Wednesday, April 17, 2024 A

EE 362 Electronic, Magnetic, & Optical Properties of Materials
Quiz 8 (Spring 2024)

Name KEY A

Instructions: Open book & notes. Place answers in indicated spaces. Show all work. Use 4-5 significant figures.

At 300 K, a MOS capacitor with a silicon substrate uniformly doped with acceptor atoms (7.9 x 10'° #/cm?).
It has a 22 nm thick silicon dioxide layer with an equivalent trapped charge density of 2 x 10!! #/cm?. The
gate is made with p” polysilicon. Find the oxide capacitance Cox (F/m?), maximum depletion layer thickness

(m), maximum space charge density magnitude (C/m?), ¢y (V), metal-semiconductor work function (V), and
threshold voltage Vr (V).

From Table B.4, n;=1.5 x 10'°cm™ & & = 11.7 for silicon at 300 K.
From Table B.6, & = 3.9 for S10, at 300 K.

From Figure 10.16, @us = 0.3 V.
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Cox = 1.5696 x 10~ F/m?

max. depl. layer thickness = x4z = 3.3392 x 107 m

max. space charge density mag. = |Qsp’(max)| = 4.2265 x 10 C/m?
metal-semiconductor work function = @us = 0.3 V
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Figure 10.16 | Metal-semiconductor
work function difference versus doping for
aluminum, gold, and n™ and p~ polysilicon

(From Sze [17 ] and Werner [20].)

dp = 0.34058 V
Vr=_1.04628 V
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EE 362 Electronic, Magnetic, & Optical Properties of Materials
Quiz 8 (Spring 2024)

Name KEY C

Instructions: Open book & notes. Place answers in indicated spaces. Show all work. Use 4-5 significant figures.

At 300 K, a MOS capacitor with a silicon substrate uniformly doped with acceptor atoms (2 x 10'7 #/cm?).
It has a 18 nm thick silicon dioxide layer with an equivalent trapped charge density of 4 x 10!! #/cm?. The
gate is made with p* polysilicon. Find the oxide capacitance Cox (F/m?), maximum depletion layer thickness

(m), maximum space charge density magnitude (C/m?), ¢y (V), metal-semiconductor work function (V), and
threshold voltage Vr (V).

From Table B.4, n;=1.5 x 10'°cm™ & & = 11.7 for silicon at 300 K.
From Table B.6, & = 3.9 for S10 at 300 K.

From Figure 10.16, @us = 0.2 V.
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Cox = 1.9184 x 103 F/m? max. depl. layer thickness = x4r = 7.4058 x 10* m
max. space charge density mag. = |Qsp’(max)| = 2.3731 x 102 C/m? by =0.42412 V
metal-semiconductor work function = @us = 0.2 V Vr= 19512V
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Figure 10.16 | Metal-semiconductor
work function difference versus doping for
aluminum, gold, and n™ and p~ polysilicon
gates.

(From Sze [17 ] and Werner [20].)
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