ffif$k—  Design Center THB(Z k% A-9

ACOS(x) cos1(x) FS BB BN RS
COSH(x) cosh(x) Fris BERA R E
TAN(x) tan(x) x B SR
ATAN(x) tan"1(x) P S B B (o S AR
ARCTAN(x) tan"1(x) A BB B B
ATAN2(y,X) tan"1(y/x) TS BUE S R
TANH(x) tanh(x) FRfs B B Fs8 S
M(x) X fERI AN
P(x) x FIFEAE HARAK
R(x) x H9EER
IMG(x) x HIREED
TABLE(X.X1.Y1»-Xn¥n) |y EE x B&s; | T8 v EEH x1.y1
g Xn>¥n Fﬁ )
"R R
NEERE
MIN(x,y) x My I
/M
MAX(x,y) x fly Z BRI
]
LIMIT(x,min,max) min if X < min
max if x > max
x HAh
SGN(x) +1ifx> 0
0ifx=0
-1ifx<0
STP(x) 1ifx>0

0 Hfth




A-8 W' FIHE% Design Center 3

Hisk—

Design Center H1H#2 5%

BAHE 6 — 2 B AL TREEIF) EVALUE BF - @ LU@SHE
B8 ABS() RO —EEEN RIS - HE L BRT/ENEE
4} > Design Center ZIZML T RFNEKEr (RS~ B~ T -
BREGEEAER - MM R B BI=) { PSpice Bt - 54% »
HEIRHR At — K E# Probe MR AGE—SSHECZR » &

FIREERS AT -
PSpice 47 o fH 1) 378
BB~ S fiiat
BrE
ABS(x) x|
SQRT(x) x1/2
EXP(x) eX
LOG(x) In(x)
LOG10(x) log(x)
PWR(x,y) x¥
PWRS(x,y) +x|Y (if x>0)
-x)Y (if x<0)
SIN(x) sin(x) x EAESER IS
ASIN(x) sin-1(x) P BB B 3R S
SINH(x) sinh(x) Frie BUE AL FS5R S
COS(x) cos(x) x AR
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IF(t,x,y) xEtBH t e AR
y HAh
VT
~ NOT
| OR
A XOR
& AND
B FIFIE
== EN
1= AER
> KA
>= KIRZFER
< /N
<= AN
Probe 107 fHRI R
ABS(x) x|
SGN(x) +1 (if x>0)
0 (if x=0)
-1 (if x<0)
SQRT(x) x1/2
EXP(x) eX
LOG(x) In(x)
LOG10(x) log(x)
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Bigk—  Design Center TSI E  A-
M(x) x fERI R/
P(x) x HIFEFAME BBAR
R(x) x HYEER
IMG(x) X BYREER
G(x) X FIBEAEE(Group Delay) | BRF)
PWR(x,y) XY
SIN(x) sin(x) x BALERSE
COS(x) cos(x) x IR
TAN(x) tan(x) x B BRE
ATAN(x) tan-1(x) FrS BB RSE
ARCTAN(x) | tan-1(x) FrS BB BN RS
d(x) x B EEIS
s(x) x SRR EHIE D
AVG(x) x EH1E
AVGX(x,d) x fE&iE d ANFIS{E
RMS(x) x FI 5 1RIE
DB(x) x B53 B
MIN(x) x BEr/IME
MAX(x) x EERIBAIE
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Wik = FELLTCHFRI RS S BT B B 5

Design Center A& T 5 SHUMHLLTTABRE » DUTF P E
(RS F R EIAS A R H AR 2 H T IRRT - T trg =g
7 — 2EIFTRE TOLARME, i TEMPLATE IE B BARRY - it
A — B R ERE T AR TEMPLATE JBM:RS - %8
KIROTAF IR - BES 7 — 2 BIFDRRS R E TR R EL B
IEASREE > PRI ERE BN ERFRE T T - E T
R R R EH LB TR -

RANHER | TR AR | THEE

B LS 2 A L L B

C BE M EELELE
D —fRe Q SETELR
E BRI E R R BH

F B BRI S R HIBER
G BRI E TR T R

H BHEHERE \ BILERE

I CLAVAC SRR w BB
I BESRE A X TER

K BOER




ftex=  BLbofainsmEgsgs A-13
B B LSRN B A
PR
B<44fl> <yef> <Rt <JRtiR>
+<tRE R FE> (]
REAURE
MODEL <##! 4> GASFET (1552 8)
R 28 BEE Bi7 WEE
LEVEL Model index(1,2, or 3) 1
VTO Pinch-off voltage' volt -2.5
ALPHA Saturation voltage parameter volt~1 2.0
BETA Transconductance coefficient amp/volt2 0.1
B Doping tail extending parameter volt-1 0.3
(LEVEL=2 only)

LAMBDA Channel-length modulation volt] 0

GAMMA Static feedback parameter 0
(LEVEL=3 only)

DELTA Output feedback parameter (amp.volt)‘1 0
(LEVEL=3 only)

Q Power-law parameter (LEVEL=3 2
only)
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RAEIZE B BN PE(E
TAU Conduction current delay time sec 0
RG Gate ohmic resistance ohm 0
RD Drain ohmic resistance ohm 0
RS Source ohmic resistance ohm 0
1S Gate p-nsaturation current amp 1E-14
N Gate p-n emission coefficient 1
Gate p-n grading coefficient 0.5

VBI Gate p-n potential volt 1.0

CGD Zero-bias gate-drain p-n farad 0
capacitance

CGS Zero-bias gate-source p-n farad 0
capacitance

CDS Drain-source capacitance farad 0

FC Forward-bias depletion 0.5
capacitance coefficient

VDELTA Capacitance transition voltage volt 0.2
(LEVEL 2 & 3)

VMAX Capacitance limiting voltage volt 0.5
(LEVEL 2 & 3)

