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= How to enable “high electron-mobility” ?
= Why needs “metamorphic” devices ?
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|. Introduction

N

L

+ Why needs “high-frequency” devices ?

To provide component recipes for monolithic microwave/millimeter-
wave integrated circuit (MMIC) applications.

Microwave: 0.1 GHz ~ 30 GHz
Millimeter wave: 30 GHz ~ 300 GHz

+ Why using “compound’ semiconductors ?

1. Intrinsic high-speed
property:
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l. Introduction
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+ Why using “compound” semiconductors ? (continued)

2. Optical coupling capability:
Suitable for opto-electronic integrated circuit (OEIC) implementations.
3. Controllable and composition-dependent material properties:
4. Variety of compound materials:
Both provide high degree of design freedom.
5. Mature epitaxy growth technologies:
LP-MOCVD, MBE...
Make possible excellent precision control of layer thickness and
cost-effective mass-production.
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l. Introduction
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+ How to enable “high electron-mobility” ?

m By spatially separating electrons from their parent donors to greatly
Improve the ionized-impurity scattering .

m By devising an undoped channel compound, with high saturation
velocity, where the transferred two-dimensional electron gas (2DEG)
are confined and transport along under applied bias.

- High Speed !! . i
Carrier  Undoped
Supplier : Spacer
_ _ N + T 2DEG undoped
Schematic bgnd diagram Gate + Channel
of a conventional HEMT: Electrode
I-:_Fm
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+ Why needs “metamorphic” devices ?

-- Comparisons between InP-based and GaAs-based HEMTS:

% Advantages of InP-based HEMTSs:
» Lattice-matched to higher In-composition InGaAs compounds.
» Lower effective electron mass.
» Higher electron mobility and saturation velocity. >||
» Larger conduction band discontinuity (A Ey).
» Higher two-dimensional electron gas (2-DEG) carrier density.

@ Applications of InP-based HEMTS:
» High drain current density.
» High voltage and power gains.
» High cutoff frequency.
» Low noise.
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@ Mechanically fragile.
& Limited wafer-size.
8 Expensive.

To integrate the high-speed
compounds onto robust GaAs
substrates with larger wafer-size

4+ Disadvantages of InP substrates as compared to GaAs substrates:

Metamorphic HEMTSs
(MHEMTS)
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l. Introduction
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+ Metamorphic Buffer:
m  Two major functions of using metamorphic buffer :

1) to accommodate the large lattice-mismatch between GaAs
substrate and the active layers

2) to prevent the dislocations from being injected into the device
channel

INg 50Alg 48AS OF NG 55Gag 47AS

for Lattice-Match InP

x=0.52
------------------- Inverse-step buffer:
InAl_As X>0.52 : -
to provide good relaxation
Metamorphic Buffer for the strained active layers
__________ Lo
GaAs Substrate Indium content
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1. Some Device Designs

L

4+ 0-Doped InAlIAs/INGaAs/GaAs MHEMTs with Different Channel
Structures:

» PC-MHEMT:
o-Doped Ing 4,sAl s AS/IN -G, 5:AS/GaAs Pseudomorphic Channel
MHEMT

» SGC-MHEMT:
o-Doped Ing 4,sAl, s.AS/IN,Ga, ,As (X = 0.5— 0.65 — 0.5)/GaAs
Symmetrically-Graded Channel MHEMT

P.9
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1. Some Device Designs
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4+ Schematic cross section for the PC-MHEMT:

Source Gate Drain
(AuGeNi/Au) (Au) (AuGeNi/Au)

A

o(n*)
5nmi-In, ,.Al,...As Spacer

20 nm i-In, 5Ga, 35As Channel

150 nm i-Iny 4,5Al, 575AS Barrier

0.5 um i-In,Al,_,As Buffer

0.65 x 200 ¢ m?2
S.1 GaAs Substrate

x=0— 0.45 » Gate dimension :
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1. Some Device Designs
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4+ Schematic cross section for the SGC-MHEMT:

Source Gate Drain
(AuGeNi/Au) (Au) (AuGeNi/Au)

\ n*-In,.Ga, -AS
\__ i-InP

20 nm /
2.5 nm /

o(n*)

5nmi-In, ,..Al, ...As Spacer

20 nm i-In,Ga, ,As Channel
(x=0.5—0.65—0.5)

150 nm i-Ing 4,5Al, 575AS Barrier

0.5 um i-In,Al,_ As Buffer
R i 0.65 x 200 1, m?

