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forward active region
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emitter current: forward active region
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collector current. forward active region
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base current: forward active region
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summary: forward active region
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Ebers-Moll model

Question:

How do we describe the BJT in any region of
operation?
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emitter-base junction (the forward diode)
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Base-collector junction (the reverse diode)
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Both junctions....

n+ D n

[C (VBC) _ _[RO (quBC/kBT _ 1)
IE (VBE) _ ]FO (quBE/kBT _ 1)

Bermel ECE 305 S18

<= I,

SinliiElg base  collector
—_——

But....
The two junctions
are coupled!
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Ebers-Moll model

< = I
n+ D n

SinliiElg base  collector
==l

]C (VBE9 VBC) _ aF]FO (quBE/kBT _ 1) _ ]Ro (quBC/kBT _ 1)

IE (VBE> VBC) = ]FO (eQVBE/kBT - 1) - aRIRO (quBC/kBT - 1)
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Ebers-Moll model

I, (VBE,VBC) =a,l,, (quBE/kBT _ 1) —1,, (quBC/kBT _ 1)

Iy (VBE> VBC) =Ip, (QQVBE/kBT - 1) —Qplpg (QQVBC/kBT - 1)

]B(VBEaVBC) = [E(VBEaVBC)_IC(VBEaVBC)

aF[FO — aRIRO

See Pierret SDF, Chapter 11, sec. 11.1.4
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Ebers Moll Model
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transconductance

terminal 1
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transconductance

L =100
1200 o V. =12V
1000 //'::; Vos =1.1V
Al A
/ gm: D —:S
AV.g| V

VDS

g =1000 mS/mm

(1180-1080)x 107

g, 01 =0.001S/pm g =1000 £S/um
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MOSFETs vs. BJTs

MOS (saturated)

En = a]D/aVGS

VDS

I,=WC <U(O)>(VGS - VT)

g, =WC, (v(0))

gm/]D — 1/(VGS - VT)

g, /1,=1/(1.0-02)~1.25 V"

Bipolar (active)

Em = a]C/aVBE

VCE

— qVpg kgl

g, =1./(k,T/q)

g, /1= 1/(kBT/q)

g,/1.=1/(0.026)~ 40 V"
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MOSFETs vs. BJTs

1, e
— —
D C
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S l Iy
MOSFET characteristics: BJT characteristics:
« simple to make * more complex to make
* no gate current * base current
* moderate gm e large gm
* low capacitance  high capacitance
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active region example 1 (NPN)

A, =10 ym x ym
I.=50 A
N,,=1.5x10" cm™
N,=10x10" cm™

N,.=2.0x10" cm™

r,;=0.1ns

T ,=75nS

7,0 =150ns
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Step 1: diffusion coefficients and lengths

N, =15x10" cm™ W.=0.50 um 7,;=0.1ns
N, =10x10" cm™ W,=0.25 um T ,=75n8
Npe=20x10°cm™  W,=150um  7,=150ns

Pierret, SDF, Fig. 3.5a, p. 80

T
M,y =70 cm’/V-s D= k’; My~ 1.8 cm’/s Lp=,D 7, ~0.13 um
i, ~800cm?/V-s D, ~20.8cm’/s L,~12.5 um
e =420cm’/Vs D . ~10.9 cm®/s L. ~128 ym
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find the emitter injection efficiency

Fr- DpE WB NAB

DnB WE NDE

1
1+1.1x107°

v, = 0.9989
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find the base transport factor

1

a, = —=0.9998
1+2.0x10
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find beta

Y ply Qg
—yp0; l—ag

0.9989 x0.9998 0.9987

B. = 768

T 1-0.9989 x0.9998 1—0.9987
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find the base current

I. =50 uA

B. =768

[B:[C/ﬂF

I,=1./p.=65nA

a,= Pr = 0.9987
B +1
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Forward saturation current density

I (VBE9 VBC) = 0plp (QQVBE/kBT - 1) — Ly (QQVBC/kBT - 1)

IE (VBE> VBC) — ]FO (quBE/kBT a 1) - aR[RO (quBC/kBT - 1)

I.,=133x107"°A
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Reverse saturation current density

I (VBE9 VBC) = 0plp (QQVBE/kBT - 1) — Ly (QQVBC/kBT - 1)

IE (VBE> VBC) — ]FO (quBE/kBT a 1) - aR[RO (quBC/kBT - 1)

[, =191x107°A
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Ebers-Moll parameters summary

I (VBE9 VBC) = 0plp (QQVBE/kBT - 1) — Ly (QQVBC/kBT - 1)

IE (VBE> VBC) — ]FO (quBE/kBT a 1) - aR[RO (quBC/kBT - 1)

0 =g lro a, =0.9987
R F
kO 1,,=133x107"°A
0, =070  Bp= lf‘z =23 Iy =1.91x10"°A
R
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What is |7

@» VBE\\

P

[,=50nA
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I =(aplpy = Iy )" 1)

I =(Irg = aplyy)(e”5" 1)
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Ve le
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T V.. =0
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What is |7

VBE

L
€¢> -

——
V.. =0

N\
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[,=50nA
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I =(aplpg = I )™/ -1)

I = (I = ol )( /" -1)
I,=1,-1,

Iy =[ (1= @) Ly +(1- @) I [ 1)

]B

(quBE/kBT _ 1) = [(1 _ Otp)lpo +(1 — aF)IRO:|
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What is |7

l—aF)]FO +(1—aF)IR0

I,=50nA
I.,=133x107"°A [.=-101x1,
I,,=191x107"°A
ro = 19110 I,=-50nA
a, =0.9987
a,=0.70
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result

C
K2
B: base l/
e
[, =50nA
E: emitter l]E

NPN BJT
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Conclusions

= BJT current is described through a pair of
coupled diodes and current sources facing
back-to-back: the Ebers-Moll model

« The Ebers-Moll model can be solved for key
performance parameters quickly and self-
consistently

= Current gain can be very substantial, under
the correct circumstances
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