EG Bandgap voltage (barrier height) eV 1.11

XT1 IS temperature exponent 0

VTOTC vTO temperature coefficient volt/ ° C 0

BETATCE BETA exponential temperature %/ ° C 0
coefficient




Wfsk=  JEELITARYRIAS SRR B

A-15

TRAIZ 8 B LA WEfE
TRG1 RG temperature coefficient (linear) ° ¢l 0
TRD1 RD temperature coefficient (linear) ° -1 0
TRS1 RS temperature coefficient (linear) ed 0
KF Flicker noise coefficient 0
AF Flicker noise exponent 1
T_MEASURED Measured temperature °C
T_ABS Absolute temperature °C
T_REL_GLOBAL Relative to current temperature °C
Relative to AKO rﬁodel temperature | ° C

T_REL_LOCAL
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C BE

Y S

C<4478> <[EENE> <A ETRh> (BRETE] <EA{E>
HIC=<g4afE>]

AU

MODEL <f&#1£Zf#> CAP(IEAI L)

REIZ & B WEME
C Capacitance multiplier 1
vCl Linear voltage coefficient volt~1 0
ve2 Quadratic voltage coefficient volt-1 0
TC1 Linear temperature coefficient eal! 0
TC2 Quadratic temperature coefficient > C2 0
T_MEASURED Measured temperature °C
T_ABS Absolute temperature °C
T_REL_GLOBAL Relative to current temperature °C
T_REL_LOCAL Relative to AKO model °C
temperature




k= ELTARSsEEEs s A-17
D —

PUAL B

D<#78> <IEEBG> <& iR [IRAILHE] [t {E)]

BRARR

MODEL <& ###> D(ER Z2H)

REIZE =% L==HivA NE(E
1s Saturation current amp 1E-14
N Emission coefficient 1
ISR Recombination current parameter amp 0
NR Emission coefficient for ISR 2
IKF High-injection "knee" current amp infinite
BV Reverse breakdown "knee" voltage volt | infinite
IBV Reverse breakdown "knee" current amp 1E-10
NBV Reverse breakdown ideality factor 1
IBVL Low-level reverse breakdown "knee" | 2mP 0

current
NBVL Low-level reverse breakdown ideality 1
factor
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BERIZE BE B WEfE
RS Parasitic resistance ohm 0
TT Transit time sec 0
Cjo Zero-bias p-n capacitance farad 0
V] p-n potential volt 1
M p-n grading coefficient 0.5
FC Forward-bias depletion capacitance 0.5

coefficient

EG Bandgap voltage (barrier height) eV 1.11
XTI IS temperature exponent 3
TIKE IKF temperature coefficient (linear) ° -l 0
TBV1 BV temperature coefficient (linear) - cl 0
TBV2 BV temperature coefficient (quadratic) ° 2 0
TRS1 Rs temperature coefficient (linear) >l 0
TRS2 Rs temperature coefficient (quadratic) ° C2 0
KF Flicker noise coefficient 0
AF Flicker noise exponent 1
T_MEASURED Measured temperature °C

T_ABS Absolute temperature °C

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




HR= BHTAHSLE SRS MR A-19
E EREFERIR
1/ PR - B2

E<4ig> <IEEiRG> <G ek

+<IEFEHIETRE> <EIEHIETR> <ga>

E<£ff> <[EFTEL> <@EiEE> POLY (B {HS>)
+<TEFEHIETEE> <EPEHIETR> <SIEA(RE*

E<#ff> <IFEi%BG> <&Ei%6> VALUE = {<88#FrR>}

E<4& 86> <IEEiEE> <AfiE> TABLE {<#BFRR>} =
+<<tigy A B>, <dgjH{E>>*

E<{ 8> <IEAf%> <E#H%> LAPLACE{<BEFR>)
= (<RI TR )

E<# > <[EETRE> <A Ei%E> FREQ (<BBFRA>} =
+<GFER(E>, <HRIB(E>, <FHA E>>*

E<Zif> <[EEE> <R EEs>
+CHEBYSHEV {<##357>} = <[LP] [HP] [BP] [BR]>,

+<B LE SR> <RE>*

FEFIRE - NS AL R K& EPOLY ZIEAREBIHEXF -
TS L8 S i RAg U O HEBE RS B - TEBE BRI A = (8%
ABBEEG] 4 EPOLY REMRE - EN@ABREESHNELY -
FE MG E EEE P HE B A E R -
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R kg
—REIEH |ky - Vi+ko-Vp+k3-V3

