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A high electron mobility transistor includes a substrate, a buffer layer, a channel layer, a spacer layer,
a schottky layer and a cap layer. The buffer layer is formed on the substrate. The channel layer is formed
on the buffer layer and includes a superlattice structure which is consisted of InGaAs thin films and InAs
thin films alternately stacked with each other. The spacer layer is formed on the channel layer. The schottky
layer is formed on the spacer layer. The cap layer is formed on the schottky layer. A method for fabricating

a high electron mobility transistor is also disclosed herein.
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A high electron mobility transistor includes a substrate,

a buffer layer, a channel layer, a spacer layer, a schottky
layer and a cap layer. The buffer layer is formed on the
substrate. The channel layer is formed on the buffer layer
and includes a superlattice structure which 1is consisted of
InGaAs thin films and InAs thin films alternately stacked

with each other. The spacer layer is formed on the channel
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layer. The schottky layer is formed on the spacer layer.
The cap layer is formed on the schottky layer. A method for
fabricating a high electron mobility transistor is also

disclosed herein.
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@ (MAD/(InxGaixAS), A g4 X 2 HELHH 053~
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B—H @ dafo'f#—éﬁ#fr'fiﬂi'f’ﬁ%% » L@@ B 240
HEEGLENENSEN  BREAHEAPIRANES
HHT Lk%%bb(channel aspect ratio » W/L) (Bp F #& 4
TR BARAEAREREZAP)RERLE AN
Pl — 4B AR 1 L > A % 48 18 18 2 (short channel
effect) & 3 70 44 &4 4§ # (transconductance ’ gm) & £ B AN
2 RF BRBARAGHME - £ TR ¥ LR
*éi’ﬁ%—i@f!béﬁlﬁ%(lnxGal-xAs)%Bﬁﬁﬂﬂ‘?a'bﬁﬁl(InAs)%H%Z
wEE G A 14~16 2%k (nm); £ 5 —FHEH T XHEEE
2 & b 48 4% (InxGa,-xAs) # B Fo 7% 16 48 (InAs) BB BRE
% % 15 #& K (nm) °

# =k o #4648 58 (Ing.52Al.43AS) M@ 250 W o it
oA R 2 AP L 4B 45 R Ao A AL 4B B L (Br R E R 240)
kB PFEBEFEE 260 BM AN E R E 250
o a—FpF o F@BMEHE 260 s BRIREY 3
~5x102 cmP 2z (A nBBH) £H—FwplT > F
Mk EE 260 5B RRRY 4x10"2 cm™ 2 & o

WAL dm e A AR 270 o T @ 45k G 260 b o
mAaiLisE B AR 280 RIAM AN meHAER 270
oAk ASETREBEERMREM 200 LRELA
M - BABFRABEZ I THBALmeRaAR 270 &
A/ E S ARE > BEBAILMERER 280 FAEKSE
i #5 (ohmic contact) » ) v © [ 1R $L /B AR Ao B AR Z fa] 69 BR ¥3
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# 5x108~5x10° cm® 2 (# & n A B5) -

e aiFrEMHR B 1B T~2EHE 120 BiE
B 130 MM /B 140~ F @53 E 8 150 #4348 160 #v
BER 170 URE2EMTZAILMEE T EEHLE 220
MALEiE R R EE R 230 AR E R EHZBER 240 &
fbémsa I B 250 F @55 E A 260 MiumiE RH AR
270 Fo b fL 4B 45 B £ B 280 0 3 U 4 F & & 5 (Molecular
Beam Epitaxy * MBE)& & 7 X R & °

ok AREHRFIME  FiLBERREHRE 230 8
B E 4 100 & % (nm) > X ¥ 3 & 2 #1648 4% (InxGa,;-xAs)
B Fo A b 48 (InAs)T €45 10 BB (R Bp 10 B #F 1L 4B 4% 4
B 10 BRI AR BE)MEFBER 240 9 R K

# A 15 &% (nm) > AL 4R 48 R IR B

3 (nm) - AF 1t 48 48 7 45 A
BA LR R ER

(nm)

