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Table 1 Measurement Values of Ve and [c at

300K( for Si Base)

Vie/mV 518 579 635 695 753 818
Te/uA 0.001 0.010 0,100 1.00 10.0 100
In/c - 6.91 - 4.61 -2.30 0.00 2.30 4 6l
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Table 2 Measurement Values of Ve and [c at
77K (for Si Base)
Vee/mV 980 997 1015 1028 1045 1063
Te/uA 0.0001 0.001 0.010 0.100 1.00 10.0
Infc - 9.21 - 6.91 -4.61 -2.30 0.00 2.30
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FIG. 1 Infc(T) Versus Vie for Si

Bipolar Transistor
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Table 3 Ratio of Mobilities at 300K and 77K

JE B0 em™ 3 s 77) Spnns(300) ppn( 77) Zppn( 300) - Ru( 77)/Ru( 300)

2X 10" 2.29 1.13 1. 88
1x10" 2.78 1.6 1
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Table 4 Measurement Value of Vie and Tc at 300K
(SiGe Base)

Vie/mV 630 650 670 690 710 730
Tc/uA 6.03 12.3 25.3 51.7 103 197
Infc 1.80 2.51 3.23 3.95 4.64 5.28
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Table 5 Measurement Value of Ve and fc at 77K

(SiGe Base)

Vie/mV 940 950 960 970 980
lc/uA 0.517 1.6l 5.37 17.3 45.8
Inic - 0.661 0.473  1.68 2.85 3.82
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Electrical Determination of Bandgap Narrowing in
Bipolar Transistors with Si and SiGe Bases

JIN Hai-vyan and ZHANG Li-chun

( Institute of Microelectronics. Peking University, Betjing 100871, China)

Abstract: The apparent bandgap narrowing in bipolar transistors with ion implanted and epitaxial Sio.s3Geo.17 bases is measured
using a new method. The bandgap narrowing is only obtained by measuring the electrical characteristics of the bipolar transis—
tor at 300K and 77K under the condition of known g, pyr and Rueofl the transistor. According to the temperature dependence
on the collect current fc (T). a graph of Infc as a function of Vie is plotted based on the data extracted from the linear region
of the Gummel plot when the temperature keeping constant. Two lines of Infc+V s at the temperature of 300K and 77K, re-
spectively are obtained. At the intersection of two lines, the values of bandgap narrowing in Si and Sio.s3Geo.17 bases to be

41meV and 125meV, respectively, are got by caleulation which are in good agreement with the measured ones in the reference.

Key words: bipolar transistors; SiGe base; bandgap narrowing
EEACC: 25601: 7110: 2520M
Article ID: 0253-4177(2001) 04-0456-04

JIN Hai-yan male. was born in 1971. He is a Ph. D student at the Institute of Microelectronies. Peking University. His research area is
very high speed 1C and SiGe heterojunction device.

ZHANG Li-chun male, was born in 1939. He is a professor and advisor at the Institute of Microelectronics, Peking University. His re-
search interests are the development of very high speed poly-5i emitter bipolar 1€ and SiGe heterojunction devices.

@2001 The Chinese Institute of Electronics

Received 8 June 2000, revised manuscript received 30 August 2000





