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SUMMARY

I. Subject

Development of New Functional Devices by MOCVD

II. Purpose and Significance of the Research

Recenty, there has been growing demand for the development of
hish speed devices to compromise the Increasing amount of
informations. The HEMT (high electron mobility transiétor), as a
next-generation device, will meet this expanding demand. HEMT is
the best candidate to cover the transmission from microc wave to
millimeter wave frequencies (30—300 GHz). HEMT has a unique
feature of low noise, low power dissipation, and high speed
characteristics. Therefore, HEMT will be a prerequisite circuit
element in near future. Based on the expected performance, HEMT
has been developed during past 10 years in USA, Japan and other
developed countries. Now the commericial HEMT appears in markets.
Even ICs employing HEMT elements are in the stage of development.
This successful results are based on the maturity of MBE (molecular
beam epitaxy) technology. Recently, MOCVD (metalorganic chemical
vapor deposition) technology has been rapidly developed as an

alternative method. MOCVD possesses a potential advantage of mass-



productivity comparing with MBE, This mass-productivity is most
attractive feature from the commercial point of view.

In our country, the research and development of HEMT is in
very early stage. Overall technologies including epitaxial growth
technology, characterization technology, and device fabrication
technology 1s far from the mature state compared with those of the
developed countries. Therefore, the research in this area, to meet the
growing need of high speed transmission devices, is urgéntly
demanded.

In this project, we have studied the epitaxial technology using
MOCVD, characterization technology and deviceprocess technology.
Our major goal is to establish the technology to prepare the

commercially available MOCVD-grown HEMT.

. Conients and Scope of Research

We have studied the design and growing parameters to grow the
epitaxial structures of HEMT by MOCVD and developed the
characterization technique in the first year of the project. Also we
have studied the processing technology and fabricated a prototype
HEMT in second year of the project. During this year, the
optimazation of epitaxial structure and improvement of device process
technology have been studied to improve the performance of HEMT.

For the development of new functional devices, non-alloyed ohmic



contact employing delta-doping layer has been studied.

V. Results and Further Suggestion

Based on the results during past couple of years, we improved
the structural designs of epitaxial layers for HEMT by MOCVD
technique. Besides the research toward the optimization of the
conventional HEMT structure, we have been studied quantum well
HEMT structure to enhance the carrier confinement efficiency and
reduce the Dback-gating effect and achieve the good pinch-off
characteristics. In addition to rather innovative structural change, we
have employed the GaAs/AlGaAs superlattice with nominal thickness
of 100A and 10 periods as an buffer layer. The superlattice buffer
layer will reduce the dislocation threading from the low quality GaAs
substrate.  The superlattice buffer layer aiso has a role of flattening
of GaAs/AlGaAs heterointerface. We have obtained the low field
mobility of 165,000cm?/V - sec at 18K for the quantum well HEMT
structure. We have fabricated the HEMT with a gate length of 1um.
The external and internal transconductance and full channel source-
drain current of the quantum well HEMT with 1 4m x 100 um gate
dimension are 150mS/mm, 273mS/mm and 230mA/mm, respectively.
In conventional HEMT, we obtained the characteristics of external
transconductance (=120mS/mm), iniernal transconductance (=275 mS,/mm})

and full channel current(=190mA/mm) with 1mX75 zm gate

9



dimension. We have studied the non-alloying ohmic contact using
delta-doped layer. We have obtained the good non-alloyed ohmic
contacts and their specific contact resistance was 5x107° ohm—cm?
This results is encouraging and comparable with best MBE result.
Finally, we have studied the numerical 2-dimensional simulation of
HEMT structure to optimize the structure and obtain the deep

understanding of underlying physics in HEMT.
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FRAEAHE Add. o AL 5% F4 T2 GaAs/AlGaAs
FAW  gle 239 AHAN2 o AAFE FAY =IF T
AlGaAs Z3 FgHEez fEsel o] ALoNA o AAAA F

o} S&¥ w o]2s V4% Ad(ionized impurity scattering) o] %



10 —

10_"1 I

Switching delay (ns)

Si
bipolar

N\

= 1] \HEMT
N | |
3 107% 107

107% 10

Power dissipation (mW)

g 1-1. yEAEad 2 2be] switching delay 9} power dissipation
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E1-1. HEMTY %4

« High electron mobility

+ Small source resistance

« High f, due to high electron velocity in high electric field
« High transconductance due to small gatechannel separation
« Low output conductance

« Higher Schottky barrier due to AlGaAs instead of GaAs

FET Ao A @A H7 wEelw HI HEMTE @9ax 9
¥ 2 Fujitsu, Sony, Mitsubishi--+ H¢ A3 AlellA]  AbEdg=z 1o
i HEMT MMIC (microwave monolithic IC) S % 7l2= v itk
oleldr HE W HEe A7 HIE MBE (molecular  beam
epitaxy) i A3 &S waferel| 4] QeojA Zlolth, MBE #He ZaAy

(~10-" torr) &folirxl Al Aol Hals]lr] wite] in--situ analysis?} 7t

I-- =

Gela ma Asd Fzdel sGslt. T shutters] ol
Jslel wHAAT FA olsiel FEFE sHz AWL ¥HT F
sio] ol4Al HEMT Txe Fag s @@ oz 4y

. #2 MBEW®E #deld MOCVDH @ andE ss =

g FFshAl owdulel gk ®l-2%  olgld MOCVD 74



grt udmo. gy gl-204 FRE e @9

rung ARZE

T = wafere] 7Zgo[t}. Barrel %EH 9 ¥E3-H ALeE A,
Adl 124 wafer71#] AAE 4 Qo™ wiFA4 AR A
HolA] MOCVDWYHES MBEMHY 9%3 $5349. MBEH &
AgAde AZAF wEe] §Wel wafer 173 o4 Fe 47
Hoz2 oyt

X1—-2. MOCVD2} MBE=2] #lm

MOCVD MBE
« Material purity <10%m™? <10"em™

« Heterointerface Abruptness 1—3 monolayer

« Thickness control Fair
- Compositional control Good
« Doping control Fair
» Insitu analysis Poor
» Number of wafers per run 12
« Maturity of technology Fair
+ Cost per run Good

<1 monolayer

Good
Good
Good
Good
1
Good

Fair

x4 m-v FEE #=A x2ad 4L

8437t g® eyl wWie] MBEWe] 934

-

sAzAE FAde £o8 TEAZ & AT 2147

of wtd oiFAAdel 27E w MOCVDR e

28
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o 27 Eg Fd8 Aoz AEzd. @4 MBEWHo o
wafero| Al 2] HEMT AAQ3E FHolm GaAs/AlGaAs gz A
Aoirde <A77t v oE Aoz wuEich. MOCVDH
oatal HA% omFes PWE HEMTE MBE#®T 4 zdo]
A U

E1-32 MOCVDel <% HEMTe o3 Zdag Ams

Zeolth. Low field mobilitye] 7 2o] MBEejA= 10%m2/V - sec o} AF

U

o d3E ¥4 ded wste] MOCVDel 9= NTT d3g'-93
SONY <A-Fg!"™o] 198433} 1986'de] zHzt 7|23 400,000 cm?/V - sec
GK)ol 7td #& Zdstx AEHW olgd HEMT 2454 =
& SONY7} 0.5um gate HEMTo|x] - E3  280mS/mm (transconduc-
tance), 120mA/mm (drain saturation current density), O0.8dB (noise

figure at 12GHz), 12.5dB (associated gain at 12GHz) ¢} EAo] 71A

T8 EAdeoz As¥Et. uzlaA] MOCVDHe o3 HEMT &

o
!

© old B A9 oxrt del rh

T e 2% ARFRF ATE AR g FRFe =
At @dEgd HEMT <% 44 714, 38 MOCVDe
oA o HAAVEE otz ZA wFed. g B A3 A
o HeE2 Yrte Frsl Alsel HAALFY J)ews Ao o
Hlsted  MOCVDe] 98 AV% 22 AZx71&L Adsid 2y
EAgsted 2 %4& Fud #9739 #E:EZmE MOCVD
7168 offste HEMT = st AAstn o8 o] §3d

HEMT &#71A4]  Azste #4872 /wgstzs, ivelzb HEMT &

20



¥1—3. MOCVDel| =2]& GaAs/AlGaAs HEMTS] Z8dAT A}
e | d74718 3+ & T 54 DC 57  |microwave H4d
lcm2 /v, sec) (12 GHz)
ns{cm-2) {(gm/Idss) | NF(dB)!| GA(dB)
1983| LEP conventicnal|{ u = 34, 000
{(1-5) HEMT ns = 1.4x1012
] 719} MOCVD| (77k)
1983] HITACHI | conventional| u= 8, 300{300k) 42mS/mm
(1-6) HEMT 1= 45, 000(77k) (300k)
T} 7] ¢} MOCVD 120mS/mm
6x200 pm?2 (77K)
gate
1984 | LEP conventional | #=173, 000 177mS/mm
(1-7) HEMT ns=5x1011{4K) 83mA/ mm
ti 719t MOCVD
I.1x240 um?
gate
19841 NTT conventional | u=445, 000
(1-8) HEMT ns=5_1x10!11(2K)
A o} MOCVD
1985| NTT conventional | u=27, 000 330mS/mm
(1-9) HEMT ns=1,3x1012(77K) 80mA / mm
A ¢ MOCVD
1x50 um?
gate
1986| SONY conventional | ©=401, 000 280mS / mm 0.8 12.5
(1-10) HEMT ns=5x1011{5K) 120mA/ mm
o} 71 ¢} MOCVD
0.5x200 um?
gate
1986| TOSHIBA | conventional 200mS/mm| 0.77 | 11.5
(1-11) HEMT 50mA / mm
th 71} MOCVD
0.25x200 ym?
1986| LEP conventional | u=12,000 260wS/mm 1.2 11
{1-12) HEMT ns=6, 5x1011(77K)| 110mA/mm
0. 55x200 pm?
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)

&2 Ee 27% $ETxE A A%E Esed gk

BATARAGe 1AdRdAE 224 4% @ SA%7 ses

fl[o

AEEdr HEMT Jxel omZoas 15KdjA]  69,000cm?/V - sec
o] o]lFrEgl 55x10"em el AHAR}wr, 77K Al 41,200em*/V - secs
ol Fx e 6.6x10"em e AxEze] =24 oW SdH (Shubnikov de

Haas) % % quantum Hall plateau-s #&=3te] 239 AR

EZAE HAd3tgdn 2adieolME HEMT AAE A &std Hu 9
4 transconductance?} 84mS/mm, | WY transconductances}

204mS/mmgl HEMTE AAsYn C-V 54 24% ZAsta 2

del =3 SAd @3 AFE AH2apdmod dsie] MOCVDH
ooty T AAE=(~ 50C)°ﬂ”‘1 dE-LE3sS gAdsts Jed
AR prototype WEL FETE A&sich. o)z vss ug
o2 A3aE oM back—gating &3 A A, pinch—off &4 &4
Yl carrier confinement &S FUE 98l quantum well HEMT 3

& o9y BRVE R 47 AYE HEMT 22 54 Y

B
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Al27 MOCVDd] 9% HEMT Fx9] o3| AA

A1E MOCVD #Ax 2 AA=A

1. 4% MOCVDe Aazd

2 A3d ARgE A9 MOCVD #Axlg J@css ad2-19
GERA wbel Rtk Gallum 8%  TMG (trimetyl Gallium ; (CH;)Ga),
Aluminum YHEEE  TMA (trimetyl  Aluminum)€ A&t o &
M.O. (metal organic) €E+ +0.1C9 oAAML 714 3-8 :%(techne
AF)l &3ty TMGE —-15C, TMAE®E 34 20C7 fAFH==E
51T °]E YEE palladium alloy diffusere] 213k 7N ol e =
AAE BEE Fad ddd wedd sawth oW F Fad
&2 5 SLPM (standard liters per minute)$ vtk

As 982+ 10%= 3449 AsH;(Nippon Sanso AZ)}Z A}f
239t Dopant 982% SHE A83lged 50 ppmeoesd 34 s
o AREstRT el A WM, VH YFEe oldFd 3

=

A4S mE £o(~15cm/sec)2 E3}EA}t. ol B JAS

i
&

o
[

RF generatorol] 2]8tod $ % 7}g % graphite susceptor %] ol A

o

et GaAs 7|HHe ojmFoz AT TMG, TMAY E
F&L 2x107% 6.7x107%]| i  AsH;/(TMGa-+TMAD S HE 30—
10002 3¢t} ol AAErs 250A/min¥ut. AFLEE WA

700CeId  AAskdth AME WS Ha-lel weobsisivh



VENT
RUN HZ2+AsH3

'y
F( H2Se > = DEZn FC
Lo = \
S| o [ %‘E
5 h/ f?—*
Y
e 2 ware-ve| 2 [ manr
hr Bzl | o -
%
VENT \—~/
-

w MO BUBBLER

RXTCR

00 0O
0o

RF COIL

LOAD LOCK SYS.

AP MOCVD SYSTEM

282—1. A% MOCVD #H=xeo Megxw
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#2—-1. Bz MOCVDel AAz

L

Total H. flow rate 5 SLPM

TMGa bath temp. —15T

TMAI bath temp. +20C

TMGa mole fraction | 2x107% m.f.

- TMA! mole fraction 6.7x107% m.f.

GaAs growth rate 250 A /sec.