(kg - Vi +ks Vo +kg-V3) -V +
“RAIE |(k7-Vpt+kg-V3) Vot

| (kg - V3) - V3

{kip- V1 + ki1 - V2 +ki2-V3)- Vi #
(k13- V2 +kja-V3) - Vo +

=RAH (kg5 V3) - Va}- Vi +

{(kig- V2 +k17°-V3) - V2 +

(k1g - V3) - V3} - Vo +

{(kjg - V3) - V3} - V3 _

GRS - RRMEE—(AEREEAT
Vout =2 + V1 +3V3-ViVa + 4VyV3 - 2V13

RIS I RB S TE R P ERK 21030-10040-2



= BT RS E
G R R E IR

U PUN

G<4ff> <IEffR> <EEi#h>
+<IEAEHIENES> <& PihEiR> <ERE>

G<478> <IEfi%:> <EEik> POLY (<SS EEE)
I<TEHEHIETEL> < PIETE <SR

G<4f@> <IFHiEh> <A %> VALUE = {<BHFNI>}

G<4fE> <IFAN%> <& > TABLE (<BE#RA>) =
+<<$§1j)\{|‘§>,<§§ﬁﬂj{@>>*

G<4&Hi> <[FEiEE> <A EfE> LAPLACE{<#8(#/R=>}
+= {<hy gy B>}

G<& > <IEEiEL> <AgiE4> FREQ (<BEIRTA>) =
+<<SFRNE>, <HRIEE>, <HH A E>>*

G<# 18> <IEER> <GEiR>
+CHEBYSHEV {<$###R3>} = <[LP] [HP] [BP] [BR}>,

<L <R AE>
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F B E R
A

F<£ > <[EiEh> <aER>
+<HIE R @8>

F<£78> <IEEi%:> <A Ei%E> POLY (SR E{RHER)
<R E R <BIERE

H BRI BRI
1 PN B

H<£ 76> <IEEBG> <R itk
+<AHIERIR AT <SE4>

H<4Z 8> <IEETB5> <& Hi%h> POLY (BB HEX)
+<{eiI R R IR > < THA LR

I B BIIR

1 PlR B

I<£ 8> <IFEE:> <& %> ([DC] <ERi{E>]
+[ AC <fRiEfE> (HHAME]) (NP2



K=  EHTTARRRAaRERS2 Kk A-23
J HHENE S
Fhpg =X
J<ZfE> <Fhn> <FiR> <YRks>
+<ERI 55> [[FAE]
AR
MODEL <{##47%> NIF (R 28)
MODEL <ftifili &, f&> PIF(f5 5! 22:8%)
FERI 28 R B AEfE
VvTO Threshold Voltage volt 2.0
BETA Transconductance coefficient amp/volt2 1E-4
LAMBDA Channel-length modulation volt-1 0
IS Gate p-n saturation current amp 1E-14
N Gate p-n emission coefficient 1
ISR Gate p-n recombination current amp 0
parameter
NR Emission coefficient for ISR 2
ALPHA Ionization coefficient volt~1 0
VK Ionization "knee" voltage volt 0
RD Drain ohmic resistance ohm 0
RS Source ohmic resistance ohm 0
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MBI 22 Design Center 3

o w 24

A2 =4 B WIEME

CGD Zero-bias gate-drain p-n farad 0
capacitance

CcGS Zero-bias gate-source p-n farad 0
capacitance

M Gate p-n grading coefficient 0.5

PB Gate p-n potential volt 1.0

FC Forward-bias depletion 0.5
capacitance coefficient

VTOTC VTO temperature coefficient volt/ ° C 0

BETATCE BETA exponential temperature %/ C 0
coefficient

XTI 1S temperature coefficient 3

KF Flicker noise coefficient 0

AF Flicker noise exponent 1

T_MEASURED Measured temperature “C

T_ABS Absolute temperature °C

T_REL_GLOBAL Relative to current temperature °C

T_REL_LOCAL Relative to AKO model °C

temperature




M= BILTANEIEASSESNE  A-25
K BOER (BESEMO)

s

K<#i> LB L<EBRATHR <ME RS>

K<2ff> <L<@BEELE>> <BEREr <8R iE>
+AVIME]

Bl S
MODEL <{$#U #f> CORE(H ! 2 %)

HEIZ BE B FUEfE

LEVEL Model index 1

AREA Mean magnetic cross-section cm? 0.1

PATH Mean magnetic path length cm 1.0

GAP Effective air-gap length cm 0

PACK Pack (stacking) factor 1.0

MS Magnetization saturation amp/meter 1E6

A Thermal energy parameter amp/meter i1E3

C Domain flexing parameter 0.2

K Domain anisotropy parameter amp/meter 500

ALPHA Interdomain coupling parameter 1E-3
(LEVEL=1)

GAMMA Domain damping parameter sec”] infinite
(LEVEL=1)
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L R

A

L<475> <TEES> <@ fins> (ER4HE) <ERME>
+IC=<¥IHA{E>]

Ll 5o

'MODEL <f&i#il &8> IND(ERI 2 H)

REIZH BEE AL WEfE
L Inductance multiplier 1
L1 Linear current coefficient volt‘1 0
L2 Quadratic current coefficient volt1 0
TC1 Linear temperature coefficient ° -l 0
TC2 Quadratic temperature coefficient | ° c? 0
T_MEASURED Measured temperature °C
T_ABS Absolute temperature °C
T_REL_GLOBAL Relative to current temperature °C
T_REL_LOCAL Relative to AKO model °C
temperature




iR LTRSS AREESEE  A-27
M EESEAE

g

M<# 15> <VR> <ReiG> <JRfs> <BEEs> <fRAI A AE>
+HL=<BfiE>] [W=<Bfii>] [AD=<B(fE>] [AS=<HfE>]
+[PD=<fiEi>] [PS=<EfiE>]

+[NRD=<gfii>] [NRS=<§fg~]

+[NRG=<8({>] [NRB=<E/{E>]

+HM=<8{5>]

BRAIRE

MODEL <j&#I 475> NMOS (1841 2 8)
MODEL <&l 455> PMOS(HERI 22 8)

SEPESM LEVEL 1,2 J 3 FERAIBE

FERIZ H&E B RE(E
LD Lateral diffusion (length) meter 0
WD Lateral diffusion (width) meter 0
VTO Zero-bias threshold voltage volt 0
KP Transconductance coefficient amp/volt2 2E-5
LAMBDA Channel-length modulation volt-1 0

(LEVEL=1 or 2)

PHI Surface potential volt 0.6
GAMMA Bulk threshold parameter volt1/2 calculated
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PRI 2B =5 B WEfE
TOX Oxide thickness meter see above
TPG Gate material type: +1

+1 = opposite of substrate
-1 = same as substrate
0 = aluminum
NSUB Substrate doping density 1/em3 none
NSS Surface state density 1/cm2 none
NES Fast surface state density 1/ecm?2 0
XJ Metallurgical junction depth meter 0
Uuo (u-oh, not u-zero) Surface em?2/volt.sec 600
mobility
UCRIT Mobility degradation critical field | volt/cm 1E4
(LEVEL=2)
UEXP Mobility degradation exponent 0
(LEVEL=2)
UTRA (not used) Mobility degradation 0
transverse field coefficient
VMAX Maximum drift velocity meter/sec 0
NEFF Channel charge coefficient 1.0
(LEVEL=2)
XQC Fraction of channel charge 1.0
attributed to drain
DELTA Width effect on threshold 0
THETA Mobility modulation (LEVEL=3) vplt‘l 0




sk=  EIOTfRoms st sk A-29

EEZH B A7 NEfE

ETA Static feedback (LEVEL=3) 0

KAPPA Saturation field factor (LEVEL=3) 0.2

SEPEAE LEVEL 4 A2

A2 & LA
DL Channel shrotening u
DW Channel narrowing u
TOX Gate-oxide thickness u
VFB Flat-band voltage volt
PHI Surface inversion potential volt
K1 Body effect coefficient volt1/2
K2 Drain/source depletion charge

sharing coefficient

ETA Zero-bias drain-induced barrier

lowering coefficient

X2E Sens. of drain-induced barrier volt-1

lowering effect to substrate bias

X3E Sens. of drain-induced barrier volt~1

lowering effect to drain bias @

Vds = Vvdd-
MUZ Zero-bias mobility cm2/volt.sec
X2MZ Sens. of mobility to substrate bias cmZ/volt-.sec

