Massachusetts I nstitute of Technology
Department of Electrical Engineering and Computer Science
6.012
Microelectronic Devices and Circuits
Spring 2007
Homework #6
Out: 04/13/2007 Due: 04/20/2007

Problem 1
An npn transistor with area Ag = 2.5 um x 2.5 um is biased in the forward active region,
with the collector current Ic = 50 pA. The emitter, base and collector dimensions and
doping are:
Nee = 10" cm®, We = 0.3 pm, N = 10" cm™, Wg = 0.25 pm, and Ngc = 10" em®, We
=1.5um.

A) Draw a picture of the minority carrier concentration in the emitter and base

(identify the minority carrier concentration at the base and emitter edges).

From page 36 of Professor Sodini’ s book:
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B) Find the base-emitter bias Vg,

VBE =0.7616V

C) Find the base current I,

I, =~ — 40.323nA
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D) For the npn BJT biased as above, given that Va, = 25 V, find the
transconductance gn, the input resistance r,, and the output resistance ..

|
g, =—>=193mS; r, =ﬁ=641k£2; o =\i=500k!2
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E) For the npn BJT biased as above, given that the emitter-base depletion region
width is xgg = 0.05 um, what is the minority electron charge storage in the base
Qne(VBE) at this operating point?

|Que = A n(x)dx =1/20An 5 (0 )W, — Xge ) = 6.24-107°C

F) What is C, at this operating point?

2
C =A% 4g, ZWB =12.9fF +19.3fF =32.2fF
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Problem 2

In this problem we will consider an important development of the late 1980s, the SiGe
alloy base BJT. This Hetero Bipolar Transistor (HBT) is usually fabricated as an npn BJT
with a base made of SiGe to increase the intrinsic carrier concentration in the base and
with Si collector and emitter. The emitter, base, and collector dimensions are:

Nge = 5x10™ cm™®, We = 0.25 pm, N = 10" cm®, Wg = 0.25 pm, and Ngc = 10" cm®,
Wc = 1.5 um. Note that at room temperature the intrinsic carrier concentration of SiGeis
Nisice = 5x10%° cm,

For this problem assume that the concentration of Ge is low thus the mobility, dielectric
constant of the SiGe base film remain unchanged from that of Si.
A) Find o and the forward active current gain g for the npn SiGe HBT (SiGe Base
Transistor) and npn BJT (Si Base) at room temperature.

Uog =325cm?* Vs D, =8.4cm?/s
) Thus 5
Hye =50cm*/Vs D, =1.29%cm" /s

2
Brsice = Noe D"B”iSiG; We _g125 And Usice _ Prsce_ 099988
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B) What is the ratio between forward active current gains for the npn SiGe HBT and
the corresponding npn BJT?

2
ﬂFSiGe _ r]iSiGe _ 25
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C) Determine the base doping of the npn BJT that will yield the same value of B¢ as
in the npn SiGe HBT. (Note that the mobility depend on the doping, thus
changing the doping would change the mobility. You should converge to the
solution through few iterations)

For N, =9.2-10"°cm~the mobility isz,, = 750cm? /Vs

Besi = Brsice = M =810
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Problem 3

A p'np bipolar transistor has the geometry and doping profile described below. For all
the following questions the BJT is operating in a common-emitter mode in the forward
active region.

BJT Data:
Dpg = 5 cm?/s; Dye = 10 cm?/s; We = 500 nm; A = 25 um?; N = 10" cm®;, Ngg =
10Yem®; Nac = 10%%cm’®,
A) We want the current gain B¢ to be 100, what should be the value for the base
thickness Wg? Neglect depletion region widths.

N..D W N..D W
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B) What isthe saturation current Is for the emitter-base p-n diode?
2

'l =8-10"A

B dB

n

D 2 VEB VEB D
I, =g 2N ¢ Hon — e % Therefore |, = gA, —2
WB NaB

C) What should be the EB voltage to obtain a collector current of Ic = 100 pA?
VEB
I, =l % Therefore V,, = Vih- In( '%j — 078/
D) What isthe transconductance at |¢c = 100 pA?

g, = Te _ 3.87mS
Vth

E) What isthe capacitance C; at Ic = 100 pA?

2

C, =2C,,Ac + 0, Wo _307fF + 2421F = 275¢F
2D,

C,, =92.5nF /cm?
F) What istheinput resistance at Ic = 100 pA?

Rin=R_ =% — 25,80
O

G) What isthe output resistance at I1c = 100 pA given an Early Voltage Va = 30V?
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H) In forward active regime find the frequency limit set by the base diffusion transit
time?

The BJT needsto bein the forward active region.

Vee<0and Vgc>0
fT:iz 12 =16GHz
e W
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Problem 4

The figure below shows six possible ways of connecting an npn bipolar transistor that
may yield a diode-like behavior. Using the Ideal Non-Linear Hybrid-r Model, write the
|-V characteristics of the two-terminal device in each configuration. Express your results
asafunction of Is, Br, and Br.
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Configuration A

Vege=V and VBC:O

I = I—S(eVB%h —1)+ Is(eva%th —1} Therefore | = |5_1+ﬂF (e%th—lJ
p B

F

VBE
For Be>>1 Izls(e 4“‘—1]

Configuration B

Ve =V and Vpc =V (because thereisashort circuit between E and C)



I = I—S(eVBE i —1j+|—s(eVBE/Vth —1) Therefore | :I—S[e%h —1)+I—S[e%‘h —1)
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For BF >> BR

| = '—S(eVBE/Vth —1]
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Configuration C

Vge=0 and Vgc=-V

| = —I—S(e_\%‘“ —1)+ Is(l— e_%‘h) Therefore | =—Ig P+ +1(e_VV‘“ —1)
Br Pr

Configuration D

V =Vpgc - Vac

;—S(ev%h —1j + '—S(ev%h —1) Therefore '—S(eVBE o —1) + '—S(ev%h —1)
R F R F
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Configuration E
V =-Vpcand Vge = ¢se

No net current flow through the base/emitter junction since the emitter is open. The BJT
isworking as adiode.

| = ;—Z(e‘v/vm —1)



Configuration E
V =Vge and Vac = dac

No net current flow through the base/collector junction since the emitter is open. The BJT
isworking as adiode.

| = ;—i(e%m —1)



