HBT small-signal analysis

LECTURE 16

Base current

DC equivalent circuit

AC small-signal analysis
Hybrid-1r equivalent circuit
Parasitic R and C in an HBT

Capacitance in a BT



Sec. 9.3

Base current: components

Base current components in active mode
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» Which I components do we need to consider?



Sec. 9.3 Base current: recombination in base QNR

E’II
—q(\-*,i_[,,[_;M_/ —A(V g TVe) VZ / q N N
_ — (%) = E[p —n + ! ‘D — 1 4}
§ J. = —qnu. NV + qD.Vn
v
g Jn = —qpurV — qDpVp
3 on 1 n — no
. s -V J, — + (;o-p
ot q Te
SR . W (‘)}) 1 ] P — Po ( y
Cemirrer V) pase > “TOR: 9 —=V - Jy — — + Goyp
AR i | T X A q h
_V\"]_:_X dn & 0 Xdp Xdp +V\’B
From the Je(xap+We) xaptWE i p(x) — nog
toolbox Jorec = dJe. = q dx
Je{-'l'f.",u ) Xdp 1'L*

np(x) =nlxap) — [H{.x{;p} —n(xap + Wp }} (x/Wp)
Jo(x, X J.(x, Wg)\ x
_ Hj;_.. + (1 fj_,]} l o i + H? o {1 .lrj_J + B {r
q2up Wy q2ug Wy

T - [
Current [B1ec = Aghop [(E.’ BECT — )4 (e 8¢/ — ] }}

Linear profile

2Te 1
Wy + 2up



sec.93|  Base current components and Gummel plot

*Why is the back-
injection current so
low?

*How can there be a
base recombination
current if we have
ignored
recombination for |7 10

*What is the DC
gain?
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Sec. 9.4 DC Equivalent circuit
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Sec. 14.2 AC small-signal operation
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Match the numbers to the

Notation ig(t) =15 +1;(t) J,i=1,2.3, _
terminals
Function of 2 variables ia = Ia(Voy + w91, Va1 4+ v31)
s . dfo o
= I2(V21,Va1) + ———wo1 + ———va1
IV Vi

Linearize
= I2+ goov21 + gasval .

Does the linearization set limits for the small signal?




Sec. 14.2 AC small-signal equivalent circuit
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Sec. 14.3

1-generator
conductance circuit

Hybrid-1r equivalent circuit
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What are the conductances called?
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What components have been left out? 1,




Sec. 12.1

Capacitance

Generally:
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Specifically:
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Sec.
12.3.1

Emitter-base junction-storage capacitance
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* AQg; is the change in charge entering the device
through the emitter and creating the new width of the
depletion layer (narrowing it in this example),

* in response to a change in Vg (with E & C at AC
ground).

* It can be regarded as a parallel-plate cap.

What is the voltage dependence of this cap?
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Sec.
12.3.2

Emitter-base base-storage capacitance:

concept

E B | C

* AQg ,, is the change in charge entering the device
through the emitter and resting in the base (the black
CEB == electrons),

* in response to a change in Vg (with E & C at AC

ground).

* It's not a parallel-plate cap, and we only count one
carrier.
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12

see Emitter-base base-storage capacitance:

12.3.2 .
evaluation
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Take
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N(0,Vge ) =Nyp eXpVe, / Vi) What is the voltage dependence of Cgg, ?