Growing temp. . 700C

run/vent pressure difference 0.01 mmHg

SiH; mole fraction 1x1077—1x107" m.d.
AsH;/(TMGa+TMAID) 30—1060

2. A MOCVDe A=zl w AaxA

(1} LPMOCVD Aj="He] /&
MOCVD {metalorganic chemical vapor deposition)®¥o]g §-7]5 3
318t e SVEEHHEEY 43P EE YaRsy, X T8

ol &7l A (carrier gas)z  A1&38te] 7lE® 7] #H(substrate) feollA] ¥

Aol A¥sgol Yoluw: gozm mAlYH ZHE AR
A7lE mwe @arh. MOCVDW S 1968 Manasevitel o sl

S A¢t®E  olef* 9, reactor design T H=m AAVIe T HAe

g elo] =2 A(superlatiice), WAFE(quantum well), heterostructure

3



52 4ol sbsebl HUL, FAAFAA g =AY H 9
Al o] MBE (molecular beam epitaxy)®cl @AE whdl 430 e 7}

A mASGUN . MOCVDE e g2 olm  gawel wle A%

Tl shgE wmal o)s ggen el elgHm o, 2AR
A w g Aggelx AIFoE o FHIL UTV
MOCVD e @A "%, A8, U F9g A AAjelA

W &, zkze] wlg 84 Wo|w, maker with {ef et

Awel #4g stz S AFel g BRE MOCVD AR E
BEes] dd B 9T AgelME MOCVD  4AE A4 A,

Assae. B gde Ad W A#N BEws nod Age o

&3, tubing® Rl RE #HAststel wiE di¥ellA  particlee] A
A% = AL w89k, Personal computer [BM PC 8 7]%&&
A@AA A2l FHE AFatetel  oJoel valveE FAl AE
3 du @8 Al e, gasel HEm Ao wel W
Al Al skl g d(reaction chamber) & 271E W E 2

dlo] (double chamber) 4 Beel e}z Al{F dopante] 2E-5

3%



AT 4o susceptor® ZFEs= W¥e F49 RF &
T 718o] ol Molybdenum heaterd] 23] r}g9w2]lg =H3Ee] RF
o] 2]& noiselt} RF generatere] Ax WAL T2AZT. =F
Zvzbe] HF2-Ho]| load—lock system-Z& X3AlAH GaAs waferZ Wi
Wow Friel dE WA 2 weHe] £FE AF 23
wafer 14€ Ha¥ = e o gas vl FAG] reactor
REG FA3E 5 ol4de waferg AHZY F Yy §F2E
ddg S A AASED. Foer HUAHE E=olzl HE AY
(70 torr AE)slelr ouFg HB=H FHUch B MOCVD #
X]¥ reactor system, main gas system, control system % scrubber
system<] 47}xg2 vE 4 Utk 2 AjA"e] =Zr|e gas cabinet
¥}  scrubber system®] o]  180cm, reactor?t main gas R

control A AEle] ol 200cmz  F9th. Zb systemo] eS| Zhek

s 4w gow 2.

(2) Reactor system® HA % A3
182-2¢] reactor system® HAE % AHERE JEYU
2P2-39 2 ¥#AEE Vel 1¥H2—4¢9|&  reaction system
el  AA-E  YVERAUTE  ChamberEg M X 3le tabled] &Pl
turbo molecular pump % rotary pump, & valve @ ¥j#, As
powder trap S 2% FAHEo <t} Rotary pumpi  turbo pump$-
#} reaction chamber W7|&& wx AxsHETd. E  systeme dual

chamber &40 2A] reaction chamber$} load lock chamberz} 2Z}z}

3G



Reactor system2]

Iy 2—2.
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Ny 1 RUN VENT

N N
;/B- o |
7|
5% ot P
I |
LL1§§ 7x1 11,2 EZ R¥?
N
X : X i
Gv | [tk ta
A ™y
A
% AL
N 1
LM @
- F1 -
F2
{_QTO
. SCRURRER 5%
RP1
TV .
I, : LOAD LOCK CHAMBER
R¥ : REACTION CHAMRER %1% X
TMP : TURRBO MOLECULAR PUMP T
1 e | > T
RP : ROTARY PUMP F : FILTER %
Kt SCRURRER

TV : THROTTLE VALVE BR : DUMMY REACTOR -
GV : GATE VALVE

‘RP2

213 2—3. Reactor system®] njadiz

=
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1¥2—4, Reactor system® A}Z

2o s FAH Utk 2 olff= syl chamber® FA 3
Heste  F9b thE ghtel  chamber® o3 AAE A&KE 4

U, HEF dopantd] EFFd mor AL oR AMEF O EA dopant

2] chambery laser diodé T ARgom ALF T T &9 chamber
= p—type dopant®E AF&slx = HEMT (High Electron Mobility
Transistor)tt MESFET (Metal Semiconductor Field Effect Transistor)
AAgor ALY 4 g9tk B3 3+ chamberv GaAsA o3 A

GE0Z, e sut WPA o 4gsez A$Y F5 Ao

i

Reactor systemol] thaled =28 HAosts obo-ap 2o
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7}, Load—lock chamber

Load—lock chamber= 7]% waferE reaction chambere] =<
stAY Ad W Fr Fo a2 FRe $9HE AL uwH
83, reaction chamber W9 428 ALZ purgedts AT =
ol7]  $i% Aolr}. Load—lock chambere] FHali= olf] KIS
o& A" # U Load—lock chamberdZ o= magnetic
coupled feed through7} Y ZdHol 7|B¥ waferE reaction chamberi®
W] ZEAY oY M AF wafer® reaction chamberZ X E  load—
lock chamberZ 3] Q& 49D¥L grh. Magnetic coupled feed
throughe= ARt O-ring seal W49 feed througho] ¥H)&] 7] Ao}
HH8  Hojuth, Load—lock chamber$} reaction chamber A}o]of=
gate valveg MRt Mz nHHEE 3HYt). Load—lock chamber
o] #Hele  turbo molecular pumpZE A X st FA 7t load —lock
chamberZ} TZF A7t ¥ £ UEE T} Z Ao diffusion
pump AlLAl dojd 4 Q¥ pump oild] 23 o9& HtAFR
tt.  Turbomolecular pump$} load—lock chamber A}ojoll® gate valve
2 4dXstd 279 chamberg® Z4 Egdo=z AFHH=E 9E

UA skt Load—lock chamberdyle] RAZTx= TC (thermo-

4

couple) gauge % ion gauge® ZA3<gtl. Load—lock chamber ¢
Wdss I@2-—-59 e
L}. Reaction chamber

o

o)

2ol MOCVD %9 wgde Mg $zz wgolA

=]
Aot ¥ LPMOCVD #AdMe 714943 AAAHE o =37
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LL 1 LL 2

o
+
)
o

RP

» To SCRUBBER

LL : LOAD LOCK CHAMBER G.V. : GATE VALVE
T.C. : THERMOCOUPLE GAUGE T.G. : 10N GAUGE
TMP : TURBOMOLECULAR FPUMP RP : ROTARY PUMP

194 2—5. Load-lock chambere] u]stx%

i1



¢l U4 9F 150mme] stainless steel = vl g, oH HAF

&0 FAT 4 -2 =l 5 : =
chamber < sEE 4 9 nE vl s view porti: chamber ]

m

Al gde  rabsigr. mE oy A4E AAdsle arsenc
powder7} chamber €W} view port¥o[l} gate valveZ o 32 7}
218 vz 98 shutter® A Sl Reaction chamber2] &hFE-E
A2 stz feed through, window Bl W7ol EE &2 metal
gasketd A28 sealing (CF flange) 2 i 39 gase] FALZ FH2g
sk vk

Reaction chambery]e] 2o capacitor manometers Al8-5H]

=4 3}31, motorized throttle valves} <A A A olm A AE  chamber

0|'

bk = =1 -l o - - - .
) 2] qF ¥ o} AbEeR u A sk AR 2E sk reaction

.

chamberg! pressure control AlXE¥lel Jlgne 1 E2--60) LERR

R¥ - DIGITAL READ OUT
i
I
i
SR R
AP "L
: THROTTLE
| VALVE CONTROLLER
I
eemm == d
THROTTLE VALVE
\ V4
To PUMP

2%82—6. Reaction chambere] pressure control A]Z%®]2] 7l &%
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o ool gAE ukosw  #rAlglE  arsenic powder& Al Akl 9
& stainless steel mesh filter trap {100 '@ 200 mesh)2 AXx&31
vent sweep lineXol dummy reactor®  Alx]ete] o A AGF
RUN/VENT switchingA}] chamberitf@] pressure surge A4S A4z}
st vk, ®8F  reaction chambert} @l  sr¥lo]  fristivl  popA A G

N.P. (normal open) pneumatic valveZ} Sl

i
o
£
r':'.
s
o
~
=
|
2

o 3] 3} 53 B #ZR oA A& EE= susceptory A ¢F 80mme]

Al f6kgl 31, molybdenum heater%  oj&3te ¥

W=

molybdenum disk<
FnE slgo. el DC motori: o] $3dte]  susceptord  F A A
F A skl epi Al gas FTHeol TheA Iy SHAL ep
EAQe FaAds =A  stg vk Moly heater Heffy  moly sheet
reflector® A x]&fa] 2] £248 ZFaAl#Htk Moly susceptore 2%
o FrAREle]l ¢=dl AP e 148 wafler carrleri 4] transfer
arm % pick—upg  ©]-&&ka) (magnetic coupled feed throughet <17
o]l 9<.) load—lock chamber7}x] Sxlsl 4= olu & 3§, of
Heol 142 gupporters=iA] A E 10mme] moly rodE Fdled DC

motor®} A xo] it} Moly heatere] A TIE A= graphite A}

£l ;. Moly heaterys A& 1.0mm# el wire @] A electrodeol]

AA]el Utk 7] wafer?] &% thermocouples susceptor ¥
o] M= &3, optical pyromcter®  7]¥ wafere] EriE S45H9
BR3¢l Reaction chambere] b3ty whE-3tayk gasyt &gz

= port®} pressure gauge port Ho] AxlEHe] 91, DC motors}

moly rodd <2A7)7] @l ferrofluidics feedthroughd: -8 & 8¢

—
e



gase] leak®& 243133, susceptor’t PEEA AT 5 grE

8t ty. 283 reactord]A gas inlet BEL shower Aoz Sl

Aol gas inlet 2% W] 200 meshe stainless steel -2 A183}

£

U8 MO source % dopant Z1&7} AAEY AHYY =1
T FAEESE Stk o] meshE AE&F A 291x gojw A
Hell ZAAA  uniformity’t =A  8kAE|%th.  Reaction chambere] Wi
e I92—7of JERIRIY. Z18]X  reaction chamberolA] A=
GaAs 7}¥E9] rotary pumpo] RUHE AL wAss g8
reaction chamber® rotary pump Alolo]E stainless steel mesh® A}
€% arsenic powder filter trap& AX&UT 1 Al%e Td2-—89

JER R ok,

(3) Main gas systeme] AA=}L A=

Main gas system® Y& gas cabineto . 2EE & 72E g
gasE& reactor systemo® Byl $3% Aoz 1¥2-9o A

MAZE JeElUla, 282-109]  system cabinete] ARG L} e}

=

St o]  systeme mass flow controller (MFC), metalorganic (MO)
source bath, Z+% valve, 424 A3}7|, pressure manometer Sog

Tl Utk B system® 4% §F9 metalorganic source ® 3%

u

ol hydride gas® Al4% 4+ UxE gz, g 124 1 4
2 F A systemE FFY 5 AxE HA, AJegoh
°l system& F o AAs Hdus® oed 2o 7E

gasgol A& fYHe REdE 00lumB 9 particle filter® A X
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REACTION GASES ( RUN ) REACTION GASES

Y ¢ VENT )
[ath
12]
RX1 RX?2 A
— — LED|
=
TG¢ ] Eﬁa TC &
k- O
¥ N
| 1
TR 1 TR 2 DR
-

,-
g

» 0 SCRIBRER

N

RF

RX : REACTION CHAMBER DR : DUMMY REACTOR
TR : ARSENIC POWDER TRAP TV : THROTTLE VALVE
AP : ARSOLUTE PRESSURE MANOMETER

I9¥E2—-7. Reaction chamber?] #j @I

45



ouT

-
~

- —— o v  — — — m—— e = mm w mw we o e wm wm mm wm .

gt

3.

0%

g 70

Arsenic powder filter trap

oY 2-—-8.
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HIIINONYA FUNSSIHd AUNI0SEY
H3ISNONVN IUNSSINd TVIINIYILHI0
Y34 wn 00 B2

3ATVA TWNNVA

JATVA ONINZLIN INLS

IATVA “10HINOD 3¥NSSINJ

("O'N) 3ATYA OLLVAN3NG

{*o'N) 3ATVA JUVANINd O

1¥0d 1S31 MvI] d10
YITIOHINOD MOd SSVYW - DdN

HOLOVZE Ol -

a3Ins

INTVYA CI04INYIN

3ATVA QI0AINYN

£ HSY

®SZH

Main gas system2]

a7 2-9.



