX T I AT s AT VR AR A .

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !



LTspice XVII help ' SCEIHERR

5. 4.8 H. HVAH K AL I

(ERSEZY $e|

1B Hxxx n+ n— <Vnam> <transresistance>

XA B O AE T A R A n—Z TR BN R o I ) e T % LB 3fe DA i H R YR R L UAE < Vnam)
&V Hxxx n+ n—- value={<expression>}

AT IR T3 — PP, AREAT AR B.

183 Hxxx nt n= POLY(< n >) <V1 V2:-+V3> <c0 cl ¢2 ¢3 c4-+>

XA 2 B AT AR AT MR 2 5
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5.4.9 1. HLIRE

55 48K : CURRENT

iy Ixxx nt n— <current> [AC=<amplitude>] [load]

IXAN LB JOAEE T A8 nt A i -2 Al PR AR fE e R . A0SR VE AR e e AR, MR B ke B, a2 ud, W SRA A nt AT
Bon-Z [ EA A E e AE, WEREANE. SR B 25T BIE i n B0E T @, SR EENE, UHE
PR R AR ST R

TERZ AT, AZIAEAE NIRTE 5 BT AR Ak 1) & A

&y Ixxx n+ n— PULSE(Ioff Ion Tdelay Trise Tfall Ton Tperiod Ncycles)

IS AR fik et EL AR
Name Description Units
Toff Initial value A
Ton Pulsed value A
Tdelay Delay sec
Tr Rise time sec
Tf Fall time sec
Ton On time sec
Tperiod Period sec
Neyceles Number of cycles(Omit for free—running pulse cycles

function)

&y Ixxx n+ n— SINE(Ioffset Iamp Freq Td Theta Phi Ncycles)

AR TE 52 3 B IR
Name Description Units
Toffset DC offset A
Tamp Amplitude A
Freq Frequency Hz
Td Delay sec
Theta Damping factor 1/sec
Phi Phase of sine wave degrees

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !



LTspice XVII help ' SCEIHERR

Neyceles Number of cycles(Omit for free-running pulse cycles
function)

X/ Td 805E K Neyeles Ja I ATIREL, Hi L Toffset+Tamp*sin (pi*phi/180) #5H, 75 W%t B B
(Ioffset +[EFr* exp () - time-Td * 0 )*JE (2 * p *$F+* (time-Td) + p *db/ 180)
FHJE RIF, A 2 ok A 1) i AR 4805

iB7%: Ixxx n+ n— EXP(I1 12 Tdl1 Taul Td2 Tau2)

I A TR R ALY

Name Description Units
11 Initial value A

12 Pulsed value A

Td1 Rise delay time sec
Taul Rise-time constant sec
Td2 Fall delay time sec
Tau2 Fall-time constant sec

XFF/NT TdL R, St iR Tl 6T TdL AT Td2 2Z (eI ], FAE > 45 H

I1 + (I2-11) * (l-exp (- (time-Td1l) / Taul))

X Td2 Z JEHIFE],  FR

I1 + (I2-11) * (l-exp (- (time-Tdl) / Taul))——(I2-11) * (l-exp (- (time-Td2) / Tau2))
W% Ixxx n+ n— SFEM(Ioff Tamp Fcar MDI Fsig)

I A B AL

Name Description Units
Toff DC offset A
Tamp Amplitude A
Fcar Carrier frequency Hz
MDI Modulation index -
Fsig Signal frequency Hz
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FLL A

Toff+Tamp*sin ((2. kp*Fcarktime) +MDI*sin (2. *p*Fsig*time))

Syntax: Ixxx nt+ n- tbl=(Kvoltage, current>, <voltage, current>, ...)

HA YL I P DA I — A R AR e o T R T R R R B BRI IR TR A A B AR AR A A
Syntax: Ixxx n+ n— <value> step(<valuel>, [<value2>], [<value3>, ...]) [load]

XA AR — MR 2. BV TR E N TE I R S SRS A Hr R A P HIR AR . TESERER, i I E R SRR
—/NHfivalue DANE RIS NIE, ARG, BHEBBESHEZRFIRFH T —AME<value2>. HE— BT EHZHERERIFEE
RE. RE, BHEEZESERI N —MME, FEEWSRE, BERHFRER. R, tran AR E “step” , WAFEHFES
HI<AE>

B Ixxx n+ n— R=<value>

XRAAD R —NHERIE, WA . B2 REBRBEE AN, AfrelEN— A ERE.

PEVE  Txxx n+t n— PWL(t1 il t2 i2 t3 i3+:)

TR BUAR I BRI .

X t1 ZRTRIISTE], B i1. XF T t1 A t2 Z (AR (E],  RLAAE i1 A 12 Z (a2 PEARAk . T DLAE BRI, 4E
HI AT R T Je — IR R R Ta],  F R B m — OO -

iy Ixxx n+ n— wavefile=<filename> [chan=<nnn>]

X ICVFRE. wav SCHFFIAE LTspice BN . <filename>ji. wav SCIFHITE BT B4R, B2 AL E AR S B netlist 1)
H S H R AR B . X515 ] T e W E S I AE . wav SCHF AT READ & i % 65536 ANIliE, %5 0 31 65535, AILA
$ Chan BE MR E MEHIEANEIE . BOAFOLT, IS —ANEE number 0. wav SCIFHUARE N BA M-1A 2 1A K588
il

EK4‘%§EQ%E.trarlﬁfﬂ?q“¥§§i§(o
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5.4.10 J. JFET ffA %

Symbol Names: NJF, PJF

Syntax: Jxxx D G S <model> [area] [off] [IC=Vds, Vgs] [temp=T]
il

J1 0 in out MyJFETmodel
.model MyJFETmodel NJF (Lambda=.001)

J2 0 in out MyPJFETmodel
.model MyPJFETmodel PJF (Lambda=.001)

JFET @R 5 2. model RRARE AV VER, B RGBT NJF M PJF 4585 S A8 A AR 7 0E 1 i e B
EROHT BRI AR

JFET %42 i Shichman il Hodges ) FET A4 1Kk, ¥ BRI GIEM 4 E & Rm At E 5. BB VT0 1 BETA 2
e X, XA SEE T IR R RE A% FE B v S AN B A R . RIS BRI R, Rd AN
Rso SR AL M FER 2 B 2 VAR AR B A A7 A 2 AR A4 sR -1/2 W5, iS4 Cgs. Ced AT PB & . M T #H &S
B, Z0LA. E. Parker #1D. J. Skellern, THEANL{) ALt FET B4, TEEE Trans CAD, % 9% 5, #§ 551-553

T, 1990 4£5 H .
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5.4.11 K. HJ&

(ERSEZY S5 WS <)/ C o S F- vl i Y N
¥ Kxxx L1 L2 [L3 ...] <coefficient>
L1 A1 L2 J& F s BRI A4 FR . AR R B iE-1 3] 1 22 1A,
S 354

KI L1 L2 L3 L4 1.

T INAT A2 [R] S ] ey

K1 L1 L2 1.

K2 L2 L3 1.

K3 L3 L4 1,

K4 L1 L3 1.

K5 L2 L4 1.

K6 L1 L4 1.

VTR BT, TARREON 1o R ERMHR B, W DOREIRR s R, R Rsch fE AR .
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5.4.12 L. B
Symbol Names: IND, IND2

Syntax: Lxxx n+ n— <inductance> [ic=<value>]
+ [Rser=<value>] [Rpar=<value>]
+ [Cpar=<value>] [m=<value>] [temp=<value>]

AT UARE SRR IR PR R IBCHIRR, JFIR R PHATIF IR P 5 i . SRR BRI T

t
{ “x; Rser
{.F‘ " -
{,:} par J;) — Cpar
Q}) <Inductance>
.
HLIER S5 2 5
Name Description
Rser Equivalent series resistance
Rpar Equivalent parallel resistance
Cpar Equivalent parallel capacitance
m Number of parallel units
ic Initial current (used only if uic flagged on the .tran card)
tel Linear inductance temperature coeff
Tel Quadratic inductance temperature coeff
temp Instance temp

e85 1H75 2 Rpar< Rser Ml Cpar A& 76 U AR o EL B AU B EATZELT . LTspice f# ] %A 1 FUBR B BOAR KA X A i A
ARAT AR R B XA O FUE R S, THEE R, IF HAS KT REAE T AT I ()25 K R O T #2735 19

BRAINESL R, LTspice $ ) HBSRALIIRE, LAFSH) SUPS BRS04 ST T smp, XEEHREFH A AER, BURFEE, o
PAH]. fE “ T H=>8$lH=>Hacks!” T F, BUHZE “WBEH % H Rpar, TFEAtR/NEEILE” o Wik BHERF
W Z . T EEFS B A R 2 I rsEs, 0 — N BRAR | ZRKE R, 1% Rser fUVF LTspice XVII KH
JEREE O RIS SR, A& Thevenin S50, DL/ B BRERME AL BRI RN e WHRAA B LTspice 51 NS/ R,
T 205 5 b 1% HL B B Rser=0. IX4 825K LTspice 78 WA 4> HT A48 FH 56 26 5 1 S5 20 1 8688 Thevenin.

ASCHAE A AT BTH B, AUH T2 258, ATl B RiEsh !
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£ LTspice AR AR AFLE R . — o il BRIk U E AT R FURRA At el Rk sUrP i SR o “x” 3R
e FHAZ A netlist FHIHT.

*
L1 NOO1 0 i #=1m*tanh (5%x)

I1 0 NOOl PWL(0 01 1)

.tran 1

.end

78 BTG, 11T —ANBAAT dT/dT, SXRF ALERE AT LA ST A5 NOO L b ff) L R 5 H

LTspice HibAy —FpARL Mk HUEGZ 3L T John Chan S5 N E S H AR RS G 7 (1 3 [l PR R . 7 TEEE THE LA BB it
R, 104, 199144 H4 HEE 45, HUEELFR 7 502 723 M7ETUY TR ZER R LT A S5 R

Name Description Units
He Coercive force Amp—turns/meter
Br Remnant flux density Tesla
Bs Saturation flux density Tesla

TR R R B b RS

H + Hec
Bup(H) = Bs - + p0-H
|H+Hc| + He- {Bs/Br-1)

Gl

H - He
Bs - + p0-H
| H=He| + He- (Bs/Br-1)

Bdn (H)

KRBT B s . He A Br & G (B2 5 HAhAN b 35S o PR HNL I b A A LR, Bsat ()= b +u 0« H, HE&T
T3 o
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HIgaHE - 2

Bmag(H) = .5+ (Bup(H) + Bdn(H))

WAEATS I ScER, Bt BRI R SRR PER/NR . S ORLIHBIE RN B ERE TR, KGR EnTHE
FiRe 44 t, Br = .107),

azymmetric o
miner loop ul

=
~14

fo M oinitial

#// magnetization

N

major loop

2

BRI RE S8 Hey Bry Bs Ab, SEESRIEM NIRRT

Name Description Units
Lm Magnetic Length(excl. gap) meter
Lg Length of gap meter

AT AR TR WVETIAL BUR 17150, A T I H 3
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A Cross sectional area meterkk?

N Number of turns -

W, WRIEE-NERNER, #iH S8BT RIRA RG] . LTspice fRAEMBHAIA S, [A) B EIY 5 73 A (11550
T SRR R 113 o

FER—AGIT, G RS R L, A ISR Rt . R DL A V (n001) BRI MLV T1 fp B
d1/dt. #ORGEPIERLING, FrOMRTT DR S, B MR, 5055 ¥k AT, AR5 b2 s LRI

o Ho T IE] B A B BUR IR DS B R A0, ARG IERUR V(n001) , PAEEIE RS in. WELSUZNE % E
) Heo

*

L1 NOO1 O He=16. b =, 44 Br =. 10 = 0. 0000251
+ Lm=0. 0198 Lg=0. 0006858 N=1000

11 0 NoOl PWL(0 01 1)

.tran 5

.options maxstep = 10 u

. end
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5.4. 13 M. MOSFET
TF5 4 H: NMOS, NMOS3, PMOS, PMOS3 7E LTspice FHA P FhIEAA RS MOSFET, HLH mosfts F1—Ff i i3 B XY #Ih
2 MOSFET &7,

£E R IK) B MOSFET :

Syntax: Mxxx Nd Ng Ns Nb <model> [m=<value>] [L=<len>]
[W=<width>] [AD=<area>] [AS=<area>]

+

+ [PD=<perim>] [PS=<perim>] [NRD=<value>]
+ [NRS=<value>] [off] [IC=<Vds, Vgs, Vbs>]
+ [temp=<T>]

M1 Nd Ng Ns 0 MyMOSFET
.model MyMOSFET NMOS (KP=. 001)

M1 Nd Ng Ns Nb MypMOSFET
.model MypMOSFET PMOS (KP=. 001)

TE E XY HTh % MOSFET :

Syntax: Mxxx Nd Ng Ns <model> [L=<len>] [W=<width>]
+ [M=<area>] [m=<value>] [off]
+ [IC=<Vds, Vgs, Vbs>] [temp=<T>]

Example:

M1 Nd Ng Ns Si4410DY

.model Si4410DY VDMOS (Rd=3m Rs=3m Vto=2.6 Kp=60
+ Cgdmax=1.9n Cgdmin=50p Cgs=3. 1n Cjo=In

+ Is=5.5p Rb=5. 7m)

MOSFET (AR R85 T B A KA, B 264 =7 NMOS I PMOS 3878 T — /M2 A N B P i MOSFET ghikss . Biftl-F otk
- VDMOS 8 5 — A TE B X L2 2 MOSFET .,

