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HIWNAFER

HiWafer is Chinese first pure-wafer foundry service provider, which

provides 6-inch GaAs and GaN process for RF and microwave applications.

It located in Chengdu, SiChuan, with a total of 5000 m* of clean room.
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HiWafer has world-class semiconductor processing facilities
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HiWafer has advanced technology and R & D capabilities
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HiWafer strives to become an international foundry service provider

[HiWafer Process Category]
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Process Roadmap
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HiWafer Process Roadmap
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IPD
0-100GHz

0.25um GaAs pHEMT
0-20GHz

2um GaAs HBT

0.25um GaN HEMT 0-10GHz
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PPA25 Process

Process Features :

> 0.25 um optical T-Gate

» InGaAs channel pHEMT

design
> Air Bridge

> Major application for
power amplifier below
20 GHz
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Capacitor

GaAs GaAs Ej OHM 1SO Gatel NV1
== | I I ] ] .

TFR 11 NV2 PA M2 P BS Metal
1 L1 1 I I N .

Ti’AI'Pt/Au

(25/100/50/200 ) Ni’Au (20/100 nm)

Source
Gate

Undoped AlGaN layer, 100 nm

Undoped GaN layer, 0.3 pm

C-doped GaN, 1.5 pm




PPA25 Process A

PPA25 Process Flow
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The performance of PPA25 reached the international advanced level

Index Unit

Idss mA/mm

Gm_max | mS/mm

oy | ma/mm
Vp Vv
BVgd
@1mA/mm
ft GHz
fmax GHz

Rs_Epi Ohm/Squ
TFR Ohm/Squ
MIM Cap | pF/mm2

Psat @8V H mW/mm

HiWafer HiWafer

Spec Measure

o

/350+/-80 380\

370+/-80 364

480+/-70 493

1.2+/-04 -1.3
-18 +/- 3 20

65+/-15 ¥ 65.9

160+/-20 174
50+/-5 50

600+/- 60 583

>120 Y§ 198

>900 ’ 960

/

W*

360

410

490

-1.15

65
190

50

600

>900

T*

320

385

500

-1.0

-18

55
80

50

>900

U*

400

450

-0.9

-18

60

>900

G*

270

330

500

-0.9

Wa*

270

350

500

-20

60
200

50

600
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9/28/2016, HiWafer released Chinese first GaAs pHEMT PDK

HW_PPA25001_Design_Package_v1.0

1. Technology Introduction

2. Process Design Kit
3. Design Manual
4. Qualification Report

5. Measurement Data

6. History File
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Complete Functional PDK

See the Load Pull DesignGuids for improved
and enhanced load pull simulation sefups.
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EEHEMT Introduction it

Convergence

a Physical
Model

g Compact
__ - Extrapolation ' “Model

Usability for
Capability

Circuit Design Behavioral

Model

Physical
Insight

Easy Modeling

Operation Range

Compact model is preferred for foundry PDK
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EEHEMT Modeling Procédure [ e
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Cold-FET IV & Specific Power Size&Temp variation
Measurement Measurement Measurement Measurement
Hot-FET -DCIV -Loadpull -S parameter
Measurement -Diodes -Power sweep -DCIV
-Thermal effects -Loadpuli
_Bias-dependant -Freq. dispersion -Power sweep

S parameters

Small signal Large signal Validation and Scaling related
fitting fitting refinement parameters fitting
Small Signal EEHEMT Model Scalable
Model > Model ”| Validation > EEHEMT Model
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Cﬁg" | Extrinsic parameters
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v' Hot FET
® Intrinsic elements

T
L, R Intrinsic Ry Ly s s JCgﬂw + chdw - chdw
I FET MR e iy ] ; ] g i )
1., o {s s} [Yf] B Fﬁ };2] | 1+jRCp0 1+ jR,C0 1+ jR_,C o
Re Y, Y, e JC 0 JC @
a in En e gd+ jCum+——
L. Sy 1+ j/RC 0 1+jR,C 0 1+ jR,,C 0
d
L, Ry insi Re Ly . . -1 . . 2
— A In"t:rg_?\c v —am— | B = Je(C, +C ) Yot jaC, —y 1 1 Im(Yfz) Re(}’lg)
Vb joC,y  Yam joXCutCp)| C,=—xIm| —| . Coa =~ x| 1H —5 |
: =T N hn) ” Im(1;)
L Y=7 -
1 Re(1)) Re(1))
e : R =Re| ——— |- R, = —x| 1+ - .
e | [ttty zenentn | SR “ ()| (i)
-1 FET [ Z,—(R,+ jal,) Z,,—(R;+R + jexL; +L,)

+

\
ot
Intrinsic FET g, =

|1

1r

l Cgo " "

Y Y
Ras 1 12

Cos NO) Ceal |:th" Yﬂ.}

RQS

}f')il - YY‘)
- || X
b+ X,

g, =Re(T3 ) +Re(T5)

C, _%xlm(}’;z +Y5)




