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Abstract—Although the effects of electrical stress and temperature on the performance of the InGaP/GaAs heterojunction 
bipolar transistors (HBTs) have been widely studied and published, little or none was reported for the InGaP/GaAs 
heterojunction phototransistors (HPTs) in the literature. In this study, we discuss the temperature-dependent characteristics of 
InGaP/GaAs HPTs before and after the high-temperature stress and assess the effectiveness of the emitter-ledge passivation, 
which was found to effectively keep the InGaP/GaAs HBTs from degrading at higher temperature or after an electrical stress. 
The emitter-ledge passivation is also effective in keeping a higher optical gain even at higher temperature. An electrical stress 
was given to the HPTs by keeping the collector current at 60 mA for 15 min at 420 K. The high-temperature stress 
significantly decreased the current gain and optical gain of the HPT without emitter-ledge passivation. The current gain and 
optical gain of the HPT with emitter-ledge passivation were not affected by the high-temperature stress. The emitter-ledge 
passivation is found to be more effective than that in the HBTs.

Index Terms—Heterojunction Phototransistor (HPT), InGaP/GaAs, Emitter-ledge Passivation, Electrical Stress, Temperature 
Dependence.

1. Introduction

PHOTODIODES such as PIN diodes and APDs have 
been commonly used as photodetectors in the pho
toreceiver OEIC [1]. Since the PIN diodes do not have 

the internal gain, the sensitivity to the weak input op
tical power is inferior. In the case of APDs, the avalanche 
breakdown produces the internal gain but sacrifices the 
noise figure [1], [2]. The HPTs are very attractive alterna
tive to such devices since they have good compatibility 
with HBTs and provide a high optical gain without a 
high bias or an additional avalanche noise [2].

AlGaAs/GaAs based HPTs/HBTs have been often 
used as preamplifiers of the photoreceiver OEIC be
cause of the mature technology [2]. However, the Al 
atoms of AlGaAs emitter and the exposed surface 
of extrinsic base provide the origins of degradation 
during operation [3]. Recently, the InGaP emitter has 
been actively employed to replace the AlGaAs emitter 
because of the superior physical properties of InGaP 
material. In addition, the InGaP emitter- ledge passi
vation layer as well as the emitter layer of InGaP/GaAs
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HBTs/HPTs can be easily formed to improve the per
formance because of high etching selectivity between 
the InGaP layer and the GaAs layer. Although there 
is a considerable interest in the InGaP/GaAs HBTs for 
the effects of electrical stress and temperature on the 
performances [4]-[7], there are few or no reports on the 
InGaP/GaAs HPTs have been published. In this paper, 
we investigate the temperature-dependent characteris
tics of InGaP/GaAs HPTs before and after the electrical 
stress and assess the effectiveness of the emitter-ledge 
passivation. The DC current gain and optical gain of 
the fabricated HPTs without and with the emitter-ledge 
passivation were measured in the temperature range of 
300 — 400 K before and after the electrical stress.

2. HPT Structure and Experiment

The InGaP/GaAs HPT epitaxial wafer was grown 
on S.I. GaAs (100) substrate using metal-organic chem
ical vapor deposition (MOCVD). The HPT epitaxial 
layer structure was described elsewhere [8]. The emit
ter and base structures consisted of 10 and 11 finger- 
shaped electrodes, respectively, each with a size of 
4pm X 2100pm, as seen in Fig. 1. The emitter area was 
300,000pm2, which was larger by more than 3000 times 
than that of the normal HBTs.

The fabrication process of these devices included 
photolithography, vacuum evaporation, and chemical 
wet selective etching. The solutions of H3PO4 : H2O2 : 
H2O, NH4OH : H2O2 : H2O and HC1 were used to
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etch the GaAs, InGaAs and InGaP layers, respectively. 
Ti/Au and Ti/Pt/Au were evaporated to form the emit
ter ohmic contact and base ohmic contact, respectively. 
Following the base-contact formation, a multilayer of 
Ni/Au/AuGe/Au ohmic contact was formed for the 
collector.