@Vds=0
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RAIZE = B

Uo Zero-bias transverse-field volt-1
mobility degradation

X2U0 Sens. of transverse-field mobility volt2
degradation effect to substrate
bias

Ul Zero-bias velocity saturation u/volt

X2U1 Sens. of velocity saturation effect u/volt2
to substrate bias

X3U1 Sens. of velocity saturation effect u/volt2
on drain

MUS Mobility at zero substrate bias and cm2/volt? sec
Vds = Vdd

X2MS Sens. of mobility to substrate bias cmZ/volt2 sec
@Vds =0

X3MS Sens. of mobility to drain bias cm2/volt2.sec
@vds = Vdd

NO Zero-bias subthreshold slope
coefficient

NB Sens. of subthreshold slope to
substrate bias

ND Sens. of subthreshold slope to
drain bias

TEMP Temperature at which parameters ‘C
were measured




k=  BLTHRRES SRR 2 Bk

ER2H & A7
VDD Measurement bias range
XPART Gate-oxide .capacitance charge
model flag
WDF Drain, source junction default meter
width
DELL Drain, source junction length meter
reduction
&S 4B LEVEL 5 WERI 28
RAZH BE& Bf7 NE(E
DL Channel length reduction in one side m 0
DW Width reduction in one side m 0
VTHO Threshold voltage at Vbs=0 and small Vds | V 0.7
K1 Body bias sensitivity of Vth v1/2 0.53
K2 Body bias sensitivity of Vth -0.0186
K3 Body bias sensitivity of Vth 80
Wwo Narrow width effect coefficient 2.5E-6
NLX Lateral non-uniform doping coefficient 1.74E-7
DVTO Short-channel effect coefficient 22
DVT1 Short-channel effect coefficient 0.53
UA First-order mobility degradation m/'V 2.25E-9
coefficient
UB Second-order mobility degradation (m/V)2 5.L7E-19
coefficient
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e E B 2% Design Center 3

fRA 28 B B WE(E
uc Body bias sensitivity coefficient of /v 0.0465
mobility

VSAT Saturation velocity of carrier at Temp=27C | m/sec 9.58E4

RDSW Total parasitic resistance per unit width ohms-um 0

VOFF Offset voltage in subthreshold region \" -0.11

NFACTOR Swing coefficient 1

CDSC Drain/source and channel coupling Q/V-m2

coefficient

PCLM Channel length modulation coefficient 1.3

PDIBL1 DIBL effect coefficient 0.39

PDIBL2 DIBL effect coefficient 0.0086

DROUT DIBL effect coefficient 0.56

PSCBE1 SCBE coefficient V/m 4.24E8

PSCBE2 SCBE coefficient m/V 1.0E-5

A0 Bulk charge effect NMOS (PMOS) 0.1(0.9)

Al Bulk charge effect NMOS (PMOS) v 0(0.2)

A2 Bulk charge effect NMOS (PMOS) 1(0.04)

KT1 Threshold voltage temperature coefficient | V 03

KT2 Threshold voltage temperature coefficient 0.03

UA1 Mobility temperature coefficient m/V 431E-19

UB1 Mobility temperature coefficient (m/V)2 -7.61E-
18

uc Mobility temperature coefficient v -0.056

AT Saturation velocity temperature coefficient | m/sec 3.3E4

TOX Gate oxide thickness m ' 150E-10

XJ Junction depth m 0.15E-6




figk=  MLTHrEia SRk A-33
RAIZ 8 B B WEE
NPEAK Doping concentration near interface 1/m3 1.7E23
NSUB Doping concentration away from interface I/m3 2.0E21
SUBTHMO | Subthreshold mode flag 2
D 7
SATMOD Early voltage mode flag 2
XPART Charge partitioning coefficient 1
No charge model 0
1/100 partition 1
40/60 partition 2
50/50 partition 3
VGLOW Voltage shift of the lower bound of the \% -0.12
transition region
VGHIGH Voltage shift of the higher bound of the v 0.12
transition region
VFB Flat-band voltage v -1.0
PHI Surface potential 2V dn(
NPEAK/N;
)
GAMMA1 Body-effect coefficient near interface ((2qi;
NPEAK)/
Cnx)l/Z
GAMMA?2 Body-effect coefficient near interface ((24i;
NPEAK)/
C,)”2
XT Doping depth m 1.55E-7
VBM Maximum substrate bias A" -5




A-34 PEE B 2EE Design Center 3
RA2H BEE B WEfE
VBX “,-
NPEAKXt
2298,
Uo Mobility at Temp=27C (electrons) m2/V sec 670E-4
Mobility at Temp=27C (holes) m2/V sec 250E-4
UOTEMP Mobility at T .
VSATTEMP | Saturation velocity of carrier at T
EM Critical electrical field in channcl V/m 4.1E7
LDD Total LDD region length m 1.0E-7
ETA Drain voltage reduction coefficient 0.3
LITL Characteristic length (M
moxx)12
SRLELRATE LEVEL MRS
A2 & Bz HE(E
LEVEL Model index 1
L Channel length meter DEFL
w Channel width meter DEFW
RD Drain ohmic resistance ohm 0
RS Source ohmic resistance ohm 0
RG Gate ohmic resistance ohm 0
RB Bulk ohmic resistance ohm 0
RDS Drain-source shunt resistance ohm infinite




