4.7. MOAEJINPOBAHUE HA JIEKTPOHHOM YPOBHE U SPICE

OAVMH U3 OCHOBHbIX $OpMaTOB AnA obMeHa 3dneKTpudeckumum cxemamu 310 SPICE
(SPICE - Simulation Program with Integrated Circuit Emphasis)
(SPICE - 3TO nmporpaMMa MoAe/IMpOBaHUA PAAMO3SIEKTPOHHLIX KOMMOHEHTOB).

BONbWMHCTBO MpOrpaM MOAENMPOBaHUS MOAAEPXMBAT SKCNOPT M UMMNOPT B
TekcToBoin dpopmaT SPICE2.

K coxaneHuwo mMogenn MUKpPO3JIEKTPOHHbIX npubopoB "BumuTel™ B SPICE u
XOTS MOXHO THHWTb MapameTpbl - Bce paBHO HDL-AMS A3biku [awT 6o/blie KOHTponsA
Haj MPOUCXOAAWMMU MpoLeccamu.

O4yeHb KpaTkoe onucaHue SPICE A3bika:

* KOMMEHTAPUIA
[TUMN_MMA_KOMMOHEHTA] [Y3EN1] .. [Y3E/A_N] [NAPAMETP_1] ... [MAPAMETP_N]
.END CTaBUTCA B KOHue danna

Tunbl KOMMNOHEHTOB

Rxx resistor pe3uncTtop

Lxx inductor KaTywka MHAYKTUBHOCTHU

Cxx capacitor KOHAeHcaTop

Vxx voltage source UCTOYHUK HanpAXeHus

Ixx current source MCTOYHUK TOKa

Exx voltage controlled voltage source

Hxx current controlled voltage source

Fxx current controlled current source

GXX voltage controlled current source

Dxx diode avop,

Ixx junction FET JFET TpaH3ucTop

Mxx MOSFET MOC TpaH3ucTop

Bxx GaAsFET TPaH3UCTOp Ha apceHupe ranauva GaAs

Qxx BJT 6unonApHbIi TpaH3MCTOp
Pe3ucTtop

Rxx NODE1  NODE2  RESISTIVITY

R1 1 (4] 1.00hm

R3 7 8 4M



MCTOYHMK HanpAxeHus

VXX V_NODE GND_NODE VOLTAGE
V1 1 (7] 3.0volt
V2 2 3 4K
UCTOYHUK TOKa
IXX NODE NODE CURRENT
14 2 4 15m // 0.015 A
KoHaeHcaToOp
Cxx NODE NODE CAPACITY
Cc1 1 (%] 1.5u (microfarad)
c2 2 3 4pF

MHAYKTUBHOCTb



Lxx NODE NODE INDUCTIVITY
L3 1 0 10m

Voltage controlled voltage source

EXX ONODE  ONODE  INODE  INODE  GAIN
E3 1 2 3 4 5

E4 1 2 (3, 4) 10
E3: V(1-2) = V(3-4) * 5

E4: V(1-2) = V(3-4) * 10

AnAa AuopoB, TPaH3UCTOPOB UTA WCMNOJIb3YHTCA MoAenu

.MODEL NAME TYPENAME (PARAMETER=VALUE,...)

TYPENAME is:

CAP capacitor
IND inductor
RES resistor
D diode

NPN BIT n-p-n
PNP BIT p-n-p
NJF n-JFET
PJF p-JFET

NMOS n-channel MOSFET

PMOS p-channel MOSFET

GASFET GaAs n-JFET

CORE non-linear magnetics
VSWITCH voltage-controlled switch
ISWITCH current-controlled switch

MapameTpbl Mogenu guopa

Dxx +NODE -NODE MODEL
D5 5 7 MyDiode



IS Saturation current A

N Emission coefficient 1

RS Parasitic resistance Ohm

cJo zero-bias p-n capacitance Farad

V3] p-n potencial Vv

M p-n grading coefficient 1

FC forward-bias depletion capacitance coefficient 1

1T transmit time sec

BV reverse breakdown voltage Vv

IBV reverse breakdown current A

EG bandgap voltage eV

XTI IS temperature exponent 1

KF flicker noise coefficient 1

AF flicker noise exponent 1
MapameTpbl mopenn MOSFET

Mxx DRAIN GATE SOURCE BULK MODEL
NODE NODE NODE NODE NAME
M1 2 3 5 0 NMDideal

L channel length meter

W channel width meter

LD lateral diffusion (length) meter

LW lateral diffusion (width) meter

VTO zero-bias threshold voltage meter

KP transconductance amp/volt~2

GAMMA  bulk treshold parameter volt~(1/2)