B 270 $h R E 4 15~30
280 ¥4 B B # 20~35 & % (nm) -

B 250 B EH 3~8 F

FTo & —GEAFZRZHEMAU-V)ELREURFHH MK

Hb& &k o
%.’-

Si GaAs |Ing s3Gag47As| InAs InSb By

1.12 | 1.43 0.75 0356 | 0.175 | eV
%%’ﬂ_)‘“ﬁﬁ 0.19 | 0.072 0.041 0.027 | 0.013
RHH T T cm’ V7!
LHPTE| 1,500 | 8,500 | 14,000 | 30,000 | 78,000 | T
,;;; B 1x10'? em? V!
cmlehEF| 600 | 4,600 7,800 | 20,000 | 30,000 | ™.,

B8R

%;?{;ﬁﬁ% 1.0x107|1.2x107|  8x10° 3x107 | 5x107 | cm s’
TEIA8 28 | 80 106 194 | 226 | nm
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*‘fgi‘%’ﬁm’élo 11x107]  s5x10"  |1.3x10"%1.9x10'¢| cm
>

L&k T4 RKEFHAFTHRG THMBHILSEE
(Ing 53Gag47As) B Ao A LA (InAS) A B X A B B E
B> AN iiikims  BEREAKS M)
LE BHRAHTETFHAREEH I EFTEBFRI
BEEEAHHEARBERASABRABRESRA -

b AN ARBR TR ZRREEHE T - HILEE
(Ing 53Gag 47AS) 8 & ¥ % 2 % 5.83A M A 1t 48 (InAs) ¢ & #&

® ¥# B 606 A @A £ RARBIN LN B 0T R A
UESEAREG  UaFRESFTA)RRELEEE S -

38R My 0 2 & 3% A InSb/InAs,P,., 5 M A2 &b #& B35 » %
%Kepibp InSb BMEARGRHETFTEBRE EHEFTR
A 0.18 eV £ & > EH & §H % 4 # £ & F 1t (impact
jionization)# A & L B FTHEAREFEREM MY &4
BELEERK EEBERELARAKRESH - A% ZERAKHA
InGaAs/AlGaAs #3% >  RIEZAE S AKRTSRA —ER

® 2R (B Al) - Bt AEAFTHRSH T HAMILMEE
(Ing 53Gao.s7As) B B fo b b 4B (InAs) A X B 2 R B &
B AETHXKRATSTFESE  LHEFBERALEHEE
B &AMk

Z3IBGETE2EATZIHETESFTILAAL
HEBEEMBRMEENEFRENMAEARTER - wBA
0 4o A4t 48 458 (Ing 53Gag 47As) 7 B fu &7 1L 4B (InAs) £ 44 10
BB MEFEREES A 15 5K (om) (o B~ 35~50 nm)
BMEBT EFTELAXNREPHRAABER 240 ¢
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RipBER 240 PHEFREARMBRA - s> A EKR
ST FEBEELEsHmE Az A EEEHARAEL
¥ B 45 % £ (sheet charge density) K £ 5 2.35x10"%/cm® £
t °

L ABGETUE 2AAT2LEETEREERESE
A RZAMHETRERM # R~ F & 3 M 35 # (noise
figure NF)H:%*: c kB E ERIRERER 2ZBATX
makElBEEENERT  ABA 80 2 3k (nm) R A& Fv 350
S ﬂ:(nm)ﬁv‘iiviéﬁm4-‘r’@%‘4‘£éﬁ%4’ﬁé@ Vps & 1.0V B 3%
Ve 48 % (2~ 16 GHz) 7 48 $ & & 52 3046 SR % LM » do sk —
o RAREFAMBLAEEMBER T LB MO
B MEAASM Y S ER(AMN Lg<035 pm)RETEKR
MBGEz s TTHEAHERRK RS HAFHGA
BT RAAAEAGEETERD RIEGOAE -