Wek=  JELTANELAERESEE  A-35
A2 & B4z WE(E

RSH Drain, source diffusion sheet ohm/square 0
resistance

IS | Bulk p-n saturation current amp 1E-14

Is Bulk p-n saturation current/area amp/meter2 0

JSSW Bulk p-n saturation side wall amp/meter 0
current/length

N Bulk p-n emission coefficient 1

PB Bulk p-n bottom potential volt 0.8

PBSW Bulk p-n sidewall potential volt PB

CBD Zero-bias bulk-drain p-n farad 0
capacitance

CBS Zero-bias bulk-source p-n farad 0
capacitance

q Bulk p-n zero-bias bottom farad/meter? 0
capacitance/area

CJSW Bulk p-n zero-bias sidewall farad/meter 0
capacitance/length

M] Bulk p-n bottom grading 0.5
coefficient

MJSW Bulk p-n sidewall grading 0.33
coefficient

FC Bulk p-n forward-bias capacitance 0.5

TT Bulk p-n transit time sec 0

CGSO Gate-source overlap farad/meter 0

capacitance/channel width
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A2 B By WE(E

CGDO Gate-drain overlap farad/meter 0
capacitance/channel width

CGBO Gate-bulk overlap farad/meter 0
capacitance/channel length

KF Flicker noise coefficient 0

AF Flicker noise exponent 1

T_MEASURED Measured temperature °C

T_ABS Absolute temperature °C

T_REL_GLOBAL Relative to current temperature °C

T_REL_LOCAL Relative to AKO model °C

temperature




MR ELTHORLEAREES R A-37
Q ST ELE
1 PU B2

Q<> <HER> <EFE> <BHiR> [HLEE ] <L >
+[TETFE ]

RAR A

.MODEL <f&# 258> NPN( R 2:8)
MODEL <}&7# 25> PNP({ELHI 22 8)
MODEL <#:i# 455> LPNP({&R 22 8))

fREIZH R B WEH
IS Transport saturation current amp 1E-16
BF Ideal maximum forward beta 100
NF Forward current emission 1
coefficient
VAF(VA) Forward Early voltage volt infinite
IKF(IK) Corner for forward-beta high- amp infinite

current roll-off

ISE(C2) Base-emitter leakage saturation amp 0
current '
NE Base-emitter leakage emission 1.5

coefficient
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A2 =% Sl WEfE

BR Ideal maximum reverse beta 1

NR Reverse current emission 1
coefficient

VAR(VB) Reverse Early voltage volt infinite

IKR Corner for reverse-beta high- amp infinite
current roll-off

ISC(C4) Base-collector leakage saturation amp 0
current

NC Base-collector leakage emission 2
coefficient

NK High-current roll-off coefficient 0.5

ISS Substrate p-n saturation current amp 0

NS Substrate p-n emfssion coefficient 1

RE Emitter ohmic resistance ohm 0

RB Zero-bias (maximum) base ohm 0
resistance

RBM Minimum base resistance ohm RB

IRB Current at which Rb falls halfway | amp infinite
to

RC Collector ohmic resistance ohm 0

CJE Base-emitter zero-bias p-n farad 0
capacitance

VJE(PE) Base-emitter built-in potential volt 0.75

MJE(ME) Base-emitter p-n grading factor 0.33




W= ELTARSRRAEsEs KR A-39

RRZ R HE B WE(E
cJjc Base-collector zero-bias p-n farad 0
capacitance
VICG(PC) Base-collector built-in potential volt 0.75
MJC(MC) Base-collector p-n grading factor | 0.33
XCJC Fraction of Cbc connected internal 1
to Rb
CJS(CCS) Substrate zero-bias p-n farad 0
capacitance
V]S(PS) Substrate p-n built-in potential volt 0.75
MJS(MS) Substrate p-n grading factor 0
FC Forward-bias depletion capacitor 0.5
coefficient
TF Ideal forward transit time sec 0
XTF Transit time bias dependence 0
coefficient
VTE Transit time dependency on Vbc volt infinite
ITF Transit time dependency on I¢ amp 0
PTF Excess phase @ 1/(2pi.TF)Hz degree 0
TR Ideal reverse transit time sec 0
QCo Epitaxial region charge factor coulomb 0
RCO Epitaxial region resistance ohm 0
VO Carrier mobility "knee" voltage volt 10
GAMMA Epitaxial region doping factor 1E-11
EG Bandgap voltage (barrier height) eV 1.11
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PRI 2B B EA7 WEE

XTB Forward and reverse beta 0
temperature coefficient

XTI(PT) IS temperature exponent 3

TRE1 RE temperature coefficient (linear) | ° cl 0

TRE2 RE temperature coefficient ° C2 0
(quadratic)

TRB1 RB temperature coefficient (linear) | ° c! 0

TRB2 RB temperature coefficient °C2 0
(quadratic)

TRM1 RBM temperature coefficient ° ¢l 0
(linear)

TRM2 RBM temperature coefficient °C2 0
(quadratic)

TRC1 RC temperature coefficient (linear) | ° c! 0

TRC2 RC temperature coefficient °C2 0
(quadratic)

KF Flicker noise coefficient 0

AF Flicker noise exponrent 1

T_MEASURED Measured temperature e

T_ABS Absolute temperature °C

T_REL_GLOBAL Relative to current temperature °C

T_REL_LOCAL Relative to AKO model °C
temperature




= EICEARRSLER RS NE  A-41
R EH

1B i =0

R<Z 15> <[EENEL> <@ EEy> [fRAI4HE] <EfHE>
+[TC=<TC1>] [,<TC2>]

RARE S

.MODEL <{&ZI 5> RES(ERI 2H)

REIZE B B0 WEME
R Resistance multiplier 1
TC1 Linear temperature coefficient o' 0
TC2 Quadratic temperature coefficient ° C2 0
TCE Exponential temperature %/ ° C 0
coefficient
T_MEASURED Measured temperature °
T_ABS Absolute temperature °
T_REL_GLOBAL Relative to current temperature °
T_REL_LOCAL Relative to AKO model °C
temperature
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S R B BN

1 BUN 50

S<#fE> <IEETRG> <R ER>
+<IEPHIETEE> <EPEhIER> (A ATE]

BRARE S

MODEL <#&# £55> VSWITCH(IE 228

RIS R B WIEME
RON "On" resistance ohm 1.0
ROFF "Off" resistance ohm 1E6
VON Control voltage for "on" state volt 1.0
VOFF Control voltage for "off" state volt 0.0
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T (LTS

P B2

T<418> <A BIFEEL> <A BEER>
+<B HIF B> <B 18 A EiE> (A 447E]
+ZO=<B(fi> [TD=<Bifi>] [F=<8kfEi> [NL=<&(fE>]]