9]

10. Main gas system

a9 2
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8til  gas tubingo] FrdX Abf-8te]  particle ]

fr
-

Ho
fle
=
i)
ie

ege A2s Ut 2% gasel §Fe MFCA s Ao
i, MO source®l %2 bathel &% 2 MO sourceix §9u=

Fao f¥E =EFoEA Aojstidn. E MOCVD Aale  low

—

pressuredloll 4 8L E Ho] gloermz pressure control valve #
absolute pressure manometer (Baratron)® H-Z3te] MO source line
o] Aoz gy|goer $AHEEZ gtk MO lined]
pressure conirolel] AR&E AlAdel JenviE 2E2-11q e

T}, ¢4 gas

Al

MO source® XA  bubblingAl 71 At bypassslh=d]

Hask valver block valve® AM&§tod leakel 7l 4E& FHdska

1 i NIGITAL
> READ QUT
i 4
: 1 t
UV DR T |
[} 1
) o
PRENSTIIN S
o ! ;
> : :
- ' r“"’l
ot —_—— ¥
r-- - '
[} 1 1
— '
oy 1
b
= I
b= I
= 1 +15V DC POWER
———— e e - SUPPLY
[} i
= ’ X
S VAP~ - — 1
!

<=§ gl VALVE CONTROLLER

CONTROL VALVE

18 2—11. MO line2] pressure conirolo] AFg¥ A AE Q]

Nar



Mz Wz Zolnp®  3l¢cl. GasE reaction chamberi  HE vt
vent (bypass) A 7171 ¢ VENT/RUN valve= manifold block valvei
Abgsgdar, VENT/RUN valve 22 dojiliy  pressure surge A4

o ZvA3k7] s differential pressure (DP) manometerd 4| s}

=1

ol
4t
jo

m, o] opressure surge H4%  HAgstz] Y make up linedt
dummy reactor® A Al Run/vent line differential pressure rcad
out Al2®lel Algs n#E2—12¢ dehdiiy. Run linedt vent line
© MO partet hydride partdE 2R 72 x| gl reaction
chamber vfZ=  Zolx @A A=H  so MO gase hybride gas”h
oo maE wgste 2 WA fEe] 2ol B ovalved
A# e manual & computere] G srt bwEed slUT. b
2 wl#e]  leak® HA4ztelr] €8] tubingel HEL $H B

metal gasket® A&l AEAS AFEol, He leak detectord o
g

%E{]—O‘i gas ]eak-?‘i;_— '/lj /(16‘__']." f]—‘- ?\lf_\;}’: leak test portfi_f‘ L‘E {ﬁ_t-ﬂ O”
RUN P
( MO PART )
DPT L _ _ __ _ . .
]
VENT _ i
‘ L DIGITAL
RUN P READ OUT &
{ HYDRIDE PART) il L] POWER SUPPLY
DPZ| _ . _ -}
VENT . ||
<

28 2—12. Run/vent line differential pressure read out A 28 o]

W85
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A A stk MO source bathe= MO source®d 2x i dASH] /7

t}. MO source cylinderojs W& MO gas”y reaction

Tsbe B gas vige] Wel $ESA 2T 67

x

gas lineo]:™ heating wiresr 7Zro} A& ojie  HIZE

L

o

g1 flgd Zler —20C~+100C WHe] 2xg Adg 4 2

chamber7} %]

oz & #telch WAl MO gas line®] bakingAldlE 100C ooz

- ~ ¥ z e - il = - -3 =] s
A RS BRSO ¢ 0= ) 7 = SR R=1 I L A

vl i3 =2} hydride gas$ gas panel®] w2 LR

gas panel?

gas panel?]

ABTH Crdz-13, a¥2-14, 2W2-1590 42 e Qv

(4)Y Control systeme] 417 M A4

Control system-& gas flow diagram panel, computer nterface,

manual switch panel, MFC®  digitai readout *  power supply,

pressure controller, susceptor temperature controller %! recorder,

susceptor 3 A& motor®] speed controller 3 digital read out F&

2 FAue] gtk 1wl2 169 control system®]  APR-E U ERAS

L

t}. Gas flow diagramels LED lamp& 2= sl pneumatic valve

opensl ol AAxH sl ofs 4H HgL 47

olxz i 3ldr). Manual switch panelell &= manuals o

71 %-  pneumatic valveZ Al#H syl 93 switched A%
21&t  timer, manual/auto A Z  switch, AMIA] M E
valvel 93 A 2xvulk reaction chamber® g7 H3h

switch % oi FAxo] 9k MECe digital readout
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supplyss gas % 2AR MFCe Aol ¢ zlexr 1% 157
o] MFCE& AHod I A 3l9dtk Pressure controller= reaction
chamber pressure® <AA A  §48F7] $8] reactor sl AHAE
o]  9l&  throttle valve® =Aojalz] 1% Z3 MO parte] F#HS
7oz AT 93 pressure control valve® A olshr] g
Zlo]  9l3, run line@ vent line Alole} ¥ ZpeojE  §1v] gt
differential pressure readout power supply SO FAHo Uk

Reaction chamber pressure control$:

chamber pressure® $o]Al throtile valve
W throttle valvee] e AL EH

A o] & o 2 M

absolute pressure manometerZ}

controller2  sigral& R

ol Zolzxith Digital

readout- reaction chamberel 9Fel& 2 = ¢lv] #gE Zlo
tf. MO parte] &S wirgreiE HAHAF T HeiAE Absolute
pressure manometer?}  HS b valve controller7}  WrolA
control valved gl ALE Aolstms o Urh & A of A
ooauke] A= Ab&skn 471el MO lined b xEs|el o
w32 module A2 valve contiroller 443 19" mount rackel A3

shan 149l MO lines o Alxled §odnd oG dAYAY
MO line¢l <t&l& 179 digital readoutd Ab&ole]  Aellz &
G Y E sy Run lined vent line A}olel & Aol
differential pressure manometer®  ¢}o]A  digital readout & power
supplyel trEUE Heo] gtk ¥ Aol MO part$t  hydride
part7}  #el¥le] 2lomz 2/¢ manometerE  4Zp AA[sHH AL,

el

33

digital readout & power supplyir
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X  digital read out panele] wIEl 4 UEE 9Tl Susceptord
temperature controller = recordere A AP EZ o L3 2749
susceptor® 17149t &x Aol sFstwE  FYrh Susceptor 3

AL DC motore] FFALEE A olg controllers 17TE AR

2P 29E AFRste] ddszE  ggvh. 28I tachometers
watale]  susceptord] I AFE AY =AZ Y W F UESH
SH

t}. Control system cabinet®] J%-°]¥ computer interface, -+
15VDC % pneumatic valve T%8 solenoid valveZ F3AY]7] 9
& +24 VDC power supply, 110 VACE 3KW transformer %°] 4

M=ol Utk

(5) Scrubber systeme] dA B A ZF

Scrubber system-2 reactor system2 A& AsHi, HiSe,
SiH, 2o 93 gasSe AAY] fe Aez 2¥W2-17d 2
Mazss Ve o] systeme  He]  gas  AAEL trepd
system3d} Ur1E xwslr] $98 Si ool bubbler, reactor system 2]
exhaust = 44 A 3}719] bleed lineC2HE 9+ F4 gasE H
27 93t burner To=z FAHol Utk AsH; T #5 gasE
AAs7]  $18 HaAZE=  Toxocleans AHEFAT Trap F %2
Hl# e PVC pipe % PVC ball valve® Atgste]l  FaAlel  2ld)
W goel 2AFA 9w, gas flowe conductanced ¥4 T UEF

stk "AAAE w7l HA @Zeng ABAAE HAASGHT
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2% 2—17. Scrubber systemo] wjwT

=  AsH,, H.,Se, SiH,, H, 59 =4, - A

1

bR} ZAEs AAL Mok slch
mEbA 2 systemoll X & reactor Bul ol zrzte] gas cabineto|
vent-§ hood A]lZ:®l-&  dijste]  reactortt  cabinet el F717F 4
HE AFozT  FURR e ekl & AsH, monitor



g3kl Asly gas?] p&o] JdE A TVIFEY wE7F @
slgx¢l  B0ppb olidel MW AV FY=E  sHT. Ast
monitor2] sensori= gas cabinet, reactor, scrubber Fo HI| S H .

ol WA A mE O FA/ MAE F9L AAHAleds= XIE pneumatic

12

valve (normal close)”?} w33 ZH A8 pneumatic valve (normal open)
o dgrZ s9it). Reactor chambero]l <bde] thrigtiol HA =
Ao gas lined] pneumatic valver} At s o]

sk A AHsvldx 2o AHE FEsted 4

[}
=
5
=
(‘D
mfr

HA A7 &2A sk diffusion cellol  WrbA[x] A st
LS reactortt scrubber @ gas cabineto ZHE L2z wirjryl <

4 Aol st gURE dslch

7t HIFE duselzel J &y AV|HE
LPMOVPE ofn A#AAe] 2E WHEEE F%F(manual) 7
ol T om Aolsty] @8] #Hed XE pneumatic valved

solenoid valveZa 7| A&l $i2 57 YE MFC(mass flow

sted W a3t 2EN cardS-®  Analog Design Laboratories corp. @]
AELS A& E G manual/aute( %/ AF)E AolyE A% FES
A AAsge i os#Hel~o JidzEs SrE2-18d e
Ulgiah #AFueE XTE ALEsdn eslej=E A% HIHged

Turbo Basic 2ojZ Ab@-stdeh 192-188 dAstA SHawd 4
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FEI 2k QlE o] 28 s =sle] Alo]o]= bus translaters A}-& 5l
datar} A% HAG=E: Qdu A/D convertertt D/A converter® A}
&3te]  analog 41&7} digital Alsg  wi= digital 1% 7} analog

Mg Az Wadn god  digital output cardell 4] AZ®E AG

ol &3 solencid M1 Aelg  TelelEo]  Aelgw 1} A
temperaturett  pressure = pressure difference ¢ S e

)

lo
2,
s
FO
s 4

dataZ  wolgela] ZFeiulel data fileo A2y of

wel @g¥ 5 UnT A dh

op
L
g,

v HHEE Qe oo )
YA3Hreal time) AeHE  data  4AH AolE A

Analog Design Lab. Ale}  ##9 LAB-MATE A|2el$  A}g509ch

|

TR

-

(1) ADL—-8000M : Bus translator & interrupt generator
(2) ADL-—-8120C : low speed A/D converter

(3) ADL-—8210C : high speed DD/A converter

(4) ADL~—8300C : digital input

(56) ADL~8400C : digital discrete output

Rk C R N B O B e I L Qe

=1

o
il

md
£

1) ADL-—-8000M
ADL-—-8000M=2- programmable  timer/counter & ] 1.0MHz 2]

base clock2 2 F-4 51 softwareo] 913] time AWy iZo) I} 8]
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2l 16 bite]] #EFE= counters] 7]xL i1l

2) ADL-—-8120C

ADL—-8120C= Wl 2] o] analog Aded Al o= A/D
conversion®l]  elsle]  datal S 4 2td. Data FAAl] A8
= acquisition time€  6aseco]l  A/D conversion time€ 30 msec
ol v},

ADL—81209 I/0 (input/output) addressi=

ADL—8120Ce] [/0O address

Pa (data in) base address+Q & H220

Pb (data in} base address-+1 & H221
Pc (data out) base address+ 2 & H222

2 Folr. o] H&o] base address®= & H2200 2 set Ho] 9l
o}, Analog 9#S Pa port®d Ph portZ EE 3 Pe port:
channel selector2 4] AFg-#Ht}l A/D W3S 9g softwarer= 2« el
WAl sub AD(ch), sub ADIS(p)Z F7iE AR 2Eo]l 1A
Hol  9lch

3) ADL—8210C

ADL—-8210C= 12 bit analog %48 D/A converter@ 4]

digital codeoll 9j3d}e] analog #H2 WIS WAl &£ getting

Y

time® 3 pseco]ll D/A resolution? 12 bite]l1 3 4096 stepe] 7h&

gt
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ADL—8200C¢] 1/0 (input/output) addresst= base address?’} &

H2242 set® 3§ o3 o] Fojzith

ADL—8210C2} 1/0 address

Pa(low bite) base address-+0(H) & H220

Pb(high biat) base address-+ 1(H) & H221
Pc (write &
base address-+2(H) & H222

channel select)

(H) : hexadecimal

Analog &% M&E Pa port®t Pb port2 HF&EE31 Pc port
¥ channel selector®Z A A}g&-3th D/A E3g fige AA soft
warer X Z 7oAl sub DA16(ch, VI)E FE7|®H ARFHef A
Heol ok 283 sub DAclear M HEFRE D/A converter HHE
S 2% clearAlZ]7] 9% softwareo| T}

4) ADL-—8300C

ADL —8300Cx= digital mpute 2] digital ANF L softwareo]
ol&l relay, switch, lamp %2 Z+%E sensord on/off HEE A ol
sted data FRe BE OFAH AAgACdLE AEE 4 v 2y
base address7} & H2600.%  set® ¢ ADL--8300Ce 1/0

address+= o233 T
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ADL—8300C2] 1/0 address

Pa (out) base address+0(II) & H260

Pb (out) base address-+1(H) & H261
Pec (out) base address—+2(H) & H262
Pd (out) base address+3(H) & H263

