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Summary

» Available Nonlinear EEHEMT models

TGF2023-01_30V125mA_ADS ee => for ADS simulator
TGF2023-01_30V125mA_AWR ee => for AWR simulator

This is a GaN on SiC discrete HEMT device

Nominal bias is Vds=30 V and lds=125 mA

This model is valid for Vds= 28 to 32 Volts

HEMT periphery is 1.25mm, 10 gate fingers x 125um gate width
0.25um gate length, 100um substrate thickness
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Cell Layout and Model reference planes

GaN 1.25 mm Discrete Unit Cell

-1 em
{ | simulation

em | =—=
simulation

Intrinsic
HEMT

Model reference planes
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ADS schematic for Implementing TriQuint EEHEMT Model

EEHEMT MODEL: LOADPULL (Power/Pae) Validations

n 4TLe “fuste
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— L |_Probe L 7 | Protse Term
= L L Li DLe : t: 0mH Ez hute Em—a4
o L4 k13 L5 el - C=1000 nF 2.
=Fte  C=100D nF L=1.0mH L=0.21nH 10x126_as02 553001 26m e ee  Hoe L
P=pual andbrrt o Ping, 00 s R ™M [_Probe —
Freq= Frq se H% dspame
L Migu= 125 =
= £ LagFgobe au -|-| SRC4
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File: TGF2023-01_30V125mA_ADS_ee.dscr

Subcircuit show

R
. ] EG4005A_10x1 25_45025% 2331 25mA_10G He _PWIR_rc 1662
on Next Slide Z5H0p=8. 479,62
ZEIp=50
ZLidp=16 24407
FLIOp=50
Z53p=a0
E]#r B @ HARMOMIC BALAMCE ZL20p=50
Bias_conditions Zip=iffeq<1 57 Frgthen Z50p elseif freq <257 Frqthen Z520p else Z5310p endif
wgp=-3.585 Hamenic Balance Flp= if freq <1 57Frq then ZLOp elseif feq <25 Frg then ZL20p else ZL30p endif
wje=-2 G5 Hez
wi=28 Freq[1} Frq
Pin=-10 Order[iF9 8 R
Frq=10 GHe Sweepiar="Fin" EG0054, 100125 45025 28W128mA 10GH _EFF_rc16ds
Star=1 Z5flle=7 G5 .62
Stop=30 a2 le=A0
Step=04 Zlile=12 3247078
Z1Ile=50
a3 le=A0
ZL3f0e=50

Zhe=iffteq<1 A Frgthen Z50e elseif freq <257 Frqthen Z5210e else 253f0e endif
Zle= if freq <1 57Frg then Z0e elzeif feq <257 Frg then 2208 else ZL30e endif
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ADS TriQuint EEHEMT 1.25mm GaN Model Subcircuit

S2F
ShP1
s2P File="TGF2023-01 Drain_Feed.s2p"
SMNP2
File="TGF2023-01 Gate Feed sZp"
- - i 1 Brv=vy 2 1 , . 7 i < :;
’_I EE_FET3 - T Port
- o darrns e . £ 0
- L=Ld
L Model=EEHEMTM = Mum=2
Port T I_ ode =
5 _E L2 bs Ugw=\Wau R=Rdd Ohm
L=Lg N=Nfgr
Murm=1 = g
sl R=Rgg Ohm ,
Unit cell model without L
via hole model elements — L4
(see page 15) g L=Ls
& R=Rss Ohm VAR
[ gize_hbios_vors_eehemt_ods
BlAS = 1
) :
M Two oRL SRL VAR
- vias SRL2 SRL1 Scaling_Factor
R=0.02 Ohm R=0.02 Ohm UgW:fIle{eehemt_daC, ”UgW”}
DotodccessComponent L=0.036 nH L=0.036 nH Ngf=file{eehemt_dac, "Ngf}
cehemt_dorc
File="TGF2023-01_30v125mA_ADS_ee.dscr"”
Type=Discrete
InterpMode=lndey Lookup
Interpbom=Rectongular
ExtrapMode=Interpalotian Mode 1 e
ivarl=1 I!II VAR
iVol T=B1AS — 1 Port Estrinsics
3 Lg=file{eshemt_dac, "Lg"}
Mum=32

