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Backy r,und

RF Transistors develontiin

V4 N 2z
Parameter Diamond | 3N | Ga0,| AN || eaN [} sic |
- " 1 }
Oprermmar (WIMeK) 2,290-3,450  0.. 1-27 wo 1 =253 I 30 |
e~ mobility (cmves) 45 NN 180 a6 || 220 |} 900
1 1 1
hole mobility 3,800 T 500 - - 24 I 120 |
(em?/Vss) ! : :
Epyearaonn (MViCm) ~13.0 ~17.5 ~10.3 ~54 1 ~a9 |1 ~30 !
V. (107 cmis) 2.3 () - 11 13 14 |1 20
1.4 (h*) I I 1
Rel. permittivity 57 74 10.0 98 1| 104 |1 97
1 I |
\ ' ]
| P p——— f’

» 5G communical on has nigher requirements
« rfo - ance
(. ‘ower,

for linearity
GaAs, InP,
L...earity) etc

> Device' y2h hizh output power and efficiency
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Backy r,und

Importance of devicesmadiling

‘ TN : Technology a
Enp, I L material

- 0 — Moy T : processing
__7_%’# 4 L W

84,)& :

V ~ DeviceModel

\ haracterization System Integi e} System
: integration and

design
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ro/Nano Electronic
omponents Models

Empirical Models

AD Models

QPZD: Quasi-physical zone division
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EEHEMT (.aAs LSM

10 X100 um GaAs HEMT (0.25 pum) device measurement platform



DMLY MMT fic LEARSLL A %SG E

Mi -owave .d Millimeter-wave Technology(MMT) Lab

University of Electronic Science and Technology of China

EEHEMT (.aAs LSM

EEHEMT model int=oausaon

- f °Accgrate isothermal drain-source cgrrent mqa\l

_@/J_?'Rd *Flexible transconductance formulation permits accurate
il D fitting of g, compression found in HEMTs

gﬁ‘fw mé *Self-heating correction for dré »-source current

G"J—E—c' () B de 1. °Charge model
oge | Cbs *Dispersion model

s il *Accurate breakdown' nocl

(S *Well-behaved (n¢ 1-; oly2Omial) expressions permit
Igs i Rs accurate extrap! latiol sfoutside of the measurement

range used tC 2 wiythe model
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SMT parameters

Rarasitic  Extrinsic Large-signal model Ve ification

parameters parameters parameters and correction
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Small-signal model paraineicrs extraction

7/ g ——— e — e — —\— h
e \ . N\
N\ Small-signal Model \
Le Ry Cou e Ry 7. .
T o

T
L

Parasitic Parameters

l
|
| : [
I Cg:r Vi SEG‘“J'F I
: R{'g e T: l ' " 1.Extract Cpd.Cpg.Cpgd )
: Cie | 7 Tk G : » From Cold-Pinchoff S-parameters
| L Ids-ViGme-ij : ¢ at low frequencies J
s —S, s , A
M P 2.Extract LgTd.s
* From C¢ d- inchoif Z-parameters
» Paragitic Parameters ¢ athishfreqr :nlies )
e Parasii. capacitance Cpg, Cpd, Cpgd [ 3 Perac Ro Rd.Rs )
* "Fr. m Cold-Pinchoff Z-parameters

e ' Pa asitic inductance Lg, L.d, Ls

\
L

Mai asitic resistance Rg, Rd, Rs ~
' Uuwn..«c Parameters

'H

NG | xtract Cgs.Cgd.Cds.Ri.gm, 7.gds
p Intrinsic Parameters . * From Hot-FET Y-parameters )
 Cgs, Cgd, Cds, Ri, gm, tau, gds

N—
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Parasitic parameters extractan

Cpgd
B L — i
c Lf“_ F _5{”“_ T Tm‘stiZ: R ’616‘15{ b
‘I I ] . YW °
l Cg:k'Tb‘/l Id C :E(;dlrds
s |
ﬂugg: - R, I ::C”d :
Lot : De-embedding
ow-trequency ' . Lo wsviomeVT | Capacitance

= Cra R
L
] s

I (@) =(L, + L)’ _(CLJ'-CL)

ngo = Cpgd + ng ~ e 1 l

Caso = Cpg + Cas I”A X izz):(LLd—;Ls) (Ca +Cs)