PHI surface potencial volt

LAMBDA channel-length modulation 1/volt

RD drain ohmic resistance ohm

RS source ohnic resistance ohm

RG gate ohmic resistance ohm

RB bulk ohmic resistance ohm

RDS drain-source shunt resistance ohm

RSH drain-source diffusion sheet resistance ohm

IS bulk p-n saturation current A

Js bulk p-n saturation current area A/meter”2

PB bulk p-n potencial volt

CBD bulk-drain zero-bias p-n capacitance farad

CBS bulk-source zero-bias p-n capacitance farad

cJ bulk p-n zero-bias bottom capacitance/area farad/meter~2

CISW bulk p-n zero-bias perimeter capacitance/area  farad/meter

M3 bulk p-n bottom grading coefficient 1

MISW bulk p-n sidewall grading coefficient 1

FC bulk forward-bias capacience coefficient 1

CGSO gate-source overlap capacitance/channel width  farad/meter

CGDO gate-drain overlap capacitance/channel width farad/meter

CGBO gate-bulk overlap capacitance/channel width farad/meter

NSUB substrate dopping density 1/cm”3

NSS surface state density 1/cm”2

NFS fast surface state density 1rcm”2

TOX oxide thickness meter



TPG gate material type (-1=as bulk,+1 opposite, © = aluminium)

X3 metalurgical junction depth meter
uo surface mobility cm~2/ (V*sec)
VMAX maximal drift velocity meter/sec
XoC fraction of channel charge attributed to drain 1
DELTA width effect on threshold 1
KF flicker noise coefficient 1
AF flicker noise exponent 1
etc
BJT
Qxx COLLECT BASE EMMIT  BULK MODEL
NODE NODE NODE NODE NAME
Q1 2 3 5 0 NMDideal

NapameTpbl mModenn BIT npuBoAUTb He byaem

Mpumepbl

1 Ohm 2 Ohm

* Simple Circuit
Vin 1 @ 3.0volt
R1 1 2 1.0ohm
R2 2 © 2.00hm
.END



c1 1 @ 1pF
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MNpumep cxembl CMOS uHBepTOpa:
* Oscilloscope(s)

.PROBE V(14, 9)
R_o_scope_0_0 14 @ 1Tohm
.PROBE V(15, 9)
R_o_scope_0_1 15 © 1Tohm

* Function Generator(s)
V_fg_plus 14 @ DC @V AC 3V
+PULSE(-3V 3V @ 100ns 100ns 50ms 100ms)

* Battery(s)
Vil 12 @ DC 5

* 3-Terminal Depletion N-MOSFET(s)
M N.DM Q1 15 14 © © NMDideal

* 3-Terminal Depletion P-MOSFET(s)
M_P_DM Q2 15 14 12 12 PMDideal

Connector(s)

node = @, label
node = 1, label
node = 1, label
node = 2, label

* ¥ ¥ ¥ %

+-2)
e/

14+12 Chm




* node = 9, label =

* Misc
.TRAN 1.4ms 700ms ©Os 1.4ms

.MODEL NMDideal NMOS(VTO=@ KP=20u LAMBDA=8 PHI=600m GAMMA=0 Rd=0 Rs=0
+IS=10f Cgbo=0 Cgdo=0 Cgso=8 Cbd=0 Cbs=@ PB=800m RSH=0 CJ=0 MJ=500m CISW=0
+MISW=500m JS=0 TOX=100n NSUB=0 NSS=0 TPG=1 LD=0 U@=600 KF=@ AF=1 FC=500m
+TNOM=27)

.MODEL PMDideal PMOS(VTO=0 KP=20u LAMBDA=0 PHI=600m GAMMA=0 Rd=0 Rs=0
+IS=10f Cgbo=0 Cgdo=0 Cgso=0 Cbd=0 Cbs=0 PB=800m RSH=0 CJ=0 MJ=500m CISW=0
+MISW=500m JS=0 TOX=100n NSUB=0 NSS=0 TPG=1 LD=0 U@=600 KF=0 AF=1 FC=500m
+TNOM=27)

.OPTIONS ITL4=25
.END
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