Ld=file{feghemt_dac, "Ld"}
Ls=file{eehemt dac, "Ls"}
Rgg=file{echemt_dac, "Rg"}
Rdd=file{eehemt_dac, "Rd"}
Rss=file{eehemt_dac, "Rs"}
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ADS Extracted Model Parameters TriQuint EEHEMT Model:
Vd=30V,Vg=-3.638 "V, Idg =125 mA

[5] e

EE_HEMTI_hod el

echemt_wars

“io=filefeehemt_dac, o'}
Gamma=flefeshemt_dac, "Gamma'}
“go=ilefeehemt_dac, "Wgo'}

C11th=filefexhemt_dacz, "C11th"}
“Winfl=tlefechemt_dac, ™in "}
Deltgs=1la{eehamt_dac, "Dektgs"}

EEHEMTRA vidett=fle feehemt_dac, " '] Deltds=ilefeehemt_dac, "Defds™
E";r:rﬁ; — E‘;?’h‘;rr “eh=filefeshamt_dae, “Weh'? Lambda= filefee hemt_dac, "Lambda™}
_ - Gmmas=ilefeehamt_dac, "Gmmax'} Cizzat=ilefechemt_dac, "C1isat"}
Eﬂz&;ﬁsen Igj:';;imc “dzo=file fashemt_dae, “widsa™} Cgd=at= il efeshemnt_dac, "Cgdsat™}
~ _ “Weat= ilefech emt_dac, “Wiat'} Kbk=filefe ehemt_dac, "kbk"}
g:lr_l::: P 23;112: kapa=ilefechemt_dac, "Kapa'} whr=file feehemit_dac, “wbr'}
N R PefEidlefechemt_dac, "Peff’ Mbr=1ilefechemt_dac, "Mbr'
Egz:&;ﬁu ﬁgi—NU?UJ “Aso= dlefesh emt_dac, “wsae") ldzoe=filefe ehemt_dac, "Hsos"}
_ 9 _ 4 |=filefeehemt_dac, "I="} izo=filefe ehemt_dac, "o}
E:?:'Fﬁfpa xﬁgjﬁ W=ilefeche mt_dac, "N “ba=ilefeche mt_dac, “ba"l
_ _ Ris=1lefeehemt_dac, "Ris"} ‘whi=filefe ehemt_dac, "wbe")
EE_ 5o ;‘;‘i‘m‘“ﬁ“ Rid=filefee hemt_dac, "Fid"} hiu= filefeeh emt_dac, iu"]
~ _ Tau=file fechemt_dac, "Tau"} Deltgm= filefeeh emt_dac, "Dettgm”}
gi_sgﬂis BZ:Em;ieggltmgmac Cd=so=1ilefechemt_dac, "Cdso"} Deltgma c=filefechemt_dac, "Deltgmac”}
. - Rdb=filzfee hemt_dac, "Rdb"} Alpha=filefeehemt_dac, "Alpha'}
Eﬂ;i‘ﬂ ?ﬂ:ﬁ;” pha Che=1lefachamt_dac, "Chs"}
N _ “ioac=filefes hemt_dac, "woac"}
gjg:_ﬂﬁm Eiz; Gammaac=ilefechemt_dac, "Gammaac'}
_ “deltac=file feehemt_dac, "welac'}
E:;a_gibéﬂag E;t:; Gmmasac= ilefeehemt_dac, "Gmmaxac’}
Gammaac= Gammaa: Gmmastc= Kapaac=iIe{eehernt_dacl.l"Kapalac"}
\idaltans'idattan Gammates Pefic=1ilefeshemt_dac, "Pe fac"}
Gmmasac= Gmmasac:  wWinftes '-«E-:-aFile{eehernt_dac.""\-'\znal::"}
Kapame= Kapaac "o aotos Gdbm=1ilefechemt_dac, "Gdbm"}
Peffac= Pefic Gmmaactc= Kdb=1lafaehemt_daz, "K.dh"} M
Wisoa o= wisoan Gammaactc= V-:Ism=ﬁ|e{eehernt_dac,"'\-t|5|'l|.'| b
Gdbme Gdbm wgi= C11o=file fechemt_dac, "C110"}
Kdb= Kdb Emaod=104.0
Wdsm="dsm kaer=1000K
Cllo=Cl1n whigfind=
C1ith=C11th w Bwgs=
Winfl='Jdntl w Bwgd=
Deltg== Deltgs w Buds=
Deltds= Deltds wld=max=
Lambda= Lambda w Pman=
Cizsat=Cli=at AllParams=
Cygdsat= Cpd =at
Kbk=Kbk