The HPT without and with an emitter ledge are 
referred to as the N-HPT and L-HPT, as seen in Fig. 2 
and Fig. 3, respectively. The length and thickness of the 
InGaP emitter-ledge are 5 //m and 30 nm, respectively. 
The emitter-ledge passivation was formed by leaving 
a portion of the InGaP emitter in etching of InGaP, as 
shown in Fig. 4. The emitter ledge covers the surface 
of the external base at the emitter ledge and suppresses 
surface recombination near the emitter edge.
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Fig. 3: Schematic cross section of Ledge-HPT (L-HPT).
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Fig. 4: Schematic cross section of the InGaP emitter-ledge passiva
tion.
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Fig. 1: Top view of the InGaP/GaAs HPT.
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Fig. 2: Schematic cross section of Normal-HPT (N-HPT).

The common-emitter characteristics of the fabricated 
HPTs were measured by an HP4155A semiconductor 
parameter analyzer. The HPT performance is often char
acterized by the optical gain, which is defined as the 
number of electrons collected as the collector photocur
rent, Ale, divided by the number of incident photons for 
monochromatic light. The optical gain is given by the 
following equation with assumption of 100% quantum 
efficiency.

Where he/A is the photons energy, the Ale is the 
collector photocurrent resulting from optical injection 
(the collector current difference between the operations 
under optical injection and in the dark), and Pin is 
the incident optical power. Optical measurements were 
performed using a green light laser operating at 532 nm. 
The intensity of the laser power was 0.35 mW with a 
beam diameter of 0.5 cm, and the exposed area of an 
HPT was 0.0275 cm2. According to Gauss distribution, 
the incident optical power Pin of HPT was estimated 
to be 49/1 w. The electrical stress was given to the HPTs 
by keeping collector current at 60 mA, corresponding 
to a current density of 24 A/cm2, for 15 minutes at 
420 K. Since the collector current density selected as an 
electrical stress is 24 A/cm2 and much smaller than the 
stress usually given to smaller HBTs as a stress test, the 
decreases in the DC current gain and optical gam were 
not observed when stressed at room temperature. In 
order to accelerate the degradation, the electrical stress 
was applied to the HPTs at 420 K. In order to avoid any 
serious damage to the HPTs, the electrical stress time 
was reduced to 15 min.

3. Results and Discussion
Fig. 5 shows the room-temperature common-emitter 

output characteristics of N-HPT and L-HPT, respec
tively, in the dark before the electrical stress. The col
lector current Ic was measured as a function of emitter
collector voltage Vce and a current source was used 
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to provide base current. The input base current 1b was 
varied from 5 to 25pA with 5/iA per step. For each 
1b- Vce increased from 0 to 3.5 V. The collector currents 
of the L-HPT are higher than those of the N-HPT.

Fig. 5: Common-emitter I-V characteristics of N-HPT and L-HPT 
under illumination before the electrical stress.

The equivalent-circuit diagram of the base current- 
driven HPTs is shown in Fig. 6. Re is the emitter 
resistance, Rb is the base resistance, Ic is the internal 
collector current, and Iph is the photocurrent generated 
within the base-collector (B-C) depletion region and 
near the depletion edge. Ib will flow through Re in 
the phototransistor operated in the dark and under 
illumination. The photocurrent /ph will flow into node 
B ' and then be shared by Re and Rb. In the case of 
the phototransistor with a constant base current, /phb is 
zero, and both /B and /;)/, flow through the base-emitter 
(B-E) junction.

Fig. 6: Equivalent-circuit diagram of the HPTs with a current 
source.

