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TEE U a0t SR AT T R 4E 3 20K F th OB 80 AR (Uni-travelling-carrier Double Heterojunction Phototransis-
tor, UTC-DHPT) & 8 5 Jfi 25 X8 F K48 ( Single Heterojunction Phototransistor, SHPT) AN LS REE T £
HCHr L AR M. B 8, UTC-DHPT RS BUE # [ E 35 42 09 2 K /F 9 Rk X, 55 SHPT %6 B X fn & i K 1E 5 R Ik
X A8 e, #oEBolk KB /N, 78/ oh 3 O\ 48 T UTC-DHPT #y % w2 3% /N T SHPT 89 % i e %, 20k, & F UTC-
DHPT 89 X 2 G 664, KA B TR A SN A TERX WMBET SHPT A KA SR EERERTRETM LN E
I8 B 757 URL, % T SHPT £ /)2 NS T i oL U8 JF 46 4 Fe 9 18] 2L, A7 UTC-DHPT 3% 4% 7 Ho SHPT ¥k i f
LMITHEE. &5, UTC-DHPT W - 8 F (R F)HEHM T REFER = LW E SR UME W FE 7 X2 %K
SERE,ARERTAAES L TRl ARG R ERAERNETFEE RETHEARLE EAK
A KNG T UTC-DHPT e SHPT # 3 13 & 69 4 i 7.
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Output current of double heterojunction uni-travelling-carrier phototransistor

LIU Shuo, XIE Hong-Yun®, SUN Dan, LIU Rui, WU Jia-Hui, ZHANG Wan-Rong

(College of Electronic Science and Technology, Faculty of Information Technology,

Beijing University of Technology, Beijing 100124, China)

Abstract; In this paper, the output current characteristics within a large range of incident light power of
a double heterojunction uni-travelling-carrier phototransistor (UTC-DHPT) were analyzed in detail and
compared with a single heterojunction phototransistor (SHPT) simultaneously. Firstly, the output cur-
rent of UTC-DHPT is smaller than that of SHPT under small power incident light because the UTC-
DHPT’ s absorption section is only the base region, which is smaller than SHPT’ s absorption section
consisting of base and collector. Secondly, benefiting from the double hetero-junction, the photogener-
ated carriers are only generated in base in UTC-DHPT, and there are few photogenerated holes accu-
mulated in the collector junction interface. The space charge effect, which is seriously in SHPT, is ef-
fectively alleviated. Furthermore, the saturation of the output current under small power incident light,
which always occurs in SHPT, is avoided. Therefore, UTC-DHPT has a larger quasi linear range than
SHPT. Lastly, the uni-travelling transportation in UTC-DHPT make photogenerated holes in the base
region reach to the emitter junction interface by the rapid relaxation, and thereby effectively reduce the
emitter junction barrier. This would increase the number of electrons transmitting from the emitter to
the base in the unit-time, and the emitter junction injection efficiency is improved. Thus, UTC-DHPT
can obtain higher output current than SHPT under the high power incident light.

Key words: phototransistor, uni-travelling-carrier, output current, space charge effect, emitter junction
injection efficiency
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PACS: 85.60. -q, 85.60. Gz, 85.60. Dw, 85.60. Bt

5l

I

SR aE e AR ( Heterojunction Phototransis-
tor, HPT) BEAT I 6455 I T BE , A 15 G fa 2
R ORI R A5, A SR A A 't H 440 0 26
R R 22 b N FH T 300 68 A5 R4 (U0 Radio over
Fiber, RoF £4t) 1" 78 RoF R4, b T 9L HE
SRR ERI , AATTRE RS 22 HPT A KAtk X
SR PR XY ] 75 S B = O e e d e
(BVFE— e 3R BAT S i )

HHT, & UL HPT 0] 43k B3 T 456 i AR
(SHPT) FBLST J5it 45 Y6 S04 /R4 ( DHPT ) . SHPT 2R
FHAR A Ry S i 2 A FL 46 Ry [ B 25 i 454, 55 DX
FEHLIX R AOEIRR X IR P2 A e i 7 e
Sh R MR T, 6 TR AR F XOCR | MABE FLAR
s AR S O AR L IX ] R 45 TR AS . DA LT ARG
A= 23 NI RS 12 B AR R B T 4 sl A s L O
TR RO G IO AR I AR A R 0 e B 7
JEL 1 5 DRI FL DX TR 1 4 D AR 480 7 R 2
A2 O H X TR AS 8 ST 445 1 U A ) 3 v
A A ) 7 R D) B A L XA R XL PR,
SHPT 75 [F] DA 56 e 137 J82 A7 e 7 3 5 75 T8 7 76
J&. 1997 4, H 7S Ishibashi 2 A3 T —Fh 82 0
THEHT B G, B4 (Photo Diode, PD) ). X F PD
FHEOUR AP BRIG p 78 X RIS S, R 1
A2 23 B RS BN L T A Sl A B A, e v T g
o7 T8 AR RTG FL L. T4k, SR LR TG 1)
SARZ BB 5 | AU IR ok G2 1% SHPT £ 234
SR PAC AR P, AN SCHR[ 7-10 ] SCERL 7 14
I T —Fh DHPT, R HAEM L 1. 55 pm EKIGF S
MIZEHT PR InGaAsP AE A FE X W 1.3 pm P KOG
{F5 B B InGaAsP AE 8 L IXFI R B2 HL IX | 52
T PRARI T . % SCERARGE T DHPT 7R85/
TN LI I 25 R A ¥ S B L N B
PLEERIESE. SCHk[ 8] 44 th T —Fh UTC-DHPT 34 15
St AR S5 5 I 5 H XTI A PD FEXT L, {H
B X L Ry AL B AT 5. SCk [ 9 ] 3 4%
P B Atlas #2371 InP/InGaAsP UTC-DHPT —
HERAY BT AE/NGT T By M Bz B R AR AR AT
(A FE A V5 B B N P S EE G B 5. SOk
(101454 T UTC-DHPT 7 50 60 B A1 E IR &
TR e e SN U A3 B 8 R (10 S S