HF mosfet & PURh & #fF. Nd. Ngv NS. Nb AHE/AK. Berd Y. R Bl AP 19 ai. LA W2l K M we s, $Ar
ek UARHEKAIEY B AL, BN K. WEER uiBE vnun Al p ) . WEREATEET L. W, AD B AS,
M FHERIAME . PD AT PS 2 HE/KFIVE 45 S A e, B K. NRD FINRS 43 51 28 7 HE K R 47 85 i 25 207 5 8 X (B e L.
model 2L 48 52 () F R B FH RSH. PD 1 PS BRAA 0, NRD FI NRS BRiAN 1. OFF oA T BT B & IWI0E 5k 18
FH IC=VDS. VGS. VBS MMM MIEH T. tran #5528 [ UTC 3BT, 4573 M A TAE & LLAMA R 5 FRUG3E TR 247
BF o B (R B A 1% R A IS AT I R, 5. option #HIZR FIMIREHIVE . EEMEALUEHR T 1. 2. 36 %
mosfet, AEMHT 4. 588 2% BSIM ¥4,

LTspice 03 7 FhA [R5 8 () 50 B MOSFET FA— 3 B XY # L) 2 MOSFET.
LA ¥R MOSFET #8 R . R S 4002 )48 e A0 P R . BRIN R 2 1

1 Shichman-Hodges
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(30 A. Vladimirescu f1'S. Liu, MOS Hh¥ %% F) SPICE2 1/iE, ERL Memo No. (1980 4E 10 H, Hn K24 56 R 401 H
FHIF 5T S50 % M80/7)

3 MOS3, FZIGHT (S W 2 R/S%)

4 BSIM(JL B. J. Sheu, D. L. Scharfetter, and P. K. Ko, SPICE2 BSIM ffJ5Zifi) . & ERI&ET. (198545 H, I
PR 224 S A 40 B BT HF AU SESG %, ERL M85/42)

5 BSIM2 (). Jeng — chie, {RWAHCK mosfet ERL Wit A4 M 364m 5 :ERL M90/90, N K Z4AA v R 43458 HLF-HIF 7L SE 56
25, 1990 4F 10 H)

(ZILT. Sakurai Ff1A. R. Newton, T HLE&4MHT A7 B MOSFET #5754 K2 HLAE CMOS M 4EIR 43 b A 2 3% MOSFET 454 7 1) 3
Fi, ERL Memo No. (1990 4= 3 H, MK SR TR 438 B FIF FUS2896 %, ERL M90/19)

8 I K= AA T A 438 BSIM3v3. 3. 0 #: % 2005 4F 7 H 29 H
9 AN R EAE TR 43 A% BSIM B 48 /N2H (K] BSIMSOI3. 2 (4% 4k FibFE), 2004 4E 2 H .

12 EKV 2.6 B Ti% RIPIRE TP r) S . 2 W, http://legwww. epfl. ch/ekv Il {(EPFL-EKV MOSFET 1/j ELAR AL /5 2, 2.6
J&» , M. Bucher, C. Lallement, F. Theodoloz, C. Enz, F. Krummenacher, EPFL-DE-LEG, 1997 46 H.

14 BSIM4. 6. 1 3R BN KZ1H 5] 4348 BSIM W 72/, 2007 &£ 5 A 18 H.
kAT 8K STARC B HiSIMHV 1. 2 A,

1 %% 3 %% mosfet (M ELVRAFIE 8425 VTO. KP. LAMBDA. PHI F GAMMA 5E X . S FEZ% (NSUB, TOX, ---) 455, M
TS, (HRH e E R R E XS, VIO X Tl s =8 IE (), X T HFeiat n @i (p @iE) #3144~ 7
(IF) o HEAFAFE R =N B A 4%, CGSO, CGDO, AT CGBO ARK H & (S AL 1 thin—oxide A/ TERITH, KK,
HeK, R IX, LA Al 2 1t FE R 2 1 T At JEC T 12 o0 M SR AT %, T AN [R] B 1R MSW A A &85 LI 43 31 Eh 2 80k e (1)
CBD, CBS, CJ, CJSW. &£+ MISW F4. i A 7047 B B8N J7 T AR SE N BE T Yang—Chatter jee FEA AR, (H2&
SPICE H &SRS T I Meyer . 1F Level=1 #Arf, A2 HATAAMERNIEE A . RAEHRE T Tox B,
T e H A SR S A LR TE N

AT SIS AEE— S ES, Hla xR e LUEE is [Amp] 8% Js[Amp/m/m] SRFE & . 55— AN B4, & =/
PLAd, 735045 IR AR AN PR AR R 1 S e) BRI o [RDRE 1 R & T 2l &5 H1 2% CBD Al CBS[Farad], CJ[Farad/m/m]. #F4E
TR TR BB E B P T LA R 9 RD RS [RRUF], 0w LLE R A RSHLKRER /5], J5& T LAZSA-28 4 X\ 1) NRD A1 NRS f¥)°F 54

MOSFET 1. 2. 3 &%Z:34:

Name Description Units Default Example
Vto Zero—bias threshold voltage v 0 1.0
Kp Transconductance parameter A/V2 2e-H 3e—5
Gamma Bulk threshold parameter Via 0. 0. 37
Phi Surface inversion potential V 0.6 0. 65
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Lambda Channel-length modulation (level |1/V 0. 0.02
1 and 2)

wd Lateral diffusion width reduction |'m 0. 0. 5u

Rd Drain ohmic resistance Q 0. 1.

Rs Source ohmic resistance Q 0. 1.

Rg Gate ohmic resistance Q 0. 1.

Rb Bulk ohmic resistance Q 0. 1.

Rds Drain—Source shunt resistance Q 0. 1Meg

Chd Zero—-bias B-D junction F 0. 20
capacitance

Cbs Zero—bias B-S junction F 0. 20f
capacitance

Is Bulk junction saturation current |A le-14 le—15

N Bulk diode emission coefficient - 1.

Pb Bulk junction potential \ 0.8 0. 87

tt Bulk junction transit time s 0 1n

Cgso Gate—source overlap capacitance F/m 0. 4e-11
per meter channel width

Cgdo Gate—drain overlap capacitance F/m 0. 4e-11
per meter channel width

Cgbo Gate—bulk overlap capacitance per |F/m 0. 2e-10
meter channel width

Rsh Drain and source diffusion sheet Q 0. 10.
resistance

Cj Zero—bias bulk junction bottom F/m2 0. 2e—4
capacitance per square meter of
junction area

Mj Bulk junction bottom grading - 0.5 0.5
coefficient

Cjsw Zero-bias bulk junction sidewall |F/m 0. 1p
capacitance per meter of junction
perimeter

Mjsw Bulk junction sidewall grading - .50 level 1
coefficient .33 level 2,3
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Js Bulk junction saturation current |A/m2 0. lu
per square—meter of junction area
Jssw Bulk junction saturation current |A/m 0. 1n
per meter of sidewall
Tox Oxide thickness m le=7 le=7
Nsub Substrate doping 1/cm3 0. 4elb
Nss Surface state density 1/cm2 0. le+10
Nfs Fast surface state (levels 2 & 3) |1/cm2 0. le+10
Xd Depletion layer width (level 3) m 0. 100n
TPG Type of gate material: - 1
+1 opp. to substrate
-1 same as substrate
0 Al gate
Xj Metallurgical junction depth m 0. lu
(levels 2 & 3)
Ld Lateral diffusion m 0. 0.8u
Uo Surface mobility cm2/V/s 600 700
Uecrit Critical field for mobility V/cm led led
degradation (level 2)
Uexp Critical field exponent in - 0. 0.1
mobility degradation (level 2)
Utra Transverse field coefficient - 0. 0.3
(level 2)
Vmax Maximum carrier drift velocity m/s 0. 5e4
(levels 2 & 3)
Neff Total channel-charge exponent - 1. 5.
(level 2)
Kf Flicker noise coefficient - 0. le-26
Af Flicker noise exponent - 1. 1.2
Nlev Noise equation selector - 0 1
Gdsnoi Shot noise coefficient for nlev=3 |- 1. 2
Fe Coefficient for forward-bias - 0.5
depletion capacitance formula
Delta Width effect on threshold voltage | - 0. 1.
(levels 2 & 3)
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Theta Mobility modulation (level 3) - 0. 0.1
Eta Static feedback (level 3) - 0. 1.
Kappa Saturation field (level 3) 0.2 0.5
Tnom Parameter measurement temperature |[° C 27 50

L Default length m defl 20u
W Default width m defw 20u
Ad Default drain area m2 defad 200p
As Default source area m2 defas 200p
Pd Default drain perimeter m 0. 20u
Ps Default source perimeter m 0. 20u
Nrd Default drain squares - 0. 1
Nrs Default source squares - 0. 1
Nrg Default gate squares — 0. 1
Nrb Default bulk squares T 0. 1
Lmin Bin length lower limit m 0. 10u
Lmax Bin length upper limit m 0. 20u
Wmin Bin width lower limit m 0. 10u
Wmax Bin width upper limit m 0. 20u

VDMOS

<Rb

Wi %ﬂv

2 O FLXY B MOSFET @i A (VDMOS) T 32 B T AR T G HR, otk 5 Bk B 7 MOSFET BEZ4AT i (AN [A] . EAA ki,

(i) VDMOS S B4k — M 540l 1 & B2 )5 205 ¥ MOSFET RUAHE — B i 7 XAE,  (11) #F MOSFET A=A i1y
AT B R TR MR B 2 (gate—drain HA%¥, Ced) AELRIEREAT B, 76 VDMOS ffA S, Cad SRR L N E TR LIS
(Vgd) » 24 Vgd A, Ced MIAFRILREZ— A, WA — N, IR S — Ak, XA AR AR E, BT E
R AE S AR . B2 Ved ANIER, A SHE, Ced FIYBLILAE BA AL E E I B2
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e I, FEE T FBR B AR B ) Dh - MOSFET HUAT M. 7 St i . WSyl SEE AN g 5 R RO TR 1, S5 1 —
FRHTI spice WA KRB FEXFTH . ERBALE — 5 5 MOSFET AR, BT KM BB 1, DUMERE S AT DL E#
TREM AL AC I . [THABEREH. RIELK, X2 MRIFREPIIZE nosfet R EAIRSN 1. Mk
Tt A 230 KB 0 R

Cod
f \ 8¢ Codmax
C*atanfa*1od)+D A*tanhfa*1gd)+B
Cedmin //
i
lod

XPTIE Ved, Ced B Ved KIXUHIEVITI AL X T4 Vdg, Ced B4 Ved MIRIEVITIAL L. BB % a. Cednax. Cgdmax Xf
MR AR A BEAT 1 2 KAl o Y P A R AE YRR FEA b SRS R REL RS R BELAM S O A — AR ) 0 S R AR R A3

Name Description Units Default Example
Vto Threshold voltage V 0 1.0
Kp Transconductance parameter A/V2 1. .5
Phi Surface inversion potential V 0.6 0. 65
Lambda Channel-length modulation 1/V 0. 0.02
mtriode Conductance multiplier in triode |- 1. 2.
region(allows independent fit of
triode and saturation regions
subthres Current (per volt Vds) to switch |A/V 0. 1n
from square law to exponential
subthreshold conduction
BV Vds breakdown voltage V Infin. 40
IBV Current at Vds=BV A 100pA lu
NBV Vds breakdown emission - 1. 10
coefficient
Rd Drain ohmic resistance Q 0. 1.
Rs Source ohmic resistance Q 0. 1.
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Rg Gate ohmic resistance Q 0. 2.
Rds Drain—source shunt resistance Q Infin. 10Meg
Rb Body diode ohmic resistance Q 0. .5
Cjo Zero—bias body diode junction F 0. 1n
capacitance
Cgs Gate—source capacitance F 0. 500p
Cgdmin Minimum non—linear G-D F 0. 300p
capacitance
Cgdmax Maximum non—linear G-D F 0. 1000p
capacitance
A Non—-linear Cgd capacitance - 1. .5
parameter
Is Body diode saturation current A le-14 le-15
N Bulk diode emission coefficient - 1.
Vj Body diode junction potential V 1. 0. 87
M Body diode grading coefficient c 0.5 0.5
Fe Body diode coefficient for - 0.5
forward-bias depletion
capacitance formula
oneway Behavioral modeling flag to - - -
indicate current can only flow
in one direction in the channel
tt Body diode transit time sec 0. 10n
Eg Body diode activation energy for |eV 1.11
temperature effect on Is
Xti Body diode saturation current - 3.
temperature exponent
L Length scaling - 1.
W Width scaling - 1.
Kf Flicker noise coefficient - 0.
Af Flicker noise exponent - 1.
nchan [*] N-channel VDMOS - (true) -
pchan [*] P-channel VDMOS - (false) -
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Tnom

Lmin

Lmax

Wmin

Wmax

Parameter measurement °C
temperature

Bin length lower limit m
Bin length upper limit m
Bin width lower limit m
Bin width upper limit m

27

50

10u

20u

1

10

] A AL ZFR VDMOS FHF n JBIE A p B 55 . WRMEERUCH n Bl .. A EJE5%E P-channel, iM% “pchan” Fricisy,
Biln, “” . xyz VDMOS (Kp = 3 pchan) #584E X7 —4 p @8 B E .

