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Recitation 18: BJT-Regions of Operation & Small
Signal Model

BJT: Regions of Operation

System of equations that describes BJT operation:
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This set of equations can describe all four regimes of operation for BJT

Forward Active: Vg > 0, Ve < 0
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Reverse Active (RAR)

VBE < 0, VBC >0

Cut-off

Vee < 0,Vee <0

Saturation

VBE > 0, Vee >0




Recitation 18 BJT: Regions of Operation & Small Signal Model 6.012 Spring 2009

Understanding the Ic vs. Vog curve: I¢ drops rapidly below Vegsar >~ 0.1t00.2V.
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Why?
e Fach curve Iy is fixed
e Veg = VBe — VBe, = Ve = VBE — VCE

e When V(g is large, Ve < 0, FAR. As we reduce Vg, Vie reduces, at some point, Ve
starts to become forward biased. Now, hole flux from B — C increases exponentially
from Law of Junction; to keep Iz constant, hole flux into emitter must be reduced,
= Vpg drops, = I¢ drops quickly.

Small Signal Model of BJT

(Next week we will be using BJT & MOSFET for amplifier circuits) Want to know the

Réfsﬂ

small signal circuit model of BJT

Ot
1. Transconductance = ‘
ransconductance gy, Voum |
— q I
IC — ISeCIVBE/kT — gm = FISGqVBE/kT _ :h

Note, different from MOSFET: g, ~ 4 /Q%ID (depends upon device size), but not for

bipolar case.
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2. Input resistance:

Iy = 2eaVew/T

B
1 5ZB . IB ~ Ym

I = Y OV Vin fr
_ Br
ory, = —
Jm

The input resistance of MOSFET is co. In order to have a high input resistance for
BJT, need high current gain Gp

Example: npn with Gg = 150, I[. = mA

I 1x107°A
Vih  0.025V

gm  40mS
— = ——— =0.26"mS (v, = 3.7k
5 150 mS (7 )

Jm = = 40mS
g =

3. Output resistance: Ebers-Moll model have perfect current source in FAR. Real char-
acteristics show some increase in i, with Vog

54/6 ¢

5i
Go = 61;0 where does g, come from?
CE
2
In FAR: . = [.e4VBe/KT _ MGQVBE/kT
¢ ° Napws
wp shrinks as |Vpc| T, thus I 7.
I, 1.
Model: g, = slope = [ ~ Vi (Va > Veg)
1 1.
g Yo VA

Example: I, = 100 uA, VA =35V, = ~, = 350kQ2

Va increases with increasing base width and increasing base doping. This is also why N,p
usually > Nyc
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Now what do we have so far? Need to add capacitances...
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Junction Capacitance (depletion capacitance)

qesNaB Nag
B-E): Cg =
(B-E): Cie \/2(NaB + Nagr)(¢BE — VBE)

qeésNap Nac q¢s Nac
B-E): C; = ~ - -
(BE): G \/2(NaB + Nac)(éBc — Vae) \/ 2 (¢Bc — VBE)

(" Nag > NaB)

e Both are functions of bias

e Since N,g > Nqc, Cjg > Cjc. Cjc is often called C,,.

Diffusion Capacitance

)
Cy = -2 |Qn
b 5VBE’Q B
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|QnB| = §qAEanpBOquBE/kT
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= 7F Dbase diffusion transit time
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C}, is in between base and emitter:

Ch, + Cj = Cy

Add the following

e depletion capacitance: collector to bulk Ccg

e parasitic resistances: 7}, of base, yex of emitter, v, of collector

Complete small signal model
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