(H) : hexadecimal

Digital input-& A% softwarem= Z=Z 34 sub DR H7|H
ArFeel WAl ith

5) ADL--8400C

ADL —8400Cs digital 222 hardwareolt}. Digital ZE3H-&
software= Z 3@ = sub RELAYon (add), sub RELAYoff (add)
Angdgon SgEt. =39 Jogae ®#Hel ouwt R, 0% ow
R, 19}4 R channel®l addressOH=]5)E  EeERjiz 02 low
voltageZ A off 2+, 1& high voltageZ4 on A& LFER T,

th Ao #zel A

MOCVD  ofi®] Al #A]e] pneumatic valve® solenoid valved]

jolv} MFCe] g f% =2 Feo %% manualcjt} auto 7}
X e o8 Aelst shgstth AW EEE Isby] HeAMe
manual mode® T ALo= @As FEFoRET AolE  Fa auto

mode?l 7 2o EFe] 92X valveZ & A EE valve
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Aojet MFCol <& §%xd Fol HFHe B glixgt A
ol ¥ & & auto/manual AL 37 & mode HFZFAZF Ha
stch o] A& AAoAE 9 Aol s ©E solenoid valve
o] Eas= RS uwkAsiz] §l Z4zhe]  solenoid valve  whTh

relay switch® A3t A a7t AgAdgo] #HS ANUHEE

i}

sl9ith.  Pneumatic valve® solenoid® F%AI717]  HalMe  24Ve

Aol Wesrzg THL 7w g7 Y8 relayx 24V HYo

B FRME= H4A relay parto]l A FFol <E m
% auto modeg o] ZHFE AFol o7 FHelwk FwEA &R

T relayo] 24V Ago] H4¥ welE manual modeiE  F FHE of A

N

manual switche] 213 valve TR %A H=2 I=2E AHA
sksdTh

2) Solenoid valve =#3E

Pneumatic valve® solenoid®] F#& $airs 24V Ao

T3xlolef gt}h. Control panelols ztzhel manual toggle =934

AFEH Hao & 2A%zx onfoffed] 2 A solenoidel 24ve] A

flo)] ZTEHrk 4579 27re]  solenoid vaiveE S H,x} AsH; X+
q#]7}x  doping& gas =% ventth run HH=z EFHANA  she

valveo] d%st2 & manual X  auto modeoil A] EAH 2] valveZE

szd oldlA T AFE Az dFfA AoFoEH Ha 28t
= zao wAge 4 9lA ¥ 18] solenoid valved on/off

Al 7] control signal 8AH -z FAO] Aol x] S step/



step ®hep HAl valveZd A ZAlY (ImS o]d)  on/offi]o] A
o5 Al stepel whE  wwitk 39 sjHlEo] sl change
AwE sgf FHel Algd AW valveF /M on/offA)D
AolE Svalvertt  $3mE Azl obrrel Aok Qeld g

step /AL E  valves] A 47 golAgs A g FAHE valve

sb ol EAEE valve Alolol A7z ARA Ho-

o el A& UFH AHAolA § hardwareS  AbE

ol
-

4 MOCVD #xlel =me A2y 2isEE AFAl &7 9%
H

%

softwares 7| @3l th. o] softwared] A= main manue]A A

g manudl  o|sfA] X AE  process T A AE  program routine
og EZzIade] Fo] Yolrir AFHOZT FE  process/t 7
Hu o w3 ded gl operatore] FolE #AAAA  FY] 9§

warning(/dal) &  gdol  WEJLEE &tk Iy g4 degg

ZA 7 growing stepel ©tE  wiulth valveE S EAje]  on/offd} )
&l signald  Ao|dlye  cardE wEIYemZ o]  hardware:®

controldl”] H3l growing ZTEIWEL AwWAo T AT

Turbo Basic 9olgsE Algsled #AF o] mZEadflorEs o
.t

Fab odHzhA ol3] AAHE @ wel AgRe zZzade] ol

¢

e 4 @ F Aus sl Sed Aztds zZdas
:

e dlgg gAsiA dgshd oga 2

2
il

o
P
Ol
b

be] meagls olerel blockoi reld EASATh =

AA Turbo basic W#o] F2] el on keyi ARS8l
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function keyE YE2W 77 keyel s 9sles Auzelow g

i
X

A EUh Ao Zza@d A= F4. function keydl <A =

£
o

49 FYIEF st
28D G A epi AAATE UEMT Y HFECl

e growing routine® 2  7}X|

g clocke] FWel FAEHEE sgun 7t @A€g Azl AE
FH Al counmtHEE reset 7% S o|&35t9ut). welr] operators=
z+  @Avitl growingel MEE AL ¢4 4 ;B R Fo
O3 @AZ gdelz Al fgA ¢ 5 Uk o3 el w
T B ¥l operatorzt Foatm & Apojdl  FFHE  HHE A

HWEZ sounddts WHE AlgAd. ZzadodAs eIl

hardwareE Aojdle = &

i
r O

ABFAog blockst shlEd
D/A(digital/analog) converter 28€& RX% 73234 resetgxE 5
7l HH A= sub DAclear AR FELS  2ZA3tdd AL&319 3, A/D
(analog/digital) 1 channel2] dataE 2ojEo]l7] Y3l sub AD({(ch),
16—channele] A/D #2293 sub ADI6(p), 16 del D/A X
Eol ZHg s s sub DAlG(ch, V1) 52 ABEUS =4
32 air valve® solenoid valveE Aojste=d] A& EE ¢l o]
2 e relayes€ #AEFAZ7I Yalaiz sub RELAYon (add), sub
RELAYoff (add) 2] MM F&ES Ab&staith. g Zze] Ly

I

reh
Y
e

4} valve on/off 23} MFCo| oF SZFxz JFo dA

s L AV ASHEE sty SelM delay WHAE AEsEA
k. Delay ®& ool <% Z2ZH  routines] AHAE = wg=
HsEleg #2308 el AR ARES 1 2dle nE
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FHEC] oz fAExE sy Hal A s “delay 180072 walo
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ofr
o
LR
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o
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Al24 HEMTY F£x

1. d¥rx HEMTe Tz

el

= ATAdeM A®e HEMTe za A2 RFEE

SATh Z292-19%  J)EE<9 MEMTo TE (type AR BEF)g o

-

TEE B Z18AY HEMT  Fzejmz B A TR o) A 1=
HEMTe] sldHa Ade =48 miiss 71229 HEMT Tz
A A HEMT 23t =48 48] v @49 9=
T2 HEMT®  2xE4e wamsty) 94 A& oz Yapsiel

AT ok

2. Quantum well HEMTe] T3

olde] /¥ HEMT Fz2¢ quantum well JFzel HEMT

i

AdAdstdoh. o dmFe Fas= ARh2—200] Ebd wpsl g
%(Type Be} Type Cz BEF). 124 vtebel wbel o] undoped
GaAs quantum wellS 2004 7 & undoped AlGaAs (x=0.3) 2] of]
BB 3 el EFe  HEMTS 2ol 10049  AlGaAs
undoped spacer 2(x=0.3), 400—~500A 9 n—AlGaAs(n~10""c¢m—3)=
= AESEY. 2 9o type Be ouao 100A ¢ undoped

AlGaAsT3 300A2 n' ohmic GaAs® o FAstE D type Cel
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n¥ Gads —I10nm .

n+ AL Ga As =50 nm
- IR R EREEIE
n - 1x10 " cm ” T

iiidoped AL Ga -~ AS =10 Wi
0.4 i

undoped GaAs

n - lxlU“cmﬂ3

I um

S. 1. GaAs (100) 2°off [110]

type A

2¥2-19. 71E2H A HEMTe oz 7z
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n+ Gaz\s ~— 30 nm ;

. 11ndnnr=d AlGaAs {x —ﬂ 'ﬂ — 1(} m
| TH‘ AlGaAS X'—O 3) S 40 nm:"-:-:-:-"
n - lxl() ) :

undopecr ATGARS (x =1 .j) = TU T

—

© undeped GaAs 20 nmm T T T T ] 2DEG

undoped AlGaAs (x -0.3)

- 200 nm

undoped GaAs - 200 nmn

S. 1. GaAs (100) 2°off

type B
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11+::__Lza:1:3' —iy nm
o n+ Al Ga As “~ 50 nm-

3'_ o I S 13 L o
S s IO tem

Undoped AT "Ca A5 =10 nm
1] t?

- 30 nm

undoped Al Ga As
0.3 0.7

undoped GaAs - 100 nm

S. 1. GaAs (100) 2°off [110]

type C

Z2DEG

13 2—20. Quantum well HEMTe] o &5 3
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MFe 100A2 n” ohmic GaAsZut dAstgr)r. 1ge-218  Qub

[+

A<l HEMT®} quantum well HEMTs®] band Fz2% 7]2x o L}

Byl Zlejgh. a"oa o s 5] . channelS GaAs quantum

well2 % 2%, wed e oldol vy

(a) quantum welliz ©l&}o] 22 A2l confinement?] & &0
FlE . ol full channel current”} #7832 iranscon-
ductancest #7138,

{(b) GaAs/AlGaAs9 band discontinuityel] ¢ 8ted  AlGaAs buffer
9l %ol  Zdgsle  leakage current? Zo{E2Z  pinch

off F4Jo] FWsti back—gating FI7 Zolzul,

eyt 2z AR e low field mobility= ZrA4sA =Hesg o A

Al HEMT &%  high electric field domaina| A ol FojA 7

i

aAsd 546l 4¥e 2 % Rezm Azdrh MOCVDe] 7
Fo MBE® =% undoped GaAsel back ground impurityZ} 10“%cm?
ol3tZ  Ely] ojgenz quantum well HEMTe] 79 MOCVD o
A% 7FxE edd HA@gsith Type Co om= Ze dIF
TEE  buffer F Alolo]  GaAs/AlGaAs (1004 /1004 )8 =A<
dostide=d olz x24Rs dislocation AT == ¥zt oz

ez ol¥Fe WeHE Y F Ur] g Rot).
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AlGaAs GaAs

Conventional HEMT

AlGaAs GaAs AlGaAs

Quantum well HEMT

2y 2-—-21. «d¥rx el HEMT9} quantum well HEMT2] band &
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A3 HEMT2 Fz dag=o] =4

4

1. HEMT txe9 44

A

WA HEMT Fx9 n—-AlGaAs 59 &3 EBEXNEL x5
o 2¥2-22% AlGaAs £9 =3 =4S yed Aol o =
4e ZAEY] se] EAE lLum Fx AFe%d van der Pauw
ez Hal Zdstdn. we 8x107° SiH, B2&olA] #AE

% 1x10%m™@g AYUm o ZddA AlGaAs =32 3k o}

HEMT+= 9% FET $ZolBZ2 F& 4

-

S4e& 271 98A

= buffer 3¢ undoped GaAs o3&}

i

del  Z43th. undoped
GaAsE 6um AT Z AH4ste] Hall 243 Az A2o|A  mobility
7} 6,500~6,800cm?/v - sec, carrier ¥ X7} 4x10Mcm 3¢ Azg o
Pk F¥H  quantum  well HEMToell+]  bufferd 9dgg 3&
undoped AlGaAs(x=0.3) Z& tgs 237 Fold . HEMTe 23
Y FESEE AT Hedd 2 g dEdH AR o 8}
o Hall 238 slg}. 282233 2—24% A2 AP330, AP328,
MSK1, MSK2 HEMT % A)892 AL&9Ae sheet eleciron
density®} Hall mobilityE t}e}dl 2&o)t}. MSK13 MSK 2= type C
e oj¥F Fzolny AP3283% AP3302 type Bo AFZE FRo

Ok 2¥2-239M ¢ 5 Re] 2E  AEJ ALedqA oo

ettt

s ® A& (ionized impurity scattering)o] iR 2xt9 HAgo A
FAHL 7% E4S BUY 53 MSK1e) 39, 18Ke|A low field

mobility 7} 165,000em?/v « sec7tx] Zrlsle £ EAHE 2. o]
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Aly aGag,As/GaAs MD structure

AP328

pa .