CdSO:de + Cs n;(a) 11)_— 250) C

Yiu= j-a)(Cgso + ngo) l C’)zF\l;ee(él) —_60 (ZRQR+EI2

$22 =YJ a)(CdsS)a-l)-Cngo) 22 Re((zzz))—_acj)z(Rd $)

12=1Y21=— J@gdo 1) =0 R
(] - w2

» assuming C,,=C,, , L-the slope of In;(wZ) w ]
* scanning C,,and C,,, = { * R-the slope of w* Re(Z)-w 11
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Parasitic parameters ex/c2sfon

» Optimization algorit! m
<
AN

Initial parasitic parameters

xS

Fixing parasitic inductances and
resistances, then scanning Cpg and

‘ Cped

etie@iaving satisfied the
D@ oPSetting iterations

o bedding capacitances and
stances, then extracting Rs, Rg,
Rd

Fixing parasitic capacitances and
resistances, then scanning Ls, Lg, L.d

Searching minimum S-parameters residual
U - |
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Intrinsic parameters extiacsion

* De-embedding extrinsic parameters ' .clua.
Cpg, Cpd, Cpgd, Lg, Ld, Ls,Rg, Pd =« d Rs

* Using following equations to #~tra t. trinsic
parameters

------------------------------------------
.
.
.

Im(Yll(a’ )+Y12(60 )
c(w;) =Yy (@) =Y, (@)1 + jd(w;))

Ri(@)= 5 d"(@)
(I+d*(v))Re(Y,, (@) +Y,, (@)

grr ) = |C(a)i )|

(@) =- 1—arctan(m)

o, " Re(c(@,)
;) = Re(Y,(0,)+Y,(®;))
Cpl@) = Im(Y,, (o, ).‘" Y (@)
ng (@)=— Im(Y,,(@))
@

Col@) =L iy (@)Y, @)

*

L%
---------------------------------------------------

1)
=

G o—

v, ‘l-

sﬁ”’lp,

1L \CM
]

Ids=ViGmeTW?

\

EERS-N o© Mea@
— Simulated
*

2

\Vds=2V,Vgs=0.2V Vds=4V,Vgs=O.5y

13



IR EE MMy fUis i AAR%LAaxBE

Mi -owave .d Millimeter-wave Technology(MMT) Lab

University of Electronic Science and Technology of China

EEHEMT (.aAs LSM

EEHEMT large-signal ezl parameters extraction

ﬂEEHEMT Large-signal Model\

DC Parameters \

> DC Parameters " 1.Extract diode parameters

. * From Ig-Vgs

* Diode parameters " 2.Extract current initial parameters ]

. . * From Id-Vgs at vdso
« Drain-source current

parameters [S.Extract current final = « ~meters

* From Id-Vds 2 'ifferen. "gs

AC Parametr

> AC ~23rameters —————

"1 Extract cap. itan = iuitial parameters\
Capacitance parameters © Frogfrguriiggs at Vdso

— — A
' ™y
2.E fract ci « (tance final parameters

| om Y- arameters at different Vds

“ispersion parameters

N

“
3. ‘ract dlSpEI'SlDll mitial parameters

From Y-parameters at Vdso

P
\ 4 Extract dispersion final parameters 1
* From Y-parameters at different Vds

NC
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Model verification

» RF performance(one-tor . ex. tauon)

- - A= 40
g o Simulated 80 g Simulated
@ o Measureu ﬁ’fﬂa leo @ °  Measured leo
= 00 - S | oncoscaso -
=S 0 Bagossesd S
e m
i 20} ‘ 40 g E-: 20t 40%
o e
< £z g
= 120 = K. 120
YT e | | o7 - . Anrammrem
24 -18 -12 -6 0 6 24 - 6 0 6
Pin (dBm) Pin (dBm)
a) at maximum PAE matchin (b) . ~maximum Pout mathcin
g g

(Vgs=SV;V=0.5V; freq=1.8 GHz)
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EEHEMT (.aAs LSM
Model verification

» RF performance(two-tor : ex. tauon)

- 0 - — > 0
A o
2 2
" < 20t
en 32!
> >
=l =
> 5401
oA
< J
-3 o 60}
> / >
- [ " 1 " 1 " 1 " 1 " 1 — LA - 1 " 1 " 1
-1 10 -5 0 5 10 - -6 -8 0 8
Pin (dBm) Pin (dBm)
(a) at 500hm impedances matching (v at maximum Pout matching

