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CMOS Technology Innovation
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f+ Trend and Benchmarking
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Agenda

e Challenges of RF scalable model creation of 65nm RF  -CMOS
technology
— Methodology of creation of RF-CMOS scalable model
— Observation of “RF-scaling law”
— Extensional validation issues.
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What is needed for RF-CMOS compact model ?

e Scalable and compact
— For portability, parasitic elements should be scalable function of
 Lg (Gate Length)
« WIf (Finger Length)
 NF (Finger Numbers)
 (SA,SB,SD)
« Accurate for all design purpose
— LNA (NQS effect, Thermal noise)
* Linear: S-parameters > 100GHz
— De-embedding: SOLT ? TRL ?
— VCO and Mixer (Harmonic distortion, Flicker noise)
» Flicker noise close to the carrier.
« ACPR, EVM
— Power amplifier
« Self Heating
* Load-pull
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MOSFET : Extrinsic Parasitic elements

] | | Gm*vgs+Gds*Vds \ | |
[ ves+Gds™v )
i \ \j /' Rose //

Yuhua Cheng et al.(2000b) MOSFET modeling for RF crruit design,

Proceeding of the 2000 Third IEEE International Calacas Conference on
Devices, Circuits and Systems, D23/1-D23/8
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Simplified Equivalent Circuit when MOSFET= OFF

Source and Back-gate grounded
VG=VD=VS=VB=0
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Equivalent Circuit when MOSFET= SI & Linear

Source and Back-gate grounded
VG=VDD, VD=low, VS=VB=0
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Measure of components from y-parameters

Starting point the formula (12.7a~12.7d) : Christian C.Enz, Eric A. Vittoz ,
“Charge-based MOS Transistor Modeling” Wiley 2006.

Yy, = 0°CER; + joCq

Y, = —0°R;CqCg — jCp

Y, =G, _G)ZRGCG (CGD +Cm)_ ja)(CGD +Cm)

Yo, = Gps +a)2RG(CGCBD +CsCop +CGDCm)+ ja)(CBD +CGD)
Co =Ggs +Ggp +Ggg

Sland linear region OFF region
RelY,
RG - Ime((Ylil))2 CGD = Im(le)
R, (RS) = Re(zzz) Cop = Im(Yzz +Y12)
1 CGB +CGS - Im(Y11 +Y12)
Ros = Re(Y_ZZj RDB - Re(zlz)
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01

* Does RG scaling follows classical ohmic-law ?

WH
Lg CNf

RG = IOrgk

K : constant depending on the configuration of gate contact
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NO : Gate resistance behaves complex behavior
LV NMOSFET
Wif=1um, NF=40
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Scaling dependence of Rg on Wf/Nf

LV NMOSFET
5 Lg=50nm
WF*NF=40um
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Q2 Does capacitance scaling has unique behaviour ?

 NO : Itis typical behavior

| CGB+CGS CGD - Im(YIZ)
;" o Cog — Im(Yzz +Y12)
= Ces +Cqs - Im(Yll +Y12)
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Observation of the RB scaling
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RF-CMOS modeling summary

Item Geometric
Component name
name dependency
NQS
Gate resistance RG K kot 1 L+ K ko 2 W. + K ket s
g f
N . L, W .
G-B capacitance CGB CGB = Kgs [Lg [ Nf
G-D,G-S overlap CFGD
capacitance CFGS KRCLVVf I\If
RSUB1 W
1
- RSUBZ Rshllg — + Rsh2 [
Substrate resistance RSUR3 NE W [NE
RSUB4
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Verification of 65nm RF-CMOS via peak-fT
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Improve Model Verification

NMOSFET Lg=0.3um Wf=20um NF=100

Line width all 0.3um

PATH Length of M1 | Lngth of M6S
[um] [um]
DeepNwell-RPOLY-
LINE1 PAD 25.04 355
LINE2 [ GATE-RPOLY-PAD 44.39 192.48
LINE3 | Pwell-RPOLY-PAD 45.93 449.61
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oemne MOSFET-Switch

BackGate(Vbg) D-Nwell(Vdn)
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5 Term MOS
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Define

— NMOSFET Lg=0.3um Wf=20um NF=100

« 50MHz~20.05GHz (201 PTS)
« VG, V_DNW:0V,2.5V

Simulation does not match
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Analyze Hard Implemantation
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Improve Transmission Line

— Lind: Self inductaoce

-, A b \ "y \ —AAA N >
. . . Bt P ) - [ B T =S T [
—_ Rmd'Se”eS Resistance S R o Rl ez e R Ll o f 0T =
. Num=1 R=Rindid L=Lind/4 R=Rindsd L=Lind/4 R=Rind/3 L=Lind/3 R=Rindid L=Lind/4 Hum=2
....... ReRindid | Letindi inga | Lelindia | pepinga | LUindd | pemingia C Letindid |0 0T g
....... o o L e
S, S S S CotS.

— Cox:Cap between Metal and Si

— Rs:Loss of Si substrate %ﬂ%ﬂ%ﬂ%ﬂ%ﬂ
— Cs:Loss of Si substrate o r L 1

LINE1 LINEZ2 LINE3
M1 M6S M1 M6S M1 M6S
Lind [nH] 0.02 0.31 0.05 0.17 0.04 0.39
Rind [Ohm] 3.82 17.1 6.89 9.26 6.89 21.6
Cox [fF] 1.86 6.22 3.22 3.37 3.22 7.89
Rs [Ohm] 697 /715 436 1422 436 609
Cs [fF] 2.93 1.97 2.03 1.07 2.03 2.48
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Improve
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Improve

Before

Comparison before and after

after

0- 0- —
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S-Parameter before and after

Improve

freq (50.00MHz to 20.05GHz)
SWEEP.freq (50.00MHz to 20.05GHz)
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Summary

« 65NM-RFCMOS compact models’ development

— Scaling approach based on COLD-measurement and Sl & Linear
measurement still works.

— It is possible to get a simple guess by taking look at Y and Z parameters.

— Substrate modeling is needed in case of RF switch which controls back-
gate bias.
— All possible modeling efforts by the aid of EM simulation is sure needed.

Thank you !
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