In the case of common-emitter, the DC current gain 
ậ is defined as Ic/Ib- Temperature-dependent DC 
current gain and optical gain of the HPTs before and 
after the electrical stress are shown in Figs. 7 and 8 , 

respectively. The HPTs were measured in the temper
ature range of 300 — 400 K. At any high temperature, 
the DC current gain and optical gain of both HPTs 
decreased even without the electrical stress. However, 
the DC current gain and optical gain of the L-HPT 
before and after the stress are higher than those of 
the N-HPT, and a difference is more enhanced in the 
optical gain. Since the photocurrent Iph generated in 
the base-collector junction increases the internal base 
current, the increased base current increases the current 
gain. The emitter-ledge passivation decreases the sur
face defect density and suppresses defect formation at 
the emitter perimeter, resulting in the increased current 
gain. According to the enhanced performance of the 
base-current driven phototransistor, a small difference 
in the dark is enhanced under illumination. There is no 
significant degradation of the L-HPTs' performance due 
to electrical stress. For the N-HPT, the electrical stress 
significantly degrades the characteristics of the N-HPT. 
The emitter-ledge passivation was found effective in 
suppressing the degradation when electrical stress was 
applied at 420 K [8]—[16].

Fig. 7: Temperature-dependent DC current gain of the HPTs before 
and after the electrical stress.

Fig. 8: Temperature-dependent optical gain G of the HPTs before 
and after electrical stress.

The degradation of the HPTs' performance at ele
vated temperature due to electrical stress is thought 
be associated with defect formation. There may be two 
types of defect formations; one is defect formation at 
the InGaP/GaAs heterointerface, and the other is de
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feet formation at the emitter perimeter. The emitter
ledge passivation is effective in suppressing the defect 
formation at the emitter perimeter, but not at the In- 
GaP/GaAs heterointerface. The stress time in this work 
may typically be too short for the defect formation 
at the InGaP/GaAs heterointerface. As the substrate 
temperature increased, the injection of holes from the 
base to the emitter increased. Hence, the space-charge, 
recombination via defects increased, resulting in the 
degradation of the HPTs' performance. By comparison 
of both HPTs' performance, L-HPT shows the improved 
reliability. The emitter-ledge passivation becomes more 
effective in the HPT performance than in the HBT 
performance, because a difference in the photocurrent 
generated within the B-C region is enhanced in the 
collector photocurrent [8]-[10J.

4. Conclusion
The effects of temperature and electrical stress on the 

InGaP/GaAs HPTs were studied. In the entire tempera
ture of range of 300 — 400 K, the HPT with the emitter
ledge passivation (L-HPT) has a current and optical gain 
higher than HPT without the emitter-ledge passivation 
(N-HPT). Due to the emitter-ledge passivation, thermal 
stability of current gain and optical gain even after elec
trical stress has been much improved. The emitter-ledge 
passivation is effective in minimizing the decrease of 
the DC current gain and optical gain with the increased 
temperature. The HPT with the emitter-ledge passiva
tion showed improved performance and reliability. It 
is concluded that the emitter-ledge passivation is more 
effective in suppressing the degradation in the HPTs 
than that in the HBTs.

Acknowledgement
The experiment results presented in this paper were 

based on the experiments performed at Department 
of Computer and Network Engineering, the University 
of Electro - Communications (UEC), Tokyo, Japan. I 
would like to express the great appreciation to Prof. 
Nozaki and Prof. Uchida of the University of Electro - 
Communications (UEC) for their valuable support and 
advice.

[5] w. Liu, E. Beam, T. Henderson, and S.-K. Fan, "Extrinsic 
base surface passivation in gainp/gaas heterojunction bipolar 
transistors," IEEE electron device letters, vol. 14, no. 6, pp. 301- 
303,1993.

[6] C.-K. Song, S.-H. Lee, K.-D. Kim, J.-H. Park, B.-W. Koo, D.-H. 
Kim, C.-H. Hong, Y.-K. Kim, and S.-B. Hwang, "Optical char
acteristics of ingap/gaas hpts," IEEE Electron Device Letters, 
vol. 22, no. 7, pp. 315-317, 2001.

|7] S.-W. Tan, H.-R. Chen, W.-T. Chen, M.-K. Hsu, A.-H. Lin, 
and W.-S. Lour, "Characterization and modeling of three- 
terminal heterojunction phototransistors using an ingap layer 
for passivation," IEEE Transactions on electron devices, vol. 52, 
no. 2, pp. 204-210, 2005.