¥ SEGEFE 2EMTLARLBBEZRETE
BEELBARARNMBLAETRAToRAMLBEREZL
s E T EBETLBOR I RNLEHGLRE - LB
= kAFEE 16GHz T ME& KA 0nm &) R K158
i HEMT n £33 # A 075 dB > K&K LA 80 nm
iy A4 At 48 4% (Ing 52Gag.4sAs) i@ i@ HEMT LA RERAIEEA
077 dB » M#E 4 £ & 350 nm # A48 & # i@ i@ HEMT L # &
s s B 0.88dB. b T4 A A B AT 692 &
¥ 185 B 7 B4 M R 89 HEMT u b Br g L R AR 4k L & 350
nmo BREAEEN RSN -

¥ eBMAEETAE 2AATZIEETESEFERLBE

12



1404209

BB ZABAERA Vgs ERTHHBHRBEEAPES
M EB kB A AA 80 & k(nm)h 44 K (Lg =80 nm)
MEETEBEELE  ARBERA 12V (Vd=12V)
BB LA RBEHEREE 392 mA/mm > tEAERKE
# 99] mS/mm ° HLT R > tHERFHIEFASE -
¥ TRGETRE 2EAT2EETEBETLES
%ﬁ&zﬁﬁﬁﬁ804%@@%&&%&&%%%&&
J& (parasitic effect)#% Z & 32 (RF) 45 14 &9 7 EE - wB A
® Ao ABRI2VHEB T EREE % # k4R & (fT) ¥ & 304
GHz > ™ & X 3& % 48 % (fmax)# & 162 GHz -
BLkAAREANFHGEAAFRAEZIABREERT
b RE2BEAA2EETEBETSBERE RN
FETERAA L BKREBEZAEAREL MANBE TR
(low-noise amplifier monolithic microwave integrated
circuits * LNA MMIC) » f B E T SR B A A A T F R4
BRASEMBRITMRHNEEARAR
P B Lk ABFBHZERH T BAFNLESZETESF
FoBAEB YL FETHETRBO GRS -
%%ﬁﬁiﬁﬁ‘ﬁ%%ﬁﬁ%%i?%%%%ﬁ&%%
%ﬁ%%%%%%ﬁ$%%%ﬁ’%%%ﬁu%%iﬁ%
%%%ﬂﬁ%*&%ﬁ%&ﬁ’ﬁ%?u%%ﬁ%ﬁﬁﬁ
prfTMBZEA BURGLEER -
%ﬁ$ﬁ%6u%mﬁiﬁﬁbi’%ii#muﬁ
£ ARSI o AR AABE BERBE ERARBEARAZ
gt REN ETHEEZEHAME BLEFIEAZ
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[B X & ERA]

2 1 BGRBARH —EAAG T HZETEHF
% & % (High Electron Mobility Transistor - HEMT)#) & #5 4
BB

¥ 2 BB EBAKERAZSA —EHpE T —HHETES
2FABLEHOBMETER -

o s3I BLE TR E 2AAFLAETERBRFELES

HREEIRBEAFHENETRAARTTEE -

¥ ABGETRE2BAAALEETERFERES
HMAERZAAOHERE Ml 4 R ~F F & 3 345 & (noise
figure * NF)LL & B -

% SEGeFE2EMTZARASBEZRETE
BETABEAARNMBREI TR PRAMLMERTZ
T EFESETRBENRIARBHAOLERE -

® B oELE TS LA FLHETEBEEARY

Bk Rz AR Vegs ERTAHBHEBERNFES
MR EE -

¥ TELETUNE 2BAMFALAHETREBRFERES
%WﬁZi#%ﬁ80%*mm%ﬁﬁﬁiﬁﬁ%%iﬁ
J& (parasitic effect)i% Z % 38 (RF)4% 1% &9 7~ EH -

[T 2 a#4AERNA]
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R
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SR R By
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AL RRLKERGOERRFILEE RS
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"Fﬂj%‘ ﬁ/ﬁkﬁ/\a/cla-’séa.h;
® _EHAR WANZMEEL XA
—BER WANZEBARLL -

]