AR

MODEL <{§184 £ 78> TRN(fRE 280

RAZ2E 2& B PE(E
g
ZO Characteristic impedance ohms none
D Transmission delay sec none
F Frequency for NL Hz none
NL Relative wavelength none 0.25
FEEE
R Per unit length resistance ohms/LEN none
L Per unit length inductance henries/LEN none
G Per unit length conductance mhos/LEN none
C Per unit length capacitance farads/LEN none
LEN Electrical length agrees with none
RLGC
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V B ERIR
BN 5

V<#if> <ILEE> <EE%> [[DC] <M HifE>]
H AC <iRiEfE> (1HAE]] (e 28]

W B2 B BN

R =

W< il> <IEERE> <& fRt>
H<IEHIE R [ 58]

BRI

.MODEL <% £ > ISWITCH(& %l 22 8)

RAIZ28 B& B PWEME
RON "On" resistance ohm 1.0
ROFF "Off" resistance ohm 7 1E6
ION Control current for "on" state volt 1E-3
IOFF Control current for "off" state volt 0.0
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X FER

A

X<i8> [EiRh]* <7 ERE >
HPARAM: <<ZBZiE> = <Bfii>>*]
HTEXT: <X F &> = <FRE>>]
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Wi Bl TR Z SRR S 2

FEAH %3 Design Center PR B TO R S SR R
ﬁ&ﬁﬁﬁ%ﬂﬂi%%’E%ﬁ#mﬁﬁﬁ%&ﬁ%%mT%
7T< :

AR Ll A

Standard Gates BUF Buffer
INV Inverter
AND AND gate
NAND NAND gate
OR OR gate
NOR NOR gate
XOR Exclusive OR gate
NXOR Exclusive NOR gate
BUFA Buffer array
INVA Inverter array
ANDA AND gate array
NANDA NAND gate array
ORA OR gate array
NORA NOR gate array
XORA Exclusive OR gate array
NXORA Exclusive NOR gate array
AO AND-OR compound gate
OA OR-AND compound gate
AOI AND-NOR compound gate



fgk=  BITHRIR R 2 Bk

OAl OR-NAND compound gate
Tri-State Gates BUF3 Buffer

INV3 Inverter

AND3 AND gate

NAND3 NAND gate

OR3 OR gate

NOR3 NOR gate

XOR3 Exclusive OR gate

NXOR3 Exclusive NOR gate

BUF3A Buffer array

INV3A Inverter array

AND3A AND gate array

NAND3A NAND gate array

OR3A OR gate array

NOR3A NOR gate array

XOR3A Exclusive OR gate array

NXOR3A Exclusive NOR gate array
Bidirectional NBTG N-channel transfer gate
Transfer Gates PBTG P-channel transfer gate
Flip-Flops and JKFF J-K, negative-edge triggered
Latches DFF D-type, positive-edge triggered

SRFF S-R gated latch

DLTCH D gated latch
Pullup and PULLUP Pullup resistor array
Pulldown Resistors | PULLDN Pulldown resistor array
Delay Lines DLYLINE Delay line
Programmable PLAND AND array
Logic Arrays PLOR OR array

47
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PLXOR Exclusive OR array
PLNAND NAND array
PLNOR NOR array
PLNXOR Exclusive NOR array
PLANDC AND array, true and complement
PLORC OR array, true and complement
PLXORC Exclusive OR array, true and
complement
PLNANDC NAND array, true and complement
PLNORC NOR array, true and complement
PLNXORC Exclusive NOR array, true and
complement
Memory ROM Read-only memory
RAM Random access read-write memory
Multi-Bit A/D and | ADC Multi-bit A/D converter
D/A Converters DAC Multi-bit D/A converter
Behavioral LOGICEXP Logic expression
PINDLY Pin-to-pin delay
CONSTRAINT | Constraint checking




fiek=  EALUTARTRE SRR B

Standard Gates L ¥ SRR o

g

U<&fl> <@ 58> (<2 H(E>*)]
+ < BT BIRETRE > <BAEETR >
+ < WA BITBE > * < HETRL > *

+ < BRI A28 > <@ A/ HIER 45 >
+[MNTYMXDLY = < B2 80ERIE > |

+[I0 LEVEL= </ HFEREHEE >]

e AR AR

MODEL <HF#AI 55> UGATE(RAIZE))

A-49

RAIZ B B

{7

TPLHMN(TY,MX) | delay: low to high, min(typ,max)

s€C

TPHLMN(TY,MX) | delay: high to low, min(typ,max)

s€C

Tri-State Gates =REREERM

A Ag

U< <=REBES > [(<Z2EE>Y)]
+ < B EEVRETRG > < BB ETR, >
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+ <8 AERS > * < B (enable)BiiRL > < BijHHENR, > *
+ <WFAREIAHE > <# A/ HIREEILHE >
+[MNTYMXDLY = < [ F 280873 E > )
+[I0_LEVEL= </ H FEHEFIEE >]

R P B R A 5,
.MODEL <RjFri&EfI 25> UTGATE(fSER 2:8)

HARI2H & BA7 WE(E
TPLHMN(TY,MX) | delay: low to high, min(typ,max) sec 0
TPHLMN(TY,MX) delay: high to low, min(typ,max) sec 0
TPLZMN(TY,MX) delay: low to Z, min(typ,max) sec 0

Bidirectional Transfer Gates  && &) {5 R

iU 2

U<£f#> NBTG(8( PBTG) [(<28({E>*)]

+ <H(IEIFENRE > < B HHHUETES >

+ < [k (gate) ENEL > < WEETEL 1> <EEERE, 2>
+ < B FRAERIZFG > <@ A/ HIEEI 25 >
+[MNTYMXDLY = < B2 BERIRE > ]
+[I0_LEVEL = < /1 [+ BRI E >
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IR AR AR
MODEL <8512 > UBTG

Edge-Triggered Flip-Flops & (IE) BBBIERSE

1B =Y

U<$6##> JKFF(<IE [ 25{EE>)