A AFVAIE i He OB AR P RE R R AT VR R o A B R R A SR B IR AR GUT b, DA Bl P, (HANFE M R0l (1 F
Mo ATLUEE T ZHG

Name
Vds
Ron
Qg

mfg

Description

Drain—source voltage rating

Nominal on resistance

Nominal gate charge required to get to Ron

Name of manufacturer

Units

AT
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5.4.14 0. H il sk

Symbol Name: LTLIN

Syntax: Oxxx L+ L- R+ R- <model>

Example:

01 in 0 out O MyLossyTline

.model MyLossyTline LTRA(len=1 R=10 L=1u C=10n)

XK SRR 2. NL AT N2 20 0 1 (75 A, N3 R N4 211 2 B, SHE—ok B AR ok i@ SO i % T

R AR -

BRI S5

Name Description Units/Type Default

R Resistance per unit length Q 0.

L Inductance per unit length H 0.

G Conductivity per unit length 1/Q 0.

C Capacitance per unit length F 0.

Len Number of unit lengths - 0.

Rel Relative rate of change of 1.
derivative to set a breakpoint

Abs Absolute rate of change of 1.
derivative to set a breakpoint

NoStepLimit Don’t limit time— step to less | (flag) not set
than line delay

NoControl Don’ t attempt complex time— (flag) not set
step control

LinInterp Use linear interpolation (flag) not set

MixedInterp Use linear interpolation when (flag) not set
quadratic seems to fail

CompactRel Reltol for history compaction RELTOL

CompactAbs Abstol for history compaction ABSTOL

TruncNr Use Newton—-Raphson method for (flag) not set
time—step control

TruncDontCut Don’t limit time—step to keep (flag) not set
impul se-response errors low
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5.4.15 Q. XURLZ it i

Symbol Names: NPN, PNP, NPN2, PNP2

Syntax: Qxxx Collector Base Emitter [Substrate Node] model [area] [off] [IC=<Vbe, Vce>] [temp=<T>]
Example:

Q1 C B E MyNPNmodel
.model MyNPNmodel NPN(Bf=75)

UM i 1A 7 AR TR R R AR LR o AT R B NPN AT PNP R0 dh 45 OB -

KU 45 S AR AR &5 Gummel A0 Poon AR 43 B g 428 AR TR ) — P et . 2403t J5 A9 Gumme 1-Poon #ELY™ 8 T R AAAE Y, A5
T ERE K AR AR S R R LA N . S 1R E RS, 2T B 3R AL Ebers-Moll A7, E AR
A e TE ] HL A 2 PRI BE L NEL Ise. Ik Al Ne ZHUE X, WUE ) i LY 2 FFVER) Bry Nry Isc. Ikr Al Ne Z¥0E
X, PesE 1E AN [ X A Y E S Vaf Fl Var 808 . B =AU Rb, Re 1 Re, Hrb Rb AT LA & FHLIRAE %

() o JEAiMl FL A A7 K P IE (P A0 S [ AR st (] TF A0 Tr g8, WURTRE, IEmMERE ) T 5w EA O FIEL R ZE B
25, X Cje, Vje FlMje Y€ B-E &5, Cjc, Vijc, FIMJC [ B-C Z&5HF0Cjs, Vjs, FIMjs FIEEBHR-HAL . WAIHG
(%) Sk 55 At Ak e D S () AR P A o e P 4R 8 (XT D) Wi o FEBEIERE b, IR B8 250 XTB Xk 358 Bk 908 1100 35 P A0t e i 47
TR, (R ETHE E (AEE ETE TNOM R, %5 TNOM A] LAYE. options #5352k FHsE, AT LIBE. model 48 L1

&G ) Gumme1-Poon #&# H {8 I 1) BJT 250U F Frs o

Modified Gummel-Poon BJT Parameters

Name Description Units Default
Is Transport saturation current A le—16
Ibc Base—collector saturation current A Is
Ibe Base—emitter saturation current A Is

Bf Ideal maximum forward beta - 100
Nf Forward current emission coefficient - 1.

Vaf Forward Early voltage \Y Infin.
Ikf Corner for forward beta high current roll-off A Infin.
nk High current roll-off coefficient - .5
Ise B-E leakage saturation current A 0

Ne B-E leakage emission coefficient - 1.5
Br Ideal maximum reverse beta - 1.

Nr Reverse current emission coefficient - 1.
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Var Reverse Early voltage V Infin.
Tkr Corner for reverse beta high current roll-off A Infin.
Isc B-C leakage saturation current A 0
Ne B-C leakage emission coefficient - 2
Rb Zero—bias base resistance Q 0
Irb Current where base resistance falls halfway to its min | A Infin.
value
Rbm Minimum base resistance at high currents Q Rb
Re Emitter resistance Q 0.
Re Collector resistance Q 0.
Cje B-E zero—bias depletion capacitance F 0.
Vje B-E built—-in potential V 0.75
Mje B-E junction exponential factor - 0.33
Tf Ideal forward transit time sec 0.
Xtf Coefficient for bias dependence of Tf - 0.
Vtf Voltage describing Vbc dependence of Tf V Infin.
Itf High—current parameter for effect on Tf A 0.
Ptf Excess phase at freq=1/(Tf*2%Q)Hz ° 0.
Cjc B-C zero—bias depletion capacitance F 0.
Vijc B-C built—in potential V 0.75
Mjc B-C junction exponential factor - 0.33
Xcje Fraction of B-C depletion capacitance connected to - 1.
internal base node
Xcjc2 Fraction of B-C depletion capacitance connected - 0
between internal base node and extrinsic collector
extsub Extrinsicness of more intrinsic collector node used - 0
for substrate capacitance charge division
Tr Ideal reverse transit time sec 0.
Cjs Zero—bias collector—-substrate capacitance F 0.
Xcjs Fraction of Cjs connected internally to Rc F 0.
Vjs Substrate junction built—-in potential V 0.75
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Mjs Substrate junction exponential factor - 0.
Xtb Forward and reverse beta temperature exponent - 0
Eg Energy gap for temperature effect on Is eV 1.11
Xti Temperature exponent for effect on Is - 3.
Kf Flicker—noise coefficient - 0.
Af Flicker—-noise exponent - 1.
Fe Coefficient for forward-bias depletion capacitance - 0.5
formula
subs Geometry selector if LPNP is not used: 1 means - NPN: 1
vertical 2 means lateral PNP: 2
BVcbo Collector—base breakdown voltage - Infin.
nBVcbo Collector—base breakdown voltage coefficient - 5
BVbe Base—emitter breakdown voltage V Infin.
Ibvbe Current at base—emitter breakdown voltage A le-10
nbvbe Base-emitter breakdown coefficient - 1.
Tnom Parameter measurement temperature °C 27
Cn Quasi-saturation temperature coefficient for hole 2.42 NPN
mobility 2.2 PNP
D Quasi-saturation temperature coefficient for .87 NPN
scattering-limited hole carrier velocity .52 PNP
Gamma Epitaxial region doping factor le—11
Qco Epitaxial region charge factor Coul 0.
Quasimod Quasi—saturation flag for temperature dependence - (not set)
Reco Epitaxial region resistance Q 0.
Vg Quasi-saturation extrapolated bandgap voltage at 0° K |V 1. 206
Vo Carrier mobility knee voltage V 10
Trel Re linear temperature coefficient 1/° C 0.
Tre2 Re quadratic temperature coefficient 1/° C2 0.
Trbl Rb linear temperature coefficient 1/° C 0.
Trb2 Rb quadratic temperature coefficient 1/° C2 0.
Trel Rc linear temperature coefficient 1/° C 0.
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Trc2

Trml

Trm2

Iss

Ns

Tvafl

Tvaf2

Tvarl

Tvar2

Tikfl

Tikf2

Trbml

Trbm?2

Thvcbol

Thvcbo2

Rc quadratic temperature coefficient
Rmb linear temperature coefficient
Rmb quadratic temperature coefficient
Substrate junction saturation current
Substrate junction emission Coefficient
Vaf linear temperature coefficient
Vaf quadratic temperature coefficient
Var linear temperature coefficient
Var quadratic temperature coefficient
Ikf linear temperature coefficient
Ikf quadratic temperature coefficient
Rbm linear temperature coefficient
Rbm quadratic temperature coefficient
BVcbo linear temperature coefficient

BVcbo quadratic temperature coefficient

1/°
1/°
1/°

1/°
1/°
1/°
1/°
1/°
1/°
1/°
1/°
1/°
1/°

C2

C2

C2

C

C2

C

C2

C

C2

C

C2

AT LU B8 O AR R BEAT IR . e B AR R BRI R GUT i, DAFEBhE s, (EA S Bt i s AT N

LM E LR 245
Name Description Units
Veeo Maximum collector—-emitter voltage with the base V
floating
Icrating Maximum collector current A
mfg Name of manufacturer -

WIS “level” A T7E LTspice HEE 55— MM BIT,

BT NXP CKAIE) BB, W8 Level=504 {8 F{ MEXTRAM 504 k%,

HT Dr. —Ing XFPEACHS IR STHR . ZEE AR danalysis HRAF K Dietmar ¥ ; LTspice B VBIC f—MlA. WE
Level=9 LMl M B . 55 4 P25 9 IR SCiA]. Dr. Warning $2ft 17 BLR 3R

3 ELUMR 24 =] [

VBIC BERLZ X FRAE Gumme1-Poon  (SGP) BEMY (9™ fie,  H HE i  S BUC SARBOR T O AR BSR4 . AT Kul 1 A
Nagel Sfih AOHEVAIRR Y, B AT DIROUT 5C iy (A FRDRS Ik H R P o 3R — AN 2 A 4K SGP AR eE, SiGe AT TTT-V

HBT 1% 4% .
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VBIC fIE 15 AR UER) Gumme1-Poon A5 784 AH Lk

o AR IAE, HTHRBLE P LSt
0§55 i FIHE S S Ak i 5 A A

o U T R HRCR A

o Ic Hl Ib (B 73 55

o B AP RE HL A A Y

0 ESCHE P FEE AL

PR H)

bt
Rgx
] I |
txf 'tzr

VBIC %%

1T VBIC AR5 LA SGP MR JEASI Y, PTLATT LA SCP ZHNT:, AT — 282, LTS HOkE VBIC 1.2 fuAR, XA 2
LTSpice f£ 4 ihi A P SEHLET, WA 2 R IAIALIM 2% A B R . I SCP YIHe R VBIC, & RAZR SIS 8o e B N
9.
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Name Description Unit Default
Tnom Parameter measurement temperature °C 27
Rex Extrinsic collector resistance Q 0.1
Rci Intrinsic collector resistance Q 0.1
Vo Epi drift saturation voltage V Infin.
gamm Epi doping parameter 0.0
href High current RC factor Infin.
Rbx Extrinsic base resistance Q 0.1
Rbi Intrinsic base resistance Q 0.1
Re Intrinsic emitter resistance Q 0.1
Rs Intrinsic substrate resistance Q 0.1
Rbp Parasitic base resistance Q 0.1
Is Transport saturation current A le-16
nf Forward emission coefficient 1.

nr Reverse emission coefficient 1.

Fe Fwd bias depletion capacitance limit 0.9
Cheo Extrinsic B-E overlap capacitance F 0.0
Cje Zero bias B-E depletion capacitance F 0.0
pe B-E built in potential V 0.75
me B-E junction grading coefficient 0. 33
Aje B-E capacitance smoothing factor -0.5
Chco Extrinsic B-C overlap capacitance F 0.

Cjc Zero bias B-C depletion capacitance F 0

Qco Epi charge parameter C 0
Cjep B-C extrinsic zero bias capacitance F 0.

pc B-C built in potential V 0.75
mc B-C junction grading coefficient 0. 33
Ajc B-C capacitance smoothing factor -0.5
Cjcp Zero bias S-C capacitance F 0.

ps S—-C junction built in potential V 0.75
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ms S—-C junction grading coefficient 0.33
Ajs S-C capacitance smoothing factor -0.5
Ibei Ideal B-E saturation current A le-18
whe Portion of IBEI from Vbei 1-WBE from Vbex 1.

nei Ideal B-E emission coefficient 1.
Iben Non-ideal B-E saturation current A 0

nen Non-ideal B-E emission coefficient 2
ibci Ideal B-C saturation current A le-16
Nei Ideal B-C emission coefficient 1.
iben Non—ideal B-C saturation current A 0.

ncn Non—-ideal B-C emission coefficient 1.
avel B-C weak avalanche parameter 1 1/V 0
ave?2 B-C weak avalanche parameter 2 1/v 0

isp Parasitic transport saturation current A 0.

wsp Portion of ICCP 1

nfp Parasitic fwd emission coefficient 1.
Ibeip Ideal parasitic B-E saturation current A 0.
ibenp Non-ideal parasitic B-E saturation current |[A 0.
ibcip Ideal parasitic B-C saturation current A 0.
ncip Ideal parasitic B-C emission coefficient 1.
Ibenp Non-ideal parasitic B-C saturation current |[A 0.
nenp Non—-ideal parasitic B-C emission 2

coefficient

Vef Forward Early voltage Infin.
Ver Reverse Early voltage Infin.
Tkf Forward knee current A Infin.
ikr Reverse knee current A Infin.
Ikp Parasitic knee current A Infin.
tf Ideal forward transit time S 0.