[8] p. H. Than, K. Uchida, and s. Nozaki, "Effects of electri
cal stress on the ingap/gaas heterojunction phototransistor," 
IEEE transactions on device and materials reliability, vol. 15, no. 4, 
pp. 604-609, 2015.

[9] p. H. Than, K. Uchida, T. Makino, T. Ohshima, and s. Nozaki, 
"Ingap/gaas heterojunction photosensor powered by an on- 
chip gaas solar cell for energy harvesting," Japanese Journal of 
Applied Physics, vol. 55, no. 4S, p. 04ES09, 2016.

[10] A. Kurokawa, z. Jin, H. Ono, K. Uchida, s. Nozaki, and 
H. Morisaki, "Effects of surface recombination on de char
acteristics of ingap/gaas heterojunction bipolar transistors 
(hbt's)," IEICE Technical Report; IEICE Tech. Rep., vol. 105, no. 
520, pp. 33-38, 2006.

[11] F.-Y. Yang, s. Nozaki, K. Uchida, and A. Koizumi, "Improve
ment in reliability of ingap/gaas hbt's by ledge passivation," 
IEICE Technical Report; IEICE Tech. Rep., vol. 107, no. 421, pp. 
61-66, 2008.

[12] s. McAlister, w. McKinnon, and R. Driad, "Interpretation of 
the common-emitter offset voltage in heterojunction bipolar 
transistors," IEEE Transactions on Electron Devices, vol. 48, 
no. 8, pp. 1745-1747, 2001.

[13] T.-W. Lee and p. A. Houston, "Generalized analytical trans
port modeling of the de characteristics of heterojunction bipo
lar transistors," IEEE transactions on electron devices, vol. 40, 
no. 8, pp. 1390-1397,1993.

[14] Y.-S. Lin and J.-J. Jiang, "Temperature dependence of current 
gain, ideality factor, and offset voltage of algaas/gaas and 
mgap/gaas hbts," IEEE transactions on electron devices, vol. 56, 
no 12, pp. 2945-2951, 2009.

[15] w. Liu, S.-K. Fan, T. Henderson, and D. Davito, "Temperature 
dependences of current gains in gainp/gaas and algaas/gaas 
heterojunction bipolar transistors," IEEE transactions on elec
tron devices, vol. 40, no. 7, pp. 1351-1353,1993.

[16] s. Tiwari, s. L. Wright, and A. w. Kleinsasser, "Transport and 
related properties of (ga, al) as/gaas double heterostructure 
bipolar junction transistors," IEEE transactions on electron de
vices, vol. 34, no. 2, pp. 185-198,1987.

References
[1] D. Huber, M. Bitter, T. Morf, c. Bergamaschi, H. Melchior, 

and H. Jackel, "46 ghz bandwidth monolithic inp/ingaas 
pin/shbt photoreceiver," Electronics letters, vol. 35, no. 1, pp. 
40-41,1999.

[2] s. Chandrasekhar, L. M. Lunardi, A. Gnauck, R. Hamm, and 
G. Qua, "High-speed monolithic pin/hbt and hpt/hbt pho
toreceivers implemented with simple phototransistor struc
ture," IEEE photonics technology letters, vol. 5, no. 11, pp. 1316- 
1318,1993.

[3] H. Wang and D. Ankri, "Monolithic integrated photoreceiver 
implemented with gaas/gaalas heterojunction bipolar photo
transistor and transistors," Electronics Letters, vol. 22, no. 7, 
pp. 391-393,1986.

[4] C.-K. Song and P.-J. Choi, "Effects of ingap heteropassivation 
on reliability of gaas hbts," Microelectronics Reliability, vol. 39, 
no. 12, pp. 1817-1822,1999.



