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Variability Effect and Its Verification
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Abstract: Metal workfunction fluctuations, as one of the main sources of process fluctuations in
device manufacturing, had a significant impact on the electrical characteristics of devices. This article
proposed a simple and fast method for predicting the fluctuation effect of metal work function in semi-
conductor field-effect transistors, and compared it with the statistical impedance field method by com-
mercial software to calculate workfunction fluctuations. This article referred to the 14 nm SOI Fin-
FET structure released by IBM to establish the FInFET device simulation model and verified it with
experimental data. The fluctuation of metal work-function was introduced, and the random distribu-
tion of electrical characteristic parameters was calculated, such as threshold voltage V,,, turning off
current I, working current I, and the statistical parameters of these random distribution. The accura-
cy of the proposed fast prediction method is verified through the comparison of these results.
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Fig.1 Simulation workflow diagram of this article
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Fig.2 Simulation model of FinFET device: (a) Three-dimen-
sional structure of the model; (b) Side view of the mod-

el; (c) Front view of the model
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Tab.1 Main parameter values of simulation model

Oxide  Metal gate N ohamel .,

Parameter L,/nm  Lg,/nm  Lgp,/nm T, /nm  Hg/nm W, /nm ) ) . Nep/em
matreial material /em

Value 14 50 10 0.5 26 6.5 HfO, TiN 1.0X 10"  1.0Xx10"
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Fig.3 Comparison between FInFET model simulated results

and experimental data
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Tab.2 Simulated results of main electrical parameters of FinFET

V|h,1m Vlh.ml Im\,lm Ion.sm I()”.lm I()”..\‘Al Sslm SS>;|1 D1314
Parameter L./ Ly I/ L . - o
/mV  /mV  JuA  /uA  /nA  /nA /(mVedec ) /(mVedec’) /(mV-V')

Value 127.6  98.74 9.213 37.39 1.149 2.922 8.018X10* 1.280x10" 64.82 65.05 38.84
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Fig.d oIV, curves: (a) Linear region; (b) Saturation region

PN YN ] R e N DR E BV i S = A N op S €
LA DX S W M X, P A ) 7 A 7 I R (L L T R
(B DX 2578 O, 35 M 4 TR 2 R 3 R ) 1
A E 0 A S LR, 00 T 8 1 2 R A S B

Wit I AR A e e L o 7 A ST S BE Lk B
Xt R 1V 2 S P R o AR T b, R
e 10 000 A Fifi HILZS R 59 5T 50 4> Bl AL 2 ok 206 17
0 1V, iR PEAT 220, an &l 5 B, e iR A8 2146
HEA AT T S R R M 2k, 39 4% 50 4%
NIV R REHLE 3l 2k

T 3 N7 B AL Sl % 0 A4 1V, 2R 41 ), (8 AT 42
IR 2 2 BRI O3 A 04 B TR



134 AR T A - R T PR B B P T U i K ik 69

0 02 04 06 08 0 02 04 06 08
VIV v,V
() (b)

K5 IV ME&BEPLIE D) : (a) AR X5 (D) HLAINX
Fig.5 Random fluctuation of I,-V, curves: (a) Linear region;
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Tab.3 Comparison of expected values and standard deviations between RPM and sIFM results

Vi /V Vi 'V L /HA Ion,m/ pA Lo/ nA Iun,w/nA
Parameter
RPM sIFM RPM sIFM RPM sIFM  RPM  sIFM  RPM sITM RPM  sIFM
Expected value 0.128 0.129 0.098 0.099 8.960 8.960 35.20 35.20 1.71 2.87 4.67 8.28
Standard deviation 0.022 0.034 0.022 0.035 0.146 0.183 1.42 2.25 1.42 7.21 3.84 27.30
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Tab.4 Comparison between the maximum and minimum values calculated by RPM and sIFM and the theoretical values

Value Method Vaw/V  Vaw/V Lo /0A L, /A L/ DA Lo/ NA
RPM 0.215 0.185 9.43 40.0 17.1 45.4
Maximum value sIFM 0.219 0.190 9.80 45.4 348.0 1720.0
Theoretical 0.460 0.432 9.96 46.5 75.8 178.0
RPM 0.055 0.025 8.36 29.6 5.77X107* 1.54X 107"
Minimum value sIFM —0.048 —0.070 8.46 29.4 5.29%X 1072 1.42%107"
Theoretical 0.010 —0.018 6.10 15.2 3.16<107° 1.26107*
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