A e
CEet

R R R e B s e e

AP330

A g

= Wmsxl i

B S R L LA A 1
C T S SR S S SR

MSK?2

1613

DENSITY (¢m-—2)

10 12
ELECTRON

| S I SRS BN R SR N N R il T T T

10 ) . 100
TEMPERATURE(K)

18 2—24. Sheet electron density?] &Xoj&A
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®W  sheet electron density®= 5x10"¢m~* A=<t} AP328e] 7%
18Koll 4l mobility”}  36,500cm?/v - sec A o]x v  sheet electron
density7} 79 o]Ezle] rsl7te 1.28)(110‘20m‘2 Heg umnpg ¥
&9 Rolth
2. LPMOCVDe] olate] Adag diwd oiaxded B4
(1) A%zxd € AFs

LPMOCVDZ epi AAL 8o A"  siolzlel uniformity
4% 2ARUT. 4% zdo wed L @

TMA 0.2 ce/min

T™MG 0.4 cc/min

AsH, 8 c¢c/min

H; 10 liter/min

Te 750C

A 1000 rpm
5o xde gl growingd HAT W AFE  dolug
uniformiy 4% zASRTH ARZ—19 A4d2-2% AAH epi 2
o] ©W-& B0WlE angle lapping § & Normalsky &n|A-& A&
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wiformity S4& 9A¢ @z e agelw dolule 7

-

Aelg Assme Axel o A QHsA TIE AT R
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GaAse) AL 0.97um/hr.—2.7A /sec

1= — -1 MFCE
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NEW MOVPE GaAs THICKNESS UNIFORMITY
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(2) A" <7 F2 uniformity 54

2= dojHe Awg ARAd ARE wW oiyE #A4
54 % ZAAY TdHes 2AE 9 doiH = oY
e Zztezg  AgA AzZbel HH oA resistivity (£—cm),

mobility (em*/V - sec), 2ol TR (em™) Fo H4EE Hall A

€ st EAEYEY. AR RTE oA Aesd AY RE RTE
Z AHE3lY I n—type GaAs epi & AN 98 SN, gas
& reactorol {FYAIAHA silicon®E n—type doping® 3Gt} #Z
2 HAAM Adhel FEHEE AAd wE  resistivity(@—cm)e) @

Bl 292269, $1x19] 3} £ mobility profile Z2@2-27
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/st sis || Ltats:

A = 0,01 sithin instrugsental resclution

Alo_zsﬁam 5As

Double crystal X-ray diffraction rocking curve

§ increasing -->

:1% 2—29. LPMOVPE=Z Ag:gl-;&]ﬂ Alu.25G39_75AS 2?_]'5"' epl
AelH el X el wE AlAs v 2] uniformity 54
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A g F gl vksk @ol §1xle] wE} separation A Aol E
Fog TR F e Axz Ad dFHAZ FHANEHEY F
W 1% olielA Al meh As Bl FAL AluGayshs
A Fel 4EHNEE T & AU

1W2-30€ growing run WI7L & Alfel  HiHS  PL
(photo luminescence) intensity® =74 ZAsfolty. IRCNM EAZ
15 28] A$ Aol YWl wel PL peak intensitye Wsheisd
A PL peakis T 9AoA wEHAth god ge yPad

& AgshE A"R e epist AEUT AGT F Ak
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A 3724 HEMT 4x49 A2

A)13d HEMTS %3 olZ3 HAHI

HEMTe] glo}, ol&d#e GaAsSuor HEgAAR Hyst
A $E%E AAL AlGaAsze] EAFE oHE donors] @
AL A A gon wEi AF AR Ade oF HEA
Hell HEYPsA Pl =g g AF9 modulation®  #3¢]
terminal & gateZ FAYY. Gate:r F=  AlGaAsE o] H¥AIP
k. o] AlGaAs#Fe bulk GaAsdl HlE] 2 HAFE BSAo] H@He
EE2R2  AlGaAsFo] gates} o]F A3t 23 AA  fieldo) ¢
3 @HS] depletes Al slof Ao} 2o AR T FEH E
dE e 2x9 AAFd A z=ZA 2

MgaAde  2¥  ddel 44 we¥ 4+ gozmz
normally—on A *(depletion mode)e] A}go] slgsith. o] AS
gate Aol 0¥wl AlGaAsZE o] depletedl T ARpe] Hulgke A
F7F &tk =3 sourceo] tHsl negative gate Aol AFA H
H 2a9 AAZFo] depleted]iz AAE ZAZ pinch—offdrt IC
(integrated circuit : AAF I Z) M= 2%9 FHFE7 @ Zougm
¥ 4&R7F @2 normally—on 2xg Abgo]l Erbgstoh weEkA
gate ol#e] n*E doping® AlGaAsF e FAE WS st 9

2ol Q7 bies @olw 24A AXFo] F¥3| depletedm AFE
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gateoll positiveZ Qto] HAelekgt F = HE  normally—off A&

A} gH T

1. 249 Az BX2 charge control
Modulation dopingd AlGaAs/GaAs ©°lF HE T AHWHA

448 249 AR Aze vd WAT FEm)E 42 T

oft

¥4 wd3} Fermi—Dirac FAE 01&3o AL4T F Atk o
71l 4dA HEMT AAdAz gate’l EAFJEZ  gated] 3 =
ddol @A ma oot Itk Gaterl BAde ZAS ¥ 3-1%
Fol Axd W=yt FAHGSD oy]lA die dopingFe FA, ¢
= barrier¥o], V.= gated] <QI71E gate HAL0|IL = AlGaAse
SAE, Ng= AlGaAse doping X, J4E= GaAset AlGaAse] o]
Z A AW Anxdg EBds HY do  spacer undoped AlGaAs
Z9 EHAe|th. ol I¥3-—19 V,= FIEIAE HHstd S
Zol ®rh

gN

V,= 4 dZ—Eo(0)d wereerrrrrammerneren s e (3—1)
2Ez

o714 d=(ds+d)elx E0)E AlGaAs, GaAs interfaceg] 7 o]

SR
52E2(di_) = 52E2<0): qns :%_2_ (V]JA‘._VZ) ........................... (34_2)

b (3-DHeg FE doixm dr7AM Vers AlGaAsT

tlo
o
=
ol
o
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W "ad Agelth wW IJE-DE FE

— . — — — i — ) — o ——

|
I
!

Y__
o
i

3 dyg

Doped —=—1 -» Undoped

—— i pp -

2% 3—1. AlGaAs * 9ol Schottky gate® HAHMNY
943 HEMT Fxe HAxd @= =2

V2=¢h_vﬁ+é_ (Eg— AE) veevrrsrermnemmremesesmneniiinaaaes (3—3)
ole ¢ 4 gomz (3-2)¢ (3-3)4% x¥ed

: 1 1
nszj;_%{k [vﬁ_qgh_vpzz_d_h E“_—q_ AE)Joeermrerronnmmmnanennns (3—4)

o] QojAc; ¥y @l nrk HEE zAW oS 2 BAN
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dudE

—% Eﬁz_é_ o DI G 1) T Y O (3—5)

o714 a=0.125x10""%(Vm)e g Rt gZ@aA G-4HAE&

(3—=3)4 uidstd

1 1

n=-f [Vom (g Vil 5 AE+ ¢ AEn(T) han) ] (3—6)
ol i AdstH

Ins:"q?i_—'i%/;?)" (Vo= Vi) vmrrrmrereeenerinetenmmm i e naes (3—7)
o] Hrh o7

V"Hzmw—%{ &Ed*\jpﬁmé_ N o RSO (3—8)
o =Y N A

AA= SB mBD A crrrerrrrreeanreiaaiana e (3—9)
o]}, wlA  chargee

Q.=gn,= (d—-‘—z—d)_ (Vg Vo) reeererersmmmreennssmemnnnmiiiiae (3—10)

o]  "rh XM {AF¥ Ae ¥MF Ad ol wd EL gate
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voltagee] 3571 ofvsin siAEE AdyF geglch 23y do)
300A A= HE& ZAdstd Ad(=80A)8 TAE 2 U o
A @85 Ade 8% correction factore]th. We&oz 2Y3—29
22 HEMT A& ¥elE B9 drain A9 V= o1718da  source,

drainZbe] 23 o] channel X¥14d profileo] A A}

___Gate
Source Drain

R \ V7777

& e

,- —— g —

R ——— - G G A A S

LT B

,/ \\\
s N
Q ,’ “\
e ;
S Ve lx) Vpy
@
<
| o=
(&
-
O
x=0 =
Distance

g 3—2. HEMT=2] gsted]A o] XA profile
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w2} A A4 chargeE controldte AYG S
Vet (X)) = V= V(X)) worerreresnnesrnrnrsstersuessnimenensnsenssainsssnaes (3—11)

714 XE source®d: YHoE 3 Ao

uw} & source Q.o

—_— Ez —_— — A ] sasmsmarsssssreserrm st LR s R T TN —
Qs(X)—m (Vo—V(X)— V) (3—12)

o] X3 channel current EHOZHEH

[=QuX)ZV(X)  srrrerrerrenrerrssmnienninen et . (3~—13)

o] ¢olAk o7 |M Zy gate Folm V(X)e= XXM A=z
velocityo]t}h.  velocity —field#+ Aol A1  two piece model® H-E3A o

H  critical field E.del A

2] ®|¥ol stttk o714 v saturation  velocityeldwr. 4

field E7} ERtT & Ao 3-124&

_ £2 — - _(_ch_ ........................... -—
I—uZ m— [VG V(X) Vufl'] dx (3--15)
dV., o -

e 7] A &% T EzZ A A(electri field) e} T},
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re

VXm0 =R cetrereemrrmmeearm et (3—~186)

Vo =V (X=L)=Vp—(Rp+ R oreereememmee (3—17)

o] @z oA P, Ry source®} drain®] 7| A A & (parasitic

resistance)o| . Vye 2 HolA  I7bE drain dSbelth. whEhA

——

V(X)) =V — /(VG’—RSI)E_giM ..................... (3—18)
~f soptll
7 Ha oA7A
Vi = VgV ggrrrrrernreererateereii et s a e e (3—19)

olt}. ¢l source, drain7te] field EZ} critical field E.Xtd A

¥  short channel HEMTol A4 X3 AF L&

Iszdgj—zﬁd (Vi — V') reevvernsserenmrmmsmmmnmisiiieeereseeseeernnnnnnnsns (3—20)

o] 17

Inteinsic transconductance<=

o] =t} o]d extrinsic transconducancey:
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gm:gm‘)/(l—l—ngmu) ......................................................... (3—22)

o]t} &H long channel A=Al e 2(3—-15)& co]&3te] g3

Z+2  intrinsic transconductanc’} Qo] A},

_ QuZn; aen(d+Ad) 4o, _a:
Boo= 1, (14 Cesul)? ] (3—23)

A7}|A L gate Foloim Loj WiwE  Hop@ A F(6-28)4

(3—21)YA 3 2o}Ad short channel HEMT A $7}F o

2. HEMT® =& At 54

Gate Aol W& %3  draindFe  2(3-2003 o
cut—off Yo A HoJ A gate o}&le] capacitance’t LA I= 7}
Hol Elgstn wilr FHEEEY chargew V, & gate (V)
—+EAg (Vwel M3xoz wech 22iv Vb Ve 7t

2}

o,
9

| ueh F cut off M=, 4 EWAE Eo] HelX
F AAL] Fermi oA 7l PFolzitd. o] g surface FEEIAE W
sk "bge]l  <lviEl gated e Wzl wWAA 0 HDog

AlGaAs3 & E8 FestE Eade wWaldol astd, 4%

iy

A FEEHAA Mok ZAA

— (=]

transconductancews 7FAsta A EH
of A7A HArh

o] F@AFEL Al ] @A EhdE=d oy Axbe

EB2 Fxo vddsn, AHLor TR Mol AxHo=m 7hA
st=d, ol FA 9EFH  confinementel] o3 Aolr}. A
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pinch—offe 229 A=A 729 Fx7F HdXe 10%7HA Z&R
< wWa AHdste=wy, olwe 239 AR} M2 “effective” position
& P3-33 o] o]F HF AWe=zZ 2004 oy} =HojARA =
P Al e el HA A2EF depleteAFiwdl T €S gate
ZAQro] WQ3sl:, slow—gradual pinch—off§ =3¢ ouit} =
& pinch—offe] 771&45E  gate £ Z(capacitance)o] WA TAa

g RAoln.

1701

150

130

Ad (&)

1o o

70

| 1 | 1 ! 1 L
-0B -07 -06 -05 -04 -03 -02 -0.1 0
Gate Voltage (V)

g 3-3. oY AWHG 2x¢ HRLol effective AT,
Ad v.s. gate bias

Cutoff& ®E] HolA® charger gated ol Aoz A
Attty ARY 4 3, ¥ G HAFT gate HG A

#% Aol transcondutancer YAHEFA HFAEH.
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Y AlGaAs?’} HZEZ channel®2 Ea|7] A7 ojt.

HEMTol A Aate GaAsvol £Ast, GaAsolre] HAAaF
e W F geiA ek ol F 73"?} Txe FHE We ¥
& AFGV/emAF olshold FAHHw B HA olFxelth I

@1} short—channel 2=RFellA, AAL 4 KV/em o] ojZ21R g 9]

B mAGAA F4 WAL mEsier ok @& It HAAU
ofA] Adutzael modulation doped HEMT FZdA  2AHH, HAZd
& A&} drifi == 18349 e}
20 ' | T T T
iected
e
I "00*"5 ]
“s
AN '\11‘0"‘
FE“ ""
MOS)'” .

"

N.=10'%em?(77K)

Drift Velocity {107cm/s)
5

N;=0 (300K)

---__---

0 ' 100 300 300

g 3—4.  UwrEel HEMT oA AAe uwg Az drift
&xo] wWal

of 7]o] lightly doped %+ ion f{ree bulk GaAs <}*2 Monte Cario

Ak A plotting¥ ol 2l+H] undoped GaAs®t modulation—
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doped T EoA FHAHF ol A dA2 LS E T o

o}.

o]zl ¥ modulation dopedd#%d A GaAs?} donor7} eofd A
kS 10%m2e] & R Y& o, drift e AN F

tlo
o
e
&

itk 200V/eme] AAAA AR Hxe F X3

r 1

o
L,
o=
N,
B

e Re AgeM LojAr we A oJEEE
a7 Qe RXAEQA AFE F Poith o] e AFAY I
olExE 2zd glo] E3 drain AYE BANL, on—AYLE F
AA71™, turn—on/turn—off transient ¥¢te] speed® YAAIZITh
2319 AAZY HAAE &4 GaAs Ao AHALE U2 /A3
22 A HT 5 300K} 77K A Zd 2x107, 3x107%cm/s<
e zZterh. 9wE<Q buk FETHME ARE FYseld  donors}
A slelef dtrz old o HAAL Fxe AFAH.

