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REF. “Heterostructure Fundamentals,” by Mark Lundstrom,
Purdue University,1995.
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Abrupt Junction HBTs
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Gain in abrupt npn BJT defined only by valence band discontinuity!
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.. but we are hoping for even better gain
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Abrupt junction HBT

For full gain, we need graded junction HBT
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Abrupt Junction
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Graded Base-Emitter Junction
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Current Gain
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No exponential Suppression!
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Advantages of HBT: Inverted Base Doping
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1) Thin Base for high speed

2) Very heavily doped Base to prevent Punch Through,
reduce Early effect, and to lower R,

3) Moderately doped Emitter (lower C, z;)

“inverted base doping” N, >> Ny
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/
How to make a better Transistor
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l \ Polysilicon Emitter

Heterojunction bipolar transistor
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Graded Bases
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Graded Base HBTs
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Double HBIT

~

(Symmetrical operation \

e No charge storage when

the b-c junction is forward
biased
GC GE
e Reduced collector offset

voltage

e Higher collector

Qeakdown voltage /
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Offset Voltage

v\VCE

doesl.=0atV,=0?
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Offset Voltage
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setJ.=0, assume V. =0, solve for V=V

Alam ECE-606 S09




Offset Voltage Result

KT
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J, (nizB/NAB)(Dn/WB)

Ve = — (Reverse Emitter injection efficiency)

‘]_3 (niZC/NDC)(Dp/WC)

Want a large y, for small V.. Wide bandgap collector helps.
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Abrupt junction HBTs
Graded junction HBTs
Graded base HBTs

Double heterojunction HBTs

Conclusions: modern design
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Putting the Terms Together

Collector transit time

Kirk Current
|0910| fT| l Base transit time

junction charging time ...

Quations: Why does HBTs have such high performance ?
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Epitaxial Layer Design (1)

DHBT:. Abrupt InP emitter, InGaAs base, InAlGaAs C/B grades

InGaAs 3E19 Si 400 A

InP 3E19 Si 800 A o T T T T T T T =075V.V =13V
InP 8E17 Si 100 A LOf Emitter .~ o E

InP 3E17 Si 300 A L__

InGaAs 8E19 - 5E19 C 300 A L=t Famini '
—

Setback 3E16 Si 200 A

Grade 3E16 Si 240 A g0 J_
InP 3E18 Si 30 A [ 1 £

Encrgy (&30

InP 3E16 Si 1030 A S Base
InP 1.5E19 Si 500 A [ | |
30 - T -
InGaAs 2E19 Si 125 A 00 0.1 0.2

Pr=iiot fuim'

InP 3E19 Si 3000 A

SI-InP substrate
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Epitaxial Layer Design (llI)

InGaAs/InGaAsP/InP grade

InP/InzaAs DHBTs with 331-GHz /5 at high current density of over 800 KAJem®
Mfinomu lda, Kenji Burishime, Moriyuki Watanabe, and Takatomo Enoki
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-suitable for MOCVD growth
- excellent results

InP/GaAsSb/InP DHBT

11th Trematiofa] Coaleneacs on Indium Phoophade snd Relsted Matenaols Tuil-3

T2 My 195 [avos, Saatserland

InP/GaAsShilnP DOUBLE HETEROJUNCTION BIPOLAR
TRANSISTORS WITH HIGH CUT-OFF FREQUENCIES AND

BREAKDOWN VOLTAGES

M. Matine, M. W, Dvorak, X. G. Xua, 5. F. Walkins, and C. B. Bolognesi
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- does not need B/C grading
- E/B band alignment through
GaAsSh alloy ratio (strain)
or InAlAs emitter
- somewhat poorer transport parameters
to date for GaAsSb base
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Summary

1) The use of a wide bandgap emitter has two benefits:

-allows heavy base doping
-allows moderate emitter doping

2) The use of a wide bandgap collector has benefits:

-symmetrical device

-reduced charge storage in saturation
-reduced collector offset voltage
-higher collector breakdown voltage

3) Bandgap engineering has potential benefits:

-heterojunction launching ramps
-compositionally graded bases
-elimination of band spikes

4) HBTs have the potential for THz cutoff frequencies.

However, it has yield issues and heating and contact R problems.
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