+ <BFEIRENES > < B BEETERL >

+ <presetbar &5 > <clearbar #i%f > < clockbar Efi%L >
+ <j %L 1> ... <] Ei%hin>

+ <k Ei%h 1> ... <k fi%k n>

+ <q EHETEL 1> ... <q BHETES 0>

+ < qbar EjHETEL 1> ... <gbar BiHETEL n>

+ <FFFIREIETE > <@ A /IR >
+[MNTYMXDLY = < B2 BEFIER E >
+[I0_LEVEL = < /1A FERERERE >]

U<£f8> DFF(<IE [ Z3{EE>)

+ <BEIRENES > < B HEHIETE, >

+ <presetbar &% > <clearbar &> <clock Eigf; >
+<d &gk 1> ... <d £i%5 n>

+ <q BHIENEL 1> ... <q BiHHETES n>
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+ < gbar BHHENES 1> ... <gbar BHIETEL n>
+ <BEFFERIZTE > <@ A/ HHRA 2 HE >
+[MNTYMXDLY = < B 2 BOERIE >
+{I0_LEVEL = < /A F BB HIEE > ]

R PR AR S
MODEL <B§FpfERl 47> UEFF(1ERIZ 8D

min(typ,max)

RA2E B B | WEE

TPPCQLHMN(TY,MX) delay: preb/clrb to q/qb low to high, sec 0
min(typ,max)

TPPCQHLMN(TY,MX) | delay: preb/clrb to q/gb high to low, sec 0
min(typ,max)

TWPCLMN(TY,MX) fhin preb/clrb width low, sec 0
min(typ,max)

TPCLKQLHMN(TY,MX) | delay: clk/clkb edge to q/qb sec 0
low to high, min(typ,max)

TPCLKQHLMN(TY,MX) | delay: clk/clkb edge to g/gb sec 0
high to low, min(typ,max)

TWCLKLMN(TY,MX) min clk/clkb width low, sec 0
min(typ,max)

TWCLKHMN(TY,MX) min clk/clkb width high, sec 0
min(typ,max)

TSUDCLKMN(TY,MX) setup: j/k/d to clk/clkb edge, 7 sec 0
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TSUPCCLKHMN(TY,M | setup: preb/clrb high to sec 0
X) clk/clkb edge, min(typ,max)
THDCLKMN(TY,MX) hold: j/k/d after clk/clkb edge, sec 0
min(typ,max)
Gated Latch Eafzdehs|
RS
U<£fE> SRFF(<IE 25{EE>)

+ < BT EVRENEL > < BY(EEHbETRE >
+ < presetbar %> <clearbar Efi%i > <gate gigk >

+<s Ei% 1> ..
+<rEighi1>..

.<s Ei®tn>
.<r B85 n>

+ < q BiHLEEE 1> ... <q BHETES n>

+ < gbar ByHETEE 1> ... <gbar BiHETERL n>
+ <BEFPIEEIZFE > <y A/ HHRAIATE >
+[MNTYMXDLY = < 2 BRI E > 1
+[I0_LEVEL= </ FEREHEE >]

U<£#8> DLTCH(<FR{EE>)
+ < BYfEEVRETES > < B BHERL >
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+ < presetbar #iE; > < clearbar Ei%L > < gate EiBL >
+ <d &% 1> ... <d &%t n>

+ <q AR 1> ... <q BHETEL n>

+ < gbar HEHETEE 1> ... < qgbar #HHETES n>
+ <RFFPEA 258 > <A/ R EIATE >
+[MNTYMXDLY = < [ 2 BE5158E >
+[I0_LEVEL = </} HFEEEE >]

Ry AR AU AR
MODEL <IrffF1H0 58> UGFF (A 2 8)
REIZH BE B | NEE

TPPCQLHMN(TY,MX) delay: preb/clrb to q/gb low to high, sec 0
min(typ,max)

TPPCQHLMN(TY,MX) delay: preb/clrb to q/gb high to low, sec 0
min(typ,max)

TWPCLMN(TY,MX) min preb/clrb width low, sec 0
min(typ,max)

TPGQLHMN(TY,MX) delay: gate to q/gb iow to high, sec 0
min(typ, max)

TPGQHLMN(TY,MX) delay: gate to g/gb high to low, sec 0
min(typ, max)

TPDQLHMN(TY,MX) delay: s/r/d to q/gb low to high, “sec 0
min(typ, max)




min(typ, max)

fiigk=  BOOTHRIRRSEERRESEER  A-55
TPDQHLMN(TY,MX) delay: s/r/d to g/qb high to low, sec 0

min(typ, max)
TWGHMN(TY,MX) min gate width hi, min(typ,max) sec 0
TSUDGMN(TY,MX) setup: s/r/d to gate edge, sec 0

min(typ, max)
TSUPCGHMN(TY,MX) | setup: preb/clrb high to gate edge, sec 0

min(typ,max)
THDGMN(TY,MX) hold: s/r/d after gate edge, sec 0

Pullup and Pulldown

PUR 2

U<##5> PULLUP(Z, PULLDN)(<ZEH{E#>)
+ < BOATEEVEENEL > < BiA7BEHbEREL >

+ < B HHETEL > * <y A HUR R >
+[I0_LEVEL= </} EREAIEE >

PULLUP #1 PULLDN {4 45 F- ey
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Delay Line HEB AR

RafAg

U<44#8> DLYLINE

+ < BT BIEETEE > < B EEtETE: >

+ < WA > <EHENRL >

+ < BRI RS > <@g A/ HIREHE >
+[MNTYMXDLY = < B P SEHHFIE >]
+[I0_ LEVEL= < /1 T EREHIRCE >

RIS
MODEL <[54 18> UDLY (8R! 280

REIZH B g | NEE
DLYMN(TY,MX) delay: min(typ,max) sec 0

Programmable Logic Array ARk

PN
U<4f@> <PLD FERI>(<Hi A fE8e><@(EE>)
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+ < BB IRENES > < BT HEETES >

+ <B ABIRL > * <A >

+ <HFFPEEIEIE > <@ A HIREILTE >
+[FILE= < (f&ZL18) 2FEH >]
+[DATA = <radix flag > $ < program data > $]
+[MNTYMXDLY = < 2 8IEFIEEE > |
+[I0_LEVEL= </"HEFEFEHIEE >]