Qtf Variation of TF with base-width modulation 0
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Xtf Coefficient for bias dependence of TF 0.
Vtf Voltage giving VBC dependence of TF V Infin.
Itf High current dependence of TF A Infin.
tr Ideal reverse transit time sec 0.
Td Forward excess—phase delay time Sec 0.
kfn B-E Flicker Noise Coefficient 0.
afn B-E Flicker Noise Exponent 1.
bfn B-E Flicker Noise 1/f dependence 1.0
Xre Temperature exponent of RE 0.
Xrbi Temperature exponent of RBI 0.
Xreci Temperature exponent of RCI 0.
Xrs Temperature exponent of RS 0.
Xvo Temperature exponent of VO 0.
Ea Activation energy for IS % 1.12
Eaie Activation energy for IBEI \ 1.12
Eaic Activation energy for IBCI/IBEIP % 1.12
Eais Activation energy for IBCIP 4 1.12
Eane Activation energy for IBEN \ 1.12
Eanc Activation energy for IBCN/IBENP % 1.12
Eans Activation energy for IBCNP 4 1.12
Xis Temperature exponent of IS 3.
Xii Temperature exponent of 3.
IBEI, IBCI, IBEIP, IBCIP
Xin Temperature exponent of 3.
IBEN, IBCN, IBENP, IBCNP
Tnf Temperature exponent of NF 0.
Tave Temperature exponent of AVC2 0.
rth Thermal resistance K/W 0.
Cth Thermal capacitance Ws/K 0.
Vrt Punch—through voltage of internal B-C V 0.
junction
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Art Smoothing parameter for reach—through 0.1
Ccso Fixed C-S capacitance F 0.
gbm Select SGP gb formulation 0.
nkf High current beta rolloff 0.5
Xikf Temperature exponent of IKF 0.
Xrex Temperature exponent of RCX 0.
Xrbx Temperature exponent of RBX 0.
Xrbp Temperature exponent of RBP 0.
Isrr Separate IS for fwd and rev 1.
Xisr Temperature exponent of ISR 0.
dear Delta activation energy for ISRR 0.
Eap Excitation energy for ISP 1.12
Vbbe B-E breakdown voltage V 0.
nbbe B-E breakdown emission coefficient 1.
Ibbe B-E breakdown current 1le—06
Tvbbel Linear temperature coefficient of VBBE 0.
Tvbbe2 Quadratic temperature coefficient of VBBE 0.
Tnbbe Temperature coefficient of NBBE 0.
ebbe exp (-VBBE/ (NBBE*Vtv) ) 0.
dtemp Local Temperature difference ° 0.
Vers Revision Version 1.2
Vref Reference Version 0.

51 H:
BRIESE, XSS 2 &It SN, B el R RS 7R TR e e, [IE 94 4
McAndrew 55, Z=7kBH, “XUMA R AR 2 WF 507 , ESL G E R RSB TR O ieC, KE 944 12 A

(VBICHERITE XY , 1.2 /%, %5 18 . 1999 4 9 H.
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5.4.16 R. HFH

F55 2 FR:RES, RES2

Syntax: Rxxx nl n2 <value> [tc=tcl, tc2, ...] [temp=<value>]

Z PR A nl A n2 Z (AL T B AV R . AT DUR 23 te RS Ao BE SE e SGRERSME . BT R, Ko
R=1R0 * (1. + dt * tcl + dt**2 % tc2 + dt¥k3 * tc3 + ...)

Forbr RO ZARARIURIE N B RLBE,  dt e FE BRI B A bR AR i 2 [ ) 2
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5.4.17 S, HUEIEHITF R

Symbol Names: SW

Syntax: Sxxx nl n2 nc+ nc— <model> [on, off]
Example:

S1 out 0 in 0 MySwitch
.model MySwitch SW(Ron=.1 Roff=1Meg Vt=0 Vh=-.5 Lser=10n Vser=.6)

T neHATHT L ne—Z 8] (0 BB P R nl A n2 Z (B IR RPH ST, 7 B MR R ORE SCZMLIAT N BN
\Vswitch. asc AEEA BEIRHCE AR & & LAEJy SPICE 454 MA R R 7= il .

R P T SR AR (Y S 4

Name Description Units Default
Vt Threshold voltage V 0.0

Vh Hysteresis voltage V 0.0

Ron On resistance Q 1.0
Roff Off resistance Q 1/Gmin
Lser Series inductance H 0.0
Vser Series voltage V 0.0
Tlimit Current limit A Infin.

ARG A S Vh E, TP =M R R SRR 2R Vh 8%, TR BB AETTTEEH, KB A B E S
%?@ﬁom%WﬁE,M%%i%ﬁFﬁ%,%ﬁ%%%mﬁw—Wﬁwt+wﬁ%@5m%7ﬁﬁﬁ%&ﬂ%oE
&, Vh BRI R Z R, X SEE LR E A AVEAE . WR VO, PSRRI RISt (e P Re i . kA
FEVt — VARVt + Vh 360 2 18] PP i s — & & T %A% S B 2 ik,

Lﬁ~A2%%r&ﬁﬂ% B 1 JIFRIEBIRA, HA MG, 2 FIF RN REA 58T FF ook & FE N B
& Ve B2

g(Ve) = exp(A * atan((Ve - Vt)/abs(Vh)) + B)
X H.

A
B

log (Roff / Ron) /
log(1 / (Roff * Ron)) / 2

BEAh, 2 ZOF SR B A AR R AR AR d i, AN RIRI . FEREDE s R, T-V il fede th

T(V) = Ilimit * tanh(g(Ve) * V)

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !



LTspice XVII help ' SCEIHERR

HA Tlimit N 2 FIFRPIBINEN 10 25,

2 GIF SRR “ W ARSI SR Vser g HUIRRE, STRFRUE— /7 LTI SIS S 46 ol
S, W DL IF 1 G FF B 2 D 3 B s A P
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5.4.18 T. LBtk

Symbol Name: TLINE

Syntax: Txxx L+ L- Rt R~ Zo=<value> Td=<value>

LR L2 —Noi B9 me REA R—52 55— N IO 8 Zo AERFAEFE ST, ELLMIKE e fseil Td 45

TR AR B AR DAY RS PR R AR AR, AT RE S BOR A O TR MO,

BT R . 2 W B RBNBE LA ds . FH — M) RGN — K 1S () Al FE 8 T T A A
e
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5.4.19 U. 48—/ RC-line
Symbol Names: URC
Syntax: Uxxx N1 N2 Ncom <model> L=<len> [N=<lumps>]

N1 F1 N2 & RC ZRiEHRIPAAS LRI 4, 10 Neom /2 ERZ AT 55 . MNAME /258 44, LEN & RC 2RI, ik, i
B THER, NINTE RC L d (i FH 4L m B . R TE By, W0 0B F (B (i 4 5 2

URC BERUKH T L. Gertzberrg £ 1974 R4 Hh AR . I8 JH K URC 2R BR AL ISR LY e 2 B N B AE BT R
Jeh RC B PIZE R SEBLN . RC B2 JLITZAL, 17 URC ety rh s i, K O L 4

URC 28 /2 Fh ™ B () H BEL 2% AT FL 28 28 358 40 B JE TSPERL 048 i — AN EZAH, EXFHE LT, B2 R B Hoh I i k-5 2w &
THRE G A T AT M, A AR TSPERL 2215 R K ¥ 40 B 28 B AN — AN ] % (1Y) B8 B HE BELAE 24 T 55K RSPERL BR4%

Name Description Units Default
K Propagation Constant - 2.0
Fmax Maximum Frequency of interest Hz 1G
Rperl Resistance per unit length Q 1K
Cperl Capacitance per unit length F le—15
Isperl Saturation Current per unit length A 0.0
Rsperl Diode Resistance per unit length Q 0.0

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.4.20 V. HLJEJA
Symbol Names: VOLTAGE, BATTERY
Syntax: Vxxx n+ n— <voltage> [AC=<amplitude>] [Rser=<value>] [Cpar=<value>]

RASTCAFAEST /L nt AT i n—Z (8] P2 AR —MEE R S . ST, SCHHENE IRAE 2 i A AR R . 7T BASE SCHR BR
P BRI R IR LA . SR -

l

— Cpar

T
+

<Voltage>

|

HLS P 3 R4 I A SPICE A (I HLiAR, Il A AR oo P AR i3 . WRFRSE 1 Rser, U HURJEABERINE Fy H 88
W TR e o SR, ATFT R B TTAF RO B, BRI R, AT A R

Syntax: Vxxx n+ n— PULSE(V1 V2 Tdelay Trise Tfall Ton Tperiod Ncycles

I A fok et H e VR

Name Description Units
Voff Initial value v

Von Pulsed value v
Tdelay Delay sec
Tr Rise time sec
Tf Fall time sec
Ton On time sec
Tperiod Period sec
Neycles Number of cycles(Omit for free—running |cycles

pulse function)

Syntax: Vxxx n+ n— SINE(Voffset Vamp Freq Td Theta Phi Ncycles)

ASCHAE A AT BTH B, AUH T2 258, ATl B RiEsh !
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IR AR TE 52 38 F U
Name Description Units
Voffset DC offset v
Vamp Amplitude v
Freq Frequency Hz
Td Delay sec
Theta Damping factor 1/sec
Phi Phase of sine wave degrees
Neyceles Number of cycles(Omit for free- cycles

running sine function)

ST/ Td 85ER neycle JEHBEATIREL, S dEN

Voffset +EETH* sin(xd/ 180 H1)

75 00 Fi s

(Voffset +EE[fi* exp()— time=Td * 0 )*JE (2 * p *Fx (time-Td)+ p *d/ 180)
BELJB IR F, 2 T IRk o] H 1 (3 5

VL Vxxx n+ n— EXP(V1 V2 Tdl Taul Td2 Tau2)

I A T TR U

Name Description Units
V1 Initial value v

V2 Pulsed value v

Td1l Rise delay time sec
Taul Rise-time constant sec
Td2 Fall delay time sec
Tau2 Fall-time constant sec

T/NT Td1 B a], ey Ve XFT Td1 A1 Td2 2 [a) iyt a), B i
V1l + (V2-V1) * (1-exp (- (time-Tdl) / Taul))

X Td2 2 J& I 1] HL s H
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V1l + (V2-V1) * (1-exp (- (time-Tdl) / Taul))——(V2-V1) * (l-exp (- (time-Td2) / Tau2))
18y%:Vxxx n+ n— SFFM(Voff Vamp Fcar MDI Fsig)

I A% BB AL Y

Name Description Units
Voff DC offset v
Vamp Amplitude V
Fcar Carrier frequency Hz
MDT Modulation index -
Fsig Signal frequency Hz

HEH. 4

Voff +EE* sin((2. * p * Fcar *BJ[i])+ MDI *9E (2. * p * Fsig *Hf[H]))
18y Vxxx n+ n— PWL(t1 vl t2 v2 t3 v3:-)

FER I BUR M R A

T t1 Z AT, RS vie XFT t1 A 2 Z AT, BURAE v F v2 Z [AZeiEAefl . AT AR BCR I ), s
Fo XA —IRZ AR E], B iR A — I T

i Vxxx n+ n— wavefile=<{filename> [chan=<nnn>]
X Y. wav SCEERAE LTspice BB . <filename>s&. wav SCAF RIS AT B4R, B & NE S HHUR Z B netlist 1)
HR SRS AR . W5 S HTFREAETHINEGE. wav SH R REE-S &% 65536 NliE, w5~ 0 F) 65535, AJLL

$ Chan W E MR E M HWENEE . BRIAEL T, MM —NEE nunber 0. wav SRR RA -1V 2 1V (5681
Fl -

RAIRRAE. tran 247 H 2o
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5.4.21 W. FLFE ST L

Symbol Names: CSW

Syntax: Wxxx nl n2 Vnam <model> [on, off]

Example:

W1 out 0 Vsense MySwitch

Vsense a b 0.

.model MySwitch CSW(Ron=.1 Roff=1Meg It=0 Ih=-.5)

I FE R R B B R AR T O BE T . TR BB Rk e SO AT T R AT N .

EEM R PIPS USIEE S

Name Description Units Default
It Threshold current A 0.0
Th Hysteresis current A 0.0
Ron On resistance Q 1.0
Roff Off resistance Q 1/Gmin

MR 5 AL Th A, TP = MR R R 2R Th 8%, IIT RO AR A2 ] B2 15 e 1 BME T 576 29T T
R AR Th NIE, MIJFRAER- Th M Tt + Th A7 AE ki mORIR R G LS . W2k Th N f, TR SRAGAEJT KRBT 18]
PRI EPRAEAE Tt - ThAT Tt + Th FERHI R Z 18] P 1 e A — N A T A% 0 AR 2 105K

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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5.4.22 X. THLH
Syntax: Xxxx nl n2 n3... <subckt name> [<{parameter>=<expression>]

TR VR E ORI AR R R, DMEDUR R B PRI R . T A — A58 ORI A 23 e 2 978 R o 3 A e (K o

*

* This calls the circuit

X1 in out 0 divider top=9K bot=1K
V1l in 0 pulse(0 1 0 .5m .5m 0 1m)
%k

* This is the subcircuit definition
. subckt divider A B C

R1 A B {top}

R2 B C {bot}

.ends divider

*

.tran 3m

. end
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5.4.23 7. MESFET A1 IGBT §ik%
Symbol Names: MESFET, NIGBT, PIGBT
Syntax: Zxxx D G S model [area] [m=<value>] [off] [IC=<Vds, Vgs>] [temp=<value>]

MESFET & A% 25 A T 4 ok 48 e e vE . AT -E 50 NME I PMF $8 58 SR & B M . MESFET A7k YEF H. Statz 2 AW
GaAs FET #i%, SPICE A[f] GaAs FET #$F ST E, HT#f2#4R, V34, 2, 198742 A, 55 160-169 W,

BRGNS RRG L BE, Rd AT Rso  FEL AT A7 I P A M R 47 Ao M8 s A2 s R M AR 58 i 1 1) BR Bk 245, 28 Cgs Cgd I
Pb R 5E Mo

Name Description Units Default
Vto Pinch—-off voltage V -2.0
Beta Transconductance parameter A/V2 le—4
B Doping tail extending parameter 1/V 0.3
Alpha Saturation voltage parameter 1/V 2.0
Lambda Channel-length modulation 1/V 0.0
Rd Drain ohmic resistance Q 0.0
Rs Source ohmic resistance Q 0.0
Cgs Zero—bias G-S junction capacitance F 0.0
Cgd Zero—bias G-D junction capacitance F 0.0
Pb Gate junction potential V 1.0
Kf Flicker noise coefficient - 0.0
Af Flicker noise exponent - 1.0
Fe Forward-bias depletion coefficient - 0.5
Is Junction saturation current A le-14

RT3 7 (3t Al L3RR TGBT R/ . MESFET A1 TGBT 22 [a) (4 55 S B 2 it A A 154 S LT

Syntax: Zxxx C G E MNAME [area] [m=<value>] [off] [temp=<value>]
.model MNAME NIGBT

LTspice IGBT [¥)SEl 23 T 2R M R A A ) Robert Ritchie MIJEEGITAE. ‘Bf#H 7 NIST [ Allen Hefner 5 A)— R 58
TR TR, BT —5E4h, LTspice MISIAFER N1 SR FEHL: S HLH] .