@

PHEEABR I AEZBEFRBETHME LT &
7&@%%%£ﬁzﬁﬂéww@ﬁmMRmM)EXZ
% E % 0.53~0.8

wHRA2MEZHETEBEELE L FHR
LHBEHRZBEREH A 10~20 7K -

Wi KRB 22 HEETFERLEFETLE  EATIE
’/féj'}%' ZH 7H' @43\5* ’fbfglﬁg (Ino_52A10.48AS) °

W XA AMEZEETFEBFELE LT
F%’}% iﬁ' 7]"‘"3%'6‘? 1t 4R 48 (In0_52Alo_48AS) °
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*IﬁSﬁﬁiZm%%éﬁ$%aB%’i A
"‘4‘@ » /éﬁg ﬁ/ﬁkﬁ/\u/(m% ﬁav/cﬁ##:.)%z
B e asmEEYy3I~5x10"cm’ zw -

HEBOME2EETEREFTLM LY SH
4%’ g—.‘ﬁé zﬁﬂﬁ]z‘? ’fbé@ﬁg(lnojzAloAgAS) °

KRB THEzZZETERFTLR ATHA
o /@’zif?fﬂﬁyﬂﬂbﬁl%(lno 53Gag47As) £ LS B MIRE &

5%x10%~5%x10" cm™ 2 & -

WwHERBESHFHEZHETERFETEB AT
ﬁzﬁﬂl"%@’fb% °

10 ~ HEKZEFEBEFTRRIITE &8

Hr—BEEEHREN—EARLE

AR —REEHERNZEEEEHERE L

IAEBBHMAAKE LB E B EBRMILER
BRIZAEREEHE LAEAHA—BRER

WAh—MHEENZBER L

Wk —FaBpEENZERE L

Hh—wHARNZTERHEERL S AR

WR—BERWEEHARL -
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11. WwE KB 10z FE A+ & gﬁ%bé@%
~0.8 °

12. k@A Ll iz EPREREMUAZ
“.l::. *4b§@§i/§ﬁ$" a/c"kb'&?’fbgﬂ /éﬂ?:zéﬁ ;"Jﬁj 12"’18

-]

A

@ 13. ;i KB I Rz Fk Ry RELEEHRZH
¥l 2 5 {6 4R 42 (InAlAs) @ R &k & 5 B 2 # i A F7 1L 4R 48
(Ing.s2Alg.4sAs) °

14, ko KB 3z Hik - £ P ZERZIHM A
145 -

15. ot LB Il prifizFk AP HMER  -Z T o0

@ :numi U B ARZHMNY BN E S

(Ing.s,Alg4sAs) » B 3% F @ 45 2 EBOSBRBREHN 3~5
x102 em> 2 & o

16. 4o 3% KA 15 Pﬁ:izz‘f/i- EbPZBERZMHFA
7 4t 48 4% (Ing.53Gag 47As) AR EY 5x10°~
5x10'° cm™ 2 & -

18



1404209

17. — #5EFEHFETLB 25

— bR AR

— #4745 (InAlAs) % H 4% 7 /8 > T 7 %A (LSRR
L

— &b At 48 48 (Ing 5,Alp ssAS) Bt R & BT B 7 A AL
48 (InAlAs) % H & i & L

i % & ¥ 1t 48 4% (InxGa-xAs) #§ B fo 48 8 B #7 16 B
(InAs) i i » X % 2 BN 3% 7 4t 48 48 (Ing 5,Alg.48AS) A&

® remBr H¥FXZHEBAOS3~0Z B HERZ

sk 5 4t 48 45 (InxGa-xAs) 4 B o 3% b 5 it 48 (InAs) % B 2 48
BE#H B 14~16 & K 5

— B 4t 48 48 (Ing 52 Al 4sAs) il MR AN EREEZ
3% 8 A {6 48 4% (InxGa,-xAs) # B Fo 3% & 5 4t 48 (InAs) 3 B

‘.‘.

