156

olFAY wiol Fet B2 B £41% FrEl29 Ay wdy TR

MX96-33A-7-17

s

o153 vlolEeh el LB Wt 2415 S7h8lze)

A} wele)

(Accurate Modeling of Small-Signal Equivalent
Circuit for Heterojunction Bipolar Transistors)

F R
(Seonghearn Lee)

2

AlGaAs/GaAs HBT &AlE 28 AAsl] 913t 1532 optimization ¥h{-& AMgF A83 £7)
3|2 wdzo] =gl AFUE o E F9 drE FHRBREER Adne Eols|ar) a5 &9
S—parameter 53} EA¢l YAE%EE optimizationd F33}5om, o] of dhle] R = LRl AHF
FEH4So] olE 320 wSEDN T AFNY R A2 dse] Walns k27 oflelA] Rk
olejgh Adre 3 W W JpaiA) MRS viRupEY] $5 Solug Bejdow 3l waghs
F28 5 e oS Frk o] up o= 353 wEo] dijiE ANY 5713129 S-parameterEe- &3
¥ S-parameter 53 v|w3le] 0.045 GHz €] 265 GHz7HA wi$- 2 dxlsigick

Abstract

Accurate equivalent circuit modeling using multi-circuit optimization has been performed for
determining small-signal model of AlGaAs/GaAs HBTs. Three equivalent circuits for a cutoff biasing
and two active biasing at different currents are optimized simultaneously to fit their S parameters
under the physics-based constrain that current-dependent elements for one of active circuits are
connected to those for another circuit multiplied by the ratio of two currents. The cutoff mode circuit
and the physical constrain give the advantage of extracting physically acceptable parameters, because
the number of unknown variables of equivalent circuit is reduced by biasing to cutoff and constraining
current-dependent variables. After this optimization, three sets of optimized model S-parameters agree
well with their measured S-parameters from 0.045 GHz to 26.5 GHz .
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Table 1. Epitaxial  layer structure for
fabricated AlGaAs/GaAs HBT.

] . AlAs | Doping [Thickness

Layer Material Fraction| (cm™) (A)
Contact(l) | n" -GaAs 6x10"% | 1,500
Contact(2) | n+ -GaAs 6x10"7 1,000
Emitter(1) | n-AlGaAs | 0-0.3 | 2x107 500
Emitter(2) | n-AlGaAs 03 {2x10"| 2500
Spacer GaAs 0.1 100
Base p+-AlGaAs | 0.1-0 | 1x10" | 2,000
Collector | n-GaAs 2x10% | 8,000
Buffer n ~GaAs 6x10"® | 10,000
Substrate | S.I. GaAs
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Fig. 1. A small-signal equivalent circuit model for
RF probe pads and interconnections.
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Fig. 2. A small-signal equivalent circuit model for
AlGaAs/GaAs HBT biased to active mode.
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Fig. 3. A small-signal equivalent circuit model for
AlGaAs/GaAs HBT biased to cutoff mode.
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