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Last year presentations on GaN )(fCIb

e (. U’Ren: "Heterogeneous GaN on RFSOI*

« F. Zaki, L. logna-Prat, H. Saleh and G. U'Ren: "GaN ASM-HEMT DC Geometry
Scaling Development"

Both presentations are available here:
https.//www.iee.et.tu-dresden.de/iee/eb/forsch/AK-Bipo/ak_bipo_bei.html
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https://www.iee.et.tu-dresden.de/iee/eb/forsch/AK-Bipo/2022/2_Uren_XFAB_AKB2022_HeterogeneousGaN.pdf
https://www.iee.et.tu-dresden.de/iee/eb/forsch/AK-Bipo/2022/3_Zaki_XFAB_AKB2022_GanScaling.pdf
https://www.iee.et.tu-dresden.de/iee/eb/forsch/AK-Bipo/2022/3_Zaki_XFAB_AKB2022_GanScaling.pdf

Outline Xf(] b
Context and motivation

ASM-HEMT: model overview and previous results

New test chip using a different GaN technology

Results on reference DUT (flxed geomet ry): DC linear/saturation conditions; Capacitances; S-parameters;
Width Scali ng Im provement: scaling rules development and final results (DC)

n On —going WOrK: current model weaknesses; width Scaling development for the capacitances

Conclusions and next steps
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Context and motivation




Why GaN? )(fCI b

XFAB does not have any RF GaN technology in its portfolio, but...

« Decreasing functional integration

Functional E CMOS 12"5 * Increasing and compelling RF figures of merit
Integration | 1 S s S
. IRFsOl | 8"
L sicel ]
i 'MEMS | <6
e L R : mm==) How to overcome the low integration?
|

Heterogeneous GaN on RFSOI

RF performance
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Wafer level integration of llI-V's )(fCIb

S

<5pm O 3mm
source lll-V wafer 9 Target RF-SOI device wafer
>10° coupons

~10° - 10% placements

<0 3mm N

..-*
- N

‘coupon” A

> Efficient area utilization of a high value source material

> Coupon contains 1 or more components

G. U'Ren, RFIC workshop 2022
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RF-GaN — a wafer level heterogeneous integration approach )(f(]b

Chip-package interface

Passivation owver RDL

RF-501

Cartoon of the co-mteqration method i cross-saction (nof to scale)

> GaN coupon placed face-up

> Cu RDL connects GaN to RF-SOI.

> RDL / RF-SOI serves as the chip-package interface
> Interconnect density on the order of micrometers

F. Drillet et al., "RF SPST Switch Based on Innovative Heterogeneous GaN/SOl Integration Technique," 2020 15th European Microwave Integrated Circuits Conference (EuMIC), 2021, pp. 117-120.

J. Loraine, H. Saleh, F. Drillet, O. Sow, . Lahbib and G. U'Ren, “5.9-7.1GHz High-Linearity LNA Using Innovative 3D Device Level Co-Integration of GaN HEMT and RF-501," 2021 IEEE MTT-S International
Microwave Sympaosium (IMS), 2021, pp. 20-22, doi: 10.1109/IMS19712.2021.9574971.
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LNA results: small signal

> C4/bump and Flip chip mounting on PCB
> De-embedding through line on top

$11(dB)S21(dB)

a 4.5 5 5.5 6 6.5 7 75 8 8.5 9 95 10
Frequency (GHz)

Frequency (GHz) 5.9-7.1 (band n96)
S11 (dB) -6.6 /-9.3 -10.5/-8.6
. S22 (dB -6/-19.9 -69/-11.8
Die (dB) / /
S21 (dB) 157 16.2*

DC consumption (mW) 72.6
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LNA results: linearity

xfab
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» Bias conditions: Id = 12.5mA with Vcas = 1.2V

» Simulations done using the available GaN HEMT model (external PDK)

» Many GaN foundries are not yet using standard CMC compact models -> opportunity for

improvement with ASM-HEMT
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ASM-HEMT




CMC GaN model )(f(] b

Available models:

ANN-based

Models Angelov-GaN, ASM-HEMT DynaFET
EEHEMT MVSG

CMC Standard v

Scalable, W/L/NF voF v voF

Does not require process info v * v

Simple extraction flow v

Good DC/S-par fit v v v

Large signal across different bias v v

Simulation robustness v v

Table from Keysight presentation comparing the existing model for GaN.
Slides presented on 2021.04.08
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ASM-HEMT model overview

ASM-HEMT model composition:

Models for
real device

Core terminal

Core channel
current

charge

model

model

Mobility Temperature
Degradation Dependence

Bias Dependent\\Q ‘i -—‘ ‘//<'/ Field-Plate capacitance
e
I

Gate Current CLM

Series Resistanc

Core Drain Current | Complete Drain
Model Current Model

I
/ N
N~ — — — _— e >
DIBL Trapping effect

Sub-threshold Slope
Flicker and Thermal Noise

Self-Heating

Velocity Saturation

Figure from 32nd AK-Bipolar Workshop, slides presented on Nov. 14/15, 2019

Company Confidential

effects

Model features:

Gate current.

Mobility field dependence.
Drain-induced barrier lowering.
Subthreshold-slope degradation.
Non-linear series resistance.
Channel-length modulation.
Velocity saturation effect.
Self-heating effect.

Temperature dependence.

Trapping (by RC network sub-circuits).

Flicker and thermal noise.

12



ASM-HEMT model overview Xf(] b

« The model seems to be good ... is there something missing ?

“
-
Yes, an accurate scaling modeling w
corner2 (wide/short) “cornerl (wide/Long)
10| @ ® o o o
At the industrial level, geometrical scaling is a highly e . _____
significant step in modeling: ;
®
It is crucial for the model to accurately predict the behavior of the |
device when subjected to length and width scaling. .
@ - o
0.2 10 L
corner4 (Narrow/Short) corner3 (Narrow/Long)

Company Confidential 13



W scaling results:

Before DC Geometry Scaling
implementation

After DC Geometry Scaling
implementation

______________________________________________________

By scaling rules implementation

ASM-HEMT Geometry Scaling Development

Sim Vs measurements for DC characterisitics- before scaling

xfab

Initial fit for L100 W25 NF2

iy W'=2hu
T T

W Scale for L100 W35 NF2

"l Initial fit
_ Max Err = 4.436%

MM s | g

- LI B

il id{vg) W= 350
m_ T
a : "'f- . _n 1
|_l:__ .-I“‘_.n_._n-n
= W Scale to 35u _;;3-*"’dr o
w o ; -
& w—Max Err = 12.20% f‘ i
3| - b
=3 . éf' s —