— & Jb 48 42 (Ing s:Alo 4sAs) H 45 2 B+ Y AL 7 3% A7 4L 4R
4% (Ing s2Alo.agAs) P R B L & 2A )&
® — &b {b 47 45 (Ino.53Ga0.47AS) & 5 B » ¥ B H AT (e 4B 45
(Ino.52A10.48AS)ﬁ HEEL-

18. wHRAITHL2HEFEHFETRB R ES

— @ E B RN R LS8 (Ing s2Al0.48A8)
[& J& #u 3% A 1L 48 48 (Ing s;Alg4sAs) 45 B B 2 FH » & a5 %
w2 B 4 3~5 %107 em” 2 E -

2

19



1404209

19. W B 1Tz EFERETRB L%
E‘P4b£§l§%(lno,53Gao,47As)§j%_ OB EEY 5x1018 ~
5%x10° cm™ 2 &7 -

20. WwHE XA 1ITHE2Z2EHEETEBBFERM L T

7 4t 48 45 (InAlAs) % § & 15 R ~ 3 5P it 48 48 (Ing s, Alg 4gAsS)

RSB~ %A R 2 4k b 48 45 (InxGa,-xAs) # B o

3 4k A fb 48 (InAs) # B ~ % 5 it 48 48 (Ing.s2Alp.4gAs) fa] R

® 7 2 B 1t 48 48 (Ing.52Alo.4sAs) 7 45 & & S B 3% A7 L8R 5%
(Ing.53Gag.47A8) & 5 & i’J%M’\%*ﬁaaﬁkF{?fﬁﬁ/ﬁk

20



1404209

2 1 &
oL —+ Wk
0zl ——+ & 8%

o€l

obL ——+ & & 8l

0] o - - ——— - ———— -
09L ——+ B+

0L ——+ HEE




1404209

i
(onN I
%

oL ——— syeoH
02 —— SVIvUl
062 —— sy v ug

sy4¥ 0yt tuy

ove —

ahv.c&wnm.c—ﬁ—

sy %0t tuy

057 ——— mdwwv.czﬂm.cﬂm
09 ——f= = = ———— == = = = =
02 B m<wv.c—<mm.c=m
08z B m<bv.c&wmm.==~

o
o
Q!




1404209

(X 10"*/cm’)

() g 9

m.o.ow d m_h | o_h | m_o .o_o | m_m _o_m | m_v | o_v | m_m | o_m | m_N | O_N | m_~ .o~
00 ~ i
SO M%ww )
0lr

S

oz

STr w01 (svuysy” e0” uD)

[ ETTHHHTH

0¢

@ ¢ %

v°0-

0

00

0

v0

90

(A)EF



1404209

g 7 %

(zHD) f ‘¥

.................. e, 41
ZHD 91-T =% & .v
.............................. AOT="A 9T
FHwuSe FETFHHHTHF O y
.............................. T U FETHEUTE O QT
0¢C

#%

W e

(dp) AN



1404209

5%

g C
(zHD) f ‘¥

0¢ 0l
.............. 4_-4._---No
.............. I“d‘.l .VO
e ¢V v Y v v i
....... ﬂmdonaoocﬁnoo
...... " 444 wO
v 1
.......................................................................................... O.M
.......................................................................................... N..H
........... Al= mn> . ._u~
i wuose HEH v | g
wu 08 sy ¥0en“u] e .
................................ wugy HEH = Pl
0

%

a
-

(dp) AN ¥ 5



1404209

# H(mS/mm)

00¢

00v

009

008

0001

9 &

sBA
00 T10 TO0 ¢0 PO

pE

¢0- 90

.......................................................................................................

T e S

A Wézéséw .................... W ....... Loom

-+001

00t

(/) e B Tyt



1404209

g ) ¥

(ZH9) = &

0001

T T 71

[ B e R  hh it e Sl did

lllllllllllllllllllllllllll

b0E =7

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

ASTO="A|
A ATL=EAp

wr 001 = 3M
wu ] = 571

] ymmwman [ O
0S

R e Ll R il it

v R
PPN SR Pye

(AP ¥ &f



