EE 121B Mid-term Examination
Spring 2013

Name

Open Book
Assume T=300K and the substrate is silicon
andn; = 1.5 x 10%cm=3



1) Consider the following bipolar transistor

1p=110cm?/Vs
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g N P N
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1X1018 |-----
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a) What is the neutral base width of the device with the DC biases as
indicated? (9 points)

V,: pr &= —1n ~ 1.09V
bi,BE q niz
kT NysrN
Viipe = —In—"22% ~ 0.868V
q n;
Thus,
26ciNnp\ Vi pr — V,
x, ~ si DE( bi,BE BE) ~ 22 4nm
qN4p(Nap + Npg)
26c;iNn- (Vi pr + V,
x;, ~ Si DC( bi,BE CB) ~ 11nm
qNyp(Nap + Np¢)
(6”)
And,

(3)



b) What is the value of I, Ig, and 1z? (17 points)

Using Einstein relation, we have diffusion constant and diffusion length

kT
D,g = F,unB ~ 10.4cm?/s and L,,g = \/D,,gT5 = 32um

kT
Dyg = FﬂpE ~ 2.85cm?/sand L,z = \/DppTyp = 1.7um
Dye = T,upc ~ 24.6cm?/s

. Nap .
Using charge neutral, x,, ~ x, —== ~ 0.04nm, so we can approximate

A
NpEg
WE =~ LE'

Calculate ideal current for BE junction,

qADppn; [ (qVBE) ] s
L(0) x —— —1|=18x107°4
n(0) > = | P\ Tr
qADpgn} [ <qVBE> ] _
I (— ~ L ET — 1|~ 5.6x107°A
p( Wp) NpeWs €x KT 5.6 0

while the recombination current is given by

—_ v |%
qAnWpgE (exp ?’LkB’IE — 1) qAn;x, (exp 612ka — 1)
Ipge = ~ 10
TREC TREC

~ 4.0 x 10714
(2)
So,
I = I,(=Wp) + Iggc = 6.0 x 107°A
Iz ~ 1,(0) + [,(=Wp) + Iggc ~ 1.8 X 1074
and (5’ for 1c+5° for 1g+5” for 1)

Io ~ I ~1.8%x107°A



c) What is the common emitter current gain, £,? (10 points)

—_ Ver (m— 1\177 1
DpgNypWhp N WppeWpNyp eXp [_ qkr?wE (T)]
DypgNppWeg DyppniTrec

~[32x107*+22%x107°]"1 = (3.2 %x 1071 ~ 3000
(In this case, we ignore the contribution of the recombination current for simplicity)
(5 for equation, 5” for calculation)



(e) What is the Early voltage? (10 points)
_qWpNyp _ qWpNapWp

~ 27V
A
Cpac €si
2e6i(Ver+Vai pe) (Npe+N
where W}, = J silVes q;;i;); pctNaB) . 49nm

(5 for equation, 5” for calculation)



(f) What is base transit time 157 (8 points)

2

Base transit time 75 = ZV;B ~ 6.5ps
nB

(5 for equation, 5’ for calculation)



2 (a) If we want to increase B, by 25% by reducing the base metallurgical
width (which was originally 150nm), what is the new base metallurgical width?
(10 points)
Again, if we ignore the recombination current,
~ DnsNoeWe

® " DppNasWs
To increase B, 25% by changing Wy,

Wy = 0.8W5p,
So the new metallurgical width can be estimated by

Lp = 0.8Wpo + xp, + xp, = 1270m

(5 for equation, 5° for results)



(b) If instead, we want to increase £, by 25% by reducing the base doping
concentration, what is the new base doping? Use the graph below for
mobility dependence on concentration. (12 points)
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Again, if we ignore the recombination current,
~ DnBNDEWE
® " DppNasWp
To increase B, by 25%, in first order, we can estimate
Nyg ~ 0.8N,po = 8 X 107 cm™3
However, since D,,z and Wy also change with N4z, we need to iterate to get Nyp.
As D,z and Wxzchange slowly with N, (which is about 410 cm?/V - s and

Wg =~ Lg —xp — Xp = Lg — Xpo - \/ Napo/Nap — Xp - Napo/Nap = 111nm),
iterate for Nyp

WBO DnB
Ny = 0.8N,pp - —  —— =~ 8.6 X 107cm™3
AB ABO WB DnBO

(6 for formula/equations, 3’ for iteration, 3 for answer)



(c) What are the Early voltages for (a) and (b)? Discuss. (12 points)
_qWpNyp _ qWpNapWyp

Cpac €si

A
In (a) WB = 0.8W30, SO

(4’)
In (b) NAB = 0.86NA30, WB/WBO = 095, and CDBC/CDBCO = WDIO/WD, = 1,
(4’)

In two cases, the early voltage reduces as the total charge of the base Wz N,z
decreases. And in both cases, V, will be very similar as the change of Cp5 can be
ignored. the only difference is caused by the mobility improvement when lowering
the base doping (which causes Wz N, to be different in two cases)

(4’)

V, = 0.8V, = 21.6V



(d) What are the base transit time for (a) and (b)? Discuss. (12 points)
The base transit time is given by

Wsg
"B =D,
In case (a), Wz = 0.8Wjg,, SO
Wg
Tp 2D, = 0.64715, = 4.2ps

(4’)
In case (b), Wz = 0.95Wp, and D,z = 1.03D,,5,

(4°)

Apparently, in case (a), Tz is much smaller than the one in case (b), due to the
reason that 7z is proportional to the square of the neutral base width. Thus, given
D, g IS somewhat a constant, the way to increase f by reducing Wz more will
greatly improve the transit time, resulting in a better high frequency performance.

(4’)



