Fask MY
20074E 9 A

* 8 6 % #

CHINESE JOURNAL OF SEMICONDUCTORS

Vol.28 Supplement
Sep. ,2007

InP X &8 &Y HBT # £l#) GSMBE
ERGHE

Foat REE XIB B B ARE

(FEBERELERRAESHFIEARAR FENRINERERLRE, L¥§ 200050

BE: B ESREHREIT M GSMBE A K TEHFEARR . MIRT 4K InP £ & &B5L& % HBT 4 EH
BE KRN E, B T RERH GSMBE 4 & TF , B fil th #8848 5 A9 $50mm InP % HBT # $100mm InGaP/
GaAs HBT SMEM . fF & B 89 GSMBE S R, 7E As/P K A Y% KX p BBV BWH . NF KL HBT
ZRRITETEAE HC RS0, FF A0SR AR RMERN S EH B4 89 InP X HBT Al InGaP/GaAs HBT %%
H5Hmk, A3 T BT RAEA HBT S EM R B3 0 RIFKFE.

%X 8i7: InP; InGaP; GaAs; GSMBE; HBT
PACC: 6855; 7340L; 7360L

FESEE: TN304.2 X IR A

1 3

REENRGAEHBDREMNREEEMM
B EZXRESGZ— BABEE.KEE . BIE,
BALERSEXFERE LRER BFHRHE
BHI.EERESETRETEBEEWMNA.
InP ER &% &% HBT £ 45 HBT M B4 K
®E . B E5%HILEY InGaP/GaAs HBT £ #
Th% HBT #4 5 ¥ EE 48, T InP &% HBT
W 2% K HBT 2845 5 B 09 & e ik 2090,

P HBT S 5N RXBERZ — K2
BEHZIEMREAR. A TEED XS ER SR
BHASERSFHRINE(GSMBE) £ K T2 K
ABFFE, M T GSMBE 4K InP £ R EBL &Y
HBT 4 EF B — R T L B &, B TRERL
B GSMBE SMEH AR TZ Bl it fEE B &Y
$50mm InP 2 HBT #1 $100mm InGaP/GaAs HBT
SMNER R B N K55 1 800 R F B 3R 4L 1 A0 EE 44
BB Y InP 3 HBT # InGaP/GaAs HBT %
5 5%, 58 T HATR A B ™ HBT 5hEE 48 5F
BB IF K

2 MHERERIE

ATERAMMEERZEHNEE VG AF

i}

*» BRESERFTI R R R BT B Gt # 5 :2002CB311902)
t #E {5/ # . Email . mqi@mail. sim. ac. cn
2006-11-21 # 3}, 2006-12-13 EH

XEHRES: 0253-4177(2007)S0-0182-04

# V90 ® GSMBE £4. X B 4i & B % (Ga) FHl
(mEH I R ; B 5 2 B8 4% (AsH,) A B b2
(PH) BB IF BTN As, Tl P, 43 B B 15 b IR F1 B
F,2ORBREASEEERPHENRER, RBRE
1 1040C . R AR (SDAEN n RIS R, 2 5 A 8
(Be) MR (CBr)fE N p B E I, EE MR
NEELHSEBEHEFNENBH. IERES S
37(001)SI-InP F1(001)SI-GaAs % & K.

ARRE X HEAFH(XRD) . EFHBHE
(AFM) ,E/RII & (Hall) . {L% CV(ECV), %3
RHIEPL) \ K B F K %% (SIMS) % 75 5 5t fir 18
SEHMBHAR EE. BRFRENIHE.LZE
R ERESHTUEMEILE.

3 ZREIE

3.1 SHEMBEKRANY

AKBEE InP R E B4 Y HBT S EH
HEERAOXBMEALE. (DIERHR. 5%
REE. BE.BREKEFNBRES; QXEH4
BHBENHONEERK; DR EERMH V E
TENRREMHHNAEREES:; OEXEK
ErREBRAERTVBAHE A TAEIXKEMNE
KR AMATHEEELCE AKEE A KEE,
SFRIBE V/II % GSMBE £ K &4MT 2,

©2007 FEHFFES



=Rl F w%,

InP % R & B4L-&% HBT #8 i) GSMBE 4 & 5% 183

W T % InGaAs.InGaP,InP il GaAs S5 EE 4
G EEBEREEESFENEREH. A TEHR
Rulfg A SEEER, B3 In/Ga KR L%
£ K 2%, # InGaAs/InP # InGaP/GaAs & & 45
MR REREE Aa/a AT HEFIE 0 HER
(H1,2). % T GaAs LA K& & In KABEH In-
GaAs 2T E BRI ERSIBIHFERE &
KERMRRBREZFLE &M, B £ KK InGaAs/
GaAs B FEHMKEE Aa/a TEE>3%X1073,

In 4 4375 2 1 B B AL} 50nm.
50
S
a0k SN:GS03-91
InGaAs/InP epi-layer
E Aala=-1.55x10"*
£ 30F FWHM=29.0"
,‘é
5 20- L
£
10
G " L A L i L 1 i
312 313 314 315 316 317
o/(°)

