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Abstract: The effects of different optical window positions and different optical window areas on the optical
response characteristics of SiGe/Si Heterojunction Phototransistor (HPT) are analyzed. HPTs with
emitter optical window can generate more photo—generated carriers due to the longer absorption region,
and then bring out a larger optical-generated voltage at emitter junction interface, which is beneficial for
electronsto inject from the emitter into the base. Therefore, a larger collector current and optical gain are
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obtained. When the optical window area is 10 pum > 10 pm, the maximum optical gain of SiGe/Si HPT can
reach 9.24 with 650 nm incident light wavelength and 2.0 V collector voltage. HPTs with base optical
window get larger photo—generated carrier density in the absorption region when incident power become
larger, then the possibility of rapid relaxation for photo—generated holes increases, which relieves the
limitation of the operating speed from hole’s low mobility to some extent, so the optical characteristic
frequency is increased. When the optical window area is 10 pmX10 pm, the optical characteristics
frequency of SiGe/Si HPT can reach 16.75 GHz with 650 nm incident light wavelength and 2.0 V collector
voltage. For the SiGe/Si HPTs with emitter optical window that can achieve higher optical gain and optical
characteristic frequency merit, when the optical window area gradually increases from 3 pm X 10 pm to 50 pm X
10 pm, the effective injection area of electrons at emitter junction interface gradually increases. However,
at the same time the emitter junction capacitance and collector junction capacitance increase and results the
RC delay time increasing, so the optical characteristic frequency gradually decreases. The optical gain and
optical characteristic frequency merit increase gradually with the increase of the optical window area, but
the rate of increase slows down and the optical gain and optical characteristic frequency merit tends to
become saturated.

Key words: Heterojunction phototransistor; Optical window position; Optical window area; Optical gain;
Optical characteristic frequency
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Fig. 1 Schematic of the SiGe/Si HPT
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Table 1 Material parameters used in the simulation model of SiGe/Si HPT

Parameter Polys.ilicon Si base Sii-Ge Intrinsic Si Si collector S
emitter base base sub—collector

E,/eV 1.12 1.12 0.94 1.12 1.12 1.12
Affinity/eV 4.05 4.05 4.17 4.05 4.05 4.05
Permittivity 11.70 11.70 12.72 11.70 11.70 11.70
Mun0/(cm?*Ves™) 1400 1400 1430 1400 1400 1400

Mup0/(cm?*V'es™) 500 500 480 500 500 500
Vo (cmes ') 1107 1107 1107 1107 1107 1107
Vi (cmes™) 1107 1107 1107 1107 1107 1107
Taun0/s 1107 1107 3X10° 1107 1107 1107
Taup0/s 1107 1X 107 1X10° 1107 1X 107 1X 107

Real.index 3.63 3.63 3.74 3.63 3.63 3.63
Imag.index 0.002 0.002 0.010 0.002 0.002 0.002
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Table 3 Saturation current, growth rate of saturated current per unit area, optical gain and growth rate of optical gain
per unit area of SiGe/Si HPT with different optical window areas

Optical window I Growth rate of saturated G Growth rate of optical
areas (1.5 mW) current per unit area " gain per unit area
3 pum X 10 pm 2.92 4.81
5 pmXx 10 pm 3.62 0.35 6.06 0.625
10 pm X 10 pm 5.54 0.384 9.24 0.636
30 pm X 10 pm 10.52 0.249 20.78 0.577
50 pm X 10 pm 12.86 0.117 26.60 0.291
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Fig.11 Emitter junction capacitor and collector junction capacitor of SiGe/Si HPTs with different optical window areas
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Table 4 Optical gain, optical characteristic frequency, and G,,.fr., of SiGe/Si HPT with different optical window areas
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Optical window Gr(.)wth réte of , Decli‘ne rate of Growth rate o.f
Gopmes optical gain per  froma/GHz Sropma/ Gopfrop Gop*frop PET UNIL
areas unit area (per unit area) area
3 pm X 10 pm 4.81 14.79 71.13
5pmX 10 pm 6.06 0.625 14.33 0.23 86.84 7.855
10 pm X 10 pm 9.24 0.636 12.96 0.274 119.75 6.582
30 pm X 10 pm 20.78 0.577 8.70 0.213 180.79 3.052
50 pm X 10 pm 26.60 0.291 7.53 0.058 5 200.298 0.975 4