IRF B R 5K
MODEL <Fffri&RI 478> UPLD(fREY 280

N

TR 2B = =K VA
TPLHMN(TY,MX | delay: in to out, low to high, sec

) min(typ,max)

TPHLMN(TY,MX | delay: in to out, high to low, sec
) min(typ,max)
OFFSET JEDEC file mapping: address of

first input and first gate program

COMPOFFSET JEDEC file mapping: address of | 1
complement of first input and

first gate program

INSCALE JEDEC file mapping: amount the | std
JEDEC file address changes for | true/cmp

each new input pin
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OUTSCALE JEDEC file mapping: amount the | std <no. of inputs>
JEDEC file address changes for | true/cmp | 2*<no. of

each new output pin(gate) .| inputs>

Read Only Memory MEHEC IR RS

1B T

U<£4f%> ROM(<{iz iEEMHE S, <d R EE)

+ < BRATEEIRETE: > <BUBHETR >

+ < BiHE(enable)EiBL > < ATALETEL msb> ... <{HEEAEL Isb>
+ < EHETEE msb> ... <EHIETES 1sb>

+ < BEFPIEEI L > <A HIRREAIAHE >

+[FILE= < (X4 LFEF >]

+[DATA = < radix flag > $ <program data> $]
+[MNTYMXDLY = < i F2BUEHIEE > ]

+[I0_LEVEL= </ T ERREHIEE >

IRF PRI S
MODEL <5881 £ 55> UROM(FEARI 28



Higk=  BOUTHRERTAR SRR EER  A-59

RAIZH E& B4 | AEE

TPADHMN(TY,MX) delay: address to data, low to high, sec 0
min(typ,max)

TPADLMN(TY,MX) delay: address to data, high to low, sec 0
min(typ,max)

TPEDHMN(TY,MX) delay: enable to data, highZ to high, [ sec 0
min(typ,max)

TPEDLMN(TY,MX) delay: enable to data, highZ to low, sec 0
min(typ,max)

TPEDHZMN(TY,MX) delay: enable to data, high to highZ, | sec 0
min(typ,max)

TPEDLZMN(TY,MX) delay: enable to data, low to highZ, sec 0
min(typ, max)

Random Access Read-Write Memory

el ZERN BT

1B BEY

U<£58> RAM(<ArHH(OT T ESe, <A TEE>)
+ < BT IRENES > < BUAIHEMHETR >

+ < read enable &{i%5 > < write enable &85>
+ <7 HEETES msb> ... <{THEETES 1sb>

+ < write-data msb &%} > ... < write-data 1sb E{i%E >
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+ < read-data msb #iBL > ... <read-data Isb E{i%f >

+ < BEFPIERILIE > <@ A/ HBEALEHE >
+[MNTYMXDLY = < S EJHAEE > ]
+[I0_LEVEL = </} FEBAERIRE >
+[FILE = < (B FE A1) 3(7ER >]
+[DATA = < radix flag > $ < program data > $]

i35 2 Bk Bt

MODEL <f§FA&81 58> URAM(RAIZE)

A2 =5 BAI | AEfE

TPADHMN(TY,MX) delay: address to read data, low to sec 0
high, min(typ,max)

TPADLMN(TY,MX) delay: address to read data, high to sec 0
low, min(typ,max)

TPERDHMN(TY,MX) delay: read enable to read data, sec 0
highZ to high, min(typ,max)

TPERDLMN(TY,MX) delay: read enable to read data, sec 0
highZ to low, min(typ,max)

TPERDHZMN(TY,MX) delay: read enable to read data, high | sec 0
to highZ, min(typ,max)

TPERDLZMN(TY,MX) delay: read enable to read data, low sec Y
to highZ, min(typ,max)




W= BTSRRI EE  A-61

TSUDEWMN(TY,MX) min setup time: data to write enable sec 0
rise, min(typ,max)

TSUAEWMN(TY,MX) min setup time: address to write sec 0
enable rise, min(typ,max)

TWEWHMN(TY,MX) min width: enable write high, sec 0
min(typ, max)

TWEWLMN(TY,MX) min width: enalbe write low, sec 0
min(typ,max)

THDEWMN(TY,MX) min hold time: write enable fall to sec 0
data change, min(typ,max)

THAEWMN(TY,MX) min hold time: write enable fall to sec 0
address change, min(typ,max)

Multi-Bit Analog-to-Digital Converter

ShiTeIELL B AR

U<£&f§> ADC(<(LTTE#>)

+ < BT IRAENES > < BRI HtETR >
+ <BABBL > <275 (ref) EiRE>

+ < BEHUEEL > <L (convert) iR, >
+ < status Ei%L > <over-range #i%kL >

+ < B ETEE msb> ... <B@HENES 1sb>
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+ <HFEEI G > <@ A/ A HE >
+[MNTYMXDLY = < P2 BUERIRNE >]
+[I0_LEVEL= < /T ERHEHIEE > ]

IRF P AR 2

MODEL <{RfF551 £ 18> UADCHERI 2 H)

fRAIZH BE& B | NEE
TPCSMN(TY,MX) propagation delay: rising edge of sec 0
convert to rising edge of status,
min(typ,max)
TPSDMN(TY,MX) propagation delay: rising edge of sec 0
status to data valid, min(typ,max)
TPDSMN(TY,MX) propagation delay: data valid to sec 0
falling edge of status, min(typ,max)
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Multi-Bit Digital-to-Analog Converter

SALTTEALF LR

PN

U<£4f8> DAC(<HLILE>)

+ <ERIEIRETE > < BAIESEE >
+ <WGHETEL > < B (ref) HiiBE> < HEHUETERS >
+ <8 AETEL msb> ... <8 AETEL 1sb>

+ <BSFAERIZTE > <@ A HIER AL >
+[MNTYMXDLY = < B P 2 BIERIEE >

+[I0_LEVEL= </ HTEHIERIEE >]

IRF PR A =

MODEL <[ FiE8 25> UADC(IERIZ8)

analog out stable, min(typ,max)

REIZE B A | WIEME
TSWMN(TY,MX) switching time: change in data to

s€c




