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1. Integrated charge-storage element [jA’p-uluts]
The fallowing figure shows the cross-section of a PMOS capacitor structure. P+ poly-
silicon gate covers two regions: region A with gate oxide thickness of 300nm and
region B with gate oxide thickness of 3nm respectively. The effective areas of the
capacitor over the thick and thin oxide are 10,000um’ and 100pm’ respectively.
Please use the following parameters: ¢y =-550mV, &5=11.7, &sioa=23.9,
gy= 885410 “Fem™”, m = 10" em™,

400nm P+ P ———————
Region A Region B l "
Ngyp=10" cm® Ngip= 108 cm*

(a) [4 points] What are the flat-band voltages (Vip's) of regions A and BY?
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() [4 points] What are the threshold voltages (V's) of regions A and BY
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(c) [6 points] Sketch the charge, E-field and potential distribution from x = ~400mm to
r=400nm when Vg = 0.5V for regions A and B. Assume that the potential at

x =—400nm is zero. A U
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(d) [6 points] Sketch the CV of the whele capacitor structure. Please label the

relevant points on the C- and V-axii.
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2. Semiconductors, pn Junctions and MOS devices [20 pts]

A few useful constants: The permittivity of silicon is € = 1.035 x 10" F/em and the
permittivity of SiO is £, = 3.45 x 107" Flem. You can assume mobilities of p, = 1500
em®/(Vs) and B = 500 e f(Vs). The saturation electric field for electrons is
Eo = 1.25x10° V/om and their saturation velocity is vee = 10" envs.  Unit charge:
g=16x10""C. = 10"em’”.

(a)  [4 points] In a silicon resistor made from N-doped silicon doped © 10" per cubie
cm, with a length of 10um, a width of 1pm, and 2 thickness of 0.1pum, what is the
maximum current which can flow?
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(k)  [4 points] For a silicon PN junction at room temperature which has one side P
doped to a concentration of 10'* per em’ and the other side N doped to a concentration of
10" per cm3, find the depletion depth into both the P side and into the N side.
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{ci [4 points] What is the qualitative relationship between the width of the depletion
region and the conductivity for the N side of the junction in part (b) . Briefly explain.
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(d) [4 points] Consider two MOSFETs with identical dimensions, but with differently
doped substrates; MOSFET A has the substrate doped with Ny = 10 em™, and MOSFET
B has doping of N; = 10" em™. Assume equivalent hias for both transistors, where both
tramsistors are in saturation. In which case will the same change in Vos voltage (AVeg)
cause a larger relative change in the capacitance between the drain and the substrate
ACHC,. Explain your answer. 74
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ie) [4 poinis] Which one of the two MOSFETs from (d} would have a larger relative
change in effective channel length, ALSL, under the same change in Vg voltage (AVag).
Explain your answer.
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3. MOSFET circuit [16 points]

VDD

Given:
Li=L=0.5 pum
Wi=Wi=5pum
1y Coe = 100 pA/NV?

V=05V
A =ov'
y=0

{a) [4 points] In which modes of operation are operating M1 and M2 for iy > 07 Explan
VOUT ANSWET.
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(b) [8 points.] Find the relationship vaur = vourlin). You do not need to substitute the
numerical values.
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ich [4 points] If the currenl source i is implemented as simple DC-biased PMOS
transistor (W/L = 10, 4,C, = 100 BAIV, Vg = - 05 V, &, = 0 V' y= ), find the
maximum and minimum values of vaey. under which the circuit operates correctly, with
the supply voltage of Vpp = 5V,
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