TAEHLEE T, AT T 3R 1 I A it 1) 5 D6 R AE
AR OEFR. DAL SCER v LA Y, H AT AR G
UTC-DHPT [ 18 8 ek 2 | (H i A5 X LR r B
HH HL TR R 1 AR ) 5 BT i R AL
YIFEHLEEE A T 025 B AR

ASCHIH Silvaco 23 7l B 28 1805 A ATLAS
56 UTC-DHPT 1 SHPT it B i R 9 5 5L 5
Mr TAE. B 9e4 i UTC-DHPT Al SHPT 76 A [A) 3 %
BG4 FE AR i RO X L R SR T
IR A R AR 7O A BB 4548, iR T UTC-
DHPT Lt SHPT A5 5 A [ LR 1 X 31 Bl A7 K 2y %
ARG S g i L ) A EEA L

1 SR

Bl 1 J A SCHFSE B9 UTC-DHPT #% {4 — 4k 45
F.

R
A5 InGaAs
TR AR i J 2
InP#EE
A InGaAsPZ&[X InP A5 X
]
InGaAsPHE i X InGaAsP
R
InGaAsPIRAE HL[X
InPZEph 2
nZInPA JEE
LR

P11 UTC-DHPT #4F 44544
Fig.1 Two-dimensional device structure of the UTC-DHPT

RS R AR T B R4 i 222 n BB AR Y
In, s Ga, ,As, BAUEE R 10" em™ JEBEEH 100 nm;
5 2R AR R n BB 241 InP, B 440K B 7
Sk 10" em® A1 10" em™ , JEJE 4358 1 800 nm F
50 nm; X R A p BIEHBZ (10" em™) AY InGaAsP,
JERE 100 nm , HEBRBEEE R 0. 80 eV ; 4L HLIX R HIHF
BRTeE R 1.12 eV, BT EH 10" em™ i n Y In-
GaAsP, JEEEH 400 nm. 2N T REARAE L 45 S 2R 0
FEBEIX 5 AR H DX Z B AT 4 B 98 B2 R 080 eV,
0.88 eV Y InGaAsP /o5 )=, HEHLIX T J7 4 In-
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GaAsP YA X InP ZZ 02 M1 n BU4B7% (10" em™)
9 InP 44 i, AN 4 x 6 wm® A5 KOG S H210k
1.55 pwm K A GG, HARR SHPT M25#) 55
%l M35 UTC-DHPT JEA— 2, (H 248 X R H
HIEXAH B S (0. 80 eV) B InGaAsP, HEHLES
ANEA TR,

2 HERFTHE

[ 2 S UTC-DHPT 11 SHPT 7E4E i # e By 2
VO, S AR R R A SR TR A £kl
Kl 2 % i, UTC-DHPT F1 SHPT £ %y H o 375 #B Bl A
FHCTE RN . 26D /NT 1.6 mW AT,
UTC-DHPT (1% 4 #2377 T SHPT. 3% J2 i T UTC-
DHPT [RYERR IR XA A FE X, 1] SHPT Y6 I X A
FHE DRI L DX R 2 4 1 e R A DX JEE B R /N R AN
[FEAFAE O ~ 1. 6 mW ASSED 75 Bl N, UTC-
DHPT H ™= A= 19 )6 4= 2% 37 & & B f2 2> F SHPT,
UTC-DHPT (% th L i/ T SHPT. 4 A H %K
T 1.6 mW Ji, UTC-DHPT & %y tH v, 3 I 46 48 1o
SHPT. it SHPT fof R 2k O s A AT X T UTC-
DHPT i H H AR SR Bl 25 A S5 D) 238 (8 38 Jonn g e
H K.

80

73.7 mA—pm.
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Fig.2 Variations of collector output current of UTC-
DHPT and SHPT as a function of optical power

HE 2 B LLEH, B0 R KT 1| mW A,
SHPT FF 43tk A SR AT X, i i reL 3 AS T Bl 6 D) 2R A1
B O R LR 17,3 mAL X
UTC-DHPT, 460838 in ) 3. 8 mW B A FF R A
TR, Ak FEL R IR 21 73. 7 mA. SHPT (LR
PETAEX (AT LA 1R BEA R OR A B L M X)) 78

FlM 0.5 ~1 mW; UTC-DHPT F{ L P T 4F X 14 Fil
0.5~3.8 mW.