4 #ig

A SCVEAN A3 AT T AN [RGB F 7 B RUR [F] D6 6 TR SiGe/Si5 00 45 0% f A (448 00 6w 1 R YO i
FE AR 10 pm X 10 pm B, & 7 X6 8 H HPT (948 AR 4R AR U (14.12 mA) FHIE {63 £5 (9.24) K T %
X% T HPT B A H AR 46 RN 04 (B L3 (0.23 mA ) A6 35 (1.52) . [Al B, 2 5 X660 11 HPT ik 21 i 6 4
R AE TR AN (115 mW ), #8142 0 8t FLOE A A BRAS R e Th 3 JE X OB 1 HPT, R 8K Y
ASHETRT | BRAAR R 6 AR R 8RB £ Ak s Uk AR s Bt 4 0 R RE MRS N, B A T A R R
X HPT A 3 B i BR 1, YA AR A5 T LAGA 21 16.75 GHz, 1& F T sl 380 . %F T RE S 3K A5 5 Gpfron B AH
19 % X6 E 11 SiGe/St HPT, B 2 % 171 18 AR A AS W7 B8 0, ol 7 Fhy & 5 DX A3 XA A 80 A T B8
46 PR R FRL IR RO 3 25 Bl 2 0K R B O B O DB N, & G 4 R A 2 AR K RC AR R[] K

0823001-9



DI

TERRAEST T B Gy oA B 2 TG B 01 335 100 1T 328 947 2 35, FL B 2 1T AL A B 00, Gy, T 48 10 1) 2 R A
1A W TR A e OB E DAL 50 pm X 10 pm, SiGe/Si HPT 3848 26.60 16 25 .7.53 GHz 1
TERFAE A2 DL S 200.298 1 Gopofrop AR, 2 R 27 G PEREDG RN 25 09 — D AEE B8 T2 T sl 4R, ok
B H AL 10 pm < 10 o B8 3 AL 555 14 S 47 1E 500 56 R T AR 3R 5 . A SCH 43 B 45 51 0T DAk SiGe/ St i 1445 25
MR E XS EER .

5% 3k
[1] CHU Tao. Silicon-based optoelectronic integrated devices[ J]. Optics & Optoelectronic Technology, 2019,17(4) :5-9.

[2]

[6]

[7]

[8]

[9]

[10]

[12]

[13]

[15]

[16]

[17]

[18]