}’r‘"

[

Example:
UOs (T)
2
1 + UAS. Ey,&ff + UBS. Ey.eff

Heff =

* Uy, Scaling rule example:

UOVALEXP

WEN
Ups = Up(T).|—
s =Ua(). 37

a3 K] E
wm (B0
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Sim Vs measurements for DC characterisitics- after scaling

Initial fit for L100 W25 NF2

W Scale for L100 W35 NF2

i i W=2Ru i =45k
(50 o e s | T T "l::q.: LI T T T T T T 7T D K- A r‘::‘q::m: ?"ln
E E .E_ ’““#‘-
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= L Initial fit = F W Scale to 35u fﬂ'
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&

w [E+]

Selecton -1230003 Relaive Em: MAX = 5030 % RMS =2.118 %

Piot ASA_HEPAT_MOTELIRGIC_WODELING & _ul_2éd_vgs_ Trans'sr bmid vy

=
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id[wm) W=1Ru
uf J—
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- o

w3 B+
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] 2 1 o 1
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New test chip

(different GaN technology, different foundry)




New test chip (different GaN tech, different foundry) )(f(] b

Width scaling LGD scaling LGS/LGD symmetry

Width scaling LGD scaling LGS/LGD symmetry
0.6 0.6
05 — m—=—= | 0.5 O O |
- 0.4 _ 04
£ 03 €03
= —r——& ——L1 = * * * —o—L1
0.2 0.2
-2 -2
0.1 0.1
0 0
2 4 6 8 10 2 4 6 8 10
LGD (um) LGS/LGD(um)
- LGS scaling n Layout effects
LGS scaling Layout effects
120 0.6 120
100 -EHE—= = o | 05 — EE—a—u—= | 100 O = o |
. 80 04 80
E -~ -
3 60 E 03 E 60
s B e ——— ——W1 = ———o—————————— et 1 — ——W1
40 0.2 40
W2 -2 W2
20 0.1 20
0 0 0
0 2 4 6 0 2 4 6 8 10 0 2 4 6 8 10
L(um) LGS(um) LGS/LGD(um)
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Reference DUT extraction

Device geometry: L = 250nm; Wy = 10u;ng = 2; Wi = 20u




DC extraction — linear conditions Xf(] b

1. Fitting the linear VD condition parameters: Device geometry: Wy = 10u; ng = 2; Wyor = 20u

> Extract the parameters such: Cut-off Voltage, Sub-VOFF Slope parameters, low-field mobility and mobility

vertical field dependence parameters.
Transfer characteristics:

LOG id(vg)
12 — 1E-2
Measurement conditions : _ 1E-3 e
« VGSrange = -3 < Vs <0 o esE
e VDS values = (50,100,150)mV B
0.8 1E-5 |-
E B 8 1E-6 |-
— 08 =
o | L o | 1E7 NFACTOR
3| [ =N
% +{J.4: % + 1E-8
Observation : - 1E-9
* A very good agreement was o2 1E-10
obtained with id(vg) in - |
linear and log scale. 0% 2 : 1= 2 1 0
vg [E+0] vy [E+0]

X-FAB Group Company Confidential 18



DC extraction — linear conditions Xf(] b

Transfer characteristics: Device geometry: Wy = 10u; ng = 2; Wy = 20u

2. Checking gm and gm2:

gm2(vg) 2nd deriv. of id-vg

2.5 I I I I I I [ I I I I I

10

Measurement conditions :
* VGSrange =-3<V; <0 20—
e VDS values = (50,100,150)mV

2 15 f
w L o=
2|
" _ Uo(T) EI 1'0_ E 0
“f =Y UAE,,, +UB.E,, £f [ E,‘i’
05 -
B -5
0.0 B
-3 2

Observation :

A very good agreement was vg [E+0]
obtained with gm and gmZ2.
Ol
gm =

X-FAB Group Company Confidential 19



DC extraction — Saturation conditions

Transfer/Output
characteristics:

Measurement conditions:

Q ID-VGS

VGSrange = -3 <V;s <0
VDS values = (0.5,1,1.5,2,2.5)V

Q IDS - VDS

VDS range =0 < Vps <3
VGS values = =2 < V5 < —0.5

X-FAB Group

Device geometry: Wy = 10u; ng = 2; Wyor = 20u
ﬁ LOG id(vg)

T N |

-3 -2 -1 4]
vg [E+0]

Plot ASM_HEMT_MODELING/DC_MODELING_L1_T1/id_vgs__ Transfer_sub\OFFigm_vg

id(vd)

-2 -1 0
vg [E+0]
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T1/id_vgs_ Transfer_sub\OFF/logid_vg
gm2i{vg) 2nd deriv. of id-vg id(vg) converted to id(vd)
20 T T T T T T T T T T T T T T 12 T T T T I T T T T T T T T T T T

| i

-2 -1 4]
vg [E+0]

Plot ASM_HEMT_MODELING/DC_MODELING_L1_T1/id_wgs__ Transier_subWOFF/id_vg

=[]
=[]

] [=<]x]

1
=

[E-3]

(E-3]
[E-3]

[=1
T T T gr 1171

id.M id.S
—— —
I

I
id.m id.s
- —

gm2.m gm2.s
—E—
=

ool 0% 0 : |

-3 -2 -1 0 0.5 1.0 15 20 25 0 1 2 3
vg [E+0] vd [E+0] vd [E+0]

Y Y

Plot ASM_HEMT_MODELING/DC_MODELING_L1_Ti4d_vgs_ Transfer_subVOFFigm2_wvg Plol ASM_HEMT_MODELINGDC MODELING L1_Ti4d_vgs_ Transler subWOFF/_Pseudo_id_vds_ Plot ASM_HEMT_MODELING/DC_MODELING_L1_T14id_wvds _ Qutput/id_wd

>
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Reference DUT extraction

Capacitances results




CV extraction — VGoff Xf(] b

CGS/CGD/CDS : Device geometry: Wy = 10u;ng = 2; Wiy = 20u
« The model already predicts the intrinsic region device capacitances via its core formulation

UIm?ﬂ-jNalrnir:lg:lfre?isl nc:lt1'latslwelepl!!!l | m - SI12TWIarnlingl:fr?qilsnflt'llstéw?epl!!!I | E'
Measurement conditions: . E i | _F ' |
O S — param measurements: g 006f" 8 sf-
+ VGSvalue = —24V T o~ ST
* VDSrange =0<Vps <3 T e o4
« Frequency = 100M g | -0.02] - R s g s (= S
) -{].{lﬁi-- 5 .545__.
Observation : a6t F , , a9 F , ,
« Very good agreement was E’“ﬂ'mn""f"'z""s ?'?00""1""2""3

vd [E+0)
All Points :26/26 Relative Err: MAX = 63.62m %| RMS = 53.08m %
Plot ASM_HEMT _MODELING/CY Modeling L1_T1l/spar_cap wd_vglow/311

obtained up to 3V of VDS..