LA {3]/] lt Q
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ADS Extracted Model Parameters TriQuint EEHEMT Model: “EEHEMTM”
Vd =30V, Vg = -3.638 V, Idg = 125 mA

Ris

Rid

Tau
Cdso

30
125
-3.638
-4.77
4 97E-04
-3.0118
0
28.5
0.3404
30
5.885
0.013
42
-10
9.23E-13
3
4.7252
0.7007
1.03E-12
2.09E-13

Rdb
Cbs
Vtoac
Gammaac
Vdeltac
Gmmaxac
Kapaac
Peffac
Visoac
Gdbm
Kdb
Vdsm
C11o0
C11th
Vinfl
Deltgs
Deltds
Lambda
C12sat
Cgdsat

1.00E+08
4_00E-11
-4.78
0.0009
0
0.3267
0.0132
280.53
-10
5.15E-05
9.45E-03
60
2.56E-12
1.83E-12
-3.6566
0.3485
0.1306
0.0215
6.71E-14
8.39E-14

Kbk 1.00E-03

Vbr 100
Nbr 2
Idsoc  1.83E+00

Rd 0.7

Rs 0.13

Rg 0.336
Ugw 125
Ngf 10
Vco -0.6851
Vba 1.3

Vbc 0.0519

Mu 1.76E-05
Deltgm 0.63
Deltgmac 0.98

Alpha 5.00E-02

Ld 3.13E-11

Ls -2.81E-12

Lg 5.25E-17

COMPANY PROPRIETARY

TriQuint @

SEMICONDUCTOR



AWR schematic for Implementing TriQuint EEHEMT Model

LTUNER2

ID=X2

Mag=0.606
IND Ang=153.2 Deg
ID=L_bond_drain Z0=50 Ohm

PORT_PS1 LTUNER2 L=025nH
P=1 ID=X3 5
Z=50 Ohm Mag=0.736 ﬁr +'—<]
PStart=1 dBm Ang=-157.7 Deg IND
PStop=30 dBm 20250 Ohm ID=L_bond_gate —_PoRT
=1dB 3:Bias P=
PStep=1d L Z=50 Ohm
E 2 @j
3:Bias|
5]

bcvs |_METER

ID=Vg1 lf ID=Id1

V=-3.61V

DCVS
+ ID=Vd1
V=30V

=

Subcircuit shown
on Next Slide
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AWR TriQuint EEHEMT 1.25mm GaN Model Subcircuit

SUBCKT
ID=S4

NET="TGF2023-01_Gate_Feed.s2p”

Specify gate width and number of fingers

Nfgr << 10
Wgu << 125

Read dscr file

FET_Index << 1

EEHEMT = row(data,FET_Index)

