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1. Use the values of physical constants provided below. 2. SHOW YOUR WORK, & write legibly!
2. Underline or box numerical answers, and SPECIFY UNITS where appropriate.

Physical Constants Properties of silicon (Si) at 300K
Description Symbol Value Description Symbol Value
Electronic charge q 1.6x10" C Energy band gap Eg 1.12 eV
Thermal voltage at 300K kTlq 0.026 V Intrinsic carrier concentration ;i 107 cm™
(kT/q)-In(10) = 0.060 V Permittivity £si 1.0x10™"* F/em
) ,){e_ arti = 10 -2 cm - j
Problem 1 [15 points] Ly Ehann /3
Consider a n-channel Si MOSFET with W= L =1 um, effective gate-oxide thickness Ty = 3.45 nm (
(Coxe = 10 F/em?® ), gate work function @y = 4.03 eV and bulk Si dopant concentration Ny = 10" em™ v,
(corresponding to bulk Si work function @g = 5.03 ¢V and maximum depletion width Wy = 100 nm) - _’ﬁ,, )
Assume 7'=300K and Vs = V3. ~$Q1,f, o = 100XI07
(a) If the fixed oxide charge Qr = 10'* g/cm’, what is the flat-band voltage, Vyp? [3 pts% = 107 7F/oa
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(b) What is the threshold voltage V;? [4 pts] 45;:
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(d) Suppose Vs =V = Vg =0 V. Sketch the gate capacitance vs. gate voltage on the axes provided. [5 pts]
(i) Indicate the maximum value. Cax = A C‘“t = )02, 70" = /0 e
(i) Estimate the minimum value. - )
(iii) Indicate Vgp and V7.
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(e) Should acceptor o ‘donoratoms be implanted into the near-s_ljﬁzi—ce——_région of the channel, in order to
adjust Vr to be -0.3 Provide a brief, qualitative justification for your answer. [2 pts]
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Problem 2 [10 points]
A schematic cross-section of the silicon region within a long n-channel MOSFET with 7,,. = 10 nm is shown

below with its Ips-¥ps characteristic for Vgs =1 V. Assume Vs = V3 =0V and the bulk charge factor m = 1.
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(a) Identify the MOSFET operating point on the I-V curve above. »
(Circle the appropriate letter.) [1 pt] o 150
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(b) Add a curve for Vgs = 1.5V to the plot above. Indicate approximate 0802 B3 060X 10 12 14 Lo I8 29
values for Vpg and Ipg; show how you arrived at these values. [4 pts] (Ve + 15~ 0258T,., (MViem)
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(¢) Qualitatively, why does the saturation current (Ipsy) of a long-channel MOSFET increase ~quadratically
with gate overdrive (Vgs—V71)? [3 pts] ihversign=lan.c
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(d) What is the body effect? Provide a qualitative explanation for it. [2 pts]
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