Plot ASM_HEMT MODELING/CY Modeling L1 Ti/spar_cap vd vglow/S12

521 - Warning: freq is not 1st sweep !l 522 - Warning: freq is not 1st sweep !!!

g8

vd [E+0]
All Points :26/26 Relative Err: MAX = 15.96 %| RMS = 8.009 % I

"4{] T T T T T T T T T T T T T T U 10 — T T T T T T T T T T T T T
B g oo
Ls =| E & -
Y AAA & | s2f- o~ | o2
e' ¥ ~ e ' -
= = g |-0.02[-
= o = u
= = - = n
Case S | saf- & | -0.06
E - E =
wvill ; ; wi @ - .
E =70 | L L L I | | L L I | | | L E -0.10 ]
@ 0 1 2 3 @ 0 1 2 3
= E

vd [E+0] vd [E+0]
All Points :26/26 Relative Err: MAX = 30.00 %| RMS = 17.37 % All Points :26/26 Relative Err : MAX = 98.34m %| RMS = 86.32m %

Plot ASM_HEMT _MODELING/CV_Modeling_L1_T1/spar_cap_vd_vglow/S21 Plot ASM_HEMT_MODELING/CV_Madeling_L1_T1/spar_cap_vd_vglow/S232
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CV extraction — VG Sweep — VD low Xf(] b

Device geometry: Wy = 10u; ng = 2; Wyor = 20u
CGS vs. vg ﬁ CGD vs. vg EI

CGS/CGD/CDS vs VG (for different VD ValueS)

1E-13 T T T T I T T T T I T T T T 1E-13 T T T T T T T T T T T T T T
Measurement conditions: - E] &
(o] 8]
0 S — param measurements: ) =
* VGSrange =-3<V;s<0 § - §
e VDSrange =0 < Vps <400m ; g
* Frequency = 100M @ + I 8+
8] &)
1E,14 1 1 1 1 1 1 1 1 1 1 1 1 1E.14 1 1 1 1 1 1 1 1 1 1 1 1
. -3 -2 -1 0 -3 -2 -1 0
Observation : vg [E+0] vg [E+0]
N G 00 d a greem ent was obtain ed. leASM_HEMT_MODELINGFCC\:-’E;:[!BIing_L1_T1.fspar_cap_vg_vd1 | CGS_ PlnlASM_HEMT_MODELINGGFCn\;_M;dceling_U_T'I."spar_cap_vg_udﬂ_CGD_
. . VETRY VS, W
« Shift in Vyy between Cap/DC 2 g I il s - o 1
« Incorrect Cps behavior @ On- a : ! PO|
state - = 4F
%) w o[
S. I 3 al-
9 | 1ga3l- <l C
L2] C B
g C St l“é! 3 |2
= i . .
g * B {I 1l
[&] L = =
ol
0_ = o = ' o
3 2

1E_14 L L L 1 L L 1 L L L 1 L
-3

-2 -1 0 % - - - 0 %
vg [E+0] vg [E+0] .

Plot ASM_HEMT_MODELING/CV_Modeling L1_T1ispar_cap_vg vdi/ CDS_ Plot ASM_HEMT_MODELINGICY_Modeling L1_T1/spar_cap vg_vd1/ GM_AC_
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Reference DUT extraction

S-parameters




SP extraction — Freq/VG/VD Sweep

511/512/521/522

Measurement conditions:

0 S — param measurements:

* VGSrange = -3<V;5<0

* VDSrange =0<Vps <3

* Frequency = 100M < F < 25.1G

Observation :

« Very good agreement was
obtained for S12/S22.

» Fairly agreement for S21.

e Poor fit for S22

X-FAB Group

xfab

measurements performed up to 67 GHz

SN S12
400
200— —
w, H .",_
= Q 3 3
7]
» z 0 i
— o~ i ;
. I ‘ .-"—
: sl i
&l -200— —
1 -
A0 1 [ et Ly
-400 =200 a 200 400
freq REAL [E-3]

All Pointa 158TEME8TE Realat Err: MAX = 2777 %] RMS = 1110 %
o S I All Points 11587615876 Ralative Err : MAX = 38.01 %] RMS = 1742 %

ot A OBELMESPAR_WADELING_L1_T1! n -
PiotASM_HEMT_MODELING/SPAR_MODELING _L1_T1/Spar_at_freq_binseai11 Plol ASM_HEMT_MODELING/SPAR_MODELING_L1_T1/Spar_ail freq_biases/S12

521 522

10— [T LA S B R R

[E+0]

S.m.22 Ss22
—_—

Sm21 8521 |yag

-1.0 -0.5 0.0 0.5 1.0

REAL [E+0] freq
All Points :15876/15876 Relative Err: MAX = 44 88 %] RMS = 13.53 %

I 0] S |

Al Points 115876/M5676 Relative Err: MAX = 7493 %) RMS = 3297 %

Flob A5 HEMT_MODEL INGUSPAR._MODE NG L1_T1/Spar_sl faq_blesos/521 Piot AEM_HEMT_MODELINGEPAR_MODELING_L1_T1/Spar_al_req_hiases/S22

Company Confidential

Device geometry: Wy =
10u; ng = 2; Wior = 20u
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SP extraction — RF characteristics

Measurement conditions:
0 S — param measurements:

VGSrange = -3 <V;s <0
VDSrange = 0 < Vps <3
Frequency = 100M < F < 25.1G

v
Voltage Gain = ports @ipore, =0
Uport,
I gm
—_ G — —
21 H21 Yas

X-FAB Group

Device geometry: Wy = 10u; ng = 2; Wy = 20u

H21: iPort2/iPort1 with Port2 SHORTED

1E+3
0)
O
=
0
o
I
=
T e E : :
T 1E+8 1E+9 1E+10 1E+11
freq [LOG]

roll-off: 1decade per decade freq.
Plot ASM_HEMT_MODELING/SPAR_MODELING_L1_T1/Model_Cuality_Verification/_H21_