EEHEMT[Index_col]: 1

WO = EEHEMT][Size_col] WO : 1250
NO = EEHEMT[Fingers_col] NO: 10
WOu =WO /NO WOu : 125
Scaling factor

Ugw = EEHEMT[Ugw_col] Ugw: 125
Ngf = EEHEMT[Ngf_col] Ngf: 10

sf = (Nfgr*Wgu)/(Ugw*Ngf) sf:1
_sf =Wgu/Ugw wg_sf:1
Nf_sf = Nfgr/Ngf Nf_sf: 1

SRL

ID=RL1
R=Rgg Ohm
L=Lg nH

e AN e

DCR Row Index
Original Size

Original Fingers
Original unit Finger Size

Wagu : 125
Nfgr : 10

EEHEMT
ID=EEHEMT1
UgwNew=Wgu um

NfgNew=Nfgr 1
8~ \ /\ e

2

SRL
ID=RL1
R=Rss Ohm
L=Ls nH

SRL SRL

ID=RL4 ID=RL5
R=0.02 Ohm R=0.02 Ohm
L=0.036 nH L=0.036 nH

SRL

ID=RL2
R=Rdd Ohm
L=Ld nH

: q

PORT

p=2

2250 Oh
SUBCKT m
ID=S’

NET=/TGF2023-01_Drain_Feed.s2p”

\ Unit cell model without
via hole model elements

(see page 15)
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AWR Extracted Model Parameters TriQuint EEHEMT Model:
Vd=30V,Vg=-3.638V, Idg =125 mA

EEHEMT Params

Vto = EEHEMT[Vto_col] Vto: -4.77 C11th = EEHEMT[C11th_col]*1e12 F ->pF C11th: 1.828
Gamma = EEHEMT[Gamma_col] Gamma: 0.000497 Vinfl = EEHEMTI[Vinfl_col] Vinfl: -3.657
Vgo = EEHEMT[Vgo_col] Vgo: -3.012 Deltgs = EEHEMT[Deltgs_col] Deltgs: 0.3485
Vdelt = EEHEMT[Vdelt_col] Vdelt: 0 Deltds = EEHEMT[Deltds_col] Deltds: 0.1306
Vch = EEHEMT[Vch_col] Vch: 28.5 Lambda = EEHEMT[Lambda_col] Lambda: 0.0215
Gmmax = EEHEMT[Gmmax_col] Gmmax: 0.3404 C12sat = EEHEMT[C12sat_col]*1e12 F -> pF C12sat: 0.06711
Vdso = EEHEMT[Vdso_col] Vdso: 30 Cgdsat = EEHEMT[Cgdsat_col]*1e12 F -> pF Cgdsat: 0.08391
Vsat = EEHEMT[Vsat_col] Vsat: 5.885 Kbk = EEHEMT[Kbk_col] Kbk: 0.001
Kapa = EEHEMT[Kapa_col] Kapa: 0.013 Vbr = EEHEMT[Vbr_col] Vbr: 100

Peff = EEHEMT[Peff_col]*1e3 W ->mW  Peff: 4.2e4 Nbr = EEHEMT[Nbr_col] Nbr: 2

Vtso = EEHEMT[Vtso_col] Vtso: -10 Idsoc = EEHEMT]ldsoc_col]*1e3 A ->mA Idsoc: 1834

Is = EEHEMT]ls_col]*1e3 A ->mA Is: 9.226e-10 Rdd = EEHEMT[Rd_col] Rdd: 0.7

N = EEHEMTI[N_col] N: 3 Rss = EEHEMT[Rs_col] Rss: 0.13

Ris = EEHEMT[Ris_col] Ris: 4.725 Rgg = EEHEMT[Rg_col] Rgg: 0.336

Rid = EEHEMT[Rid_col] Rid: 0.7007

Tau = EEHEMT[Tau_col]*1e12 s ->ps Tau: 1.032

Cdso = EEHEMT[Cdso_col]*1e12 F -> pF Cdso: 0.2094 Vco = EEHEMT[Vco_col]