fiti ¥ . REHOE T AR AR FT] Ot 5Ot HR ,2019,17(4) - 5-9.
QIAN Lei, WU Dong, XIE Xiang—hui. Study of silicon photonics based on—chip optical interconnect [J]. Computer
Science, 2012, 39(5) :304-309.
B, R, B 5 TROE Ty EOCEEEARRIZT]. iHRPLRE, 2012, 39(5) :304-309.
KACHRIS C, KANONAKIS K, TOMKOS I. Optical interconnection networks in data centers recent trends and future
challenges[J]. IEEE Communication Magazine, 2013, 51(9): 39-45.
YIN T, PAPPU A M, APSEL A B. Low-cost, high—efficiency, and high-speed SiGe phototransistors in commercial
BiCMOS[J]. IEEE Photonics Technology Letters, 2005, 18(1) :55-57.
ZHANG Mei-yu, CHEN Chao. Research and development of heterojunction phototransistors[J]. Nanoelectronic Device &
Technology, 2006, 43(6):273-278.
IR T, BRAT . S B At ARSI ST S E LT ). Bl TR, 2006, 43(6) :273-278.
LAI K S, HUANG J C, HSU Y J. Design and properties of phototransistor photodetector in standard 0.35pm SiGe
BiCMOS technology [J]. IEEE Transactions on Electron Devices, 2008, 55(3):774-781.
ROSALES M D, DUPORT F, SCHIELLEIN J, e al. Opto-microwave experimental mapping of SiGe/Si
phototransistors at 850nm[ J]. International Journal of Microwave and Wireless Technologies, 2009, 1(6): 469-473.
TEGEGNE Z G, VIANA C, POLLEUX J L, et al. Study of lateral scaling impact on the frequency performance of SiGe
heterojunction bipolar phototransistor[ J1. IEEE Journal of Quantum Electronics, 2018, 54(3):1-8.
TEGEGNE Z G, VIANA C, POLLEUX J L, et al. Improving the opto—microwave performance of SiGe/Si
phototransistor through edge-illuminated structure [ C]. Silicon Photonics XI. Silicon Photonics XI, 2016.
BENNOUR A, TEGEGNE Z G, MAZER S, et al. L.arge—signal static compact circuit model of SiGe heterojunction
bipolar phototransistors: effect of the distributed nature of currents[J]. IEEE Transactions on Electron Devices, 2018, 65
(3):1-7.
MA Yu, WANG Zhi~kuan, CUI Wei, et al. Current status and future trends of SiGe IC process technology [J].
Microelectronic, 2018, 48(4) :83-89.
3P, EETE, B SiGe UL T ZHARBUR K B [T ], ol 724, 2018, 48(4):83-89.
CHAND N, HOUSTON P A, ROBSON P N. Gain of a heterojunction bipolar phototransistor[ J]. IEEE Transactions on
Electron Devices, 1985, 32(3):622-627.
HUO Wen-juan, XIE Hong-yun, LIANG Song, et al/. Uni-traveling—carrier double heterojunction phototransistor
photodetector [J]. Acta Physica Sinica, 2013, 62(22) :228501.
FESCIR, WL, BEAA S | SRR IR T 1% A 1) 00 T 25 DG BT AR BRI SR T 53 [T ). B4 4R, 2013, 62(22) : 228501
SUN Dan, XIE Hong-yun, LIU Rui, ez a/. Modelingand analysis of a uni—traveling carrier phototransistor based on its
small signal equivalent circuit[ J]. Acta Photonica Sinica, 2017, 46(11) :1125004.
VT, WL, XA B TR C SR M/ ME 5 A R R 7 5 08T [T ] Je 72440, 2017, 46(11):1125004.
ISHIBASHI T, SHIMIZU N, KODAMA S, et al. Uni-traveling—carrier photodiodes [C]. Tech. Dig. Ultrafast
Electronics and Optoelectronics, Incline Village, Nevada, 1997: 166-168.
DAS M K, DAS N R, BASU P K. Effect of Ge content and profile in the SiGe base on the performance of a SiGe/Si
heterojunction bipolar transistor[ J]. Microwave and Optical Technology Letters, 2005, 47(3) :247-254.
CHEN Xing-bi. Transistor principle and design (Second Edition)[ M ]. Beijing: Publishing House of Electronics Industry, 2007
WAL 5 . A R B e (B8 RO ML db st B Tolk AR, 2007
QIAN Qiao—zhou, RUAN Gang. Modeling of SiGe-Base HBT at high current densities and its effects on high frequency
performancel J]. Journal of Semiconductors, 1996, 17(11) :822-829.
BRI, BrK Gl TR SiGe S X HB'T fY L J RS RRPE A i AT L[ T ). 2 0224, 1996, 17(11) :822-829.
RAMSES V D T. Threshold current for the onset of kirk effect in bipolar transistors with a fully depleted nonuniformly
doped collector[ J]. IEEE Electron Device Letters, 2006, 28(1):54-57.

Foundation item: National Natural Science Foundation of China (Nos.61604106, 61774012, 61901010) , Beijing Future Chip Technology
High Precision Innovation Center Research Fund (No. KYJJ2016008) , Natural Science Foundation of Beijing, China (No.4192014) ,
Natural Science Foundation of Shandong Province, China (No.ZR2014F1.025)

0823001-10