S.1 GaAs Substrate

» Gate dimension ;
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1. Some Device Designs

/i Mechanism of the kink effect:

Source Drain
Gate

Cap Iayer/ \ Cap layer

Buffer layer

S.1 InP Substrate

Surface of
side-atched
region

Ee

Surface states

Drain currant

Drain-to-source voltage

Drain current

Drain-to-source vollage

P.12




Ep Compound Semiconductor Lab.
.FCU CSL. Feng Chia University

1. Some Device Designs

<+ Insertion of an InP layer on the InAlAs structure provides:

N

L

(1) Selective etching between InP and InAlAs can improve the
processing reproducibility and the threshold uniformity.

(2) Suppression of kink effects by passivating the deep levels on
the InAlAs interface.

InAlAs Schottky

P. 13
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d,,(f) Dispersion

L

+ Verified by the transconductance frequency dispersion measurement:

without InP

with InP

normalized g..(f)
c o o o o
th O =~ ¢ -0

T=20"C -

| = V=0V
o Vo= 02V
[ b Vg = -04V
| - Vg = 0.6V
- Vo= 08V
: Vs =100 mV
0.4 vound o vuuel el ool s
107 100 100 102 103 104 08

frequency (Hz)

11 Device without InP recess-etch stopper layer
SHTTTIT T Oemy T (O T T Tmy T rrrmy ¥ T Trmy

normnalized g,[f)

1. Device with InP recess-etch stopp
LTI

]
0.9
0.8}
0.7
0.6
0.5F

04wl v vovl v voeed 3 ool s vvol s sl

101

- Ve =02V, 1=20°C
4 Vos =0V, T=20°C
- Vo =-02V,T=20"C
o= Vgs =0V, T=-80°C
Vps = 100 mV

100 100 102 103
frequency (Hz)

r

104 10°

*Electron Devices Meeting, 1998. IEDM '98 Technical Digest., International 6-9 Dec. 1998

Page(s): 227 — 230.
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1. Some Device Designs

+ Expectations for PC-MHEMT and SGC-MHEMT

m Advantages of PC-MHEMT (In, sGa, 35AS) :
& Dbetter carrier transport properties
¢ larger conduction band discontinuities
¢ improved carrier confinement capability

N

L

m Expected improved characteristics of PC-MHEMT include :
& drain current and transconductance
¢ high-frequency characteristics

¢ noise performances
& thermal stability high-speed, low-noise and high-
temperature applications

P. 15
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1. Some Device Designs

m Disadvantages of PC-MHEMT
¢ impact-ionization and kink effects
¢ degraded output conductance
¢ low breakdown voltages
& narrow gate-voltage-swing (GVS)

N
\J

m Advantages of SGC-MHEMT (x = 0.5— 0.65 — 0.5) :
> Larger effective energy band-gap:
< to improve impact-ionization and kink effects
¢ to decrease output conductance ‘ high power
& to improve breakdown voltages applications
> Uniform distribution of carriers in channel:
# 0 achieve a wider gate-voltage swing

high linearity
applications

P. 16
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1. Some Device Designs

Au / Er

Gate

p
\V
+ Schematic band diagrams for PC-MHEMT and SGC-MHEMT:
o < e %,
B 5l < 5 PC-MHEMT
:EE&) 3;,,, SH 2% (x = 0.65)
& Sl o= S o SGC-MHEMT
- = - ©  (x=0.5>0.65—>0.5)
A
6+(n+) E
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<+ Comparisons of Hall measurement results between PC-MHEMT and
SGC-MHEMT:

P. 18
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1. Some Device Designs

4+ |-V characteristics of PC-MHEMT and SGC-MHEMT:

Drain Current Density (mA/mm)

600
VGS=05Vto-2Vistep =-0.5V
400 —
200 —
N/ R B B
00 04 08 1.2 16

Drain-Source Voltage (V)

PC-MHEMT

2.0

Drain Current Density (mA/mm)

500

400

300

200

100

Vs =05V to-2V/step=-05V

0.8 12
Drain-Source Voltage (V)

SGC-MHEMT

1.6

2.0
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1. Some Device Designs

N

+ 0., and g, characteristics as a function of V:

600 30
Ips= 270 mA/mm —  PC-MHEMT
S e e e e SGC-MHEMT
E = ]
EE [ __ m For PC-MHEMT
A = " 0d Av.
EE * > g, =13.5mS/mm
EE / i
> g 400 ,’ }/ =20 > Av =232V
c 3 \ £
°8 B | = 1 9
=k i g mFor SGC-MHEMT
2 5 | S > g, =11 mS/mm
C X ad |
S o 200 P — 10 > Av=246V
I— =1 v ;
I ] Vps=1.75V
£ & . at Vs = 1.75
0 l—— | ] I\\‘T’”I’”T’”[’”T’” 0
0.0 0.3 0.6 0.9 1.2 15 1.8

Drain-Source Voltage (V)
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Saturation Drain Current Density (mA/mm)

lpss and g, VS. Vs

600

400

200

Vps =175V — PC-MHEMT
— SGC-MHEMT _
—
! I ! I ! I
-2.0 -1.5 -1.0 -0.5 0.0

400

— 300

— 200

— 100

Gate Voltage (V)

Extrinsic Transconductance (mS/mm)

For PC-MHEMT:

» Ommax = 315 mS/mm
> lpsgg = 511 MA/mm
> GVS=1.05V

>V, =-1.93V

For SGC-MHEMT:

» Ommax = 271 mS/mm
> lpsgo = 391 MA/mm
>»GVS =13V

» Vy,=-1.68V

P.21
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1. Some Device Designs

N

B The threshold voltage (7,,) can be estimated by :
- ¢, AE. ¢gN,d,
Vth - o -
q q &

where

d,=25nm

£ =12 x8.85 x 1014 F/cm.

N, = 414 x 10*> cm2 (PC-MEHMT)

3.81 x 10? cm= (SGC-MHEMT)
AE.=0.78 eV (PC-MHEMT)
0.72 eV (SGC-MHEMT)
@, =051eV

V., was calculated to be -1.84 V (PC-MHEMT) & -1.64 V (SGC-MHEMT).

Consistent expectations !!

P. 22
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1. Some Device Designs

N

L/
+ Two-terminal gate-to-drain breakdown characteristics:

4
2.0
PC-MHEMT £ 167 For PC-MHEMT:
£ 16L
i <
i i; 120 > BVGD = -12.2 V
SGC-MHEMT 5
2= g o8t > Von =1.02V
3
2 04f
o

For SGC-MHEMT:
> BVgp =-16.05V
i / >V,,=1.1V

/ due to 2DEG location farther

o L 1 1 1 . 1 . from gate electrode
-18 -15 -12 -9 -6 -3 0
Gate-Drain Voltage (V)

0.0 . L
0.0 0.4 0.8 1.2

Gate-Drain Voltage (V)

o
.

Gate Current Density (mA/mm)
T

P. 23



Er Compound Semiconductor Lab.
.FCU CSL. Feng Chia University

1. Some Device Designs

+ Off-state breakdown characteristics:
by drain-current injection technique (/EEE TED, 40, 1558, 1993.)

N
¥

12 16

ff
| 1% g _7/ =190
i o | —
— = I
2 10.46 V p- 127 14.64 V E
(<] ! -1 E S\ n %
S > g B S
S ~-04F S —-04 2
> 04 % S . 0 %
§ i o) = aQ
3 1 E 3 1 ¢
3 o £ B 5
& 4r s £ 5
'S — -0.88 Q N —-08 &
) O
a) s
» ©
J g \ _
ob—v 1 g, ol L4 IR I P
-8 -6 -4 -2 0 2 -4 -3 -2 -1 0 1
Gate Voltage (V) Gate Voltage (V)
PC-MHEMT SGC-MHEMT
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1. Some Device Designs

p
UV
+ On-state breakdown characteristics :
1600 0
Ves=0V g ! ‘.
— PC-MHEMT
R [ SGC-MHEMT e FOF PC'MHEMT:
E 1200 — — -2 g
g £ BI-=0:85V
= 2 1 £
2 z
5 ol 1.2
g £ For SGC-MHEMT:
8 i :'l\\ i 5 _—
< pi ‘ e BV, =109V
5 40/ - 16§
0 1 I 1 I 1 8
0 4 8 12

Drain-Source Voltage (V)

P. 25



E-
E
«FCU CSL.

