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Common Base Characteristics
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Common Emitter Characteristics
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Plans

How do the computed BJT I-Vs compare with expts?

Can we understand the discrepancies?

What does the gain look like?

AC properties (small signal and transient response)
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= What's wrong with these pictures?

= Common Base:
4 Input characteristic shows V; dependence
2 Output shows breakdown at V

= Common Emitter
4 Tnput characteristic pretty good agreement
2 OQutput characteristic:

® Upward slope in I. - quasilinear Vg, dependence
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constant

= When bias voltages change, depletion
widths change and the effective base
wndth will be a function of the bias

Veg >0 Vg <0 E-B depletion C-B depletion
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Junction
Base width gets smaller as applied voltages get larger
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Assuming -Vg > few kT/q and W/Lg <« 1
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= Exponential prefactor will increase as V.
increases (W decreases)
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= If N¢ << Ng most of the depletion is in the
collector and modulation of base width is

e minimized - reduced Early Effect
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Converge ~ at single point called "Early Voltage" (after James Early)
Large "Early Voltage" = Absence of "Base Width Modulation"
= Transistor ~ immune to operating voltage changes

ECE 663 BUT requires wi =>



ECE 663

B=eedraloomBase: Similar to single p-n

junction Vg ~ Vpp(B-C)

= Common Emitter: more complica
1. holes injected by FB emitter tofagbe- - £
2. holes generate e-p pairs in C-B| dgpletiot
3. e drift back info base
4. e injected to emj

---------
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Avalanche Breakdown: Common Emitter
e ymon

/o =B /l5+/
=Bacls + loa = 1— Mo, /g 1- Mo,

® o> when M->1/a,,

= M only needs to be slightly greater than
unity

e sci™ VeE0<Vcro — Breakdown voltaae is lower
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How can we mitigate these
effects?
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Graded Ragse

= Implant or diffusion leads
to doping profile

= Doping profile leads to E

field

® If Emitter is on top layer
- E field acts to push
carriers toward the
collector

= TImproved speed if limited
Distance by base transport time
from surface

Doping (log scale)
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Si-6e HBT's for BIiCMOS

= Dilemma for bipolar transistors:

3 For high frequency operation want low base
resistance - high base doping

a4 For high current gain want to minimize hole
injection into emitter (npn) - low base doping

= Solution HBT - heterojunction bipolar
transistors

= For CMOS integration use Si;_, 6e,
system

copaps O Bandgap c.iifference (1.12 eV Si, 1.0 eV, Siyg6e;>5)
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| |
InP Dipolar transistors 5
Sirgie T [ e n InGaAs contact

heterojunction heterojunction . .
| |ELs A |

™ his s o [ P GoAsBase \

n GaAs collector
e n GaAs subcollector

[ = (100) GaAs substrate
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Bandgaps and alignments

Si Slp.8G€0.2 Ge
e — — Vacuum level
F, e w— T
—_—
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0.2

AE. = small = 20% of AEg

- -/
Eg= 1.16V Eq = 1eV
W |\

AE,, = large = 80% of AEg

= Most of the bandgap difference shows
up in the valence band
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Band Diagram for Sie HBT

electron I 000000
barrier

hole I

barrier

Hole barrier is higher by ~AE,, ~ 0.1 eV!!
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For AE,, ~ 0.1 eV, new expcsaﬁeeﬂtiﬂﬂ"amgs:

— AEy 0.1
kK-T e0.0259_1

~ J—

50
SiGe Heterojunction cuts backward hole injection by ~ 50:
Use higher gain if needed
If more gain not needed, increase BASE DOPING by 50
- Retain gain of previous pure Si transistor
- Reduce "base resistance”
=> more efficient operation

=> FASTER operation (reduced R-C charging time)
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Si-6e HBT's

Bac = DaleNeg /DeWN,

Bac = Dple(ni/Ng) /DeW(n?2/Ng)

BHET 4. = Bac(ns)?/(n%e;) 2

= Byc e(EGe,-ESi )/ 2kT
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Vg or frequency

On frequency versions can plot either.

Power gain  => rolls downward at frequency =" f "

Current gain  => rolls downward at frequency = " f; "

(Have seen designers ~ come to blows over which more important!)
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voltages and currents quasistatically
(fr'equency not too hlgh) Also neglect

cap ~ly+i i+, other
B C
par  +— F—
in = VRE + Ve BJT VeE + Uge = out
o— o] .
E E

Common Emitter equuvalen’r circuit model
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I =1V, BJT Small Signal Response

BEY " CE

o/ o/
ls(Voe + Voo Vg + v )= 1,(Voe, Vg )+ —2 v, +—2- v,
o ’ - e aI//S’E V., ’ aI/(,‘E V.,
le = 1o(Vae, Vee)

o/ o/
[ (Ve + v, Ve +v, )= 1-(Voe, Vog)+—5 v, +—5 v,
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"Load-line"

S
VCE

V
CE Vsupply

Transistor is constrained by load-line:
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> time

discharge
limited by
ext. circuit

discharge
of remainder
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