Name Description Units Default

Agd Gate-Drain overlap area A/V2 5e—6

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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area Active area m2 le-5
BVF Avalanche uniformity factor - 1.0
BVN Avalanche multiplication exponent - 4.0

Cgs Gate—Source capacitance per unit area F/cm2 1. 24e-8
Coxd Gate-Drain oxide capacitance per unit area F/cm2 3.5e-8
Jsne Emitter saturation current density A/cm2 6.5e-13
KF Triode region factor - 1.0

KP MOSFET transconductance A/V2 0.38
MUN Electron mobility em2/ (V #x) 1500
MUP Hole mobility em2/ (V Fg) 450

NB Base doping 1/cm3 2el4
Tau Ambipolar recombination lifetime sec 7.1e—6
Theta Transverse field factor /v 0.02
Vt Threshold voltage V 4.7

Vtd Gate-Drain overlap depletion threshold V le-3
WB Metallurgical base width m 9e-5
subthres Subthreshold current parameter - 0.02
Kfn Flicker noise coefficient - 0.0
Afn Flicker noise exponent - 1.0
tnom Parameter measurement temperature °C 27
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6 FEBITH R

TR NE AR, 5 SE R A4 Tool s=>iE MMM . FIXE, #APARCE LTspice XVII ¥F£L .
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6.1 4
A7 LTspice XVII

File View Tools Help
‘PR H|R| A S OR|IECIERE| BN A2 LB 2pM O ®

ASCI| data files:

Only compress transient analyses; v/
Enable st Order Compression. [/
Enable 2nd Order Compression:

Window Size(No. of Points): 1024
Relative Tolerance:  0.0025
Absolute Voltage tolerance[V] 1e-005
Absolute Cument tolerance[A]l  1e-009

(These settings are not remembered
between pragram invocations )

VAT W

LTsp BE}JE&E‘%@EY#FNE%EH]O JEAE ST AT LLEE AR 48 SCA N 50 5. SX A 4 48 . 2 AR A L 7 A e VR £
P S 4 ] A Iz AT

Window Size (No. of Points) : A F4i R Ao m I K s 8. BN 0 KA B4 .
Relative Tolerance: 485U 5 A E46 %5085 2 (B oV IAEXTHR Z .

Absolute Voltage tolerancel[V]: 455 1% VI BIEIRE.

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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Absolute Current tolerancel[A]: SUVFHIE R ZE A LR R,

EFEFF R Z BIAICE XS R4 R S, sl A BAME. e AT EHER LR BB K. oI, option iBA]H K
I ZE plotreltol. plotvntol. plotabstol Al plotwinsize I8 EAEME LK/, XESHAE N SPICE 54 fE = &l
t.

TEA# . four WEA)ELTE(EH SPICE 52 X #8347 /5 #A - B4 A FFT B, 98 ] 8 Ay BB 55 44 I 4 -

.options plotwinsize = 0
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6.2 BRMRTF

B S A W S AZAE BN P ORAF IR i, AR S B AHIMBEA R « R T HEETT R
HU” A “ORAF T HUBR s FIURE o 1806 PO IS AT P P8 i Pl e (AR PAY J R P T A A

-

L7 Tspice XVII =B X

File View Tools Help
Iﬁlﬂl“ﬁlivﬁlﬂ.ﬂ.ﬁﬂ.l&ulﬂﬁrﬁlﬁmﬂﬂlﬁﬁlf_*{r"—" =3IFoBO|F

These defaults are used when there 1s no explcit " save” command

Save Device Currents[*] [v/|
Save Subcircuit Node Voltages[] v
Save Subcircuit Device Currents[*] (v

Don't save 1b(), le(), Is{), 190, or Q[ ||

Save Intemal Device Voltages ||

[*] Setting remembered between program invocations.

Save Device Currents:: KB I, DAME L6 &M & . FRIE T BT RS 2 HIFERUE .

Save Subcircuit Node Voltages: &M 75 ZAG £ X N R 4 E Wit i H s P

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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Save Subcircuit Device Currents: ¥R ERMAEX — &, PZH|DER PR HEIR.

Don’ t save Th(), Te(), Ts(), Tg( 13X HARAFEAE R AN GR) R, LSS . data STPFIR N S0 SRl Fi i
BOHRA I, (HE R B BT A2 M ok o S A8 IR A

Save Device Currents: iGN, DAMELH|W & MAum R /RIE T BT R 2 H R
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6.3 SPICE

VL% S VFIEN LTspice & SCRARMERIME . B AEAR MR8 €. option WA FFAGIENT, T BLAEAE TR 7 s X 2 BRI
H. AT AR IX S e TR SR o

rHLTspiceXV]I = | @3] =% |1~
File View Tools Help \/%/

|

Compression | # Save Defauts  §° SPICE | =
Default Integration Method
7 trapezoidal
'@ modified trap
) Gear

Default DC solve strategy
| Noopiter

|| Skip Gmin Stepping

0.001

y = MinDeltaGmin: 00001
Matrix Compiler- | object code ¥ | Accept 3K4 as 3.4rq*1
No Bypass[] [V/|

[*] Setting remembered between program invocations.

.
Ready
78
PR7] BEAR B R ) — N BRIME A2 Trtol. KZHSPICE FEFERINN 7. 1E LTspice H, ERIME N 1, DRIHEAUARAS AT BEAE B
TEH B RAT AU, T A o Trtol Xf i [ AP HENE 1) 500 K T B4 s 0 S HERRPE . X T SR N, KT 1 S 2
FELF IR R T 5 o PR AT e 2 R B I SRR AE AN 5 M B LR FE IR 00 T 3900 trtol, AREAS3) 2x B /RI trtol W&
RAMEZ R EA . R, KREHELRKEFRNTZ S, gnin, abstol, reltol, chgtol, vntol N3 [HHIFEFF

b
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A1, CASS i R . A SRS AR F BRER B 2 A Fepb A, IAZ0GR S . option il AIORTE E SR IE, JFRHE
fERE BT, sE R BE R — ST ine X

[FIREAER K2 TR SRAE S . LTspice 7 SPICE FINANSERESEIL. — MHOVEMEE A, 71— MOV A . %
RUR e A F R RE R, b T NRZE. W, 2 H SRR S B B R A R s 1 —F, EN SRR
i 1000 5. XARERE— A RIS H. BOA . RIS E [T s, L ZUERENT netlist ZHTHEATIESE, DUOAIRXPEAME
Ao 5 P AN TR RO A AT 485 o

KN ERE BB BV I BRI RGN CPU AT SRR A R A AT R RE I iR KB . AR AR AT 20 5 AU (8 P ) SRl 7 B e T
BREIVERT. BAR LTspice SIA THENLA MR s1 RE L2 LfE SPICE M ZIARE, (H2 A7 LE s A HE N 2 4efs 3k
fio LTspice Ay i AN NS AT ORAIH AL R .

FE R 1 A BRI AR ARG . IXERE, 3 LTspice R RIEAIAREIS, ER SOV E N B gn S AL IC s S . R
G, R BEHIFHIATIRBA, AR o+ T TR KR TR G W E 1M LU AR .

e “3252 3K4 N 3. 4K SHIUMEEHE, 8] LTspice BERE— N5 N 4K99 BT SET 4. 99K, H FLHT SPICE SZEEA 78 ¥FIX
FEM, {EJEAE LTspice A AT DIARIE AT IO Z SR AEH & o

1] 2 2R SR 2 B L A2 [ 15 € I FIPHAS o LTspice 38 Id B 48 AE AN LA W] A G A7 LAAE EA T LUAH [F] ) S I s 2 384T
M FE T AR AT I — Bk
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6.4 £ EEI
07 LTspice XVII = @] X

Eile View Tools Help
P H PN AR EYERE | LR AS| L LE =) xD ®

-

Font Properties[] S |

Automatically scroll the view["] /|
Mark text justification anchor points || | Tahoma ;
Mark unconnected pins /| Size["]: Té’

Show schematic grid points] || o
Orthogonal snap wires /|

Ortho drag mode[] ||

Cut angled wires during drags |v/|
Un-do history size: 500

Pen thickness|[*]

Show Title Blocks[*]

Reverse Mouse Wheel Scroll[*] ||

[*] Setting remembered between program invacations.

ResetloDefault Values |

ok || canca

Allow direct Eomponent pin shorts: JE¥ I, VRATLLEE T BRI — MR AL, 2k BUHH 5] BB 2 WOmER . R A
RaEe, ML Ak,

Automatically scroll the view:iEIHES, TEMERE RN, HEMDEIRIFRMLSEN, wEE O ER SRR
M.

Mark text Justification anchor points:H—"/NEFRRCATKI S 5,

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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Mark unconnected pins:fEREANARERE PG ILE—AN/NEFTE, KHbmLARER.
Show schematic grid points: M & A LI TITLE

Orthogonal snap wires: £k, SEIEF L AE I ELAMKT B, MRANLE, FLWULMER L], JFH AT LR AE
AEATIRK b o FEFL LI, 42 (T f2 Al S W] Wk () D) 45 24 i s L

Ortho drag mode:3EANN, SRR FLAZTE EEBAKF B . WERA AL, LT CLLMEM A EES) . A EEH AR
) 7 LRI W [ D) 45 2 i e EL

Cut angled wires during drags:{Effighan &4, WERPALFLMTE, ALK FLARHD RPIHRERE I T4
Undo history size:i% B4/ HMEM X KRN,

Pen thickness: %%, LMEERIHAL.

Draft with thick lines:IUIFTHLKIITEE. T AR T RAMEIE.

Show Title Block: P #ifHi .

Reverse Mouse Wheel Scroll:IEHIHHLT, i RAMER M H COnT AMELCGK ST, ik A sbik i, A0 [E A0 R AR sk 4
18 13k 1) 5 iz 15 B AT
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6.5 WIFRIEIN
L7 | Tspice XVII =@ X |
File View Tools Help
BE T FLAQARECERE I RBMAS LD =3 yO20 |
| o
[*] Setting remembered between program invocations.
Ready
b T ’
Convert ' u’ /éo o T ROy “u” cBRITA RS “n 7 “u” o AHERMEIEAE RN, A w AT R
FeH 1

Reverse comp. order: & [rJZH-&IFF : L BE G- & ¥ e AT R N 2R & B R BT HES . /2) 3% SRS S S0t I 7 B f

Default Devices:BRINE & : B4 7E LTspice s A8 A AR EF RS, BROMEZGER)” o AT DB RINE] netlist HAZEIE
A5 BRI RS (1)1 S o OIS e TR 100 1) 6,15 b2 1% DA R AL XA . MOSFET 1 JFET iy AR BB i) o

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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Default Libraries: BRI\ & 27E LTspice mm RIFPER &N, BOAFERIFRE. . 1ib iBA)JTERIPEE dio. HEUHLL
TR TTUAG 3 ) 1 ZE DA B2 2B X% . MOSFET A1 JFET & FEiE ) AL .
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6.6 fF5MPEHREE

A7 | Tspice XVII | = [ @] 3%

File View Tools Help
5'ﬁlﬂl'n?li*@lﬁﬂ\ﬂﬂl’éﬂllg%@]iﬁaﬂﬁlﬁéjf_-!rm% I oo

Separate directories with semicolons or ne A in @s.
Symboi Search Path*]

Library Search Path[]

[*] Setting remembered between program invocations.

Ready

N

——_
ﬁt%‘@iﬁ)\ FLERIA B AL BE Z I B AR B AT S AIE . 728 3 CAT LA EA H 3.

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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6.7 W

VLB fo VR IL BT B R S ST 1

7 | Tspice XVII =

=]

X

Eile View Tools Help

Data trace width{'} [ 2 ¥

Cursor width[*]:

Use radian measure in waveform expressions[*] |
Use "XOR" type cross hair cursor[*]

Font[} | Asal -

Fontpontsze[] 10 & []BoidFontf]

Direclory Tor .raw and log dala fles[*]
Store raw, plt and log data files in a specific directory[*] |

|| Bowse |

[*] Setting remembered between program invocations.