@#a AR SFEHE nHFIYY bulkk FET A&3d] vl
HEMT:  300K$} 77KolA 22 20%9 50%9 F4& 7dE F
alt}. o] oo 2AF, 3t transconductancest W& sourced e &
Fe o A HRAA, 53 24T FHA A @ F¥l
7Vs 3t

3. 53 EAe FAg
Switching A%} 2x &3 (speed)= gate capacitance}t
interconnect capacitance®] ¥l T E transconductancee] H]E UE

W™ (speed=gu/(C,+C)), transconductancezt F+F L speed?}
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FdEct. HEMTTRZo] Udolal, Axtel drift 227 %7 924
transconductancert #ArEH, =3 2319 Fx A2} gate w49
= #H o 400A¥e] "old A %ol 2 FEY chagert B
< gate FSYO T modulation® T Fzle] Ao gate capaitance
7} #7157l &1}, interconnect capacitance7tz 1@ Sttiy gate

capacitance®& F7HA7Itt % speed= TAFA T A EL

Z2xF9]  transconductancer= AlGaAsZ 9 FHAES ZTarAAo=z

A AHFEE 4+ Qled, ot AlGaAs$ el doping FEE  Z7A
AHoket  3tv, leak7} Qe Schottky FWe wEy] sz ok
10%n~e] @#7 ¥tk wetd  undoped spacer:e] SAE Za
A}A  transconductances} 2zt A} FE  Zrle] wE Mgk
s7tEE 2¢ 5 Uk 2y o WHx #As Q. =
spacer3 2] T/} ZFAEVFE coulomb Aol  Zrlsly ol
ol HE& =¥ nAY spacer 29 HAF e 20~304 0]

_:[_':'i'__
"t 20A o]8Z spacer® %A FAANRELE AL 2 A

off
Mo

T 239 AAF U Hd gatedY V., (max)E 239

9] pinch—off & go]t).
Vgl(max) = (Vg_vth)max: (Vpo)BD

_ q(d+Ad)n,

£

................................................ (3—24)

2—piece models FHE¥ F9, Hul U3  transconductance (R.=0)
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= goas .

. aunZ anZ{d+Ad) e _
gm({nax) - L |: 1+ (52‘”5:[_;)2“ ] (3 25)
d=d;+dg=di[- 2e2(Vii— V) JH2 e (3—26)

alN4

o714 dgk die 24 undoped spacer7A ¢ doped AlGaAsE o]
TAelH, Ade olF AG ARG 2xd HAAFe A=, HE
AHela ¢ 80A AxLelth Vyx effective built—in Ao 2 ¢,—
AE/qo]™, Schottky HE= o|FHF AW built—in A el
Hth 29 L& Zzt gated F3b AHololy uv A FACNAY
Az olFxoltl Ao transconductances di¢t gate ZHele T
Ao wek Erhgth de #Zae oS 44 a#dE dedt A
A= gate copaci-tance$: transcon-ductance?] Z7}e]il

HW gate A swing (43-24), AW X3} dram IF H FHM
transconductanctnee®]  FAdolth  300KelA  olFE pE del A
GErg WA 3w oF 7000ci/V-s AxelwP wEA V=07,
Ad=80A, u=7000ci/V -sdn] 2(3-25)& ol&sHd Y354
2. ole  gatest 239 HREF Abele) Azt 300Aial
normally—on A=tel A%, lpm gate Zolgl HEMTeA A4gE 4
olt}. Spacer%# di7F 100A ol4e] W transconductance’} F

A Aekdsl, 20~30A0] A& FrAolth
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Undoped Layer Thickness (A)

. L¥ 3—5. Undoped GaAs spacer® S#o] W3 Ao
transconductance] WI(O:4AYH], — &)

HEMTT &9 XA zde ogd ol 2% £ gtk

1) AlGaAs %9 Al ¥ & Z7lAA, Schottky gatee] =¥ io]sl

2)

olFAGARL AL FA o=A 2o WY gatedd
o] S7tE 2 GaAsold  AlGaAs 2029l  hot carrierg]
injection®] Z+AF ™, channeld] 239 AA Ex7} 7 A
. AlGaAs®] Al'sX¥, donore] o}&3} energy® WA €%
3t XM, good ohmic HZFH H: ¥xel trapg FE TR

A o Jted # e ol Fu HA 25~30%7F HFxE= &

Schottky diode2] leakage T+& AlGaAsZo=zo EAd 3] o

A7 He AU gate AFE oM ¢ 08Volm 77KeA
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3)

4)

=,

o gt

1. Buffer&(¥L+ iy

= ¢F 1Volth. TF ZF  noise margind tolerance® ZHA H &
Y AL o 01Ve|r.

TransconductanceE Hul3}asl s AlGaAsyt 7lsd § oF
ool Fol. 1dd ¥4H Y HYEL 7] A= AlGaAs
Zo] gre 42 dopinge] Eolol #h. 1#u} doping ¥EE
°F 1x10%em*wtt & 4 gled, olffe I o149 doping
of| A = gate- leakaged F71 AA 7 Folth. ¥d  dopings

=g SAA @32 AlGaAsE  FAR AlE ZAAYR

s
2

dn oA

Azpgo] o] olF A AWol confinedsx &S Aol o]F

gate built—in X glAde] 44 xdHYH $EL

A =W turn—on 2%l transconductancer} ©l$-  ZI  gate
Aol el w MRS A HH

Spacers AAY $E2EAHS HAYA G @dnudA Tt
313 gFolol  BiW, o]lEM & AlGaAsdF FAE Hxd oo

k%)

A1 transconductance® «U-& 5 UTh

A2d dAF TE AA

APz WE Adw dF Uge AFAN FFAexn

o7 M= g7]r MOCVDW e AAast A%, 2z oI F9

AA W

ol

& el R
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Ad F 239 44 Zo] Y= zowm undoped GaAso)x

EEES FRE 10%a etz S ur §xsojel W@ate] o=

= H drift&xrl ®3, E&  transconductance® 7] o3

1k
I
20
o

&9, 2449 ARFo) FAUHE undoped GaAsE o ¥4 $E2 u=
T Utk o] AdZe]l i ok 200402 ston gzl %
(wellol  tg3}e  barrierdo] 23 olgfo] 9 83 undoped
AlGaAsZ A AANZA  ©o]%&  blocking(Re) 2oje} 3l=H o=
undoped GaAs9] buffer®2 58 A9 leaks w7l wjEolt}k wl
Adoe]l ol bufferae Z A 2 (super lattice) @ HWAIA|A, =2

AEEE AFE ¥ cF2HGARY qualityE A4 )z sl

FAe] &3t AlEE AP329, AP332% MSK3o] o

2. SpacerZ

°j5 Ve ClFEUAWES 4" 239 A W
n* AlGaAs donor%2| ionized donorZ 3-E]e] coulomb ARRHS
7171 9% AdE @9 AR doner Atelelye g ZgErh o
undoped AlGaAs spacer®o] H= FAC e Ape olu] Ay
RoOAA el os xpas muw  w wow, HIF FAE 20
~30A% gEA Uk o] Bxx, 259 darel Fxe ol Bz

g8 2FA% 294 A MOCVDE 2d Aws Ha S

e

80~100AF colm= o] Heela] spacer FAZE ARG x
& AlGai-Asel Al =24(X)& oA AAS whsl ol FH

0302 9
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3. Donor%

22ty Mo YA ®LF AAE FFd}e FLE af
Al GaosAsol™, B8 AAx o Zo FA9 doping Fxol 3
wWalstA  ®d axe  2'RAEM(Vwel AAHE, Jhed #
dopinge 27N 71m, 2 FAE TaxAANE Rel KT o F
9 B4E ERE 1~2x10%m%d WAz EANHELH  dopants
Sis A&std.
4. Schottky&

AP329, AP332 HEMTg 7AS$el< n*AlGaAs2} donorZd #el
ok 100A 9] undoped AlGaAs3& o] Schotty gate’} 1 Yo A
HxE sgt. E3 nt AlGeAs donord % highly doping® 7%
gate G HRo]A] AFE leakr} AT 4 Joen=zk ¢S undoped

AlGaAsZ S A gstd AWM leakE WAsZA s

5. OhmicZ
Sourced} draing WA ohmicEHE TE 93} Fo=
2Re] folgy HE Ao TAE A3 heavily doping¥ n”

GaAs2 gt 2 SAE 3 FHA oF ohmicF e #

23

0% n° AlGaAs® ¥& 249 ARF ol AA FEHHE

Ao =gz stel 100A°% stgx, AP329, AP332& 300A2=

38

s ok
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Al 373 Optical Mask<] A7

Maskz} &o £x9 Az %7@.%‘— patterning &} optical
lithography F Ao, dolsdel m=xd PR(Photo—-Resist) o] el
L2 UVZEE Fi Ee WAAZES plateo]n], zze Ha T
A o ol . Pattern  AF(Cryatwtog  F=o] gk, Mask A7
By Aesm, 1¢3—69] optical lithography e u NeE A~

7§ &k ot

1. Mask A4 &

© Mask &9 Fe PRL sourced} gate,2} gate drainT
o At BEF 2umz d9E, gated FEE  ARHDP T
gate®¥ 28l¥ dual gate ®oz 3Fdd. EI  gated] Pigeiged
[011], [0t1]l2 Mz #H % wegoz sy

Test patternec agx Schottky pattern, 43 bar,
TLM pattern s long a4 v Transistorzt ® @™o gl 1, =

el elld F3:, F 229 HAzo A el 2 g8 Van der Pauw

O

patternit whgkoe] M= ol [g11] 3 [011] =+3ke] Hall bar
b 2YH S dAEde 2 maskel TAHAEE 19 3-Tol 4

st o,

7}.  Transistor

Transistor pattern® gate &), wrsk R Ao wel og 231

3ol FrE £ Q.

10%



Optical Lithography

lass
mask i————i r pattern

...... PR(posi.)
sample wafer
deep UV beam
||1ll|l||1|:=:':
EERREEERRRRERN
confoct  YYVIVYYYIVVV:VVY
exposure ' ' ' mask
PR(posi.)
wafer
patterned
P R TR RS

wafer

23 3—6. Optical lithography 3#& e MY9=
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#3—1. Maskf|®] Transistor &

5 gate @o] gate H¥r&F gate *
o (pm) (um)
T& gate 07, 1, 2 [on] 150 x 2
I8 gate 07, 1, 2 [oll] 75, 100, 150, 200
_% gate 1 (o1 200
T#& dual gate 1 1 [onj 200

“I"8  gate FETE= @A A ¢ FETHEolw, ‘g

“—7geo gated] o]l Mz FHom =IA AAstd HF A

235 ‘I8 gate FET+ gate®:& 4dAZE o] AAEA gateE
of Z gateAsel Wyt Az EAC v¥ARe EHE STE
2 stk wa “T"#  dual gatet gate padel A FUtel o,

gatedWE TadA 2% 4 $4E BHos AAsdr e

F

28 3-—80] HAT 27+ BEle] FET pattern® A3t

). Test pattern
1) FAT :long channel =132 X¥]
gate o]y 100xm= St gateZ 3 gate—source?t A
Ztzk 200pmet S5umz A A s gk

2) Schottky# §F parttern
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{a)

o)

1% 88
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— T

(&Y

18 3—8. Maskd] EIHO U=

110

oq &

o

transistor



Schottky §EH £ ¥ 2 AZe 100, 200, 300um= 3}

)

b

AL ohmic B EFHole] Aeles 20umel 30pmel Erpxlz 417 5192 o

e ZHR] bare] Zol: 840umo] il #.2  100ume  60um

4) TLM pattern

Zk ohmic padZte] Aglsl 4, 8, 10, 20, 30, 40umol 70 9] pad
array®l™ mesa mask® ZHAgs 2} channele] #¥& 80ume} 100
pmzE B A slhoh 39E3-90) AlAE  test patterng e o).

ok ol EEM L8 pattern

MEFzZ 53] 239 ARAFY 24 IFE 98] Van der
Pauw pattern®} Hall barZ 4l A o9tk Van der Pauwe #EA& =
71 1000x1000um=z s ow  Hall bere] Zojg} #o ARz
1500pm e}t 160umo)tl. o] Hall her: Xz $3 ektog ®H 2%

AAS Y EY (100) @ dlej=l WelM oz 0111, [011]wrar

Lo
i~

ju

og o)A 1, o] patten® @ % Hall Z 39 Shubnikov- de
Haasxl & 233l 29 AGZe &=z 2 HAre]  Hallel &= ¢}

22490 AAFEn 9 4 9l

p=
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©

I3 3—9. Maske] E3Ho] Sl test pattern
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Al4Z HEMT £#¢9 A=A
HEMT Aol zz Fgde he a8 3-103 o] =4

1942 4w & Yo 29 3-109 A% I zgne Fa

Zhel @9 aAEel Mz drHez mgse xx A F9
3

S &AEE T HF leakage® WA eyl & Aolr) s

]
X
2

2

o

A9z w&A field 2E L undoped buffer(GaAs)<
©  don milling¥¥E o] 8Tl ou) etchingA]  etching profileo]
mesaFEf 7L = o] mesa etchingoldl B2tk (100) HolHAAN =
3—11ell YERd wiel 3] WiAle [011] Weke 2= nagatve mesa
profile o] L}E}ibizd], etching®<le] wel mesael vl Husp ek

& oEA YEuE st Fe gate A4 FAANA  gatex

gdel, gate padt WFAH P = etching® B YA o}
SfEZ 2 gatest gate padel AR Az EA YE FAY
A EEA 9ol AA ZAskA #@g wEM o) 2Beo] wo

15
i)
i
S

A|  positive mesa profile& %= Fo| Fojol gated

Uo
o%
Lo
L

WE o gdom, ol&E & oldel WY maskd

RET Aol Foath



1. HEMT epi. wafer preparation

- :
S 2 OHMIC SEERaassiadal n—GaAs
undgp-éd?
undoped Gaks:
e OHMIC  n—GaAs
DONOR n-AlGaAs (x=0.3
i SPACER undoped AlGaAs (x=0.3
I 20:G
BUFFER undoped GaAs
. ‘

1 3~-10Ca)
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2. MESA etching

a . ™
optical lithography
positive PR coating
align & UV exposure
develope
wet etching
etching solution
phosphoric acid + hydro peroxide + DI water
ammonium hydroxide + hydro peroxide + DI water
agitated bath
- depth ; 0.5-0.7 um )

1 3-10(h)

1S



3.

