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1. Introduction

»  Self-heating effect

e What is it?

* What was the effect of this?
* How about FinFET?

e What did we do?
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2. Model Development and Extraction
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() RF Small-signal model for bulk FinFETs

(b) General used thermal equivalent circuit
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2. Model Development and Extraction

From O. Muellerlt], The 2-port Y-parameters of transistor including
thermal effect can be written as:

Y, =(¥, +MzZ,11 )/(I—MZ P,.)

if iCmtit iCh ! diss

» where i, j =1, 2 with 1 for the gate (G) and 2 for the drain (D) for
FinFET application.

> Yy" = dI/dV;, Yy represents the Y-parameters without thermal
effect, V; is the terminal voltage.

» P is the dissipated power.

» M, and M, are the relative changes of the gate current (I,) and drain
current (l,) per degree temperature change at constant voltages.

The Y,, can be simplified as follows 2

Yy = Y21* + MV, Y2y,
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2~ Model Development and Extraction

E: Rthl le

{Zth = Zip:l Rthi/(1+ JoR Cthi)
Y21 = Y21* +M 2V2Y21Zth

D v |

Yy = Yzl*/(l_ Zip:]_ M2V, Ry, /(1+ JoRyCoy ))
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2+ Model Development and Extraction
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2+ Model Development and Extraction

» Extraction -- Rg/d/s

v Biased at Vg, = 0 and V>>V, I
0n and the channel resistance R Cou l
(Ren = 9gst) are negligible. + | gVyee 37 L ng
v freq: f >fsh. G 9:5:Cgs \V/ Rdg T Ces D
v' Simplified as T-structure. _ R

Inner part
s I—TWA—
R

R, =real(Z,,-Z,) -1
9 un T Z,-R,—R Z,—-R

Ry =real(Z,, -Z,) Yint :|: llz gR ) 7 12R ) R :|

R, =real(Z,,) a1 s 22~ Rg =
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2+ Model Development and Extraction
» Extraction —Ry,/C,,

v Biased zero-bias condition (V 11
= Vg =0V), g4 and gy, equal Rg% Cou J_
to zero. + ] gV 1 L sip
v e T >fg, and high enough, the G gf:cgs \/ RS T Cs D
capacitance also be neglected. N R

v Be simplified as PI-structure.

S i AAA Inner part
Rs
-1 2~ 2p -1
|:Re (Y22.int Y0 ine ):| =Ry +@°Cyy "Ry

Rqup and Cy,, can be extracted in turn according to the intercept and
slope of [Re(YZZ,int_zero + YlZ,int_zero)]_l versus w?
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2+ Model Development and Extraction
» Extraction —Cy,/Cy /Cys

v These parameters are bias- —
dependent elements. Rg% Cd
v' Be extracted in high Frequency. b
v Be simplified as Pl-structure. G al ¢V D
b
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2+ Model Development and Extraction

» Extraction —g,,, /Ry

v These parameter are bias- H
dependent elements. Rg% Cyd l
v' Be simplified as Pl-structure. + | gVyee o8 L Csp

G
Cygs

(=Y
2

S i AA A Inner part
9, =Mmag (Y21,im|HF _le,int|HF ) R
7 =—phase (Y21,int\HF _le,int|HF )/ w

gds = Rel:(YZZ‘int - ja)(cds +ng )+(Rsub +1/ja)csub )71)HF:|
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2+ Model Development and Extraction

The Y,," can be written as:
Y21* = gme_jm - ja)ng
Yo :YZl*/(l_zipleZVZRthi /(1+ joR,Cy, ))
Tshi = }éﬂ- f. - CuniRys

Where fy; is the thermal resonant frequencies

[Rthi ]pxl = ':]-_Ymi A% :| o |:M 2V2/(1+ jorTy; )]71

pxp
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2+ Model Development and Extraction

The temperature coefficient M, of current

» Devices measured under different temperature, and obtain
approximately M, from M, = Al,/ AT.

> Aiteration process to get more accurate M,.

> In this work, we given an empirical value M, = -1.5X 10
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3. Model Verification
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» A 3-node thermal network is adopted in this work.

» Three resonant frequencies of Y-parameters (f;, = 1.2
MHz, f,, = 22.3 MHz and f;; = 172.6 MHz) are used to
determine Ry,;.
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3. Model Verification

> The Ry, can be extracted, and Cy, can be determined as
Cini =t/ Rini

> We can tune the value of Ry,; to match measured Y,; ,,
with simulated Y, ¢ better.

Table List of model parameters
I N I N
Ceo/ Cyal Cos (FF) 7.2/2.2/16 7.4/2.3/1.7 2.7/4.3/5.8
m 5.8 5.6 3.6
12.7/23.4/8.8 10.3/23.4/8.9 9.1/1.1/1.7
23K/143/31 21K/140/32 8.7/2.1/1.8
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Im(Y12)

Re(Y12)

Im(Y11)
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3. Model Verification
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4. Conclusion

» Anovel model to characterize self-heating has been presented.

» An accurate parament extraction method for this model has been
proposed.

» The thermal parameters R,, and C, can be extracted from this
model.

»  This model is validated through a Multi-Fin MOSFET fabricated in
a standard 14 nm bulk FinFET technology.
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Thank you!
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