VoltageGain: vPort2/vPort1 with Port2 OPEN

I

LOG]

ft (from H21)
1E+11 — T

1E+10

= 1E+9

M ft.S

|
+ 1E+8 L-

ft

1E+7

">18]F]

1E+8 1E+9 1E+10 1E+11
freq [LOG]

Plot ASM_HEMT_MODELING/SPAR_MODELING_L1_T1/Model_Quality_Verification_fi_

G
O
=
0
£
3
&
£
£
=
=
3
N
&1 1E3 L el Lt L
% 1E+8 1E+9 1E+10 1E+11 | %
= freq [LOG]

Plet ASM_HEMT_MODELING/SPAR_MODELING_L1_T1/Model_Quaity_Verification!_VollageGain_

Company Confidential

Manson's PowerGain [dB Watt]

s[ag) [E*0]

PowerGain.M[dB]
=
PowerGain.S

A0 L el \

1E+8 1E+8 1E+10 1E+11
freq [LOG]

roll-off: 2 decades per decade freq.

Plat ASM_HEMT_MODELING/SPAR_MODELING _L1_T1/Model_Quality_Verilication!_PowerGan_

35 HIBE

ab
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Width Scaling

DC Initial model




Width Scaling — Transfer characteristics — Before Implementation

Transfer characteristics:
Linear conditions

Measurement conditions :
e VGSrange =-3<V;s <0
* VDS values = (50,100,150)mV

Observation:

« Adiscrepancy between
measurements and simulations
begins with an increase in the
gate width.

X-FAB Group

Device geometries: "10u < Wy < 230u" — np =2 - "20u < Wi, < 460u"

id(vg) id(vg)
1.2 @ 20
1of F
— 15[
s Wior = 20u _E Wi = 30u
(2] — b= [
W 08 w, 10f
0 0_4;. @« E
2 | C =2 |U.5 [
= |oz2[- = E
= o b=} C
0.0 : 0.0 :
3 2 - 0 3 2
vg [E+0] vg [E+0]

Selection :80/183 Relative Err: MAX = 8.361 %| RMS =1.620 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T1id_vgs__ Transfer__linfid_vg

Selection :77/183 Relative Err: MAX =20.55 %| RMS =7.535 %
Plat ASM_HEMT_MODELINGIDC_MODELING_L1_T24d_vgs__Transfer__linfid_vg

E=~]

id(vg) id(vg)
[ T 12_...._..|.
X 10
Jf Wieor = 100u of Wioe = 200u
& o
w — w s:.
K 3| 4k
=N =] 2[
§+°; ; : . st ; '1 )
vg [E+0] vg [E+0]

Selection :75/183 Relative Err: MAX =25.16 %| RMS =17.61 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T4/fid_vgs__ Transfer__linfid_va

[+
o

id(vg)

Selection :72/183 Relative Err: MAX =2581 %| RMS = 22.59 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_TShd_vgs_ Transler_linfid_vg

SIRE

%]
=]

[E-3]

id.M id.s
—_ —
5]

WtDl’ = 400u

id(vg)

>
N

S
Qo
=4
Il
S
(@)
o
I~

=]

e L L L

-2

vg [E+0]

-1 0

S IITTT T T T T T I IE T T

-2 -1 a

E+0]
X vg |
Selection :77/183 Relative Err: MAX =26.11 %| RMS =22.42 % Selection :80/183 Relative Err: MAX =29.53 %| RMS = 24.93 %

Plot ASM_HEMT_MODELING/DE_MODELING_L1_T7id_vgs__Transfer_linfid_vg

Plot ASM_HEMT_MODELING/DC_MODELING_L1_T8id_vgs__ Transfer_linfid_vg
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SIRE

>]

=8 1<~

<[]

id(vg)

4_
3l
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Selection :77/183 Relative Err : MAX = 20.66 %| RMS =13.12 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T3/id_vgs__Transfer__lin/id_vg

id(vg)
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Selection :80/183 Relative Err: MAX =20.93 %| RMS =17.87 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_Té/d_vgs__ Transfer__lindid_vg

-8

E[=[~]

[~

<[]

xfab

28



Width Scaling — Transfer characteristics — Before Implementation

Transfer characteristics:
Linear conditions

Measurement conditions :
e VGSrange = -3 <V;s <0
e VDS values = (50,100,150)mV

Observation :

« A discrepancy between
measurements and simulations
begins with an increase in the
gate width.

X-FAB Group

xfab

Device geometries: "10u < Wy < 230u" — np =2 - "20u < Wi, < 460u"

25

20

[E-3]

10

m.m gm.s

05
=] + 00

gm(vg)

E W,or = 20U

15[

el L

2 T
vg [E+0]

0

All Points :183/183 Relative Err: MAX = 109.6 %| RMS = 66.38 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T1/d_vas__ Transfer__linfam_vg

o

SIRIE

gm(vg)
12 - —
- | H
10 _
W,or = 100u
o gl
w
w | Bf
IS E
D0yl
E. F
EY 2[
o E
= ;
3 -2 1
vg [E+0]
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T4/id_vas__ Transfer__linfam_vg
gm(vg)
50..|..,....,....
40 WtDt = 4‘00u
5 F
W 30f-
] E
E |20 s
£ E
g P0p
= E
= ; L, .
3 -2 -1

Plot ASM_HEMT_MODELING/DC_MODELING_L1_T7/id_ves__Transfer_linigm_vg . Plot ASM_HEMT_MODELING/DC_MODELING_L1_T8iid_vgs__Transfer_linigm_vg .

vg [E+0]
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gm(vg) ml gm(vg) 1l
4 & |
S Wy = o Whge =
= Weor =30u 5 °F Weor = 60u
o | 2[ o 4
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o - o :
£ |1 E | 2]~
£ C £ r
o - o r
ok : — 0 ; v
-3 -2 X -3 -2 -1 o X
vg [E+0] — vg [E+0] —
Plat ASM_HEMT_MODELING/DC_MODELING_L1_T24d_vgs__ Transler__linfam_vg Y Plot ASM_HEMT_MODELING/DC_MODELING_L1_T3#4d_vgs__Transfar__linfgm_vg Y
gm(vg) @ gm(vg) @
25— .I — T T 40 ——
A ~ B ~ &
= E WtOt - 200u A - 30_ WtOt - 300u A
W 15 E| w F E
al F — g 20 L
£ - £ C
| 1N
E E £ | 10f-
1F: £4'F
=] E ™ o C
h= j i 0 - i i
-3 -2 -1 ] -3 -2 -1 0
vg [E+0] vg [E+0]
Plat ASM_HEMT_MODELING/DC_MODELING_L1_T&Ad_vgs_ Transler__linfam_vg Plot ASM_HEMT_MODELING/DC_MODELING_L1_T&4d_vgs__ Transfar__linfgm_vg
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60

Company Confidential

S L R

-2

vg [E+0]

-1

=]

gm

’

Y

_ dlpg
OV

29



Width Scaling — Transfer characteristics — Before Implementation

Transfer characteristics:
Saturation conditions

Measurement conditions:

O ID-VGS

VGSrange = -3 <V;s <0
VDS values = (0.5,1,1.5,2,2.5)V

Observation :

A discrepancy between
measurements and simulations
begins with an increase in the
gate width.