SOURCE & DRAIN formation

r'_

SOUECE DRAIN

SPACER

metal patiern formation
MCB modified lithography
surface oxide removal
ohmic metal evaporation
Au—Ge/Ni/Au ( 1400/300/1500 A )
lift—off

alloying
480°C ( nitrogen ), tube furnace
2min.

S1¥ 3-10(0)
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4. RECESS -etfching

4 Y
AN DI
SPACER
selective wet etching
pH adjusted hydro peroxide
pH : 7.0 - 7.2
agitated bath
non—conductive holder
- J

Sl 3-10(d)
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5. GATE formation

\\‘\\\\\\\\\\\\\

QURC
N \S\\\\m\\E\§~

N\ GATE

"OHMI

AR

R

lift—off

metal patiern formation
MCB modified lithography
surface oxide removal

gate evaporation
Ti/Au or Cr/Au ( 300/2000 A

29 3-10. HEMT 2zt A& 4 &

a#F3-10(e)

a
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gate direction
on (100) wafer

-

D R A o e e

2% 3-11. (100) waferol| A Wake] wWE Mesa profile
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L}, Source/Drain 84 ZFA
o2 4279 source®} drain® FAHAF)E FAoZ ohmicHE
L= 9% terminal® YF<2 2
A ARFE B, AvHez QAN FAHIT. 2 FE2H
Fol ALl FF EAO ddsd & 94I¢E Feog, o FAAA
v %& HE: A¥ES Zde Y x2de& Fe Al AF Fest
ko 2zt HdAFe] hd ohmic FHFE wl=A] chmic &3 23
2 AAEge E8F gGEe gsARt e]FAw R ol
ZH1Eel 14, & AR el transfero] o8] mEol i aela
Adxrel  ggel barrierz FAE8E 4 dv Azde 2L b
g HisEok dth. Ohmic FA2 ohmic F& wate]l Fdx
@ e (alloying) s 22 uxs 4 stk 54 Wte  thermal E&
e—beamZF FIYPo| 25 T== Aol dwrHoja, ohmic TFEHO
2+ n¥ GaAsdl¥s Au—Ge/NiJAu T Au—Ge/Ag/AuvAZy 713
@ol  ArEHEI Qtt o] Ao e 8 FH 2We oA 400~550C
HHAAA  FA~2EF A Algse E(furnace)s]  ZEHof
o gE2n. o AE  AEFE FHAAM O H4F AL 01~02
ohm—mm#ztx] dojH . givh3'Y  FFdle] ol& ohmicF Eeo] ¢ o]
3 xWe=r RJE  #isie gFslsle Hels disl 500~10004
HYeoh  lA o383 g ohmie H-9  n* - AlGaAsF
e 229 AAZT AA At ol #wHd sde Ael ugHE
tt. Obhmic HES HEAYFL /ted & ZaAAC . @¢H

gateddo] . ofuiz} gates} source Alolgl AHEE  submicronT Y 2
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F4H e FAd gemz oldd mATE AAAHE  ohmic

& Al Ax HAB APl FAste wgo] ZrtekA doh

NS

K7 source, gateAbole]l bAo] ZAFWA, s TAd o3 =
ol 9 Wgeze #4x BAJ Hz g o Ay 9
O.lemA=2 Huslm Jom™® olzjg ZdugGoze Fin
spked, & BITAF Fdd EAES Hdsy 98 G2} FAY
o] ohmicHFZ = FHeo] dF xHuHI dow Ge/PdAE

ol g% FAHol I WEAY eolrpie

t}. Recess etching JFA
°f 43L& HEMTAze] £Y #4(Vw)E RHSIT n* GaAs
caps & gaterl FAHET FEAAM AAse FAHeltk 2xle B
H  HYe Schottky®d & olx el AW ydMY  gates)
°o]Z HE AW Apolo] U= ARS  AA built—in EZE Ao} 9
8 ZADI  gater} n*—AlGaAs =9 FAHE A7z

HEMT &4e %8 Age e 4G-20% 2o

2
Vi=¢u— Ach — ﬂ%‘di ................................................ (3—27)

13} :Schottky barrier E =2
23t:01% H3te]l barrier T WA

3% :n*"—AlGaAs® built—in ¥zl
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2} gate’} undoped GaAs¥ i undoped AlGaAsZFFo] HAE=

A9t Ad@-2nel e ol wgags

AEC . QNd

Vlh=¢)u—-—q--— 5 Tl 2T+ Ty) reeeeereasrenrerininiinni, (3—28)

Ty i n"— AlGaAsE FH4

To : undoped& 2] T #)

olg} o] HEMTe EEAYLL nt-—AlGaAs =9 540
o3l Ao =zA=Y, HWe undopedFe FAE wWIHAAA AT
7 e ¥9e n'—AlGaAsFA =R 2AHE Ve WA s eF
10% A o] t}.

Recess etching F&A L % criticaldt FAelct, 2H 3-—129)
AiGaAs®] doping®sxe TFE AlGaAsHE 9] Ef—] Wl wE F
B oMo wzzE YRS old mEW AlGaAs F
< 1x10%m o= doping 3EE ASF FAd o FE A9
VZEs 43mV/A0ln 2x10%m Yo  dopingdt A4 6.6mV/A
o] HEth olx AlGaAsFel FAZ ©9EAEF ©HE =dHor @
< 9ugch. wd  +50mVAEY V, dTHAEE 47 HiAAe

gate recess ectchingo] 93] 77} 10Ao=2 Aojxojof 3Ft}. o]&

.

7Y Atel #UAE 97 dAdA= s H#E  etchingdH
o] Aol H Qo UWrH o F  dry etching ©] wel eiching 34X
tt B8 Ao FYer =ow u RIE(Reactive Ion Etching)
g 7t ®o] ARl Wet etching & ol&3e= AL AH
etching, & GaAs®g& etchingdled AASE AlGaAsye= A9
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-mv/A)

THRESHOLD SENSITIVITY TO THICKNESS (

r

o

| ! ] i ] |

2 5 8 10 15 20 50

GGo7Afo3 AS DOPING (10!'7 cm-3 )

293-12. Y wrol w2z HeEld  AlGaAs donors

A d 3}l g Y dAdy uzgn
[], 300K ; M, 77K ; Vi=0V : ¢n=1.0V
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ctchingst®l @ A< ol&3hd dWHQ recess etching FTHH
ge e FUEE de & Atk oe ¥ A @A

3

ahz gE28 F vl @Rl

. Gate 84 T

ki
[ d
il
'
2
o
'
ki

HEMT 2 #te] gater Schottky o

He A= gateds  wrag HAATIZ] W@ oy BAAUE = 3

Fol dl& gzl 53 AlGaAsTt »&FHE 7S Alg AstE
A7t oler ¥ Aotk EF gatex 8& HEMT®] microwave

23 E4¢ A%L FOI gaedATE AT F FaAAG @

o}

o

7}, &z AY F

» FALE ut# ¢) photolithography &% wet processel] ¢

ihed

& mesa etching FA9 A2 A0
7+ ZAHY MR e EH} Zoh

1) Photolithography
.  Pre-—baking  200C¢ ovencl# 15%¥zt A estd  HolH
EHe AT Udv BEHAE A Aste PRI floln e
adhesion-& Sk AL T

. PR coating : AZ 4210 positive PR(Photoresist) &  spin
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coatingst Y ¥ FHFAE 80004 A x o)}

* Soft baking : 80C¢] ovenolA <FI587F xaeste PRy
ETE e %-Z:i](solvent)%—. FAlA PR UV
g FHEE FrlAzch

+ X3 A83 mask aligners Karl—Suss MJB3 deep— UV
aligner2 contact¥ ol  #eo] FHAFL 300nmE  Fajisol
05~1mmAxelth =B 50x ol

- AZ 400K@AZAL DI waterz 354 s A3gn  40z7)
st ot

*  Rinse :DI Water® 43 ut&

9

o},

2) Mesa etching

9] photolithography#®d o= PR patterne] A7, o=@
Slotzo]l HEMT 42 2 718 test patterno] TEo]x= Bajeo
4 ave] WY 9g9el e sHonz o HIBYRES
undoped  GaAs7#  ZIA  etching 39tk A& E  etchingf di e
1H:PO, D 1H0, | 20H,09) &3 £ o] &9de] GaAs etching &
ES &% 2200A22  HAHLAATE  etchingA] e 280w o]u)
44004 0] AAFEURZ o] ol 239 AAZ=wT 2500~3000A
Gl %3 undoped Zolmg AzE "oz THEHAGT B

Ut  Etching profile® [011]Wsko 2= positive mesaZ}, [011]

e
}.

WO 2= negative mesa profile$

= 9l t}. ol H,PO,A £

o] 2ol &= mesa etchingol] Zg& fAMo == INHOH:1HO.:50 H.0L
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olo] gLtk o] B-He] etching FRv YT 2000 A A = o] profile
& oo gy Y. ©g ¥ 3-133 3140 zZrzy A AbA 2
ok ijolAle] o A& EFF A 2 (GaAs etching Fx &

LERRL o

0o 80 60
BS%HBPOI' el H3PO{. vol.% (100)

78 3-13. QAHH:PO) A RAolA B ZAH o2

GaAs F A Fx AW
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NH,OH: H,0,: DI-H,0

=1:1:x

]

™

ETCHING RATE (10°4/min)

-

50

a9 3—-14. @R Yol 4 (NHLOH) A

wZ GaAs oA
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Lt Source/drain®@A TR

oLl
gk

Ohmic@® ®Adol Agshe 24 o/ Fgxe=z u4x

Au

ek

—L
1=

F Aurt AMgERE  F% patterne  liftoff e

&

j
hun

orl

o] &a8of Fhul. Liftoffel] 2] 224 patterno] dojAw &

Ao E3kdd ¥lE24A ohmicHFo] HEE st

1) Liftoff -"S“fé

o] PR patterningZ#A|* PREWo| overhanggd #HAAHA,
ik gAgw O g&ubute] wolok st FES Ak sh=
FE, & PR fe e FH9gel Hdg REHA st PRE&
AZE W B FEyutel FA AAHA e vleolth
Lift-off ®¥W¥o]= @29 PRE HEEE modifyste] AlE3E 2

4ol e F2o PRE AgsE el At B Aydde
=

Liftoff 249 &AM FRzAL o7 .

7})  Photolithography
Prebaking : 200C oven, 15%
PR coating : AZ 4210, 8000A 4
12} soft baking : 80°C oven, 15%
MCB{Mono-Chlorobenzene) socaking . 15%

=3 452
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)

)

Post baking : 90°C oven, 10%

A . AZ 400K 3.5u) B M, 15~2F

AN AE FF vz AHd e HEUALG FEM
ato]  adhesion®d A& AY A9 FHAY Utk £A
etchingZE7F ®w4 »=d Hdog ZA~100A AX
light etchingshedl ol =& Bd% HolstA &Y
g2z we=d. AL £92  INHOH:1H0.:700H.0
S &do]x light etching® uts INHOH:10HL0¢] 43

i

oll
o
re

rinsed & N, blowingstxz &AF F&A7o 7}
27 loading%tt}.
AZZ% : Thermal AZZFJ|E 4x107° torr.®] AFEd

A Au—Ge(l2wt%) FAFS/NiI/AuE 1400/300/1000 A

Az B4R

Lift-off

Jlgm olgE fda) dolHE WoW PRo| oAEc] 94

o HEA

9gxal® 4 patterne] A"k g TCE, obAlE,

W23 DI water rinse 4A2 A& sa @dzAgth

2) ©#3 €4

G2 axedl Aed H2E open tubedolH A N,

129



open tube furnace
N2 or Ar envircnment
setted temperature ; 480 °C

500

(=]

450 T

effective temperature (°C)

400 | | | 1 ]

1 2 3 4 5
heat treatment time (min.)