N

Compound Semiconductor Lab.
Feng Chia University

1. Some Device Designs

Gate Current Density (LWA/mm)

I Vs. Vg at increased Vi :

0
-5
Vps =1Vto 175V

-10 — Istep = 0.25 V
_15 I
20 —
.25 ] | ] | ] | ] | ]

-2.5 -2.0 -15 -1.0 -0.5

Gate Voltage (V)

0.0

-0.5

Gate Current Density (LWLA/mm)

0.0

Vps=1t01.75V

10— [step =0.25 V
15
20—
_25 | | | | | | | | |
-2.0 -15 -1.0 -0.5 0.0
Gate-Source Voltage (V)
SGC-MHEMT

05
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1. Some Device Designs

J
«+ DC characteristics for PC-MHEMT and SGC-MHEMT:

P. 27
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1. Some Device Designs

-
N
+ High-frequency characteristics:
40 40
PC-MHEMT SGC-MHEMT
i Vps=2V i Hat Vps =2V
Ha1 Ves =-15V Ves=-0.75V
30 30 —
) o
E 20 — ? 20 —
S &
10 — 10 —
0 Lol Lol L1 :\lll 0 Lo ool Lo ot \\1||||
0.1 1.0 10.0 100.0 0.1 1.0 10.0 100.0
Frequency (GHz) Frequecny (GHz)
f.=55.4 GHz; f__ =77.5GHz f;=42.8 GHz; f_ =50.8 GHz

P. 28
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1. Some Device Designs

N

L/
b frand f. . vs. Ve !
For PC-MHEMT:

80 .
P TR T M > Higher f,.and f _peak performances :

****** SGC-MHEMT fr=55.4GHz; f, . =77.5GHz

VDS=2V

60

Em
fT ~ fmax ~ fT
2 2\R;g,

Frequecy (GHz)
£

For SGC-MHEMT:
> Wider constant frequency plateau :

Vig=-1.25~-0.25V

20

-2.0 -1.5 -1.0 -0.5 0.0 0.5
Gate-Source Voltage (V)
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1. Some Device Designs

N

L

4+ Power characteristics:

Output Power (dBm); Power Gain (dB)

For PC-MHEMT:

30 100
Vps=2 V; Ips= 100 mA/mm
PC-MHEMT - > P =12.6dBm
****** SGC-MHEMT
20— i e — 80
g > G.=26.3dB
N
- - A
9 > PAE =56 %
10— output Power — 60 3
i 1 i For SGC-MHEMT:
R
ot . HweE 7 > P =149dBm
; % s N
L /i - /
g \ > Gs =19.2dB /)
-10 — 20 AN Ps
at 2.4 GHz B AR . o > PAE=37%  gea”
AL PR A4 T
-20 1 ———l""'//]/ | 1 | 1 0
-30 -20 -10 0 10
Input Power (dBm)

» Suitable for high power application!!
P. 30
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1. Some Device Designs

p
T
+ Noise characteristics:
40 35 ///// \\\\\
\bs=2V —4— PC-MHEMT | // For PC-MHEMT at 2.4 GHz, ™,
i ~*  SGC-MHEMT | \\\ > NF, . = 0.88 dB. /)
\\}\Ga = 26.68 dBm. ////
: ; ?
E £ > Suitable for low-noise applications!!
P 'S
2
For SGC-MHEMT at 2.4 GHz,
- > NF, . =0.95dB.
ol ], > G,=21.59 dBm.
1 2 3 4 5 6
Frequency (GHz)
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RF-Model Parameter Extraction:

N

L
» Scattering parameters:
a, a,
— Two-Port —e
-— Network I

— — a, , a, : Incident waves
b, b, b, , b, : reflected waves
Port 1 Port 2
s _h
" g, |la,=0 Input Reflection Coefficient
bl = 51101_ -I—Slzaz S, = b 0 Forward Transmission Coefficient
i a, la, =
b, =S8, + 5,4, bl 2
S, =—% i i
" a,la,=0 Reverse Transmission Coefficient
o _b:
2 "a,la, =0 Output Reflection Coefficient 3
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RF-Model Parameter Extraction:
> Small-signal RF-model of HEMTSs:

Source Drain

N

RS

Cap Layer
Schottky Layer

Channel

Substrate

P. 33
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RF-Model Parameter Extraction:

N

L
» Small-signal equivalent circuit:

Intrinsic device

Lg R ﬁgd Ry Lq
il T W0 @
Gate — Cys I Drain

= -jW'Z,' r ——: )
Cpg—7/|j E % 5 ClD gmve ds __:CdS T de
| | : e

R
L

S

S

@ Source
P.34
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RF-Model Parameter Extraction:
"> De-embedding algorithms:

Su S
S21 S

N

[ Z11-Rs- Z12-Rs |
Rg - JWIJ - JWIJ

ZZl-Rs ZZZ-RS
| -jwls -Ra-jwiks |

P.35
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RF-Model Parameter Extraction:

g
N
» Cold Model: R T
Z11=R +R, +—+ ik +ja)(LS +Lg)
= All S-parameter measurement 3 4ql,
were carrier out at Vg = 0V R
with Vg > Vp /12=721=R +?+]COLS
Z22=R +R,+R +jolL +L,)
40 5
— ReZll
30 i . E’.eZEl m O 0 0 00 0 O AR @
ReZ12 oy S o
ReZsz Rs - SEE S B Ls
20t
Rd Ld
10 k — ImZ11
— ImZ2]l
I Rg Il'ﬂzlz Lg
S 0 o v =25 GHz P. 36
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RF-Model Parameter Extraction:

N

L/
» S-parameter measurement :
. _ Im(Yll):.]w(Cpg +2Cb)
were carried out at V5 = 0V
when Vg <V, Im(Y;,) = Im(Y,) =—-joC,
Im(Y,,) = jo(C, + de)
05 [ —1my11 @
0.4 | —ImY2l
0.2 | Pg
0.1 |
0 Cp
—H O — O . \O — O -
OVl a8 v = S o v = g
0.2 | N Cpq
0.3 GHz P. 37
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RF-Model Parameter Extraction:

N

> Theoretical analysis: Intrinsic

L

Ty
)’21:;./_21
J’22:;_22

V,=0(D"'-S"Short)

V,=0(G"— S’ Short )

V,=0(D"—S"Short)

V,=0(G"— S’ Short )

RC, “w - C
yll - 1+W22g82Ri2 +]W( Dg +ng)
ylZ = _jwcgd
g, eXp(—jwr) .
== — jwC
Ya 1+ jRC, w IS

i~ gs

Vor =84+ jw(C s + Cea)

|38
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RF-Model Parameter Extraction:

N

L
» At low frequency:

yu=RC 0%+ jo(C, +C,)
y12:_ja)cgd

Yo = &n _jw(cgd T gm(RngS +T))
V2 :gd+ja)(cds+cgd)

0.35
0.3
0.25
0.2
0.15

0.05

0.5

ReY = Ri, 9,y 04

ImY = C,,Cyy, Cye 7T

gs?

P.39
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RF-Model Parameter Extraction:

> Complete extracted RF model:

§ SR A

[T

o

P. 40
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RF-Model Parameter Extraction:
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RF-Model Parameter Extraction:

+ S-Parameter for PC-MHEMT:

S11

ZZZZZ

——— Measured
------ Modeled

——— Measured
Modeled

OOOOOO

S22

——— Measured
------ Modeled

A

wp Min
UUUUUU

——— Measured
Modeled

P.42
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RF-Model Parameter Extraction:
i + S-Parameter for SGC-MHEMT:;

N

S11

S12
Swp Max

20GHz ag Max Swp Max

20 GHz

Measured
______ Modeled

Measured
______ Modeled

S21 S22

Swp Max
20GHz

Measured
______ Modeled

Measured
Modeled

"

Swp Min P 43
1GHz .
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RF-Model Parameter Extraction:

N

\ MAG

Measured
fffffff Modeled

L
+ Verifications with measurement results:
50 40
i —— Measured
fffffff Modeled i
40 —
30
30 I
g g
s T = 20|
© 2wl °©
10
10 —
0 | | ||||||| | | ||||||| | | 1L 1 1111 |
0.1 1.0 10.0 1000 9
Frequency (GHz)
m PC-MHEMT

1.0 10.0
Frequency (GHz)

s SGC-MHEMT

100.0
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N

Gate-Alloys-Related Kink Effects

o(n*)

+ Schematic cross section of 8-doped In, ,sAl,:-AS/In, -.Ga, ,, MHEMT

Source

Drain

(AuGe/Ni) Gate (AuGeNi/Au)