32 UD - JOURNAL OF SCIENCE AND TECHNOLOGY: ISSUE ON INFORMATION AND COMMUNICATIONS TECHNOLOGY, VOL. 19, NO. 6.2, 2021

Than Hong Phuc received B.Sci., M.Sci., 
  and Ph.D. degree in engineering from the 

University of Electro - Communications, 
Tokyo, Japan, in 2011, 2013, and 2016, 

■______________respectively. From 2016 to 2017, she wasw -5- J a device physicist at Fuji Electric Corpo- 
ration in Matsumoto, Japan. In 2018, she 
joined the National Institute of Information 

mm and Communications Technology (NICT'i
Japan. Her research activities were in het- 
eroepitaxial growth and characterization of 

compound semiconductors and development of Si VLSI technolo
gies and devices. She joined The University of Danang - Vietnam 
Korea University of Information and Communication Technology 
(VKU) in 2021 and is currently lecturer at VKU. Her present re
search interests include process technology and device design of 
semiconductor devices in Si, Sic and GaN, such as SBD, BJT,
MOSFET, and IGBT.

Tran Thi Tra Vinh received B.Sci. and 
M.Sci. degree in engineering from Hanoi 
University of Science and Technology 
(HUST) and Posts and Telecommunications 
Institute of Technology (PTIT), Vietnam, in 
1999 and 2006, respectively. She is cur
rently lecturer at The University of Danang 
- Vietnam Korea University of Information 
and Communication Technology (VKU).

Nguyen Vu Anh Quang received his B.s. 
degree in telecommunication from the Uni
versity of Transport and Communication 
branch II, Ho Chi Minh City, Vietnam in 
2004, his master in electronic engineer
ing from DaNang University, DaNang city, 
Vietnam in 2011, and his Ph.D. degree in 
School of Electronic Engineering, Soongsil
University, Korea in 2016. He is currently 
lecturer at the Faculty of Computer Engi
neering and Electronics. The University of 

Danang - Vietnam Korea University of Information and Communi
cation Technology (VKU). His research interests include a wireless 
networked control system, visible light communications, embedded 
system, Energy Harvesting, and control and management issues.

Tran The Son is working as a lecturer and 
researcher at the Vietnam - Korea Uni
versity of Information and Communication 
Technology (VKU). He completed his un
dergraduate degree in the major of telecom
munication at the University of Science and 
Technology of Danang (1998); master de
gree in the major of computer science at 
Danang University (2004); and PhD degree 
in the major of computer network and com
munication at Northumbria Univeristy, UK 

(2014) with the title of the thesis of “An adaptive routing protocol 
for Mobile ad-hoc networks". His research interests include mobile 
ad-hoc and sensor networks, network security and optical wireless 
communications (OWC). He joined various of international confer
ences of IEEE, Springer as an organizing chair, technical program 
chair and TPC

Le Thi My Hanh is is a well-known Viet- 
namese skilled professional. She is cur- 

" rently the Lecturer of Digital Economy and
- J-w E-commerce Faculty Division from the Uni

versity of DaNang - Vietnam-Korea Uni- 
NB versify of Information and Communication 

Technology, Da Nang, Vietnam. In addition, 
she currently supports in diverse Colleges 
and Universities lectures as a Professor of ■MB Logistics systems, Supply Chain Manage
ment, Operations Management, Manage

ment Information Systems (MIS), e-business, and other fields. She 
obtained her Ph.D. in Port and Logistics Systems from Dong-A Uni
versity, Busan, South Korea and a Master’s Degree of Management 
of Technology and Innovation at Korea University of Technology 
and Education, Cheonan, South Korea. She holds other diverse 
specializations and training concerning research but not limited 
to, Big Data, Cloud Computing, Ubiquitous Computing Technology, 
Internet of Things, Education, Business Process Management, Port 
Development, Logistics, Transportation & Supply Chain Manage
ment, Technology Management, Ubiquitous Technology, Public Pri
vate Partnership for Manufacturing, Seaport & Container Terminals, 
Smart Factory and New Technology trends.

Than Quang Tho received B.Sci. degree in 
engineering from The University of Danang 
- University of Science and Technology 
(DUT), Danang, Vietnam in 2006. He is 
currently engineer at Central Power Cor
poration (EVNCPC), Danang. Vietnam. His 
research interests include solar cell, Energy 
Harvesting, and power electronics.