Rdb = EEHEMT[Rdb_col] Rdb: 1e8 Vba = EEHEMT[Vba_col] Vba: 1.3

Cbs = EEHEMT[Cbs_col]*1e12 F -> pF Cbs: 40 Vbc = EEHEMT[Vbc_col]

Vtoac = EEHEMT[Vtoac_col] Vtoac: -4.78 Mu = EEHEMT[Mu_col]

Gammaac = EEHEMT[Gammaac_col] Gammaac: 0.0009 Deltgm = EEHEMT[Deltgm_col]

Vdeltac = EEHEMT[Vdeltac_col] Vdeltac: 0 Deltgmac = EEHEMT[Deltgmac_col]

Gmmaxac = EEHEMT[Gmmaxac_col] Gmmaxac: 0.3267 Alpha = EEHEMT[Alpha_col] Alpha: 0.05
Kapaac = EEHEMT[Kapaac_col] Kapaac: 0.0132 Ld = EEHEMT[Ld_col]*1e9 H->nH

Peffac = EEHEMT[Peffac_col]*1e3 W ->mW Peffac: 2.805e5 Ls = EEHEMT[Ls_col]*1e9 H->nH

Vtsoac = EEHEMT[Vtsoac_col] Vtsoac: -10 Lg = EEHEMTILg_col]*1e9 H->nH

Gdbm = EEHEMT[Gdbm_col] Gdbm: 5.146e-5

Kdb = EEHEMT[Kdb_col] Kdb: 5.445e-9

Vdsm = EEHEMT[Vdsm_col] Vdsm: 60

C110 = EEHEMT[C110_col]*1e12 F ->pF C110: 2.563

TriQuint @
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EEHEMT model @ 30V 125mA
GaN Discrete Unit Cell 1.25 mm
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DC IV & PIV Fitting of NL EEHEMT model for TGF2023-01_30V125mA cell

Vgs = -4.4V to 1V in 0.2V steps

DCIV

Modeled vs. Measured DCIV

1600
1400;
‘WEEID—_
‘WDEID—_

800

Ids_mindel

=]
=1
=

400

DivA_DCN_EEHEMT _Validation. lds_meas

200

measured

modeled

Dl Ph_EEHENT Validation. bds_meas

o=

PIV @ 30V125mA

Modeled & Measured Pulsed.lV
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Modeled vs. Measured S params @ 30V125mA

(includes 0.21nH gate bond wire and 0.25nH drain bond wire)

DC Bias
Wds Td= rnodel Wos rod 5P Idmea Wos rea
0.00 W 125862 -3E3E W 125.420 3620
=22 dB=21] dB512) CATE
0

.
-F'_"\\\
REET
bpp B FHRY
82
B8
w:

] B, ]
[=L=] EE ]
] EC ]

it 1M

-IHrr e -ﬂ::---- I R e B R I3:""|'"'|""|""|""|""_

e T R R R - A 0 5 @ ¥ @ = W
Teq SOOMHZ D2 MGHZ Tneq, GHz Teq, GHE eq, GHz
=T Phase(S21) Phase(S12) . K-Factor

83
/__ \
_/
R
BaEHEd
g4
BoabHEAs
E“‘"; B

T :
0.4
02
T T T E T T TR TR T E R U B
Treq (SO0OMHT © 22 MGHD treq.GHE — treq, GHz
modeled
measured . .
TriQuint @&
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Modeled vs. Measured Load-pull @ 30V125mA and 10GHz

(includes 0.21nH gate bond wire and 0.25nH drain bond wire)