(* g5 SV;Vy=0.5V, freq=1.8 GHz + 5 MHz)
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QPZD Ga™» oSM

12 X200 um GaN HEMT (0.4 um) device measurement platform
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QPZD(Quasi-physical zoi'esgivision) model introduction

7’
J/ Irlsl | > Less fitting parameters (i.e. Angel. v mouel)
I I 65%‘/(:‘@(1 (-Vd )
| V, e 2 |
I |
i AN, i @(15 i) + (Edy + V)
[ 7 |
| Ve © 7 | = ans(vgs)f)max
[ [
| sio Ve, ki | n.=0.5n -tanh(o (" ) +a,-(V, Vf)
[ V. e | i}
: Z : +a, -V, -V )+ 31+05n,
I | - . 2
[
| —AIGaN : T _T +I V Pﬁss
. s 'QEE_._ —_——— e— e e e | .
. S Vsi: :Vdi Vd I r'E Via
: GaN 7 I 7> I 73 : C H
\ Li=ls | L=lgl  Ls=Ld K > Z«aural scale
h S e e o —— e e e e - 7
Zhang wen, Yuehang Xu* , etal., |EEE T-MTT,2017-702):51134 122 19



DS MR MMT M iAARA L RAELE

Mi -owave .d Millimeter-wave Technology(MMT) Lab

University of Electronic Science and Technology of China

QPZD Ga™ oSM
Modeling trapping effect Lz SRH model

+ 0 o+
» Using SRH(Shockley-Read-Hall) .. »del

the trapping effect

Vi (Vgs,"’rhr} (+) I, G

NS
,:--
Il
1}
=
-
-
tmd

* characterizing the electron capture and
emission in the trap -enter

-0 0 - * dynamic trappiig =ffec. can be considered
v Vo _
<ok exp(yr) » A sub-netwo. X is used for describing the
v = AVas + BVpg + C dynamic pr cess

Vo [V ]: rap potential when it 1s fully ionized
T X]. .cmperature

K - v/K]: the Boltzmann constant

.~ | V]: the trap-control potential

vy [V]: the calculated effective trap poter 12’
20
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Model verification

» Pulse IV
2.5 PO 2.5
Simulated o Ot Simulated ,, _ 5 o\, . oy Simulated | SV V. =30V
20l © Measured ! __\\I_f-ifl il dsq~ U 2.0k © Measured Tgsq UtV Tdsqg U 20F © Measured "7 ¥
)y o . ] }(0)
S NP <« 1.5} Rt sl < 1.5F /0_!3__c.,———U——U'_U_‘o—’o_EI
" =, b o [e] S
s s s sl T ~ 1.0t / j_ﬁ—-r—o—‘d_‘t’_"_—o
©r ¥t o fal O Qo O O "
°W
o_0 o o o o o 0.5 J'S‘ C_o,——:——f_‘w‘&—u
S8 (.04 , . ; —8—9) oh
9 30 40 50 0 10 20 30 40 1 0 10 20 30 40 50
Vis V) Vas (V) Vis (V)

(a/ \/gsq:O v Vdsq:O v (b) Vgsq:_3°5 v, < l‘% AV (C) Vdsq:'3.5 V, Vdsq:30 \Y
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Model verification

» RF performance(one-to1r » exc ation)

»—  — — —— 80 = 40 100
— o Measur. E o Measured E
= Sioulated v W el B = Simulated w TE 175 =
% o0 _ _ -Simulated wfo ," 160 : 20t — — rSimulaied wio TE - §
" ™ fennld
= A {50 &
S 45 S 3 3
& 40 tn 3 L
3 - v -
Tl _ 120 g p
2 B [ £ 5 &

S 3
gl o @) 3 02

] 3 16 24 32

P, (dBm)

< ,fundamental output performance (b) se¢ ond a < third harmonic output
performance

22
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Model verification

» RF performance(two-toi = exc -ation)

O Measured :
Simulated w TE 114
— — -Simulated wio TE

P.in {dB l“?'

Pout and IMD3  ha. ~teristics

23
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Sum v .y

» Present an improved sinall- ignal model parameters extraction methoc
and establish the EE*.ZIvi 1 large-signal model . Results show it
accurately charac. .. » the radio frequency characteristics of GaAs
HEMT

» Introduce an improved QPZD large-signal model w517 g the SRH trap
' olel to model the trapping effect for GaN HE M0\, It odel validation
esults show that it can accurately characte? z« K" performance
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