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EE 121B Quiz 2

You have 1 hour to finish the quiz. There are four problems.

Use T=300K unless specified otherwise. Make appropriate assumptions when necessary. Use algebraic
expression only if you cannot calculate numerically based on the provided information.

Constants and Equations
n; = 1.5%x10*%cm™3 Eysi = 1.14eV €5 = 1.04 x 107*2F /cm qg=16%10"1C
Xsi = 4.05V €ox = 3.46 x 107 13F /cm
ky = 8.617 * 10 5eVK Ep — Ep; oy = hf p(x) dE(x) —d*¢
ny = njexp| ] oPo G = =
kT = 0.0259eV at T=300K | "© ™ kT € dx  dx?
g b0 = Pm — X
Ty=— 5o = Pm 2¢ q
o Dms = Pm — Ps W=ux,= : (Vbl + Vr) Am = 16me E
- B q¢3n) (%) B 3 47rqmnk2 AW = 0"
] = 1A% exp (= L2 fexp (12) - 1) - T R = (52
1
Eg = q¢o — q¢Bn = _,\/ZquNd(¢Bn d)n) [d’m =iy + ¢Bn)]
aDit qD s
"= kT
Mg\ brp = —ln(—) 2€.¢s 4exdyyp
Q' = q Xa = _q"N_ Xdmax = qT
a a
ng = nexp(qdp,/kT) Vig = Gy — Qss [Qsp(max)| = qNgXamax = qNaXamax
ng = ngexp(qAps/kT) o " Cox
|Qsp (max)| |Qsp (max)|
Vrn = Vep +_SDC— + 205, Vrp = Vip — "EQ'E‘—_ 2¢pn
ox ox
/ € w
Crp = = Ip = fin e [2(Vgs — Vr)Vps — Vgs]
- (eﬂ) kT e 2L
ox € qZNa W
Vo = Vox + Ve Ip = Hzp = [2(Vsg + Vr)Vsp — Vip]
,/2q€ _ n (Vs — Vr)
AVr = = [J2¢fp + Vsp — sz’fp fr= 2mL?
Gt = 40 IpCoub) o [exp(LEN1 ~ exp(~ L)
: L Wu,C
1y = (=) Io(sat) = =22 (Vs = V(1 + AWps)]
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1. Short answer questions, you need to answer all of them (8% * 4 = 32%)

(a) What are the two types of Ohmic contact in the metal- Séstem? What are the@és and

e
the fundamental @@fmn them? @

(b) Draw a band diagram to show

Schottky barrier loweking (n type Si). Briefly exp@he
physics behind it. ( (-( )

(c) Letthe surface band bending 15z be positive when the band bends up from the bulk to the
oxide-Si interface. Sketch sz, with respect to V,; of a MOSCAP W|th n-type Siand Vig @

Label the accumulation, depletion, (weak) inversion and stron sion.
(d) What does pinch-off mean for a MOSFET? What's the relationship between V5 and Vos at
““pinch-off for a p channel MOSF _@ @
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2. A MOSCAP has n-type Si with ideal oxide (no associated charges) and ¢,,s = —3V. (28%)
(a) Sketch its low fn@ncy and high fre e cy C-V characteristics. (4%)
(b) What are the extreme values for the capacitance in your ré:}s for (a)? Why?2-(4%)

(c) What are the approximate M@End minimum-of the frequency that is applicable for the
high frequency C-V curve you sketched? (4%)

(d) Sketch its low frequency and high frequency C-V characteristics if there are some interface
trapped charges D;;. What is changed by the interface trappt@arge? (6%)

(e) How canyou me&dre D;; in the MOSCAP? (2%)

(f) Derive the equation you need for the measurement in (e). (8%)
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3. The CMOS technology makes the MOSFET in “pairs” in a periodic fashion as shown in the figure.
Here you can consider the spacer as insulator, silicide as a conductive material whose work
function difference with silicon is very small. STI (shallow trench insulator) is SiO,. The numbers
indicate the doping concentration in the Si (107cm ™3 for n*™ or p*, 105¢cm™3 for p or n doped
well and 10'*cm™3 for the Si substrate) and the equivalent fixed charge density in the oxide
(101tem™2). (30%)

silicon nitride N
spacer — poly silicon poly silicon
n* doped et p* dope

gate oxide
1047 gy 10%7 *?" ' .
\\ p n+ ¢ n /
\ r 10" em ] 10 cm ¢ L
o =STi 7
1043 em? p-doped well - 1045 e
; / , I o 5 L A,

10t em—3
p-doped silicon substrate

For (a), (b), (c), you don’t necessarily need the figure.

2
(a) Sketch the Ip(Vps) of the n channel MOSFET for V¢ ><;2and Vis < Vp. Which part of the
curve is affected by the channel length modulation? Label the linear (triode) region and
saturation region. (4%) @ @

(b) Sketch I (Vjs) of the n channel MOSFET and label the subthr%shold region. (3%)

- »
(c) Suppose the or&{/difference between the n channel MOSFET and the p channel MOSFET is the

doping type, whicw_nsistor will in general be “bgtter”? Why? (3%)

\v
(d) The thickness of the gate oxide is 20nm, what is the thresholdvoltage of the n channel MOSFET?

i 0 %\U G 0\ (6) @ Qeo® - Anoer ©

] In this structure, there are some “parasitic transistors”. Circle them in the figure. (2%)

(J'/?zftzﬁ’ﬁ P (

(f) How do these parasitic transistors affect the performance of the CMOS transistors? How can

you suppress this effect in the design of sugh{ucture? (8%) @ §
& "
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4. Aninverter is a basic digital circuit building block. The input/output characteristics of an ideal
inverter is shown in the figure: whenever Vi, is “low”, V¢ is “high” and vice versa. Consider a
pair of the n and p channel MOSFETs from Problem 3. (12% | O%

(a) How would you wire them up with necessary voltage and current supplier to implement an
inverter? Show it in the provided structure below. (62%¥ C(/ o

‘t\\ \J‘tr‘h r W b [L'\&s% :’L O

silicon nitride %
poly silicon

spacer
\ gate oxid
U ik J ) vl )
—_— Ll high
' _ 10% e PR 1045em-3 :
ST b : '
\_/1\ p-doped well

10Mem-?

p-doped silicon substrate‘. o

(b) Explain how it works. You may use circuit symbols for the transistors to explain the

operation. (6%)
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