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EE 121B Principles of Semiconductor Device Design,
Midterm Exam

Name:

Student ID:

(1) The electron and hole currents for a pnp BJT are plotted in Fig, 1. [21 points]
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Fig. 1: Electron and hole current inside a pnp transistor

Determine:
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a) Transistor operation mode (active or inverted)? Explain.

Sice. Tep Tepd T gy Ie> ICP7 e

b) Base transport factor (B)
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c) Emitter injection efficiency (y)

v, Tep . B o 5.9

Tert Yepy T+ m,@@lfi: |, 00!

d) Current transfer ratio (o)

Lol = 099 40-999= 0.998 |
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e) Base-to-emitter current gain (B) v 0 3% g L{ ﬁ\ q
/B = [— aL— | 0 99 8

f) I, Ic, and I in terms of Iy
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h) Is there any recombma lon-generation current inside the depietlon regions? Explain. }«7%
Constl

Mo, Since hoe ond etedon cuttedc ave
msf&ﬁd&e depletivn Yegions.

(2) A npn BIJT transistor is illustrated in Fig. 2. The transistor regions are assumed to be uniformly doped with

Npg >> Nag> Npe. Also, neglect any electric field inside the neutral regions. [36 points]
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Fig. 2: Schematic of a npn transistor

a) Sketch energy band diagram under equilibrium versus position (x). Make sure to label E,, E,, and E¢. Which n-

~ type région has smaller (EeEQ value? Explain. / E:C _ E‘ ?—l - < l EC *E;l C
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b) Sketch charge density under equilibrium versus §position (x).) Which depletion region will have wider width?
Explain. = 1 é__.CT
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¢) Sketch electric field under equilibrium versus position (x). Which depletion region has higher maximum electric
field? Explain.
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d) Sketch electrostatic potential under equilibrium versus position (x). Which depletion region has larger buili-in

potential? Explain. T
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¢) Sketch energy band diagram versus position (x) under active normal, inverted, saturation and cutoff modes,

Determine polarity of Vg and Vg for each mode. Make sure to label E,, E,, and Er.
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f) Sketch the minority carrier concentration versus position (x) inside the emitter, base and collector neutral regions

under active normal, inverted, saturation and cutoff modes. Assume Wy & W>> Loand W, <<L,.
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(3) Two identical npn BJT transistors made from a semiconductor material are displayed in Fig, 3 except the

emitter and collector doping are interchanged. Assume p, =, and 1,=1,. {13 points)

B 8
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Fig. 3: Schematic of two npn transistors

' , T ey ,
a) Which transistor has higher emitter current (Ig) and emitter _efﬁciqncy (7?7 Eg(plain. K = ( l P h)
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b) Which transistor is sensitive more to base width modulation under active mode biasing? Explain. =2
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¢) Which transistor has the larger avalanche breakdown for C-B junction (Vge)? Explain.
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(4) A simple pnp transistor is shown in Fig. 4. In this transistor, we leave the base contact open (I3=0); hence, the

magnitude of collector and emitter current are equal (Iz=I¢). Assume base emitter junction is forward biased and
base collector junction is reverse biased such that exp(Vcs/kT) =~ 0. Consider uniform light with the rate of (Go)

shining only on the neutral base region with low-level injection. Generation-recombination inside both depletion

regions can be ignored. [30 points]
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Fig. 4: Schematic of a pnp phototransistor
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a) Sketch the minority carrier concentration inside the base neutral region for both no light (G,=0) and with light

(Go) cases in the same graph. [Hint: Assume the boundary condition values at the edge of the depletion region

inside base are independent of the incident li
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b) Solve the minority carrier diffusion equation in steady-state inside emitter, base and collector with appropriate

boundary conditions at the edge of space-charge regions and show that the minority carrier currents at the edge of

the space-charge regions are:
L Ty g,
L(=Xg) = Ipo (&% ~ 1) & 1,(0) = I ('5") — 1
e 1,
L,(W,) = Ig (e )+; & 1L(X;)=Ig
Find Igg, Ine, Ice, and Iy in terims of Gy, ni*, g, A and the given device parameters.

Minority carrier diffusion equations in steady-state:
D, &8n(x)/0x” — dn(x)/1, + GL(x) =0 & D, 8°8p(x)/dx* — p(x)/x, + Gi(x) =0
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¢) Express the transistor current (Ig or Ic) in terms of Igq, Iy,, Ieo, and Iy only [T = f(Tz, Igo, Ico, Iny). Plot the current

versus Ve at different optical generation rate (Gy) values (output characteristics) neglect any non-ideality such as

I = IQ ‘
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