P ER AN ROOR[ G R BN ES LB =3 D00

’/V

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !



LTspice XVII help H SCE AR

6.8 #iE
L7 | Tspice XVII = | X

File View Tools Help
B AN ECLERR ) BN EE LD S =3 v 0

Default Window Tile Pattemn["} Horz
Marching Waveforms ||
Generate Expanded Listing["] V|
Save all open files on start of simulation[*] ||
Automatically delete raw files[*] | |

Background image["}| da Vinci d

RAM for Fast Access Conversion[*]: 4

Directory for Temporary Files["]
C:\Users\Mike\AppData\Local\Temp

[7] Setting remembered between program invocations.

4 L !'rm

VAT W

E&ﬁil‘ﬂiﬂﬁ%ﬁ%% Ol
Default Window Tile Pattern:Bkik e LI FARKIR : 0 VEE M IEHETAR A 1 BB 00, 0SS A— 3 LT 5 — A
2k,

Marching Waveforms:{T@EIY K& H.45 B2 5 RE 7RG BT FE B &)

Generate Expanded Listing:ERJEFFF3R /4 T MBS FF 2 SPICE Hi% H B X2 )5, il Tk s) %,

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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Save all open files on start of simulation:ZERLUTFURIRAE A FT B LTspice £ NAEFAERUR =, A2
WA R o XA T 1) A 3 7R BB G T [R5

Automatically delete .raw files: HBIMHFE. raw U4 3X FOVFE I EUE SCARTE R AL /S EH SRR . XA R s> T
LTspice {f RG2S 0], {H & 5 BAE FH 1 FRAS4PL A 35 357 18 47 A4

Background image: {55 EMG kBTN AR E OERNE . BRARAEFER, XETRRASS5TAREREE. HAih
FE B BFHA S F N —H R EE, 5038 34t 0 5 B 70 B 20 B %USERPROFTLE%\LTspiceXVIT. jpg 3CAF

RAM for Fast Access Conversion: ] F-HRIE il B4 i) RAM: iX f0 18 LR 55 U T 508 465 ok s 5 1) SO QPR 3R N A7AF
.

Directory for Temporary Files:Ilfiff 3O H 3% [R5 A AT HIIA] T 300 5B SO A A7 H 5%

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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6.9 Hacks

L7 Tspice XVII = |B] % |

File View Tools Help -
iﬁlW?l#ﬁlﬁﬂ.&ﬁl%ﬂlE&ElimEHl@'dﬁlLﬁ-m&'#311}-5:-":-@

Latest Convergence Hacks
Show Energy Conservation Check Sum[*] ||

Trade accuracy for convergence for TSTS V|
Gate Curent 0
Minimum shunt to main capacitance ratio:  1e-006
Don't temperature scale JFET Isi*] |
Add GMIN across current sources ||
Supply a min. inductor damping if no Rpar is gven(]
Always default inductors to Rser=0 |
Use the clock to reseed the MC generator]]

Enable beta circuit matrix optimizations[] |

['] Setting remembered between program invocations.

b V4
ﬁt@j@ﬂ BEFFR, EHALVTEE,

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !



LTspice XVII help H SCE AR

6.10 EERMETT
L7 L Tspice XVII = | x|
File View Tools Help
B PR (| EDERE| I REABI| LT =3 OO0
- :- .Ih Ir_'l. E = e, "
.'1?. e
-rr-..‘- e d
Server
User Name
Pagmward
(These settings are not remembered
between program invocations.)
Ready
F il ﬁ%ﬁ?Mwmﬁﬁmﬁiﬁﬁomwme%ﬁﬁ%%%%ﬁﬁﬁ@ﬁﬁﬁﬁoﬁ%%%ﬁéTmhﬂwm

Release ST EI M ATIRA . WIREHE JUNHEAFEH, LTspice KRN ERE FHEMAFH . LTspice FERARFEM
VFATHEOL N 48A U5 1) webo LTspice ANELE AR () BT sl S AR SR O el (RIS 3RAS 8 75 BB IR S0P

ANBEGAT AT ANEEGRAT B T H LA _EZA7 B SCAEEAT ST

ASCHPAE A AT BT BT, O T2 20580, AT Ul H (s !
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T % LA R
7.1 SPICE Z &/
4 N4 LTspice bbHAt SPICE F2 7 5 41 ?

et WIRIOY EDA A RIS SPICE 2y, W HERIRAFE T 3 RTTHIRN . (ERRIRION — 5K IC AR BN, €
BRI AR 1C, AL FFE B2 15 ALFRTTHIURN o

448, (HAZ LTspice MEAABHESIAR AT A A A FIWE 2HEE FT 47 (1) SPICE #/2 2 T Berkeley SPICE ANAJit_LAH R k7

Fngo

LTspice #& SPICE fEATAT HAt v] FH %) SPICE F277 b i — /N5 25 SO ROAS . BRAR IR e ot K e B A ), (HXBEA R
P18 T LTspice FlHAth SPICE F£/% 2 [A] [ — L2 &t .

SPICE Differentiation, LT Journal of analoveinnovation, 2015

VE R IR SCRAE B R e A# (1 PSpi ce BRAFAE IH A JE Al L B AF R SE 4% LTspice ML, (H 2N AT L, /RAT LUIZATHE
ZRTARAS (LA 2%, (1) R 1) IR AT SR AEAE, (2) TRt R RIS AE AR A 7]

REUF. FRILMATE SR ARHTEM, 8. HE—F08 MR A RORIIM A SR AT 10 77570/ BRI AR, TR T
— RKHERAE B 7 I AR E . ARAT AR (K AR 7 S 2

2R, LTspice ®& LA TR 15
HEFRERFE I BEAL A AN : T8 B 2o 2 [0 38 15 A0 B ———3X A2 KT YE A6 2 18] ) X ) o

T R RIS AT A S SRR (L AN FRT EUARYE € SCTHSR DFFT SR, SEAERA, PO RBAGE NERE D, ROy EH
TR ED)

T IF AT ARIER . ZHEERNNE. ST R 2508, BATIHg T AT 830 i TH S B ik
TAEFIANL ¢ A% 5 ) SPICE ¥ M Sl . R Ibas T K.

HmSILgiES B TS NASE, WAV RRE, FONTERSHAER, malloc () (IR [FI4E B E BE TR A %E . Kk,
7E TR B malloc O itk 2 5, LTspice NRFANEZAITHIEAIT KIS — AME—FIRIRFET . HE /2 3x.

BL2 2k S0 32 (T b 164 GIRRFP R 64 (AT . X T WS 6 02 FRIFLSE AR 00 BRI, RRAIND 32 (RS L 64 Rk A
SEATRE . AT, T LTspice AU nalloc O 2 AR MURRE, LA nalloc (B — R 4SBT R 1L
BN (& JUT B RIKRE) , B ARTBLEEA) 32 (P hk. TMORTS AT AT, T FLTE & CPUZEAF, MR 64 (i
Fpeh ] 32 B AR — A E KR35

BIREHAR A TE A AE CPU ZAFHH HUAT : 4 5 PRIEHUE VAR ™ 1% 48 3 B R AE CPU A% _EAE ] CPU 224

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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YR IE2 ] BEAE — MO FE B 7E A N CPU 2247 HIZ4T I8 & 7E PCB I 1 RAM HiE 472

PLAT, RUIFFEMBIELNIINESL S, KRR T DR et e e — R S48 b, SRR LN ERE. X7 YT
28 FARRARAE R—— W Ad A 38 it SUL A SMPS 5 N J8 v o L2 (LD DRI B IE, R R B H — NN £ 5 8 RS
LR AT (% 1) 2 7k AR k) ——FIT AR R R MR 14X

I, AT . EZEI GUI g2

LTspice fJ GUT J&THr Ao BB 75 RIS S N A1 AR RS B SE 1T 00T BR T LTspice B GUT fELL FIE RKIhZ 4, &
SLfR R T schematic entry A B [ GUT.

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.2 ZEKFE

W] 22%% LTspice XVII?

519 http://www. linear. com 3+ F#k LTspiceXVIT X, exe R PC LG B34,
AT LTspiceXVII SCfF. exe 2235, MK e 2 LLEHL B M B0 IB 4T B

RO LTspiceXVITe exe ;g2 PEHIAR AR I T4 .

RT#T LTspice ZEEfEF, HEHFRE SRIEAIBITH Windows IRAANIHES . FREEH B —1E Windows IRA FiafTHI#E
Dinge

PREEBEAH B Windows 7. 8 BX 10, Windows XP1 AN2xiZ4T LTspice XVII. WiS#fd A2 Windows 7. 8 8% 10, JFHWKZ|T
KT 2 LTspiceXVIT BRI E . exe, REE FHSEFHIN. WRRE I LRSTHEBAZ S (H T web 3 5548857,
M IELE MBS HER: T ae, Wl Re kA XFFN . RIGEN 8. Windows 7 x64 5& H AT HIRATHI LTspice XVII
AN

= o

1] LTspice IV X} Windows XP H 4RI H, {H LTspice IV ANFEEEHT.

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.3 BRFEH

Ae] SRS B BT R AR 2

IS, HWRITETT SRR A . N 22w i rp Frik, SRR TT DN 2 %A 7 . R T DLk B gk 4T 5y
WoE LR, RERMASELEIRIRE . ALEZR, BADMERIERA . RE R K A —Fh ] et 248 Sync
release ik,

FAATENIE SN T R R 2

B E R RN, CHFERHE. txt 223 B3, @ 7E C:\Program Files\LTC\ LTspiceXVII \BEHHZE. H
FE IR FAEIT 53R

FEPAT [FIP R A 2, BT B[] 2 [H A g 2

Ao PIERTS . BRRE AR A R0MA S0 . AR B, FndEe *, KBS SHCME . RGN 18 i f R el
2, BEHIBER R DR B O 5 R R BT B A E.

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.4 IFEZERR
YA RO A G 282

AL RS O F R O B, ARSI — AN BB AJ(E A SPICE $8 4 R . HREENELER, ES WK —
Mo S5 K AR — AR AL 22

N TR T AN TR 1:3 TEE (1 3] 9 MR L) AR R M L RBBON 1, BATCIN A 4.

AT | Tspice XVII - xformer.asc
File Edit Hierarchy View Simulate Tools Window Help
P BT 40|Q0aR|EC B2E IREAAS LyD2+ ] FODY A 2p

| +, xformer.asc | B xformer raw

£ xformer.raw i

20us I0ps 40ps 50ps 60ps TOus ETES 90ps 100ps

-, xformer.asc E=m oy X"

A transformer with a 1:3 turns winding ratio

IN KiL1l121

Vi OUT
Rser=1 100" 900|1
PULSE(0 10 10n 10n 5u 10u)
.tran 100u

Ay WRED 1. REAEE R A2

ACHAE AT R B, SUH T2 2580, AT — Ik 3 #iEsh !
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HAEM:
1) FI B LCR SR FEHedH Lo ER b BB X 281 .

1) FRRARM BSR4 ESR. 7245 F AP 3 XSS A WA, ORISR B i fl i T B . B BRI RINERAZ, ©
HH WA E R R

1) BRI G A, Hapged e, MAER LCR mEOCN EMiEHE . HEME /I, H2 S000LH, BUE M
SR HIE I

K =v1-Lleak /+ (L1 * L2))

Lleak = sqrt (Ll * L2)*(1 K * K)

iv) AR RS HIE IR, Q. AR L % K582 i € — A Cpar Al Rpar SRILACIZIE R .
(1) =%

FRLAEAT [T 250 ?

S WA N%E T\ ST \LTspiceXVIT\/RBINEE \IELL RN\ asc B B

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.5 HE=HA

=7k

ATifERE ) LTspice XVIT A e =75 f B S aiti il o

A P PRI ER S =7 SPICE B8R, —F2f]. model AR, H—FZM. subckt & L.

TR R AR AR AN A IR RE I AR AE B B0 . model WEA)Z H T AR E AL B4, SPICE &M % % AT
Ny A2 S B0 R] LASE R 8 ALE ) R ORI

73— J7, . subckt A4 H AR E L — 4L B SPTCE e (1 LB R 52 SUF AL AF . Bildn, K% opamp f¥) SPTCE 7
TER TR H .

WA ZE LTspice AL SRR B P T AR AL R AE N, model iBAJIE 2. subckt 4 HIM.

. MODEL &%) 5& X [ NPN SR8 151 1

1. B E RIS NPN sz,

2. BHE “NPN” ZwiEN “BC547C” , A5 HFR. model &) 1144 Fr—3,

3. TEEA

3a) ¥ . MODEL BC547C---iEH){EN schematic L) SPICE f§4 .

