Georgia Tech

Lecture 18

Bipolar Junction Transistors (BJT): Part 2

Quantitative Understanding - Do the math!

Reading:
Pierret 11.1

ECE 3040 - Dr. Alan Doolittle




Bipolar Junction Transistor (BJT) Quantitative Solution
The Definitions...
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Bipolar Junction Transistor (BJT) Quantitative Solution

Emitter Region The Problem Setup...
The diffusion equation to be 56 ved is
d*An An
0 = Dg dx"zE — ’T_E dAnE
’ IEn - = qAD E "
subject to 1. e houndary conditions dx "=()
Ang(x" — o) =0
Ang(x" = 0) = ngy(edVeshT — 1)
Base Region
The diffusion equation to be solved is AD dApB
- - q B
B dx2 Tp x=
subject to the boundary conditions
Will use these Apg(0) = pgo(e?VesiT — 1) = — gAD dA Pg
definitions on q B dx
slides 7 & 11 Apg(W) = pgo(e?VeshT — 1) x=W
Collector Region . I
The diffusion equation to be solved is LAW O F H E: ‘J U N CT I O N -
0 = p. LA _ Anc | Erom our diode boundary conditions
dx'? Te d/_\lnc
subject to the boundary conditions ICn - qADC dx’
’ x'=0
Ans(x" - =) =0
Anc(x" = 0) = ngy(edVeshl — 1)
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Bipolar Junction Transistor (BJT) Quantitative Solution

The Problem Setup...

dAn
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Bipolar Junction Transistor (BJT) Quantitative Solution
The Problem Setup...

O Find Hole Current here...
O . will equal hole current here due to no recombination-generation in depletion regions

© ... add this current to the electron current here to determine the total current in the
emitter and collector
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Bipolar Junction Transistor (BJT) Quantitative Solution
The problem-solution in the emitter and collector quasi-neutral regions...

G reairogon B

Ang(x") = Aje *"e + A,e*'/lE

e
e
e
AnE(x”) — nEO(quEB/kT —_ l)e—x"/LE ARC(JC’) — nco(quCB/kT — 1)e-x'/Lc
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Bipolar Junction Transistor (BJT) Quantitative Solution
The jaroblem solution in the base quasi-neutral region...

G reairogon B

Apg(x) = Aje s + A,ev/le

Apg(0) = pgo(edVes*T — 1) = A, + A,

Apg (W) = pgo(e?/esiT — 1) = Aje~Wis + A,eWits

e(W—x)/LB —_— e_(w'"x)/LB
ApB(x) = APB(O) oWiLg _ p—WiLg

ex/LB — e—x/LB
T APB(W) eWils — p—WILp

- sinh[(W — x)/Ly] sinh(x/Lg)
Apg(0) = Aps(O) — iy AW GrnawiL,)
eg —_ e"‘g

where sinh(§) = 5
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Bipolar

Georgia Tech

Junction Transistor (BJT) Quantitative Solution

The problem solution in the base quasi-
neutral region gives us the hole currents...

dAp
Iy, = —gADy ——2
’ dx x=0
dApg
Iep, = —qADyg
: {ix =W

By L ooshWiLe) - i o 1
L, 7| SinnwiL,) ¢ D~ Sanowiry) ¢ b
D, [ 1 cosh(W/Lyg)
—_ gVep/kT _ — Vep/kT
L, 7%\ simwiry) ¢ Sinh(WiLy) & 1)]
et + e ¢
where cosh(¢) = —
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Bipolar Junction Transistor (BJT) Quantitative Solution
Adding it all together...

D

Ipy = qes E’ﬁ ngy(e?Ves T — 1)
E
IE — qA &p o %( gVEp/kT _ 1) _ —1___ (quCBH(T — ])
P Ly sinh(W/Lg) sinh(W/Lg)
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D 1
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Georgia Tech ECE 3040 - Dr. Alan Doolittle




Bipolar Junction Transistor (BJT) Quantitative Solution
So the Performance Parameters are...

1

'}/ =
|+ Dy Ly Ng\ sinh(W/Lg)
Dy Ly N;/ cosh(W/Ly)
1
Aye = Yar = D, L, N
cosh(W/Lg) + ( £ B) sinh(W/Ly)
Dy Lg Ng ’
1 1
Bdc - =

— 1 cosh(wiL,) + (DE Ly NB) sinh(W/Lp) — 1
? Dy Ly Ng ?
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Bipolar Junction Transistor (BJT) Quantitative Solution

When the base width is much less than the
minority carrier diffusion length ...

2
qnhié) — ¢ L E= cosh(f)-%l—l—%— L E<

Apg(x) = Apg(0) + [Apg(W) — Apg(0)] %

_ Apg(x)
In Active Mode
Excess minority carrier I
starts out positive due
to forward biased
emitter-base junction...

Excess minority carrier
profile is linear with
distance.

... and ends up negative
due to reverse biased
collector-base
junction...
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Bipolar Junction Transistor (BJT) Quantitative Solution
Insight into transistor performance

eHeavier emitter doping than base doping, Ng>>Ng,
Improves emitter efficiency (->1), dc common base
current gain (->1), and dc common emitter current

A narrow base, W<<Lg, improves base transport
factor (->1) ), dc common base current gain (->1),
and dc common emitter current gain (larger)

1
Y A
[ DNy W
DBNELE
1 gain (larger)
&y =
RRTAAY
2\ L
1
e T D N W 1w\
1+ X W
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B = 2
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Bipolar Junction Transistor (BJT) Quantitative Solution
Insight into transistor performance

If Lg>=W (most of the minority carriers make it across the base),

1 1 Poc
o = — =
> DWN, 1(w) 1, DeWNg 144,
1+ + D L_N
D.L.N. 2|L, sbeNE
and
B . = 1 :>DBLENE_ e
DC T
DWN; 1 W DeWNg  1-apc
D.L.N. 2L,
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