POWER TUNING
Pout & Gain PAE DD (A)
S} 1000
4_5_ 4
Edﬂ_ an-
R 1
& 2 oy % 004
= o5 w w ]
& 20l B =R
ol 4
gﬁ—
o 104 —--...\H 200
o] )
a T 4
—r R R s R 25 0 & 10 15 I 2 30 38
0 1 15 @ 25 30 35 .
Pin
Pin
EFFICIENCY TUNING
Pout & Gain
50 PAE IDD (A)
100 1000
_ H7 ap] J
54‘3- &0 00
£ 39 70 i
& a0 o) 60 = &0+
= 25 o 0] £
&G 20- & 40 S 400
S 15 40 y "
[T 20+ 2004
2 10 e 101 |
5 ]
O | R L I L En” 5 W0 15 20 2% a0 38 R A A
! T e e T _ 0 & 0 15 w2/ 3 35
' Fin Pin
Pin
modeled
measured
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Modeling the Larger Discrete GaN HEMTs

* Modeling of the TGF2023-02, -05, -10, and -20 devices is accomplished
by paralleling the unit cell (nonlinear EEHEMT model from page 5 or
page 9 w/o via hole elements), connecting the correct gate and drain
manifold files, and adding the via hole models

« TGF2023-02
— TGF2023-02_Drain_Feed.s4p, TGF2023-02_Gate Feed.s4p, 3 via holes, 2 unit cells

« TGF2023-05
— TGF2023-05 Drain_Feed.s8p, TGF2023-05 Gate Feed.s8p, 5 via holes, 4 unit cells

« TGF2023-10

— TGF2023-10 _Drain_Feed.s16p, TGF2023-10_Gate Feed.s16p, 9 via holes, 8 unit
cells

« TGF2023-20

— TGF2023-20 Drain_Feed.s32p, TGF2023-20 Gate Feed.s32p, 17 via holes, 16 unit
cells

TriQuint @
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Modeling the Larger Discrete GaN HEMTs

 There is one more via hole than unit cell for each discrete device. This
is modeled as shown below for the TGF2023-05. The two unit cells on
the outside “see” 1-1/2 via holes, whereas the interior unit cells “see” 1

via hole each. Gate Drain
ot | unit |2 Outside Cell
Cell
2*L 2*R Source
’ L,R
WW
03_ g:lllt LO Interior Cell
TGF2023-02 No interior cell

L! R TGF2023-05 Two interior cells
0o TGF2023-10 Six interior cells

TGF2023-20 14 interior cells

05_ Unit LO Interior Cell
Cell
L,R
R =0.02 Ohms
o Unit & o Outside Cell
2*L, 2*R L,R
< W00 >

TriQuint @
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Modeling the Larger Discrete GaN HEMTs

* Next add the em simulated gate and drain feed manifolds to the
parallel combination of unit cells and their via hole models to create
an 8-port model. Bond wires will connect to each of these 8 ports.
Modeling of the bond wires should include the coupling (mutual
inductance) between the wires.

1

&

3

TGF2023-05
Gate_Feed.s8p

O
5
&
7
&

2

1

4

3

6

5

8

7

4 Unit Cells
and 6
5 via holes

TGF2023-05
Drain_Feed.s8p

« The same method is used for the -02, -10, and -20 devices to create a
4-port model, a 16-port model and a 32-port model, respectively
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Modeling the Larger Discrete GaN HEMTs

« The em simulations of the gate pads (manifold) includes a 14 ohm
resistor between each gate pad. The reference plane is at the middle
of the gate bonding pad that supports 1 bond wire or ribbon.

S~ ]

14 ohm resistor
5um x 18um; 50 ohms/sq

Y|
&%

Reference Plane

TTETEETPNG T

T
TriQuint @
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Modeling the Larger Discrete GaN HEMTs

« The em simulations of the drain pad (manifold) models the entire
connected drain metallization. It is assumed that one connection
point (bond wire or ribbon) will be made at each unit cell, although
the drain pad will support more wires or ribbons, if needed.

Reference Plane

N\

Port 2

N\

Port 4

.
%
CC
O

=

[

N\

Port 6

iR\

N\

Port 8

W/

i
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