I & 2, /NI A GHERT UTC-DHPT f9 %
LU G SHPT IR, {HAE KA A ST =L N,
UTC-DHP A [t SHPT TT K 1461 FLA S5 ' ) 232 Fife
LM TAEX, H ARSI T A Ay i FL 3.

[ 3(a) & UTC-DHPT ZEAE B & 2 V Ok
Uik 3 mW T 23 MR BE 4 A, ]l 3 (b) /& SHPT
FEAARI S R A 7oA. B 4 JE N 3 (a) FIEL 3
(b) HELR AT/ O A B $E B UTC-DHPT 11 SHPT 1)
73k BE AR k. NIRRT LUt PRI 2514 1 55
X 25 7R BERRAE 107 em™ A2 A7 33 2 R Sk 9 o 25428
1) 3 DX A L AH ], 6 A0 [F] % BR 25 4 R 2 AT AR IR o
AT =A%, 29107 em™s™ | 35 3] sh 25 Vi s 3
DX (1R 28 7O B 2 27 S A B 1 7 A R
T AW AGE. X F A S H Xk U, UTC-DHPT
SEHL X2 O BE /N, 298 107 ~ 10" em™ ; SHPT
SEH X 53 R BRI RE XA AT, 76 10 em” &£ 4 . H
JR K FEF UTC-DHPT HotAE L 5--28 5O U™ A F
FEIX T SHPT HoeA: B 28 7O [R] B 72 2R TR
MR IXC ) 32 (X A4 FLIX .

7E SHPT 42 HL X 7= A= i e AR 25 0T, i F il B R
FAXTEOIN, 25— LR AE S i S5 FE /R X AE
eI 35 et o1 L= SRS G VA i i) v RN B by N A
BRI G L | A 18 23 [ FL far R0OR R ik
T, S A FL 25 2 ] HL S A T VR U
HLF I 4R L X IS i2 3, 30 SHPT 1 4R FL il L
LB A S S Ty 5 %) 1 o i R AR AL i X UTC-
DHPT ki, Ry 1 SB35 5 R T XU T
SEEERY AR R R X 3 X 25 7= A K e A
HL P25 O, IR 3 R 4 iR, R FL g FE R X rp
fR)2S 7O BE e /INT SHPT , AR 23t il A 7 PR 4 HL 45
AT AR R SR DT S 0 55 T 445 PR 45 255 (] H g 2400
X B PRSI B A R . DRI UTC-DHPT sE 4 T 4l
R AE /N DB A ST S AR X, L SHPT
AR B HELAE TAEIX G L

WHT T, UTC-DHPT A1 SHPT H () )6 4= FaL F
DUEER A2 Bl i 1 20 42 v AR O w2 FR AR WA T i i
HLUR , MG AE 25 SX LAY HL i B ( UTC-DHPT) 8¢S
P18 (SHPT) (197 =Xl A& St 45 5is . TR B e
T, 62 NATE R AR BIE O3 2 5 m &
SIS RET 454, 81 5 (a) S UTC-DHPT fEEH
SERE R 2 V, ORI 3 mW B 1 REH 45
;85 (b) Sk SHPT FEAHIEI 265 T R RE S5 4.
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Fig.5 (a) Energy band diagrams of UTC-DHPT in dark
and under light with 3 mW, (b) energy band diagrams of
SHPT in dark and under light with 3 mW

X UTC-DHPT it , fEE TR N 3 mW W&
STEE AR LI BB FE AR T 0. 43 eV 1fii %) SHPT
Heud, TEMAR ST R S5 BRI T 0. 21 eV. X
JEH T UTC-DHPT JE X H i 23 7 ) A 1 4535 3l Y
Jr A HL it 8 ok 3 s B K T SHPT 5E XA
BRI IX RS o i) R S I B BOREE RS B B[] Y

F| 5 UTC-DHPT % Ht 45 M) =5 N B & £ T
SHPT' "' [ i, £ A1 [/ 6 2 % R, UTC-DHPT &
SRR E [ SHPT B 22, & 5 X iy H 7
TR GBI = T R LT AR, i
AN T UTC-DHPT 48 o B WA 45 H 77 A 1 i oy
HLIL.
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TR . G RE/NT 1.6 mW I, UTC-
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UTC-DHPT (473 7oA FIRE 45449 95 SHPT X L
A[HT, UTC-DHPT H Ay 52 B 5 48 38 4% i 17 40 28 119
XU S S5 RIS T O6AR 25 RS v gl ST AR R i
FEHE B2 (R E fr 0N 3kt B T LA R R AR RN
T e AN X J5E X A 14 6 A 2 o A e i
st 40 7 2R IR e B 45 B T X b R R AR
iz )7 A5 UTC-DHPT 7E M R EIh R F & 545
PARRHRA T 2 1 m T A S S0 ARCR. K,
UTC-DHPT E.AT [t SHPT B K A4 1 £R % X FN7E K 1)
RS B e i E I
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