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(a) . Rcfen'iné to Eq, (11.41),

1+DENE W
Dp Ng Ly

It Transistor A, Ng >> Np and ¥—=1. In Transistor B, Ng < Ng and 7is expected to be

considerably less than unity.
One might alternatively argue that Igp >> Igp in Transistor A, while Tgg > Igy in
Transistor B. Since y=Ig (IEPHEJin a prp transistor, Transistor A ciearfy has the
greater emitter injection efficiency. ' : ' :

(b) Under active mode biasing Vg > 0 and Veg <0. Considering the more important
reverse-bias collector-base junction, there is very little incursion of the depletion region into

the base in Transistor A. For Transistor B owever, most of the depletion region lies in
the base because Np >> Np. Thus | Transistor B will be more sensitive to base width

modulation,

(¢) | Transistor A]. Vo is approximately equal to VR of the-C-B junction if the BIT is -
lirntted By avalanche breakdown, VER in mm is roughly inversely proportional to the
doping on the lightly-doped side of the pn junction. In Transistor A, the collector is the
lower doped with Ne = 10/cm3; in Transistor B, the base has the lighter doping,

Np =1015/cm3. Since Ne of Transistor A is less than Mg of Transistor B, Transistor A

will exhibit the larger Veng. -
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1b)

1c)

1d)

compute the DC common emitter current gain.

Use the equation and parameters for SiGe given in the question,

B, = DnWEn’iz.BN E
pc "~

DPWanEN &
Where Dn and Dp are obtained from Einstein relation.

= 2520

compute the DC common base current gain for SiGe.

O = Poc_ 0.9996
1+ Boc

repeat the above again for Si parameters, we get.
Boc=70 and . =0.9859
As expected the performance for SiGe is more superior.

you are asked to compute electrical base width.
Consider Si base first. .
Compute the built in potential for base/emitter junction using

V, o =kT'xlog (EE}VAJ ~0.9786V
i si
And the depletion length into the base due to emitter using

2x.E,N.V,
xEB=\/ SU0" EBLER .3.43%107%cm

g(N,+N,)N, .
Now we repeat the above but for base/collector junction
Vs =0.8636V and  x,. =1.02x10cm

So the electrical base width is
W, — Xy0 — X = 4.55%107em

Note that the electron affinity of SiGe is approximately 4eV,
Since both Si and Ge are also about 4eV.

You would also need to know that the bandgap of Ge is 0.66eV.

The collector and emitter are n doped.

Next, we need to compute the Fermi energy in the collector and emitter wrt Ec.

We can find that,
|E;c—E,|=0.1444¢V and |E,,-E,|~0.0293eV

For the collector and emitier side respectively.
Since the base is heavily p-doped, we assume it is ~ at Ev.

ST NS0 —Pue—Ape_



Therefore we obtain,
Varge = 0.66-0.1444 = 0.5156eV

Vi g = 0.6307eV

To compute the depletion width, we need the following formula from

(‘J_NV) - Laestram’s notes, first do it for emitter-base

- \/ g E4Ns Vi s =3.05%10%cm
gNg, g,N,+e, N, ™

Similarly for collector base,

Ko = 7.96X107 cm

So the electrical base width is

W, — Xpe — Xy = 46110 cm

Xep
sige

So the early voltage is slightly better for SiGe based on the consideration of
their electrical width.
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