20nm / X"Ino.zlsGao.ssA

4 nmi-In, ,.Al,..As Spacer

20nm i-In, ,Ga, ,As Channel

0.5 um i-Iny 4,5Al, s5AS Barrier

> 300K

mobility = 7658 cm2/V:s

carrier concentration = 2.9 x 1012 cm2
> 17K

mobility = 30083 cm?/V-s

carrier concentration = 3.6 X 1012 cm-2

0.6 um i-InAlGaAs Buffer

> Gate dimension : 1.2 x 200 1 m?2

S.1 GaAs Substrate

P. 45
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Gate-Alloys-Related Kink Effects

L
+ Schematic band diagram of MHEMT with Au and Ni/Au gates:

N

1.0 4E+18
Au gate
B Ni/Au gate
05— Ec — 2E+18
IS
< 00— OE+0 o
< V - s
> L / ] =}
2 o
= €
w05 —|-2E+18 8
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Gate-Alloys-Related Kink Effects

N

+ |-V characteristics with Au and Ni/Au gates:
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Gate-Alloys-Related Kink Effects

N

Extrinsic Transconductance (mS/mm)

g, and lp¢s as a function Vg :

300

500

=2 7
. 1 _ m Augate-metal
B Ni/Au £ - .
400 < » O max = 280 mS/mm at Vg =2V
200 — E — —
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Gate-Alloys-Related Kink Effects

N

L/
4+ Gate current density as a function of Vg for various Vg :

0.0
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N

L

Extrinsic Transconductance (mS/mm)

+ 0., and g, characteristics as a function of Vg :

250 300
Au gate
| VGS =-15V . g
Ni/Au gate Im
200 |- |
I Afl
) — 200
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100 —
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0 | I | I | I | l | 0
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Output Conductance (mS/mm)

matVo=2Vand Vg =-15V

B Au gate-metal
> 0,,= 193 mS/mm

» g4 = 68.7 mS/mm
> A, =281

B Ni/Au gate-metal

> 0,= 204 mS/mm
> gy = 26.1 mS/mm
> A, =7.83
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Gate-Alloys-Related Kink Effects

N

+ Comparisons of I,

gm max’ G peak?

gq and A, :
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Gate-Alloys-Related Kink Effects

+ Two-terminal gate-drain characteristics :

N

L

forward turn-on characteristics reverse breakdown characteristics

2.0

Gate Current Density (mA/mm)
Gate Current Density (mA/mm)

. = L 2.08— L | L | L
0.0 0.4 0.8 12 16 -12 -10 -8 -6 -4 -2 0

Gate-Drain Voltage (V) Gate-Drain Voltage (V)
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Gate-Alloys-Related Kink Effects

N

L

+ Comparisons of @g, V,,, BVgp, and Vy,:

on?
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N

L

Gain (dB)

+ Microwave characteristics:

40 30
VDS =2V
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Gate-Alloys-Related Kink Effects

S¥
+ Power characteristics :
30 50
Vps =2V |
= I pg= 150 mA/mm .
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) of I,scand BV,
_ { £
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e —20 2 :
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Gate-Alloys-Related Kink Effects

4 Noise characteristics:

N

Vps =2 V; Ips= 100 mA/mm Au

m Due to improved Kink effect
and output conductance

> Ti/Au, Ni/Au, Pt/Au demonstrate

better noise characteristics than Au.

Minimum Noise Figure (dB)
|
=)
Associated Gain (dB)

Frequency (GHz)
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N

L

<+ Characteristics comparisons by depositing various gate alloys :
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I11. Conclusions

+ Ny 1ocAly s AS/ING (:Gay 3sAS PC-MHEMT:

m Better microwave characteristics

¢ suitable for high-speed application
m Noise characteristics

¢ suitable for low-noise application
m Thermal stability

¢ suitable high-temperature application

N

+ Ing 1Al ccAS/IN Ga, As SGC-MHEMT:

m Power characteristics

# suitable for high-power application
m Gate voltage swing

# suitable for high-linearity application
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I11. Conclusions

N

4 High Schottky barrier height gate alloys provide effective ways of
Improving the respective device performances, including the noise,
voltage and power gains.

+ Complete and efficient high-frequency parameters extraction for
RF model build-up facilitates the MMIC application based on the
specific MHEMT designs.

<+ Prosperity of academic studies on MHEMT designs for MMIC
applications are promisingly expected.
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N

Q&A

~ The End -~
Many thanks !!

For mote discussions, Feel free contact our lab.

by
Email: cslee@fcu.edu.tw
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