X-FAB Group

Device geometries: "10u < Wy < 230u" — nf =2 -

"20u < Wiy < 460U

id(vg) ]

12 -
10F —
= Wi = 20u "
= 80
(Vl) -
woer
w =
3| 4E
=] 2k
L I . _
3 -2 -1 0
vg [E+0] _X
Selection :118/305 Relative Err: MAX = 8.586 %| RMS = 3.862 % ——
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T1/id_vgs__Transfer_sub\OFF/id_vg Y
) =
60 = T T
50F — .
= W, = 100u "
_ 40f-
™ E
i 0 B
» | 200
=2 E
= +1o:-
2T 5k : S —
3 -2 -1 0
vg [E+0]

Selection :115/305 Relative Err: MAX = 1528 %| RMS =13.17 %
Plot ASM_HEMT_MODELINGIDG_MODELING_L1_T4fid_vgs__ Transfer_subVOFEid_vg

id(vg)
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]
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WtOt = 400u

g

° [E3]
8

idM ids
—
S

(=]

-2

vg [E+0]
Selection :118/305 Relative Err: MAX = 24.71 %|RMS = 11.70 %
Y

Plot ASM_HEMT_MODELING/DC_MODELING_L1_T7/id_vgs__Transfer_sub\OFF#id_vg

id(vg) @
20 .
15; WtOt = 30u
2_; 10 f
w -
k=] | 5[
= u
-9+ il= . 1
3 -2 -1 0
vg [E+0]

Selection :113/305 Relative Err: MAX = 12.17 %| RMS = 5.082 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T2hd_vgs__ Transfer_subVOFF/id_vg

id(vg)
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~ [E-3]
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2
vg [E+0]

Selection :101/305 Relative Err: MAX = 21.26 %] RMS = 16.63 %

Flot ASM_HEMT_MODELING/DC_MODELING_L1_TShd_vgs_ Transfer_subVOFFd_vg

id(vg)
250 = . |
200 f
_F Wior = 460u
woF
@ | 100~
k=] -
§+ 50 E
= 03_ 2 :1 0
vg [E+0]

Selection :111/305 Relative Err: MAX = 28.18 %| RM3 = 13.75 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_TBAd_vas_ Transfer_sub\OFF/id_vg
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id(vg)

40_ T
[ Wtot = 60u
&
w, 20f-
w C
k=] | 10~
E.+ £
hel NS ;
3 -2
vg [E+0]

Selection :110/305 Relative Err: MAX = 11.42 %| RMS = 9.556 %
Plot ASM_HEMT_MODELING/DC_MODELING _L1_Tfid_vgs_ Transfer_subVOFF/id_vg

id(vg)
200 -
150 i Wtot = 300u
ﬁ —
W 100
2| -
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3t F | ot
3 -2 -1 0
vg [E+0]

Selection :119/305 Relative Err: MAX = 19.53 %| RMS = 9.468 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_Téiid_vgs_ Transfer_subVOFFid_vg
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Width Scaling — Transfer characteristics — Before Implementation

Transfer characteristics:
Saturation conditions

Measurement conditions:

Q ID — VGS
* VGSrange =-3<V;s<0
e VDS values = (0.5,1,1.5,2,2.5)V

Observation :

« Adiscrepancy between
measurements and simulations
begins with an increase (n the
gate width.

X-FAB Group

Device geometries: "10u < Wy < 230u" — np =2 - "20u < Wi, < 460u"

=l

-2 -1 -2 -1 o

gm(vg) @ gm(vg) @ gm(vg)
0 15— 30—
sc Wior = 20u %| A| _ - Weor=30u = Wior = 60u
$ C 9 $ 10} ..
w e E] o g
a| E ] al L[ -
S 2| f z
g] [ g - =
gp 2 £ C 5[
=] C =@ C == =
o= A i L L L L 0 L L 1 ols
3 2 - 0 [x 3 2 - 0 [x 3 2 1 0
vg [E+0] — vg [E+0] — vg [E+0]
Plot ASM_HEMT_MODELINGIDC_MODELING_L1_T1/id_vgs_ Transfer_subVOFFigm_vg Y Plot ASM_HEMT_MODELING/DC_MODELING_L1_T2/id_vgs__ Transfer_subVOFFigm_vg ¥ Plot ASM_HEMT_MODELING/DC_MODELING_L1_Ta/id_vgs_ Transfer_subVOFFigm_vg
gm(vg) @ gm(vg) @ gm(vg)
50 i 100 : 150 :
w0z Wior = 100u . .A ol Wi = 200u - .A _F Wi =300u
Q- ; —1 @ L N 100 |-
W, 30f- E w60 E E L
a| E | el ok Y — ) L
%lz"g %l 40f- %l ol
E]. E £ C £ -
£ P10 gf 20~ £ r
o = o N o - =1
il= i ' i ' ' ' A 1 0_ i i ' I | 0 i A L I s
3 -2 -1 [i kS 2 -1 [i S -2 -1 [i
vg [E+0] vg [E+0] vg [E+0]
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T4fid_vgs__ Transfer_subVOFFigm_vg Plot ASM_HEMT_MODELING/DC_MODELING_L1_T6/id_ugs__ Transfer_subVOFF/gm_vg Y Plot ASM_HEMT_MODELING/DC_MODELING_L1_T&lid_vgs_ Transfer_subVOFFigm_vg
gm(vg) @ gm(vg) @
200 i 250 i
C 200F
= 150 WtOt = 4‘00u "- = 150? Wtot = 4'60u 7:}
€4 Y 1005 d LE]
(,1I 100 |- (,1 = L,
£ | u g | s0E- "
o . o E
E.+ 500 E+ 0 g
e ¢ EF b
= -100E
3 -3

vg [E+0] vg [E+Q]

°
Plot ASM_HEMT MODELING/DC_MODELING L1 _T7fid vgs_ Transfer_subVOFFigm_va Plot ASM_HEMT MODELING/DC_MODELING L1 T8fid_vgs_ Transfer_subVOFFfgm_vg
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Width Scaling — Output characteristics — Before Implementation

Output characteristics:

Measurement conditions:

Q

ID — VGS
VGSrange = -3 <V;s <0
VDS values = (0.5,1,1.5,2,2.5)V

IDS — VDS
VDS range = 0 < Vps < 3
VGS values = =2 < V5 < —0.5

Observation :

A discrepancy between
measurements and simulations
begins with an increase in the
gate width.