1 InGaAs/InP 5MEEE# XRD ¥ B4R
Fig.1 XRD pattern of InGaAs/InP epi-layer

sol- SN:GS03-136 J
S$1InGaP/GaAs epi-lay

40 Aala=-4.3x10"*
5 FWHM=30.9/
d
2 30
2
£ 20F

L
I
0 1 M 1 J M 1 " ]

028 329 30 31 32
w/(°)

2 InGaP/GaAs SHEE # XRD W B4R
Fig.2 XRD pattern of InGaP/GaAs epi-layer

KERHSRIEMHEGLALALNEE
RIE. M THRE ¢50mm~$100mm #hFEHF 5 41 4 F1
BARRENHRERSSH, EdH GSMBE &4

REMEKREE EKER BHHEREHIEERE

4, 18 BF 4 ¥ 89 450mm InGaAs/InP $1 $100mm
InGaP/GaAs SMEM BRI AR R BREEN RS
HHEBHT<1%(E 3,4).
MFAPEERHFRFEHULFR VELE
HRFEEBMR, BT VEREYSIBE P HHA
BB mMEBAEREFRM.ERELEARER
HHLERAFERANSTE Y 8502
BAEW, L BGTZHRERE. 21X As/P
R B BTN B E R R REH R

0.544{ 50mm InGaAs/InP

0.542| composition deviation _ _+17% deviation
= 0.540+
£ 0538F

2 0.536F M. 0 aogeme ar- - B ]

g 0.534 ave(X,)=0.5354
: 0.532
T 0530 Sttt
0.528F -1% deviation
0.526F 1 IR B |
-20 -10 0 10 20
Distance from the center/mm

3 $50mm InGaAs/InP 5h 541 B 045 S H9  #
Fig.3 Uniformity of $50mm InGaAs/InP epi-layer .

51.0r
508 i e e e e
50.61-
el SO .-
E 50,2 _— .
E 50.01
: 498k accancannancaannaa
~ 49.61 Average in content=50.25%
49.41- 1% deviation=50.75%
499F -1% deviation=49.75%
[ 1 i1 1 1 [ —
90 1 2 3 4 5 6 7
Relative positions

B 4 $100mm InGaP/GaAs b EHHBHHIA S ¥ 5
Fig.4 Uniformity of $100mm InGaP/GaAs epi-layer

EREEHHSHT LR, B3R AsRPEV
BERBEMXBERAAXER, BITEREN
GSMBE RFR&MAEK As/P REMHTZ AR
T ISR RIE T RS AN EM B MR E R
B RS THRENKE.

HBT BAMBAZ—REARAEBLRERS
W OABRETEEREE p MERBNEHN X AL
BRETH NTISE pn &5 R RSN WAL, 425
HHEEAKTRE. MRS ERE p HB&HFBIE
HEikHEMEGKHY#, 2 HBT S EH B4
KOBPFERRNLBAEZ—. KA TESHIR
F Be 1 CBr, fE% p B4R IR . 8 TR AL AN E L 72
PRRIEEE 2 FRERE V/II K A K R
EHE R, RINERK HF REE KT 3%x10°
em P W EERE B2 p B InGaAs Fl GaAs £ X #
R EE B FHEERE(ES,6).

3.2 HBT HH4SHARRERE

BB TS EM B GSMBE £ K X BHANE
B L REXT HBT MBS WM 047, & & 814
MAERMAHIZMER, RiTMAKEZH
InP A EBHLEY HBT B4 EH B, B
#HE % InGaAs/InP B 7 fi % HBT(SHBT) &5+ 41



184 ¥ 8 Kk % #K

28 %

el
(=1

w
3
Hall mobility/(cm?(V-s))

=3
E
v
N
(==

Net hole concentration/cm™?

101} : 40
E 30
20
1 A 1 ey 1 i o Y 1 ] ]0
0 005 010 015 0.20
CBr, supply pressure/Torr

5 #B#%p% InGaAs ZRIKEMEB R CBry EAMHE
%

.Fig. 5 Dependence of hole concentration and mobili-
ty of C-doped p-InGaAs on CBr, supply pressure

==
(=3 L
T
’

T
/
/

Hole mobility/(cm?/(V-s))
W (=
)
T
/
/
7’

5 8

T T
,
rd

>

Lo b 4o Lo t o L 13 % 3 1 [
1 23 4 5 6 7 8 910 11
Hole concentration/10'°cm-*

H6 pH InGaAs ZREHRHEEMNEL
Fig. 6 Dependence of hole moblllty on hole concen-
tration of p-InGaAs

#t.InP/InGaAs/InP 7 i 45 HBT (DHBT) £
MR FThER 1+ 5 8B B H InGaP/GaAs HBT %44
BEE D BHNEX T RENGS5E A InGaP/
GaAs HBT ## , RIBTH R BN EB S HFHE
FAFTRE R MM EH MR R EFEAEERBIEK
EEREZSHEAT TR MNMERES T H4
B % 0 o . Wi % F InP/InGaAs/InP DHBT %4
W HTEEHELSHFRELZME R LK%
T 7= A2 B e 0 B0 5 8 K K W9 DHBT 2§ 489

YERE. OB T B BX A )RR, 3R 78 44 RE R #F % DHBT

10° K0,
10

0

Intensity/a.u.