5

WERARE bipol XK. FEEERE. 5 BC54T7C--- (FLAMBI R AT REBAEIX AN SCAE) , SRS IN SPICE 64”7 - 43 bipol.
I TEAR R R B 1R, “bipole 7 1ib”DAZRATAT UMY R A R 5E 4 FR, Windows T BEASERAA B S0
VR4, MBERE—AW bipol. 1ib KIScfE. , ATUEICHE AT g /AHE, Windows WIRE S B B A
“bipol” o AEIXACHHI SPICE 64 &, 2 #] bipol. 1ib, txt” If you used, ~. 2#] bipol. FREEF|—/NMER(E
B, AR

B

R AT AR . MODEL BC5AT7C-++ 8 ¥ 22 2% 7E% = 1%\ SC A4 \LTspiceXVII\lib\cmp\standard. bjt b SCARITER] . WnRARIXFE
i, e A BB E R — AN B e e NPN AR . WERIRGm X AMrdE . 7E LTspice ZAME bjt UM, 1L ZE# B
#) LTspice A BEIF B F % M E & F i,

—AN 5 J# opamp FIF]T-. 3XK4 . SUBCKT i&f) & X :

1. H755 opamp2 FISEEIARINEIR BB H .

2. WoREE EHME “opamp2” 4wiEN “TLO72” , LLE. subckt HI&AFR—E.

3. B

3a) Kl “” . SUBCKT TLO72++-. end " X WIEHI/NEEIMZ 4T SPICE 64

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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o

WERARE —ANY “TT” I3, B8 FHEE TLOT2 I X (BB KRG —FKIEM N L. ) UsIn SPICE 84 . B T1. #
M “ IR

A PLANE —/NHAT S, IR HE TR, UEERER LA BshB S B TRRER . S 0HB/N Schematic
Capture=>8 5.

A DAREAT R 5 = ARG & — A H A RIS, FExt T gmfe, A RER E RO 80 BT H AR, S 1L
BN Schematic Capture=>BIEEHFTS . 3T RZHH KU, XLBINE N7 BB RGBT ME— 5, BTG 1
AT A AL

—A™ 3 &1 NPN RS BB+, (HENX T —4. subckt iEH]:

L R EE I INAT 5 NPN 5641 .

2. BOCAR IR BRI NPN 445 Sel 1 4k F . 3%< Ctrl > RightMouseButton. K I —SHiEHE. G BTEE QN 4K
4% xo XK SEUAT 5 S2BE AT BB AN 2 [l DA AR netlist.

3OKHE “NPN” it “BFG135” , iz 5. subckt 47 H45 € I FR— 3.
4. REEA

4a) ¥4. SUBCKT BFG135 £e¥s N3]~ & E

%gl:

B, WRARE ST . FEEE IR, subekt BEGL35-++ (HLAtL i AJ B tAEIX AN SCAF o) I8 A 456 3 I — > SPICE 454

$i. subckt BARAINE LTspice —AJ5THE, EHEMAMAM TR T HRENAS, IF HAEMEZEMFEK pin/port
netlist M. b0 A3~ e S B TN 5 = J5 A AR AT ) pin 3T SRZ5E .

R RS B ILFE B/ Schematic Capture f1 LTspice. LTspice HSEAS AR 2R 2 B HAE 7 A2 AR 25432 B i) R
HHNFR ., SN =BT 5 A ] LEIE T fif SPICE netlist iB7ALAK schematic capture 27 WHA A2 i B v ok g
. TE http://groups. yahoo. com/group/LTspice AL 41 A A I T IX AN 3 8K HRE .

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.6 REBR

Gy it R G UK

B ) EEDHAHIKR, AR5 (1) 8 UHAHRZ B K R 20 EE .

Ap e s 1) H S A F B2

FRINTEOLT, LTspice #fli AU SEHESIAE, LAFED) SMPS RS e X smp, XEFIGEF RA 2 ER, BEQRGE, 7T
PAKH. £ “Tools=> Control Panel=>Hacks!” Ui I, B2k “WREA Rpar, WIRHtHER/NHEEEE” , 2 ERKAE
FEFP R Z BB EAE . 0T B B s SR B0 s, B — BRI 1 Z BRI R CHL P . 1% Rser fUVT LTspice XVII
W FURRER O IS R, AN Thevenin S AR, DLIR/D HIBEZRVEAGFERE I R/ e RS EE LTspice 5l
BH, 2200 2 A 1% HUBE B Rser=0, IXCKEEISR LTspice {EBEZS 431 oA FH 30 46 ) 25 R UK HS Thevenin,

FFT LA N/ 9w AR 1 R HRR AR A e

FTH STAF%HOMEPATH% \Documents\LTspiceXVIT\lib\cmp\standard. ind. ¥%NEk4m %8 H gk ,

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.7 MOSFET &%)

LTspice XVII MOSFET S5#%#l SPICE MOSFET 4 BUA {a] A= [5] 2

F& T ARHE) SPICE MOSFET #4¢2 4b, LTspice XVII iEFE— B 7 HoAth SPICE F2F7 s %A MOSFET #i%Y. & Hi%
AT T BN L MOS SRR I HRTAT N . XA A A % T LUFH —ANE S Y VDMOS 4% LTspice SKREME, A% SPICE
T AR REAS P T Bk . VEIS 15 2 % MOSFET #5453 .

F AT PAFN N E CL i) MOSFET A 7 iy

FEM), BEATLAZE% F T\ U \LTspiceXVIT\1ib\cmp\standard. mos SCAFH RN B SR . SO TR, model 15
FYE I, AR TS G RIREME A B, TERE LN PR

BRSHIEARBIR) “Prefix” JBHESCN “X” « ANEREKFFS, REEFSSLEE s E LA, &0 LUE
T 44T control A7 B8 B AR 1) AR R U MZJE M

GRARALIRIG “Value” JBYE, 3015 175 408 1 oL 3 0 46 Bk — 5.

fERE B LN SPICE #84, tn «” o HA 42 20 & F e XX LRR. R, XLIUE A XU RA K%
2K, Windows Explorer BRAANE/R MY R4 . WRIFA =AM mylib. sub f3CfF. , AIRAEIR AR e/ &BF,
Windows &S R SAAFEN “nylib” o F “SPICE #8HEXAN MR . AT mylib. sub. txt” If you used,
"o Afl mylib. REREI—MEREE, WA THRAZE,

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.8 WA MR

] DL B R A A 2

M, TREETEEERARNE R, BET AR K. GREZHT, ST
ERILEA . e TR A R R AR

REANFEF AR — N EBA R . ERIIREF MR XN H BR8P BEATN R PRI = . el
PAE Ry —7™i FH R AT 5 i 2 Bl 3R AN SPICE 41 B o AT SR A A A2 7 10 5 AR AR BB T I R o FRATTASRE LR UE SRR
LR ARM KRR, BERAITEEE AN —RFEFER, HREIXERRS . AT KERAESINER, S %8
FE ARS8 RE . A BRI bug.

F] DA R UELEZRMEH AR B2

ST T AE B 8, i R IEHTHRY: LTspice@linear. coms ZRVEFIARNFAN—#% LTspice {8 FH i) AL v 15 S 5.

XTI A R, AN ROR SR R B HO AN IS R, VL I 1) 5% AT Pl 55 I (] 25 FE (408) 954-8400 Bk R 2457
AR T

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.9 HEMEIHE
HLEK AR
PREFEA BEAS 2 FE BRI ROCR 2

WHREW BT “steady” WRIMF. tran frdrh, B0, “7 o TRAN <BF[A>FRE” o F2 740 I K A 00 22 A5 A Fg P AR

ARBMFEE . BT RIFTTAS M AL B —E i, ERATAE T, PO KN AR el i) ——@ % 2 i 3
RMIRZE ORS00 BTN, AN — IR T BRI 2 — AR SRR U . FLEE rhl
R — AR, EIE AT LMERT 4409 Rload BUHIEH. IXHF RN BMSE G, ERTBE “HE” SRR TIER “%
RIRE” , AHEAEEERRE.

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.10 B XS

FLagaE &R EH SRR 552

el PRATLAAE B ORI S .

RIS A RS

MEEH#A 4 File=>New Symbol JF4h.

AT DAGIE IR ORI ORI  as R A 2

ARG Zyo 5 LTspice XVIT —i KA A SIS B ALAE A T — Rt (O BECFAA E 5 AR A SPICE #, iX2eikit
FASK R LTC (TP IS 88 7= S (AT Ao RIME IS e sh s F AR HE SPICE JEIE QIR 7 — /MR, ML IEf Tl B 418 1 1A

RN ik, AYANCEMbrE SPTCE B&HIME T XFRIT R T as i . LTspice A a7 X ey, Jf HIEH e
AT BT SX AR FDLA5% 2 FE B 4

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.11 RIS
W L D AERISATIRANFER?

AR AT LLIZAT Windows, AEFLLIEAT LTspice XVIT. ATEZAEH 7 KB Tk MEXMEFRINAF R K. BA W AEITE
o (HRPILEAE TR LN, R ARG T . EIXTTH, x64 BIE RGOR R i IF L

P B RS AT il A2 L2

BT W B A A R R o U i BREE B N ER ) RAM o G PRATREDETE T LA X I AF IO T R . v, X RZ
B Hrd M, B SO RNBR 1 AT CLE RN AR gb KN raw SCHF.

AR SRBR A L0 (ARG 2 ) SR AT IR ) R A 4E0 e 2

BOVEAE CHESE, B EUR ST N ) A CRAF I ERER B AE L o ORAT A7 A B ] B 07 00 R AE DT 4R 2 1l ke B A7 14
PRI

LrEy, WOAM T AR, (BRNFIERAEH . At 4

FEWRZAS T ibIE], S mT LhEd 2 <07 S BRI RO . TR EEET Al ARV TA] =0 11 D9 24 i (] o

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.12 REIFRA M
FF I AT 75 5 PSpi ce A5 AN HA AR Y 36 752

LTspice SMPS ZARAY R AEMT LA AN LTspice WM/ B A A #AE 5 MG EARFNS BT IR R
SPICE BY PSpice K4rF LAY, (H b bt/ 2F B ARALLIE B2 AN FTRFLE ) . SRTMT, LTspice AJBUIZAT PSpice -3 AAMAT AR,
IFHE w2 — A RE B s g, RIS T DA PSpice BERLIER B LTspice. K24 SPICE H ' L4 M PSpice FH4#)
LTspices

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.13 SPICE W%

U] 61 SPICE W45 %1 %2

] DAAg FATAA] B8 A AR ASCTT SR SC AR Gt 38 A1) 2 netlist. BATLAF A4 view =>SPICE netlist &% LTspice XVII
HRAT Al 7~ B P ) SPICE M8 33 . fEIX MR, &) DUE R BTG SUARFEEEN Ctrl-C ¥f netlist B HIFIBINEM, M
¥ netlist #HE| B —AmiESE.

UNRTIz AT P25 31| 3R 2

BT SCAR S, RIGIBITE . WESHY R4 N “. cir” , LTspice XVIT HZ LR A— AL 51 3%

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.14 /A& E L

HH /&I AR

FT LUK I B 5 1 30 At 8 R FE e e

BT LK EIE RN, iR E DR E A ShE DI Ctrl-Co 2AG, TEESZBINGHR L 14 RS G (1 Word
o Paint) FINAREFH, A Ctr1-V, FE, ZWEATFREEMME. XEEGER LIS H A Windows JG3C A GEH M4
TH=>5 N wnf X)), EEHEGIEAREERESEN. wnf XA, ZCETUESMEmEAA LEP SN SHBEEEHEET
SRR, B SEFT T Tools=>Control Panel=> waveform =>Font 3Fi%&#% Arial. ZRINM System fF CRT AR B, HEE—
FiE 2 Ak, TEICC: A RE IERH 45 o

XA, R BEEEEE AR 53R Excel XA AT g

B NSHSEHER GJERE File=> export), RVFIEEIE S HE] ASCIT . &F — M Helmut Sennewald 45 (15
=t T H., B DL P 4H http://groups. yahoo. com/group/LTspice 3578, XANSEFFRFE R0 4 &% Fh . 20K s 15
£, ARSIk RFAERZEIT R ERIRE T,

2 Helmut Sennewald?

AR

] ﬁ

Elektronika, Munich, Nov 17, 2006

Helmut Sennewald o 24457 ) LTspice A HIMR 3.

—=

B, A IMNEE RS BB HAS RS, AR T 5 = e
. KRR E R B NIESE O, MRSERGS File> S H,

B FRAS B HE LS (R BR R B )04 . A IME g2

ASCHAE A AT BTH B, AUH T2 258, ATl B RiEsh !
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R PAT T B (4 FET. 72 FET 22 AT, S 4fdife 2 S5 (R A [E) 20 o BLFEXT FRT ed B4R HEAT FRT. TR 25 (AR
I () 2D K I = H

{E A BB IR FFT, A2 e HERf P 2

Ao LTspice Y FET S5 BRI 2 00K LY o

(B U SRR A A B0 A (20 B0AS FRT e e 2 (RN

SNEHN AL AE T I0BUE . LTspice A T — A% A FFT 500, WA TAERBE MM T.
LTspice [ FFT J& OS2 0UERG BE1, JF @l THE S BRI 7, X2 B A Rere?

AL E AR BT B, DU 23580, ASrTH T —Ulik H & !
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7.15 HEERIEIR

FREW I A58 =X e Y 1] % 1 2

AL A2 R o AN 75 B

BRAEVRET H b2 filiE — MR (1], 75 00 s st 1B 2% 13 2 75 EAE ORI T 30 2 TR AR K Z AR 22 o BT T IF
KHJEMFRE T, R SMPS AT Fe — N EL g, WA /IME LM, (AEEEE I S HEwEa —
AN 15t B 7%

T3 SMPS FRA P& 1 25 90 S PR Il - (1) PR R G0 R RIS A1 2 5 (31) 3@k 0 — AN 50 i A1 350 /0 / Bl P AR 3 -0 A7 22
W& T AR oy oK ARG HF RN o 55— AN B K 2 BURA R B R e b A s LR 8. Fase M 2 S TP R m R, {H
U SR ARFT i 1 [ i B B B P A N, RSN TAE T, Rt N A — IR B R Bt 35 /AN, SMPS AR
bR ERME R, &M RIEISIRA ERIRT — AN A B IS .

