Recitation 17 BJT: Basic Operation in FAR 6.012 Spring 2009

Recitation 17: BJT-Basic Operation in FAR

BJT stands for Bipolar Junction Transistor
1. Can be thought of as two p-n junctions back to back, you can have pnp or npn.
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2. How does it work?

e As we learned previously, for an asymmetric pn junction:

In = Ipy+ Ipp electron & hole diffusion currents
Dy,

_n x (edVD/KT _ 1)
Na(wp — xp)
—_———

a = qAn?x

contribution from (1) e~ diffusion in p-region

DP X(quD/kT—l)

b = gAn? . S
4 8 Nd(wn_mn)
—_——

contribution (2) from hole diffusion in n-region

ID = a+b

If N4 > N,, the contribution from hole (2) is much lower than that from electron
(1)

e For BJT, the doping profiles are very asymmetric
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Nag > Nag > Nyc
For example, Ngqg = 10%°cm ™3, N,g = 10® cm ™3
Nygc = 10'®  this is critical for BJT to function well. Why?
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Minority carriers concentration under T.E.
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e Minority carrier concentration under FAR: (broken linear y axis)

(a) At contacts, equilibrium concentration (Pygo, Paco)

(b) BE junction forward biased: minority carrier concentration increased by
edVBE/KT

(c) Base-collector (BC) junction reverse biased: minority carrier concentration
decreased by e1Vec/kT

(d) No recombination in QNR = linear profile

(e) These profiles result in diffusion currents (In BJT, the current we calculate
are diffusion currents; in contrast, for MOSFET, the currents we calculate

(Ip) are drift currents).
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Electrons diffuse across Base

“Vpc<0
0
dnys NpBo(e4VEB/KT _ gaVaerkTy
JuB = an = an
dzx 0—wp
_ _QDnanoquB/kT _ _Lnn?e%
wB wg - NaB
All electrons swept into C' by large FE field: (BC reverse biased)
I. = —Jus-Ag to make positive into ¢ terminal; Ag is the area of Emitter/Base interface
_ qAEl)nni2 quBE/kT — IsquB/kT

Napwn

AgDyn?
Is = GBS milar to I, in diode, remember on the order of 1071 — 10720 A

Napwgp

Holes diffuse across Emitter

PnE PnEo (quBE/kT - 1) kT
J = —qgD,— = —¢gD Vg > —
pE qlp dr qlp O( _U)E) BE q
ApDyn?
Ig = —Jpg-Ag= MeQVBE/ KT $6 make positive into B terminal

Napwg

Because E-B we have n-p from left to right, but we define positive direction left — right,
the current we calculate will be from p-n which will be right — left.
Now let us draw a flux picture.
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1. For current in the base terminal, it is only the hole current. (in base, this will be
majority carrier current (drift-diffusion); in emitter, this becomes minority carrier
diffusion current, as we calculated). Look at Fig. 1, the base is so thin that all the
electron current is directly swept to the collector, can not reach hole contact

2. Current in the collector terminal, is only the electron current, and do not depend on
VBsc. What happened to the hole diffusion current due to the doping file in collection
region in Fig. 5, I¢ = Ig - edVBe/KT,

It is too small to be counted.

Vi is reverse biased, Ip = I,(eaVBe/KT — 1) ~ _1,

3. What about Ig?
Ig = —(IB + Ic)

4. Relationship between Iy and Ic. We see that both Iy and I¢ edVBE/kT
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Br = Ic _ Du/Napws _ <Dn> <NdE> <wE>
IB Dp /NdE’UJE Dp NaB wp
Se = IsquBE/kT; Iz = IiquBE/kT

Br

(a) We would like large fr. To make fp large, we need Ngg > N,p, and wg > wg.
D, in the background of N,p

(b) Dy in the background of Ngqr == D, will be larger than Dy, ." Nap < Ngg

plus e vs. hole
B = Do) (Daw) (o
D, Nag wp

The advantage of D, vs. D, will be gone

(c) If we make pnp, then
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5.

Why Na > Ngg?

When we apply negative Vg, the depletion layer will increase. Effectively, wg will
decrease. ( = base width modulation similar to channel length modulation in
MOSFET case) = undesirable

In addition, if depletion layers in the base region touch each other from both sides
(emitter — collector) = punch through = undesirable = high enough doping
in base compared to collector

Exercise

See figure below:

Ag

Is

Is
Br

S
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S+

Wi
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Op
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= 10pm x 1pum
10pm>

= 10 x (107%)% cm?

= 107" cm?

= 4crr12/s7 Dpg = 1.30m2/s
- =) (3%) ()
Iy D, NaB wB
4 1020 0.2
_ (13> <5X 1018) <01) 3% 20x2=120

gAgDyn? 1.6 x 10719(C) x 1077 (cm?) x 4 (cm?/s) - 10 (cm™°)
N.g-wp 5x 1038 cm=3 x 0.1 x 104 cm

= 1.07x107%'A

=128 x1079A

The e1VB/*T will make I, Iz into 1079 A ~ 1 pA.
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