102 . ° ...'.-A

1 ' I " 1 i 1
10 0 200 400 600 800
Time/s
7 InGaP/GaAs HBT M b1 Bt ) SIMS 2+ #7145 R
Fig. 7 SIMS profiles of InGaP/GaAs HBT structure

H/EBOTHRATEEREMERZHBAA—-4
BBZE0-InPEWRESERRMEH. Ed 5t
X% DHBT BB &M AT FF A E T ARG & 5
MESHEFTBMEHESEROERITE EHF
SIAKI 0 -InP BH B ERKERELABTIHFR
LTI B & e , AT % AR o2 30 PEL IS 200 . 58
AR R R, Frigit 4y DHBT R &M EEE K
BEEELENSTHELRE BEXRETRENE
H A (F 8).

—DC performance

PR,

[
12
1

]
Material:InP/InGaAs DHBT of SIMIT
Serial number:GS05-113 I

Emitter area:120pwmx 20pm
I,=010 40pA inastep of 10nA

VvV

8 InP/InGaAs/InP DHBT 244 ()48 i 46t
Fig. 8 DC characteristics of InP/InGaAs/InP DHBT

P EREB M TR TR A TEE KM
SERTEL, 2 BB S B K B R 2% B = 120, & kAR
# fr = 162GHz, & 5 ¥ [E BV, = 3.8V J In-
GaAs/InP SHBT 2 # #1 p> 300. fr = 80GHz,
BV., = 8V #§ InP/InGaAs/InP DHBT {4, 5>
50.fr =90GHz.BV.,>12V i InGaP/GaAs HBT
BE A F0 £>70. fr = 43GHz.5.4GHz F# 30
# % 30. 6dBm. M i3 ik B 38% MBI AT 1
#% % 6.3dB ¥y InGaP/GaAs HBT T &4, U &
C-X % B InGaP/GaAs HBT Th# i K 58 i B Fl {5
Hi % K F 10Gbps B ¥ % 3K 35 3% B B . X & InP
ERESHILAY HBT BUMEROMHER,
KB T BEGR B E MR A B AT K -

4 %ik

A TAEE XS E A B E 1R T+ GSMBE £
KIZHEARE,BRT GSMBE 4 K InP B X
BRI SY HBT AN EM R M XEME, B TR
{LH) GSMBE #AEHM R A K TZ BiH IR R
By #50mm InP Z HBT F1 6100mm InGaP/GaAs
HBT M4t KL TR B InP R EBALEGY
HBT #1 ¥t GSMBE A K AR , A NRB T HAE
FRER  MEAEA/PRFYHRIZLZ EX pHE
B2V BIME InP £ R F 4 HBT Wi %%
BEALEGHCHEC. BENERXBGHAMRA
B Bt 9 41 FE #4856 4 &9 InP & HBT # In-



#7 F W% InPERAFLAY HBT 4K GSMBE £ K 544 185

GaP/GaAs HBT #4568, 53 THRAE® cation Engineering Journal,2000,10.220
HBT #ME# 4 B 5 8 B 17 K . (3] Bayraktaroglu B, Khatibzadeh M A, Hudgens R D. Mono-

lithic X-band heterojunction bipolar transistor power ampli-
fiers. GaAs IC Symposium, 1989271

it BHEPEREEAEFHRAANFFHE., [4] OkaT,Hirata K,Suzuki H, et al. High-speed small-scale In-

MBI R R R EE g+ . GaP/Gaks HET techuclogy and i’ apllcation & ncgret
LY A ) circuits. rans Electron Devices, , s
PR A A 38 4R B R T O K B4 [5] Yamamoto K, Suzuki S, Ogawa N, et al. InGaP/GaAs HBT
52Tk MMICs for 5GHz-band wireless applications. IEEE MTT-S

Digest, 2004 :551
(1] Liu W.Handbook of heterojunction bipolar transistor. John [6] Griffith Z, YoungMin Kim,Dahlstrom M,et al. InGaAs/InP

Wiley & Sons, 1998 metamorphic DHBTs grown on GaAs with lattice-matched
[2] Houston P A. High-frequency heterojunction bipolar tran- device performance and fr, fmax > 268GHz. IEEE Electron
sistor device design and technology. Electronics & Communi- Device Lett,2004,25(10) :675

]

Growth and Characterization of InP-Based and Phosphorous-Involved
HBT Materials by GSMBE*

Qi Ming', Xu Anhuai, Ai Likun, Sun Hao, and Zhu Fuying
g
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and Information Technology, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: Growth and characterization of InP-based and phosphorous-involved materials for applications to HBTs by
GSMBE were studied systematically. High quality 50mm InP-based HBT and 100mm InGaP/GaAs HBT epitaxial materials
were obtained through optimizing the HBT structure design and the GSMBE growth condition. It is shown that the HBT de-
vices and circuits with high performance can be achieved by using the epi-wafers grown by the GSMBE technology developed
in this work.
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