79 3—15. @2 3Halloying) FAF Azl wE dolHe
AHA x @3

130



= Ar 29718 oA %9ty Furnacedl 2EE 480C=  AA
12 gleldE M9 boate]l Wol AAHUT WA furnace UFel
187 gAY gRe] SRS ¢Hs AR oide &
& 170Celgth. W& furnace %9 flat zoned] EWHoE =
o] ¥a 18~1%3027 I8 AAE AU oW boatdlA A
el e ex¥EgE 2IHPm, AA delnrt e effective
Axz] FHS ZAEQTh 2 A 1Y 3-159 Agitk. o=
29 boatell WA HASA Hel del, el &= boatEk
st A9 o gl s dolHrt F& HdLEE 450TC
7t dth

t}. Recess etching® 3
Recess eichingZA A= n™ GaAs/AlGaAs 7 ZoA 2] GaAs
capZute  etchingdt®d A ASE AlGaAsr £4HA BT etch
stopdlE= A ® etching(Selective etching)&  3gd. £94&  pH
adjusted H,0,2 NHOHE 2%4 Hristd pHE 001 HW A
zAsET. ALd A  magnetic stirrer2 EWHSIEA  etchingdl ¥ v}

1Y 3-169 3-17& e etchinge] WFd T3 FA

i

&
(=]

o
ret

e A

oft

]

By AFsA gk

™

Ao|tk. HEMTA #}e] MH¥ etchinggd& AMgshe
gol sleut 2 gde pHe =g A A

. wmeld AFzke] pH  E=ofA el etchingHrst A9 = (selecti-
vity) & 2R3} ojul A}RFE carrier T HALE FE4S

Aeg 4 geow woA Teflon Fo ¥WALY EFFEE AMSEL
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Etch rate of GaAs & AlGaAs as a function of pH

etch rate ( um/min. )

ehching solution : H202(30%) + NH.OH

10 — _
]
0.1 .
AlGaAs | :
'X=O'3 I ] . 1
0.01 : ) ' :
: i , :
000! 68 70 72 74 76 78 80 82 84 86 88
a9 3-16. HAsFAF(A0,) £d9 pHel ©@E GaAss

Alg;GagAse] etching £E
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Ftching Selectivity as a function of pH
GaAs/Al.s Gaor As

ehching solution

: H202(30%) + NH40OH

100 ¢
o
=
=
e
(& 501
o
®
)
1 N |
86 70 5.4 78 W) 56 5.0
29 3-17. pHel w2 A9 etching® selectivity ®3
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a9 ol&E: ZZ  holder® ARE9E A%  galvanic@Fol 2
AlGaAs® etching&mrt @A) ZHristed mE pHIQHA dEi=
7} 15 olsl® HUthe BIrE Yo

1% 3—189] recess etching®¥H& v A Fed. =g ¥ 3-19
of el  etchingA] stainless steeld teflon WALS AR dge
el dmstdnte. A8g B 4 Ay pHEA= T.0~74

¢iioas o] FXbelA wet etchingeZvy Y- F 35~45¢] A€

~f
(A

1My

n

oity. @#| pHsb 74 ooz FrAsE Add=s 80 7

e
r".to
Chi
‘o

O

Ze A8 & Aoy swe] EZAHoE AAHA

L

ool  ZHo]l B@Usy HA FHA® dagel deoh. 29 3-20
of pH 7.00 &

AR A e A elchingEH ATelME FdEFaFE0% HO)
¢ o ZUolH(NHOH) ¢ 8d £9% Agstaun. 24 227 A
4 Ao, welA 9 ADS dE AgE A AEsy
gA4ld o2 etchingk w7l ok 100~300A F7l2] ohmic GaAs% &
ARSI 2 Aoyl oldu. mEA AHFEFE D EFE
s4ste] Agstdt. & LO:HO=114 ETFEAE THE ¥ ot
stmuol4s o DI w@adl #H4dstel Astgor Ul pHE
zdsldl. olu GaAsel etchinggiils 19 3— 18Ul FA B o
Recess ctching/7be AAS elmlz fAe wet 1~280e2 3
Aeom, n° GaAsg ohmickol #H3 doldlA W a7 Al &

2q AZEQ oF 20%A% overs % AW



Tefron pincette
or holder

etching
solution

stirring plate

7% 3—18. Recess etching WHo RAL
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ETCH SELECTIVITY

40 — I T T T T 7 ) T
i P/A ETCH .
i SELECTIVITY ﬁ
30 - —
L —i TEFLON _
- --=3 STAINLESS STEEL —
20 |- -
10 — _
- .
[ ]

" et —_ .__f""""--f-—- — )
O}- == - o
b Lo L [T UNSU RSN R Sou |

72 74 76 78 80 82 84 B6 88

pH

1Y 3-19. He  etchingA] stainless steeld teflon
L A8 " AL selectivitye] 3o
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AlGaAs]

etching time

10 min. 20 min. 25 min.

1¥3-20. pH 7.0091 A= eiching &AoA] a3
etch—stop HAF

A Fug L Zi2or e H9d g Md etch-
ingAl #£We 7] A9 % etchingdtx 2 etching® ®3d9y &
Aol AA P¥gE oWk urgtA  recess etchingg A A7l wiE
Ao FHel Astetg A A3=  Zo] recess etching uniformity %
AEAde] gkgol] FeEsiek. Astere] A AE 1HF:10HO8 9 A&
S

2k Gate¥dA FTA
GateF A& source/drain® A 3 o] lftoff7]1e L olfsted F
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Gm & drain current as a function
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Gm & drain current as a function of Vgs
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Gm & drain current as a function of Vgs
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Dependence of gm,max on gate length
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Dependence of gm,max on gate length
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Dependence of gm,max on threshold voltage
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Dependence of gm,max on threshold voltage
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¥ 4—1. DC parameter

DC characteristics of HEMT

TR dimension gate length (pm) 1
gate width (um) 75
epi. wafer number MSK3
speciﬁcation QW / SL
DC PARAMETERS unit value
Extrinsic Transconductance ( gm. max } mS/mm 120
Threshold Voltage ( Vb ) v 2.3
Source Resistance ( Rs ) 0-mm 4.5
Intrinsic Transconductancé ( £mo ) mS/mm | 260
Max. Drain Current ( ldss(max) ) mA/mm 253
Sheet Carrier Density ( ns ) cm~2 7.9x1011
Specific Transfer Resistance ( ot ) {-mm 0.2
Specific Contact Resistivity ( oc ) Q-cm2 1x10-6

Semiconductor Materials Lab. KIST

( 1991 )
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DC characteristics of HEMT

TR dimension gate length (um) i
gate width (um) 75
epi. wafer number MSK3

specification QW / SL

DC PARAMETERS unit value
Extrinsic Transconductance ( gm.max ) mS/mm 127
Threshold Voltage ( Vin ) v 2.2
Source Resistance ( Rs ) (-mm 4.0
Intrinsic Transconductance ( gmo ) mS/mm 258
Max. Drain Current ( Idss(max) ) mA/mm_ 240
Sheet Carrier Density ( ns ) cm-? | 7.5x1011
Specific Transfer Resistance ( pt ) Q-mm 0.2
Specific Contact Resistivity ( oc ) Q-cm? ix1Q-6

Semiconductor Materials Lab. KIST
( 1991 )




DC characteristics oif REMT

TR dimension gate length (um) - 1
gate width (um) 100
epi. wafer number MSK3

specification QW / SL

DC PARAMETERS unit value
Extrinsic Transconductance ( gm. max ) mS/mm 150
Threshold Voltage ( Vib ) v -2.6
Source Resistance ( Rs ) 0-mm 3.1
Intrinsic Transconductance ( gmo ) mS/mm 273
Max. Drain Current ( Idss(max) ) mA/mm 230
Sheet Carrier Density ( ns ) | cm~2 7.2x1011
Specific Transfer Resistance { ot ) Q-mm 0.2
Specific Contact Resistivity ( e ) Q-cm? 1x10-6

Semiconductor Materials Lab. KIST
{ 1991)
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C characteristics of HEMT

TR dimension gate length (um) 2
gate width (um) 100
epi. wafer number MSK3

specification QW / SL

DC PARAMETERS unit value
Extrinsic Transconductance ( gm. max ) mS/mm 105 -
Threshold Voltage ( Vib ) \Y -2.6
Source Resistance ( Rs ) Q-mm 54
Intrinsic Transconductance ( gmo ) mS/mm 242
Max. Drain Current ( Iass(max) ) mA/mm 210
Sheet Carrier Density ( ns ) cm2 6.6x101!
Specific Transfer Resistance ( ot ) Q-mm 0.2
Specific Contact Resistivity ( pc ) 0-cm? 1x10-6

Semiconductor Materials Lab. KIST
( 1991 )
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DC characteristics of HEMT

TR dimension gate length (um) 2
gate width (um) 100
epi. wafer number MSK3

specification QW / SL

DC PARAMETERS unit value
Extrinsic Transconductance ( gm.max ) mS/mm 120
Threshold Voltage ( Vinh ) AY -2.55
Source Resistance ( Rs ) Q-mm 4
Intrinsic Transconductance ( gmo ) mS/mm 230
Max. Drain Current ( Idss(max) ) mA/rﬁm 200
Sheet Carrier Density ( ns ) cm-2 6.3x101!
Specific Transfer Resistance ( ot ) Q-mm 0.2
Specific Contact Resistivity ( pc ) 0-cm? Ix1Q-6

Semiconductor Materials Lab. KIST
( 1991)
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DC characteristics of HEMT

TR dimension gate length (im) 2
gate width (um) 100
epi. wafer number MSK3

specification QW / SL

DC PARAMETERS unit value
Extrinsic Transconductance ( gm.max ) mS/mm 120
Threshold Voltage ( Via ) v 2.5
Source Resistance ( Rs ) Q-mm 4.2
Intrinsic Transconductance ( gmo ) mS/mm 242
Max. Drain Current ( liss(max) ) mA/mm 230
Sheet Carrier Density ( ps ) cm”? 7.2x101!
Specific Transfer Resistance ( ot ) Q-mm 0.2
Specific Contact Resistivity ( oc ) Q-cm? 1x10-6

Semiconductor Materials Lab. KIST
( 1991 )
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DC characteristics of HEMT

TR dimension gate length (um) 2
gate width (um) 150
epi. wafer number MSK3

specification Qw / SL

DC PARAMETERS unit value
Extrinsic Transconductance ( gm, max ) mS/mm 107
Threshold Voltage ( Vib ) v 2.7
Source Resistance ( Rs ) Q-mm 5.1
Intrinsic Transconductance ( gmo ) mS/mm 236
Max. Drain Current ( Iass(max) ) mA/mm 173
Sheet Carrier Density ( ns ) cm-2 5.4x1011
Specific Transfer Resistance ( pt ) 0-mm 0.2
Specific Contact Resistivity ( pc ) Q-cm? 1x10-6

Semiconductor Materials Lab. KIST
( 1991 )
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DC characteristics of KEMT

TR dimension gate length (um) 1
gate width (um) 75
epi. wafer number MSK4
specification
DC PARAMETERS unit value
Extrinsic Transconductance ( gm.max ) mS/mm 120
Threshold Voltage ( Vin ) A% -1.3
Source Resistance ( Rs ) Q-mm 4.7
Intrinsic Transconductance ( gmo )} mS/mm 275
Max. Drain Current ( Idss(max) ) mA/mm 187
Sheet Carrier Density ( ns ) cm-2 5.8x1011
Specific Transfer Resistance ( pc ) g-mm 0.25
Specific Contact Resistivity ( pc ) Q-cm? 1x10-6

Semiconductor Materials Lab. KIST
{ 1991 )
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DC characteristics of [HEMT

TR dimension gate length (um) 1
gate width (um) 150
epi. wafer number MSK4

specification

DC PARAMETERS unit value
Extrinsic Transconductance { gm.max ) mS/mm 100
Threshold Voltage ( Vin ) A% -2.1
Source Resistance ( Rs ) Q-mm 6
Intrinsic Transconductance ( gmo )} mS/mm 250
Max. Drain Current ( Idss(max) ) mA/mm 190
Sheet Carrier Density ( ns ) cm2 5.9x10t1!
Specific Transfer Resistance ( v ) 0-mm 0.25
Specific Contact Resistivity ( oc ) Q-cm? 1x10-6

Semiconductor Materiais Lab. KIST
{ 1991)
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DC characteristics off HEMT

TR dimension gate length (um) 2
gate width (um) 100
epi. wafer number MSK4
specification
DC PARAMETERS unit value
Extrinsic Transconductance { gu. max ) mS/mm 104
Threshold Voltage ( Vin ) v -1.8
Source Resistance ( Rs ) 0-mm 54
Intrinsic Transconductance { gmo ) mS/mm 237
Max. Drain Current ( ldss(max) ) mA/mm 180
Sheet Carrier Density ( ns } cm~2 5.6x1041
Specific Transfer Resistance ( pt ) 0-mm 0.25
Specific Contact Resistivity ( e ) Q-cm? 1x10-8

Semiconductor Materials Lab. KIST
( 1991)
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DC characteristics of HEMT

TR dimension gate length (um) 2
gate width (um) 150
epi. wafer number MSK4
specification
DC PARAMETERS unit value
Extrinsic Transconductance { gm.max ) mS/mm | 9%
Threshold Voltage ( Vih ) \" 24
Source Resistance ( Rs ) Q-mm 5.8
Intrinsic Transconductance { gmo ) mS/mm 216
Max, Drain Current ( lass(max) ) mA/mm 195
Sheet Carrier Density ( ns ) cm-2 6.1x1011
Specific Transfer Resistance ( pt ) 0-mm 0.25
Specific Contact Resistivity ( oc ) 0-cm? 1x10-6

Semiconductor Materials Lab. KIST
( 1991)
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DC characteristics of HEMT

TR dimension gate length (um) 2
gate width (um) 150
epi. wafer number MSK4
specification
DC PARAMETERS unit value
Extrinsic Transconductance ( gm. max ) mS/mm 93
Threshold Voltage { Vin ) A% -2.4
Source Resistance ( Rs ) Q-mm 5.8
Intrinsic Transconductance ( gmo ) mS/mm 202
Max. Drain Current ( lass(max) ) mA/mm 180
Sheet Carrier Density ( ns ) cm2 5.6x10!1
Specific Transfer Resistance ( pt ) 0-mm 0.25
Specific Contact Resistivity ( pc ) Q-cm? 1x10-¢

Semiconductor Materials Lab. KIST
( 1991 )
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