














FET examples:FIN FET — LS model similar to CMOS
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RF & LF CMOS Noise Model 47

LS implementation of Pospiezalski Noise Model
Main Noise CQDLW@ high gate resistance!!! l.Angelov

Original SS Pospiezalski Noise model is accurate,
because it is using directly derivatives Gm,Gds in
the noise calculations and fit for SS equivalent
circuit is usually very good.
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LF noise: KLF1,KLF2,Ffe,fgr,Kf,Af

Idn1=abs(lds)+abs(Igs); Tdi=Td*(1+tanh(abs(Vds-Vkn)))
PPout=Lw*4*Kb*TambK*abs(sqrt((Tdi/Tamb)*ldn1+Td1*(Idn1-ldnmin)*2)*2)*(1+KLFO)
KLFO=KLF1*(1/(1+freq*Ffe)+KLF2/(1+(freq/fgr)*2))

Work n

3 toR? etdq eto Igs_NoiseSqrd=2*qge*lgs*deltaF+Kf*(Igs*Af)/(freq”Ffe*deltaF)
reduce Rg to improve Igd_NoiseSqrd=2*qe*lgd*deltaF+Kf*(IgdAf)/(freq Ffe*deltaF)
the noise. TgRi=Tg*(1+tanp)*tanh(alphap*Vds)*(1+lambda*Vds)
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Conclusions

|.Angelov

A general purpose large-signal modeling approach was proposed, implemented in CAD
tools and experimentally evaluated. Models show good accuracy and stable behavior in
HB simulations.
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Thank you for your attention!

Meyer’s Law, part of Murphy’s LAW:

It is a simple task to make things complex, but a complex
task to make them simple.

Questions?
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IlpkO=IpkOw*W tot
Cds=Cdsw*(Wtot+0.05)
Cgspi=Cgspiw*(Wtot+0.01)
Cgs0=CgsOw*(Wtot +0.01)
Cgdpi=Cgdpiw*(Wtot+0.01)
Cgd0=CgdOw*(Wtot+0.01)
Cgdpe=Cgdpew*(Wtot+0.01)
Rg=0.01+Rgw/Wtot
Ri=0.01+Riw/Wtot
Rs=0.01+Rsw/Wtot
Rd=0.01+Rdw/Wtot
Rgd=0.01+Rgdw/W tot
Rtherm=0.01+Rthermw/Wtot
Lg=2 pH+ Lgw

Ld=2 pH+Ldw

li=lw*W tot

e

ADS Implmentation

Ls=2 pH+Lsw

Rgbulk=Rgbulkw*Wtot
Rdbulk=Rdbulkw*Wtot
Rsbulk=Rsbulkw*Wtot
Rcmin=Rcminw*Wtot
Wtot=Nfing*Wfing*1000
Wtot1=Nfing*Wfing*Lfing

+,

MOSscaled2x20n1
CMOSH1
ldsmod=1
IpkOw=1.1 A
Vpks=0.955 V
DVpks=0.052 V
P1=2.14
P2=+0.07
P3=0.40

P5=0
alphar=0.40
alphas=2.68
alphaV=2.68
Vk=0.758
lambda=0.051
lambda2=0.0003
Lvg=0.0015

Scaling Parameters:
Nfing,Wfing,Lfing,Gcont.Lgate

Tot. number of model
parameters, including

self-heating, dispersion and
scaling: 70

Lvg2=-0.00015
B1=0.1

B2=3.7
Lsb0=0
Vir=3.0 V
Vsb2=0V
Cdsw=100 fF
Cgspiw=50 fF
CgsOw=500 fF
Cgdpiw=50 fF
CgdOw=500 fF
Cgdpew=50 fF
P10=0.02
P11=1.45
P20=0

P21=0.32
P30=0
P31=0.32
P40=0.02
P41=1.45
P111=0.0001
Vjg=0.90 V
iw=0.5e-8 A
Pg=2

Rgw=0.5 Ohm
Riw=0.1 Ohm
Rsw=0.05 Ohm
Rdw=0.1 Ohm
Rgdw=0.1 Ohm
Lgw=16 pH

Lsw=15 pH
Ldw=28 pH
Rthermw=1.0 Ohm
Ctherm=0.01 F
Tclpk0=0.001
TcP1=-0.001
TcCgs0=0.001
TcCgd0=0.001
TcLsb0=0.001
Tamb=25
Cgbulk=5 fF
Cdbulk=5 fF
Csbulk=15 fF
Rgbulkw=2.3 kOhm
Rdbulkw=1.2 kOhm

Rsbulkw=1.7 kOhm
Rcminw=200 Ohm
Rc=5 kOhm
Nfing=2

Wfing=10 um
Lfing=0.12 um
Gcont=1
taum=0.39 psec
Crf=1 pF
Rcin=300 kOhm
Crfin=15 fF

Compact, Equivalent Circuit Models for GaN, SiC,
GaAs and CMOS FET

MOS-AK Baltimore Dec9



91

Circuit <>FET model<>Physical models<>Device Design
= Example: 1mm FET: Pout & Harmonics I Angelov

. . . Triquint HEMT;P1=29dBm P2=10dBm;P3=10 dB
Examples :Application oriented P1=Gm/Ipk: Vde=OV Rffreq=1GHZPIn=12 dBm 1

30

a) High Gm/lpk;P1>4 .hlgh gain, but non- IlnearmA ) mepmw,
b) Low P1<1 Low gain, but Linear Sin o lplqtve(dBmUioadbatllygs)=29.674
ALV

a) High Gain HEMT P1=5 588 o4 A N1
Vpk=0.21; Ipk0=0.3A; Ichan=0.6A; »

for Ids=10mA, gm=50ms!! RN
Very good for Small Signal, Low Noise & High Gain! Vas

P1out= 29 dBm; but strong harmcfnicfs- WIN HEMT.P111=30dBm P21f=-10dBm:P3t=0 dBm
P2h=10 dBm, Very Good for Multipliers! i)

B . LA 7

b) Typical HEMT: P1=2.5 ESZ’EE - o je_p P((1:1)E;1flloa = 1) Wsm

- Vpk=-0.5V; Ipk0=0.24A; Ichan=0.48A; R W

P1out= 30 dBm; P2h=-10 dBm B B e e A A L

> Medium Power &Linear BV o®oribo®o s
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