X-FAB Group

Device geometries: "10u < Wy < 230u" — ny = 2

"20u < Wi < 460U

id(vd)

[E-3]

ha

id.m id.s
- —

(=]
[

I EEEE

1 2
vd [E+0]
Selection :291/606 Relative Err : MAX = 4.853 %| RMS = 2.690 %
Plot ASM_HEMT _MODELING/DC_MODELING_L1_T1/id_vds__ Outputfid_vd

id(vd)
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~[E-3]

id.m id.s
- —

=]
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1 2 3
vd [E+0]

Selection :285/606 Relative Err : MAX = 19.47 %| RMS = 14.13 %

Plot ASM_HEMT_MODELING/DC_MODELING_L1_T4/id_vds__Outputid_vd

id(vd)
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S [E3)
538388

id.m id.s
- —
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(=]

0 1 2 3
vd [E+0]

Selection :282/606 Relative Err: MAX = 25.00 %| RMS = 9.533 %

Plot ASM_HEMT _MODELING/DC_MODELING_L1_T7/id_vds__ Outputfid_vd
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id(vd)

|

0 1 2 3
vd [E+0]

Selection :291/606 Relative Err : MAX = 15.83 %| RMS = 5.625 %

Plot ASM_HEMT_MODELING/DC_MODELING_L1_T2id_vds__ Outputiid_vd

id(vd)

vd [E+0]
Selection :291/606 Relative Err : MAX = 29.17 %| RMS = 18.84 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T5fid_vds__Outputiid_vd
id(vd)
150

0 1 2 3
vd [E+0]
Selection :288/606 Relative Err : MAX = 28.44 %| RMS = 10.89 %
Plot ASM_HEMT _MODELING/DC_MODELING_L1_T8id_vds__ Output/id_vd
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vd [E+0]

Selection :293/606 Relative Err: MAX = 22.17 %| RMS = 12.31 %

Plot ASM_HEMT_MODELING/DC_MODELING_L1_Tafid_vds__ Outputiid_vd

id(vd)

o
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0 |

0 1 2 3
vd [E+0]

Selection :288/606 Relative Err: MAX = 20.42 %| RMS =7.993 %

Plot ASM_HEMT_MODELING/DC_MODELING_L1_Té/id_vds__Outputid_vd
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Scaling rules development

Scaling rules that depend on the form of variation of the model parameter:

a 3 i 3 l
U, = A B x— v v
= —B x — = | — | —
0, .exp W Rpc = a; Nfactor = a;
N . Wy WN
1= =0
05 F . %1073
. UOwvs.p _T NFACTOR vs. p
uo NFACTOR
0.24 0.65
023
06
&
S 0221 = 5
o E 0.55
=
0.21f
0.5
0.2
0.19 . " . 045t * |

20
- p
Table of Fits
Fit na.. =  Data Fit type S5E R-square  DFE Adj R-sq RMSE # Coeff
@ NFACT...|NFACTOR... |poly3 0.0062 0.3428 2 0.6070 0.0556 4 @W 20um
. . 2 i i pr—
Trymg to reach h[gh R @ RDC  |RDCws.p  |poky3 1.1303e-10 |0.9998 2 0.9994 7.5178e-06 |4 N U
M o UDvs.p  [a%exp(-b™... [1.0754e-05 |0.9965 3 0.9942 0.0019 3
M ua UAvs.p |power2  (2.0510e-17 |0.4820 3 0.1367 2.6147e-09 |3
M uB UBvs.p |poly3 4.3690e-33 |0.8929 2 0.7321 4.6739-17 |4
@ VOFF  |VOFFvs.p |poly2 1.8036e-04 |0.7975 3 0.6625 0.0080 3

X-FAB Group
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Verilog-A implementation )(f(]b

« A new macros section has been introduced in the vacode

- C4
voff_Cl1
voff _C2
voff_C3

Uo(T) ) Ugs(T)
1+ UA.E,;; +UB.EZ, ., bt T 1 ¥ UAs.Ey . + UBs.E2,

* Updated model equations: Heff =

f////// Function for PSID Cal al ' '/
fine (Tdev, Tno silon, {3 ,UBval,ute,VSATval,at,Cg,psis,Vgl,ua,ub,1,Vds, GAMMABIval, GAMMAlIval,
mulf_ tdev,Vdeff,psid,u . . : : ; ) A
3 UBval_ = | s {L-.u’ﬂ} )+ }
mulf_ tde Bval_s*pow((Tdev/Tnom) ,ute);
vsat_tdev Tval*pow( (Tdev/Tnom) ,at); \
b to = (Cg/epsilon)*abs (Vgo 5):
ua_s Nl

\

8 ub_s T _ now ( + *(w/Bl) +
0 mu eff = : + ua_s*(t0) + ub_s*t0*tO); \
b to = ¥ysat_tdev/mu_eff; \

t1 *\gl + *sqrt(Vg@*vgd + “ep _psi*‘ep psi); \

Vdsat TO*¥L*ELl/ (tO*¥L + €1 );

X-FAB Group Company Confidential 35
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Width Scaling — Transfer characteristics — After Implementation

Transfer characteristics:
Linear conditions

Measurement conditions :
e VGSrange =—-3<V;s<0
e VDS values = (50,100,150)mV

Observation :

» A very good agreement between
measurements and simulations begins
with an increase in the gate width.

