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An Operational Amplifier IC Using AlGaAs/GaAs HBTs for Automobiles
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With increased electronization of today’s
automobiles, the number of sensors and actuators
being applied to various parts of an automobile
is also increasing. Si semiconductor devices used
on automobiles, therefore, must function under
much severer operational environment than those
of other commercial products. By contrast, GaAs
semiconductor has a wide energy band gap, and
has high potential to be operated even under high
temperature conditions. However, there is no
known application to automobiles to this date. Our
operational amplifier has been so designed and
experimentally fabricated that it is operational at
high temperature, with high current and low noise.
This operational amplifier can function at up to
250°C and generates output sink current capable of
driving low impedance load, and still its noise level
is nearly equal to that of low-noise Si amplifier.

1. FAHWE

BB o @ BRI LIS PR B 2 BB T 45 IS E IR
BV THZL Y fu=y 2D == A0 E T -
T&THD) Table 1 IIRT &) B4 WAL ETO
BENERENT WL, bhubiud, HElEO A > 7 )
Tz Y MEDTDI BB R 4 Tt v & AR B
S 2720, BIREETRE R JUT T34 ZADOBISICHE
FL7 HEEOHM TO® v RO ERE I, =7
TJa—t Y R HPERINLS T2
A=)V FEIZBWTIX 200C ., 7 7 ¥ 7 fi& v hi35ik
ENLTFAAMN) 2 —=FNIZBWTIE150C, #Hifit
CHDEWENDL N T AI v Y a YEFTIZ 160C &R
FEL 20U e B 7,

https://doi.org/10.69239/hondatechnicalreview.1995 7 16

* MISCEBERA T > ¥ —

—h. ORI HIEMES R 7 - a S EE T
NENDZOI A 7=y arafl, E=%, )Ly
= F A WEL. KERCTHEHT 2 %2 H 5
IV NV=LNIZBWTIE, BN E 20 F Fimk
ToLE A RXDBENRKE CRERENEL L, 207
DI, I R L 72 RIR% T 5 &) sk
RV AT ARSI o TETWE, 2O
RS FA1x 200C DL EoERBIERS T, K 4 X
B2 FFOURA RT v T7OER % | eSO HZ L
L7

B EOZER 2L bivbiuid Si i<z v
FNYRF ¥ v TPRE GaAs FEAEOYEIEH
L72o GaAs &l & L72AL G EEAR T3 4 Z Ohf
ZERISEOHTlX, H#E T L LT AlGaAs/GaAs HBT

- 140 -



HONDA R & D Technical Review

Vol.7 (1995)

(Heterojunction Bipolar Transistor) 23/ ST
BO KA BIEHRE DS R EN TS, SNETICE f;
(Transition Frequency) T 4 HBT % Jfl\»C 15Gbit/sec
TEET 2 mE~ VT 7L 23 1CY % 30GHz ML LD
JU R R ICH SR SN TV b, LA L&D,
Nol, mHEEELIROBERE LTB Y, SindfEz
HEEE LW S E T2 S Tniv,

AWFFETIE, 200C PL Lo mi B E o ZER MERE % FEBL
352 L% HEL LT, AlGaAs/GaAs HBT oWt a1
LA A4 XA RT v T oG WEERTT o 72

BASE L7278 A1 250C CO#fE,. Sia—/ £ X%
KT T EAED 7 A X, 1177 SINK #if min60mA
DENEEFERE L 72,

Table 1 Typical Measurement Data of Maximum
Temperature in Automobile

Location TEMP

Exhaust Pipe&Muffler 120C

Chassis | Transaxle 160°C

Others 85C

Body |Exterior Surface 120°C

Dashpanel 140°C

Engine Engine 150°C

Room | Throttle Body 200C

Intake Manifold 200°C

Floor 85°C

: Top of Rear Shelf | 105°C
Cabin |

Dashboard (upper) 110°C

Dashboard 85°C

Table 2  Epitaxial Layer Structure of HBT

layer material doping (enf) thickness (um) xA £ As
Emitter contact n* GaAs 2x10"" 0.1
Buffer n GaAs 2x10'* 0.03
Emitter n AlGaAs 5x10'7 0.25 0—0.3—0
Base p* GaAs 5x10'* 0.14
Collector | nGaAs 2x10'" 1.0
Collector contact | n* GaAs 2x10'* 1.0

Ohmic Contact

S. I. GaAs

Fig. 1 Resistor Structure
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Fig. 3 lc-B Characteristics Vce=5V
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Fig. 4 Vce-lc Characteristics
Ib=0-50pA (10pA step)

- 142 -



HONDA R & D Technical Review

Vol.7 (1995)

5. 270X

AHBT IC O3fE7at A FClEETREHE, SL =
(Semi Insulation Layer) ¥ TTL v F ¥ 73 % 720125
BEMELDLZEIIH D, IC OEFIIIZE AL A%
Fe )2 DB R 5 TVDB720I, AT ORI L A
T ML o TIEHAM L CLE ) Frsd %o Fx
BTy F Y TIT YR TRIYF vy PEHWSEZ L
TAYZTNTOHFMTIEAS & L ATFEEICBI 5
WO OB ZFN % < L7z, Fig. 6. Fig. 7 12 X i
DB E %779 (Orientation Flat 1233 A2TIR) . & 512,
N—=AJFEM Ty F ¥ 7% 1o 5 Gl & B fT
D TOIiE BE LTy FL— b EERVENIES D &
DIy Fx v MPREE D, TNEGDL7200, WE,
WHFEOR#BLEITo 72,

ORIy FY P EHVWTR=-ARE, 2L s ¥
J&.S.1 @KL AuGe/AunbibrIvyiE
M, 2L ¥ &, S.I B LD T REEME 245 TR L7z
B TI/Au DB N— ABMEZEET 5o JEHEFULA
Yy a— MO SiO, B & A L 72 AV — R — VIER %
179 o BB OBIEBEIZ L > TEL RO
WA — 2 RIS 572012 A E Y 2— b OLMEOiRE
Lx2 ) RE & B BRI L, A E ) m k%
Ko7z, k70t ATlE, Ti/Au 5% 5 LB %
A5 L. KMERERL L 72 5 SIN % A28y #IZTEE L 1C
TUYAPTET T 5. BIKLIZAXRT ¥ TDF v TEH
% Fig. 8 |27 7

® * oV(iC

INt

ouT

IN-o

&

® ° a . oGND

Fig. 5 Internal Equivalent Circuit of Operational Amplifier

Fig. 6 Transponding Ability by Gap
(vertical direction from O.F)

Fig. 7 The Shape of Mesa
(horizontal direction from O.F.)
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Fig. 8 Photograph of HBT Operational
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Fig. 9 Result of Open Loop Gain versus Temperature
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Table 3 Operational Amplifire Life Test
Item Condition Result
Low Temperature Storage —54°C  500h oK
High Temperature Storage 200°C  500h oK
High Temperature Storage with DC bias| 125°C 500h oK
Thermal Shock —25°G~125°C every15min 10cycle oK
Temperature Cyeling —b4°C~125°C every30min 200cycle 0K
Vibration Sweep 100Hz~2KHz 20G X.Y.Z Bmin 4cycle (0] ¢
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Fig. 11 Inferior time for n value within base and
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Fig. 12 Inferior time for n value within base and

collector
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Fig. 13 HBT Life Test
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