. | ST
Large Signal Model e m WnFER

> Piecewise Character

A
gl de)
“Roll-off” ( Alpha)
Gmmax + e f
“Tail-off” (Vba)
: i i -
Vio Veo Veo Veo+Vbe W .
Vto Zero bias threshold Vgo Gate-source voltage Vco Voltage where gm
@Gmmax compression begins
Vbc Gm roll-off to tail- Vba Gm compression tail- Alpha Gm saturation to
off transition off compression
voltage transition
Deltgm Slope of gm Gmmax Peak gm

compression



Large Signal Model

> Frequency Dispersion

Plot GaASFET/de._ivid_vgs_at_vdsolgm,
I I I

Gm R

Rg

G’o—MW\—it
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!

| I
|Rdb |

) I B Tldb) L cdso
I Cbs |

Vtoac

Kapaac

Deltgmac

Zero bias
threshold

Output
conductance

Slope of gm
compression

Gammaac

Peffac

Gmmaxac

Gm parameter

Self-heating effect

Peak gm

Vdeltac

Vtsoac

Control linearization
point

Subthreshold onset
voltage
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> Thermal Effect

Peff=2
| Device |-V Curves / Peff=3
| |, 120 - /
o I:)diss ] /
1+ﬁ 100 /
m P - -
(1_|_ diss )2 — 60
Peff ‘é’ -
g' _ Ids 8
q - “ Peff
ds — P
1+ diss \2
( Peff)
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> Size Scaling

1 Rg
RgRCLL _ g
sfg
Rdncw _ Iif
sf
R new _ }E
5 sf
Cbs"" = Cbsxsf
Cl110™ " = Cllo x sf
C11th™ " = Cl1th x sf

C — 15285 % e0.00139‘TGW

) 12sat
Cl2sat" " = Cl2sat x sf

Cgdsat" " = Cgdsat xsf Deltgm = —-0.00007 x TGW +0.123
Cdso"“" = Cdso x sf

of — Ugw _xN TGW: Total Gate Width (um)
Ugw(Ngf)

Note: This scaling method ignore the interaction effect

between number of figure and unit gate width. 2x150 7 4 X75
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> Temperature Scaling
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RG Y - Rl + Rate(Temp - Tnom)]

D"V - Rd[1+ Rdtc(Temp-Taom)]

RSNEW = Rs[1 4 Rste(Temp - Tnom)]
VTOACNEW = Vtoac + Vtoacte(Temp - Tnom)
VTSONEW = Vtso + Vtote(Temp - Tnom)

VTSOACNEW = Visoac + Vtoacte(Temp - Tnom)

GAMMAT
camyA e _ GAMMAUMW C]

Trom

cammaac™Y GAMMAACUM

GAMMAACTC]

Tnomw

GUMAX™" — GMMAX + GMMAXTC(Temp-Taom)
GUMMAXAC™E" ~ GMMAXAC + GMMAXACTC(Temp- Trom)

VINFLYEY = Vingl + Vinfltc(Temp - Tnom)
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Model Features P — mfmfg

PHEMT with BackVia PHEMT without BackVia SEM

Number
Model Features:
* *8 * %
X6 % * ® DC, S, power, PAE, etc.
x  x k4 K, * ® Scaling with size and temp

25 50 75 100 150 Wg(um)
x ok k2 ok ok ® optimized for PA design
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Devices Fitting Results for scalable small-signal Model
» 2X50pum (red-—3|mulat|on blue-—measurement)
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S 22
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\
/\ S X\% 312 X 3 / ﬁSlZ X 3\Il

s—) ] s
\\&#/ %/ K \ S“
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> 4X25pum (red--simulation, blue--measurement)
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.. 200
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Scalable EEHEMT Model

L
J

Devices Fitting Results for scalable EEHEMT Model

IV Comparison

Power sweep

Power (dBm) & Gain (dB)  F
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Scalable EE-HEMT Model

25 C

-20 °C

125°C

IDS (mA)

IDS (mA)

IDS (mA)

4 X 75 pm
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2X 75 um
35
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Scalable EE-HEMT Model

25 C

-20°C

125C

IDS (A) & Gm (S) IDS (A) & Gm (S)
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VGS=-1.510-0.2 V, step=0.05 \

20-18-16-14-12-1.0-08-06-04-02 \/DS=2V

VDS (V)



Scalable EE-HEMT Model

4 X 75 pm

At

25 C

521
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T I

freq (100.0MHz to 20.10GHZ)
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Scalable EE-HEMT Model

50 Q
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VGS=-0.7V
VDS=8V

Temp=25 T
Freqg=10GHz



Circuit Verification

S11(dB)

S21{dB)

Standard-MMIC Fitting Results

S Parameters Between Measurements and Simulations
(Bias Point: Vgs=-06 V, Vds=6 V)
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Circuit Verification
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A Wideband PA MMIC Fitting Results
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> HiWafer provides advanced 6-inch GaAs and GaN foundry process

> A high accurate and verified EEHEMT model has been presented,

which is scalable with device size and temperature

» This model is optimized for class A & AB PA design, if the model

is used for other application such as switch or LNA, care should
be taken

> Future work:

a) Improve the scaling accuracy by taking account for the interaction effect

b) Scalable noise model

c) Corner model and statistic model
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