X-FAB Group

Device geometries: "10u < Wy < 230u" — np =2 - "20u < Wi, < 460u"

id(vg) id(vg)

id(vg) @

12, 200 -
10[- - -
W,oe = 20 : '
08 = - — o —
= tot u = — WtOt = 30u - WtOt = 60u
w06 w, 1.0 -
@ | o4f i = =
h=l | N B |g_5 - e T —
= |ozf- = C C
T + = o + C C o
0.0 P R —— 0.0 - /S B
] 2 E 0 E) 2 - ] -2 -1 0
vg [E+0] vg [E+0] x| vg [E+0]

Selection :80/183 Relative Err: MAX = 6.978 %| RMS = 1.455 % Selection :77/183 Relative Err: MAX = 16.67 %| RMS = 4.689 % Selection :76/183 Relative Err: MAX = 4.267 %| RMS = 2.058 %

=
El

Plot ASM_HEMT_MODELING/DC_MODELING_L1_T1/id_vgs__ Transfer_linid_vg Plot ASM_HEMT_MODELING/DC_MODELING_L1_T2/id_vgs__Transfer_linid_va Plot ASM_HEMT_MODELING/DC_MODELING_L1_T3fid_vgs__Transfer_linfid_vg

(x|
Y
id(vg) @ id(vg) @ id(vg)
= . | 10— —— 15— —
2 — 2 -
_af Wi = 100u Al E Wy = 200u A1 0 W, = 300u
[ E| & & E| @
w, 3f- L1 w = 1w
= 4l
= +1:- z+ 2 E.+
= C = C 4 =] -
3 -2 -1 0 -3 -2 -1 4] -3 -2 -1 4]
vg [E+0] vg [E+0] vg [E+0]

Selection :80/183 Relative Err: MAX = 20.60 %| RMS =7.060 %
Plol ASM_HEMT_MODELING/DC_MODELING_L1_T6fid_vgs__ Transfer_linfid_vg

Selection :69/183 Relative Err: MAX =6.013 %| RMS =3.635 %
Plol ASM_HEMT_MODELING/DC_MODELING_L1_TSfid_vgs__ Transfer__linfid_vg

Selection :76/183 Relative Err: MAX = 10.33 %| RMS =4.282 %
Plol ASM_HEMT_MODELING/DC_MODELING_L1_T4fid_vgs__ Transfer_linfid_vg

X X
Y Y
v = o ]
20 — | . 25
15 : ! = : !
e o Weor=400u & | 56t Wior = 460u —
w, 10f w £
2| c 2| 10
k= e o o
= C = E
=1 C S E
0 2 j = = :
-3 -2 -1 0 -3 -2 -1 0
vg [E+0] vg [E+0] X
Selection :80/183 Relative Err: MAX = 2.531 %| RMS = 753.1m % Selection :83/183 Relative Err: MAX = 13.15 %| RMS = 7.397 %
Plol ASM_HEMT_MODELING/DC_MODELING_L1_T7id_vgs__Transfer__linfid_vg . Plot ASM_HEMT_MODELING/DC_MODELING_L1_T&id_vgs__Transfer__linfid_vg
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Width Scaling — Transfer characteristics — After Implementation

Device geometries: "10u < Wy < 230u" — np =2 - "20u < Wi, < 460u"

Transfer characteristics:

gm(vg) =1 gm(vg) =1 gm(vg) £
Ll‘n ear Cond[tions 25 T | T 4 T | T $:156 vd=150.0 mV, vg=-1.300 V, gm.s=3.689m
C = ] : T
P g :
@ 1sf Weor = 20U @ £ Wi =30u =4 Wi = 60u
4 F W, N 0
2110 f “ C ml_‘ B
N 2l 2|4
£ |05F el E L
eq E . £9 ELE
o | 0.0= L : s o | ok : ET0 = : ——ree
M t d 't' . -3 -2 -1 0 3 2 -1 0 ol 3 -2 -1 0
easurement conditions : vg [E+0] vg [E+0] ~ vg [E40]
— Selection :60/183 Relative Err: MAX = 18.97 %| RMS = 4.976 % Selection :52/183 Relative Err: MAX =24.73 %| RMS = 10.60 % Selection :53/183 Relative Emr: MAX = 14.08 %| RMS =5.761 %
. = —
VGS range 3 < VGS < O Plot ASM_HEMT_MODELING/DC_MODELING_L1_T1/id_vgs__ Transfer__linfgm_vg Plot ASM_HEMT_MODELING/DC_MODELING_L1_T26d_vgs__ Transfer__linfgm_vg ’; Plot ASM_HEMT_MODELING/DC_MODELING_L1_T3hd_vgs_ Transler__linigm_wg
VDS values = (50,100,150)mV gm(vg) @ gm(vg) ﬁ gm(vg) @
10 : | 20 : 30 |
oF = | | 25f
15 = _
7 o Weor =100u 5 [ Wi = 200u 5 af Wi = 300u
o W & 15[
@ | 4= “ F ] =
£ - I F £ | 105
=] C o | gl =] =
N ) L E
g, il= H g, il= g9, | T g, = ., ==
3 2 -1 0 -3 -2 -1 0 3 -2 -1 0

Observation :
* A very good agreement between

vg [E+0]
Selection :46/183 Relative Err: MAX =17.19 %| RMS =6.317 %
Plol ASM_HEMT_MODELING/DC_MODELING_L1_T4/id_vas__ Transfer__linfgm_vg

gm(vg)

H[=<]]

vg [E+0]
Selection :63/183 Relative Em: MAX =20.51 %|RMS =7.112 %
Plol ASNM_HEMT_MODELING/DC_MODELING_L1_T56d_vas__ Transfer__linfgrm_vg

gm(vg)

vg [E+0]
Selection :52/183 Relative Err: MAX = 34.45 %| RMS =8.816 %
Plol ASM_HEMT_MODELING/DC_MODELING_L1_Téhd_vas_ Transler__linjam_vg

(T8 ][ <[ ]
<[]

measurements and simulations begins a0_ I a0 T
with an increase in the gate width. 3 E
9 S0 Wipe = 400u 205 Wiy = 460u
W0 i oF
2| - e] . 9lps
@ | q0[-- o | qpl-. —
E] E €] L _ gm =
E C - - — E C -
m+ 0-3 -2 I I -1 B 4] m+ 0.3 2 -1 4] aVGS
vg [E+0] vg [E+0]

X-FAB Group

Selection :63/183 Relative Err: MAX = 13.72 %| RMS = 4.368 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T7/id_vgs__ Transfer__linfgm_vg

Selection :51/183 Relative Err: MAX = 18.47 %| RMS = 8.992 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T&id_vas__ Transfer__linfgm_vg
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Width Scaling — Transfer characteristics — After Implementation

Transfer characteristics:
Saturation conditions

Measurement conditions:

Q ID—-VGS
e VGSrange=-3<V;s <0
e VDSvalues = (0.5,1,1.5,2,2.5)V

Observation :
* A very good agreement between

measurements and simulations begins

with an increase in the gate width.