Bt 2 AR R G0 B FF 3 M) o7 KA R A 8 g, vk L2 AR M AR R ) — AN I 8. 1% 2R YR N 3R R 48 RS 5 ST ok
fifH 3 2R AR RG2S . ARSI AN 25 3 T S A DS B B IE PR A 55 o SR S At R A 1 — S s mT DA R B AR R BT
IREh BT, IS mmIE s g, N A o R R D R B R R T o IR — AN s8R AT LAZE SMPS H 3R
B, FNEA — A IR E RO A N R .

SMPS PR i 448 25 (1) S50 == I 2 /2 3T Venable 28 &) 1 G AR MLAX #5230 H 204010, BUAE AT DA IAR A =384 . FIFEN N
G S AE B3 B B AR B A 23 1 (FRA) o BRSRIXFh 5 VATE SEIG = R WM, (H IR A N BRI fnfe] 4 FH & s
o A MAEREUMAILE LTspice XVII HHHAT FRA. 1ZJ71E1# F Middlebrook J5 i B EHE 25 554« . measure &) #E4T{#H B
AR, step IEA)HHATHM, LAA LTspice H 4. measure iEA)4E G . BRI PRI BN, EAJfem 2S5
TAESH) FRA 7R, EATIE S LHELE directory FIEA LTspice XVIT fRASHI —EB4>

% HOMEPATH % \3CF4\ LTspiceXVIT \ \#(H Bk = \Hl+

AYR 1 WE SMPS S5t ml % th— MK PGt IR SR sl s BRI U B e AT A AT, A5 SMPS i€ iR Bt 5| e e
R, LA AE G 3 R PE 73 A THURT ) S 15 5] - T o

YR 2 AEX BN — AR RS — TR R B IR 5% . 8 ETREDN “sin (0 10m {Freq}) ” JRIEAZEEE
G LI 10mV) Rt FEMEORS FERME 50 RS BRI T 05 o RN, (55 A G, HRWRIRIEARK, REMARLNEE
ATHY, BN R ARAF A AR R T 5 ORI o

DRR 3R M A R IE CA” AN B SBR[ NAZ T S BT B I, R F e Y R LR S A, T B R X
TR AT RH0 5 — 10— IR

ABR 4K T IHR. measure 1 AJ1EA SPICE 485G 3R = & b
.meas Aavg avg V(a)

.meas Bavg avg V(b)

.meas A~ avg (V(a)—-Aavg)*cos (360%time*Freq)

.meas Aim avg —(V(a)- aavg)*sin(360%time*Freq)

.meas Bre avg (V(b)-Bavg)*cos (360*time*Freq)
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.meas Bim avg —(V(b)—- bavg)*sin(360%*time*Freq)
.meas GainMag param 20%1ogl0 (hypot (Are, Aim) /hypot (Bre, Bim))
.meas GainPhi param mod(atan2 (Aim, Are)-atan2 (Bim, Bre)+180, 360)-180

XKL, measure WAJPAT T AL A I B B I, SRR HHE SRR R HE. HERERGMNERITHIGRE. IEE
I W, AL .

IR 5K R a2 R 2] schematic i) simulation @4 L, {EN SPICE 54 :

.param t0 = .2m

.tran 0 {t0+10/freq} {t0}

SR 10 2 RGUABIFRS TR BT R . AT RE 3R B T — SRR E t0 ME MH. BEN. tran 40U =/ NS HUH
I, IR RE AR N Z AR R AR EE . OB B 2P R 4 . meas EAITE S HT R AEFZENE . XFEMAOTR IR S, WIAEBEA
A AT BE TCVEAE WA /M 5 W 7 (U] () /N B0 3 B A2 AT

R, t0 [ HILLE. tran 72 MER 2 128 3 N2 8h . 5 A SHUR(F LR TE] . 3 Zh A (ki A) 1) Z(E & A 10/ freq,
B, $sh BRI . BRARME LT, B2 AT 0 B B A — AP sh L B AN O FE B AR 43, AHIX AN B E AT RER . B
T IR 25 00 20 B 22 AN 3 [ 45 AEATR D) AR ) — /NGB 4, oA B ] B AT — AN R0 D 46k B SR Bl IR 96 B0 U B0 A R T
R A FH A A B 0 BRI PR URBCR /N DR AV 22 480 e B

IR 6 EFPAT TR R . ES IR, NN SPICE 54

.param #iZF= 15 k

FFIBATHEAN . meas TEFI IS AL TR H S, SER DAAE(E I SE a4 view =>SPICE #5ik HEIBIT MM R EHZH &
AT MEZ AR R TR, D52 /e R LA BT BLR SPICE #54:

.step oct ¥ freq 50K 100K

ZIE A& T LTspice [ HEA U A S, UL 50kHz 2] 100kHz (ISR IE T . ESHLZH]N Bode B, FREPVERH)G,
1T 4 View=>SPICE Error Log, RGAHEHATEE “plot . step’ ed .meas data” , IRt Bode B A L2 il AT %k
. Bk, FRAEBGIFHATIRGaS “a] ILERER” , SRS,

A7 EIHEIEOAR, BERREC 2R UF T SO FA ) Bode 73 HToRAEAR SMPS #eit. FRIRARX A ERL. iR AEN iR I I i n]
B, PUNFAER MR R, RS SR T AT BRI s SR, JFORAME X AT S A, DLSEEILRR SE I B it
i, IR A M (HIXIERARAGE X A BOR S AR ARG o TR AR — T R .

EBATZ FE— A R (g [ e AR . I E B AR ) e dg, dnin

% HOMEPATH % \3ZAY\ LTspiceXVII \ \Z& \BEHREkEK S\ Eg3. asc filF

P E AR 2%, AR SRRk E, FEFTIFFOE, (EHECER Bt . — HUE{E T 5% f IR 5 R 25 IO 28 4 H A B B
EEE, itk gt e En, P, e TR, ERI T A s lkh B B il Ak g . TP I S A R

BRIEE, BEREJUABIER, R — S XA S HIT R AT R — AN ST . BIEIT R BIRS
VRZE TR A 0 4 3 R FE R RRE L o B SR ARSI 5 Stk AT, AT UGS AT R R AR B 1 TOT 2 s IR, R A
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HRPHPTRME 2 TN, A SUEEME . X SEhs bt i I hl B R, DLRARH A BEIRA sl 2 . AR SRR I g
12, FATHAER BIRZ smp KIS S0 DB A A (C4) P AL — M. AR Rt BR DUt R R e, JF 5 IR BVE L
S WS HET . BRSNS 25 i IR 2 (A B 22 AR ZE L o 2R 22 FUIR R AR ZE TR AR TOR G BN MR ZETROR AL
AR (HAZ, PR TT R HLIAL AR IR ZEOK sk o L, AN Hh o R R . RO, B2 58 xS it el B ik -
175 BRI [ o BATTAT DU — A R PELR A, SR FTAT I, (HE AP Ipidid Fl— MU (C B E W U KAGTT
WEFIG A, R — N E E . IR A SRR T A

BUE, TR MR RE S MRILHEIT 907 BUARFE A2 il 4 06 J0 3 — LEBAM AL IR, A N AT BE S A — LE s R B it 2 b
L, DU R — MR R BHER . ESEBREIUIF AR, JCH R AR R AR I iy DB e ts A By, BRDN'EH BSR, X4y
R E . RIS, fTERATE TAMENE CL B BCHRE R, X WAE S —ANFAEMRL . Sbhh, FEHE SR 5 R
NIy o AEIRERAE R KL ULR, SER AT LLARE AN . REWE I R E R, AT REE BRI, BN IEIAXT BT A
EHGRAE M XM SRR AR, — H il s SMPS [ s it [a] i 1 45 (45 54— AN T D% 8 A 10 7 2 IR AR A7 b 3
B, XA BB AR E .

an SRk IR BE AR AR R, TR MR A, AR A AR ESR A, AR AL BN smp AURSEE. (K]
Ut ARTE RTS8, [ B N BAE A PR AN — AN, BT LVE AR REE RN, AT T4 DB B AR I B RC LR (KR 5E 50
EEMINERRZBOE M. H2, e LR G HNEERE . R B SMPS A2 e VRl R HER V4742 T R
(RIS o P25 3 i Y P T AP I ARV R RS B LR 81, R D ok 2 P A s Pl I AR AT A2 Ak, RIS LI th Bl 2 AR 4K
DR b i i 42 sl A 5 FAY VAR FELIRE AN 2 £ H PR S AR A IR P A A (RO 2 L A IR S MR ZE TR 4 i Y P P LS RN
PRS0 L ) A% 32 bR RO B e e SRR oS 3, T2 I SEBRRRLPTREAT 1 70 B A6 o X ANPHPTE R A2 LB, AR
5 MOSFET f) on FEFEAHELARH K, (HENT IR WRERMEERE, ZRAATTHH, H 9 M ARG, e/
RLTLAT LA SR — S AL 22 o T AN BRSOt — Dt o RBBCRME 2 [ 8 A3 RS 32 ) R A2 vy o 28 b 0L R AR Y
DB BRI —FMEIE . ZBOR T EAENEATF R I P I — O FR, I A Z UK E B AR H 8 Ak & . A
T CAA A S A i s RO SR BERAIR 1 i N P8 1) LR O BELATE - A1 B PR 8 Y LT 2 51 S B 22 AR AS

IR, PR BURMEE A smp ANFERE . B, WERARAE A B BB R R 1 — I B S, A4 A AR SO LR AL
FHAER AN, REIBCRMEE O T P T R A A B AL o RS0 T 9% LR BEL BT SR 33X A FURKE] MOSFET Rds (on) IFEST, PRtk
USRS TE [ B A 5 — s, TS BN » (BAEXAIEOLT,  RIGEIR A 2 R st o, At siebr AR 7E HL T
AT Ig AT, R IR MG S A MR AR A R, BUONBRARSETE 1 S5l B RARH He b i — A, 75 0 RS
2R, IR — AT TP R . IR I 78 AN R] o AR AT BUX rUIRAR AU e B AT ME S 04T, (il
T R BRI S AR R T, Rt s R e, B AR MIE R TRIFAZ

AT AR 5 — SR UCR W OR smp 78 H AT N ARE I 1T . B RENBIER G TR BRI, R B AT i
{8 Bt DD A A SN A A 1 Bl . — B RE  T SRS T RS, ER R ARG TT G, AR5 I A
PRI EE DLV N . BT, S O3 A (0 B R A I R o A R SR U) B s o, R LR B IR AR U M A R
PoAaE P L2 S .

B (LR T ML 5.

2] ROKT « KE/RFGET, “KRBMAGHBMBAIME” , (EErET¥RY GE38 %, H18). 4, 5 485-512 1T,
19754 H) .
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7.16 £ Linux Fi&47

PRAXAFEF I Linux A2

Ko {HRGWE, LTspice XVIT HSLLE WINE R Linux FiB4T,

TN, MBI, B AR

545 http://www. winehq. com BX R, ZE# RS0 AT A WINE,

SHBE Y. rpm SCAFBVERIHLE L, JFM nautilus ITHE.

FREL LTspiceXVIT SCfF. M http://www. linear. com exe. 7E xterm H1, 44T “wine LTspiceXVI1” . exe” %% LTspice.
PAEAEMRI I EXs 2 — NI HE AR & WG B LUEEhESEN “wine LTspiceXVIT” o exe” \—A> xterm FFAAFEST .
N BB ARALE WINE R ISR OSCR A W Windows g . X2 At Ale?

WINE HI & 4R 30 0 = 8] 1 el i R & e WA Windows R M ER TN, E2MAFELF.

PWL B 0 5 4 8645 AEC SR AR AE WINE I 2

2R W FAZ A Windows R AN Windows . d11. SRJGM WINE JHH LTspice 44T 52 WINE —d11
commctrl, comctl32=n XVIIx64.exe.

1F Linux FiafTHIM: e 576 Windows g 4T FMH: REAH b anfar2
PR AR Linux AP #ES 45 JF4E, LTspice 78 Linux T ECAE Windows R8T W IT .
M, RS T LA

K.
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7.17 GEFM

AR TN E AR

XECHE B TR T ENTR R B U ENTTEN R — AN e R &, (ERAETEN BT R — T 5.
AR -Fle

FENE i I, AR T 10 KA A LTspice HI45:

Tspice
_.T_I
FHILE NN AR
INERTPOEHRIT
i A

),

SPICE-Sonulatsm
wsing

LTwpice TV

LE

SIMULATEUR
LTspice IV

Wit | e thomby

Michio Shibuya. Gilles Brocard 1 Mihail Pushkarev fJ45 (43I A LI AIEED FER . XA B SCRY I b @ 5T
B H Michio Shibuya AL .

ASCHAE A AT BTH B, AUH T2 258, ATl B RiEsh !
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7.18 #fE
HFENE?

FIE LN IRAS 2 W Vi U5 [l FR IR 2 A M3k http://www. simonbramble. co. uk. Z%MuhiH £ T LTspice LA V2 AR
LR SR TH U B . HETE

N, A, BIEERF. RAWERLLLS] LTspice I HFE?
H G LA, K http://www. linear. com/solutions/LTspice 1% .
IR LTspice WIT£/E AFRE?

LMEHR AW S AEAT B B 2. X BA R 15 02224k
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7.19 FhALHIH A
W82 F el e ?

7E http://groups. yahoo. com/group/LTspice A — MWL P A, ZEA —A 085, HPaEEHNEFE. FENR
. BEEARH, ZHRE 59817 LA .
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