X-FAB Group

xfab

Device geometries: "10u < Wy < 230u" — ng =2 - "20u

< Wior < 460u”

id(vg)

12 -
10F

. 8F Wtot=20u

(2] -

i oef

0 iy

o | 4k

s 2

BT 4E ; e
3 -2 -1 0

vg [E+0]

Selection :117/305 Relative Err : MAX = 7.602 %| RMS=3.138 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T1/id_vgs__Transfer_subVOFF/id_vg

id(vg)
50
40f
E Wtot=100u
& a0fF
w C
w1 20F
3| E
Ev+m§
T ,E . —
3 -2 1 0
vg [E+0]

Selection :115/305 Relative Err : MAX =9.223 %| RMS=3.371 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T4/id_vgs__Transfer_subVOFF/id_vg

id(vg)

200 -

_ 150:- WtOt = 400u

© E

w100 -

I

=2 50 [

= F

- . —
3 -2 -1 0

vg [E+0]
Selection :118/305 Relative Err : MAX = 9.549 %| RMS = 4.538 %
Plot ASM_HEMT_MODELING/DC_MODELING_L1_T7/id_vgs__Transfer_subVOFF/id_vg

EJE3 [

[ =8 ][ <] <]
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Width Scaling — Transfer characteristics — After Implementation

Transfer characteristics:
Saturation conditions

Measurement conditions:

Q ID—VGS
* VGSrange =-3<V;s<0
« VDS values = (0.5,1,1.5,2,2.5)V

Observation :

» A very good agreement between
measurements and simulations begins
with an increase in the gate width.

X-FAB Group
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Device geometries: "10u < Wy < 230u" — np =2 - "20u < Wi, < 460u"
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Width Scaling — Output characteristics — After Implementation

Output characteristics:

Measurement conditions:

Q ID - VGS
e VGSrange = -3 <V;s <0
* VDS values = (0.5,1,1.5,2,2.5)V

O IDS—-VDS
* VDSrange=0<Vps <3
* VGSvalues = -2 <V;s <—-0.5

Observation :

» A very good agreement between
measurements and simulations begins
with an increase in the gate width.
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Device geometries: "10u < Wy < 230u" — ng =2 - "20u < Wi, < 460u”
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on-going work

current model weaknesses; width Scaling development for the capacitances
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Model weaknesses: reference model vs W-scalable model

Ces/Cep/Cps vs VG (for different VD values)

Initial model (fixed geometry)
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Device geometry: Wy = 10u; ng = 2; Wyor = 20u

CGD vs. vg -
vS. vg

-2 1 0
vg [E+0] vg [E+0]

All Points :93/93 Relative Err: MAX = 35.72 %| RMS

CDS vs. vg
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Plot ASM_HEMT_MODELING/CV_Modeling_L1_T1/spar_cap_vg_vd1/_CGS

DC W — scalable model
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Model weaknesses: W-scaling of the capacitances

Device
geometry:
Wr = 10u;
ng = 2;
W, = 20u

Device
geometry:
Wr = 15u;
ng = 2;
Weor = 30U

Device
geometry:
Wr = 100u;
Tlf = 2;
WtOt - ZOOLL
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Width Scaling improvement - CV




Summary of parameters used for W-scaling )(fCIb

. Cgs parameter vs W
> Parameters used for DC W-scaling: IP

2.00
* u0:" Low field mobility"
1.50
* ua: " Mobility Degradation coefficient first order”
. n HH : HP. n 1.00
* ub: " Mobility Degradation coefficient second order Y
* rdc: " Drain Contact Resistance" 0.50
« voff: " Cut-off voltage" 0.00
« nfactor : " Sub-voff Slope parameters" ’ 0010 o0 0
Cgd parameter vs W
1.00

y = 4.00452E-13x® - 3.06089E-10x> + 9.14627E-08x*

> Parameters used for CV W_Scaling: 080 - 1.35514E-05x3 + 1.04513E-03x2 - 4.04892E-02x +
1.21322E+00

* ¢gso : " Gate-source overlap capacitance” 0.60
* cgdo : " Gate-drain overlap capacitance" 040
* cdso: " Cds capacitance parameter" 020
0.00
0 50 100 150 200 250
> Examples: s W
_ Ugs(T) Cgs = Cgso ™ Cgs ™ =
Nl 1+ UAs. By ofr + UBs. 2,
a w
w — —
Up. = A.exp <—B * —) Cgso=A* (WN) +B
S WN
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CV — VG Sweep - VD low --- Proposed CV scalable model - v1 )(f(] D

Device
geometry:
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ng = 2;
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CV — VG Sweep - VD low --- Proposed CV scalable model - v2 )(f(] D

Device
geometry:
Wr = 10u;
ng = 2;
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Process parameters
Device - o needed to be
geometry: - - corrected. (TBAR,
Wr = 15u; EPSILON)
. Therefore, the DC
ny = 2; o , - | - curves are not longer
Wior = 30u N R AR [ i LT/ RPN B SRS AP N | (i1 vith this
- e e version of the model
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Conclusion Xf(]b

» Physics-based models are necessary for mmW applications and plays a crucial role in industrial deployment.

» ASM-HEMT was tested on 2 different GaN technologies from 2 different foundries, and it proved to be a good candidate
for RF-GaN (single geometry). There are many publications available showing a good fitting for a single geometry (but not

for a set of geometries!)
» The DC scaling rules have been effectively integrated at the Verilog-A level of the ASM-HEMT CMC model.
» Initial validation of width scaling has been successfully conducted using DC measurements.

» Some weaknesses were identified in the CV/RF characteristics in on-state.

» Reason: a few process parameters were set incorrectly at the beginning of this work due to lack of information about the technology.
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Next steps )(fCI b

* Itis necessary to restart from scratch, following the steps below:
- Setting the correct process parameters from the beginning.
- The reference geometry for the initial ASM model parameter extraction should be one of the biggest geometries (narrow channel effects)

- The scaling parameters should be extracted while looking simultaneously at the DC and CV/RF characteristics.

» Other axes for improvement:
- Self-heating effect (the DC characterization was done up to Vd=3V and Vg=0)
- Trapping effect
- Large signal measurement/simulations

-  Noise
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Thank you.

www.xfab.com


https://www.facebook.com/xfab.corporate/
https://twitter.com/XFAB_FOUNDRY
https://youtube.com/channel/UCZVqNluNp8W0Ni9CQ0PTvyQ
https://www.linkedin.com/company/x-fab/
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