Spring 2012 EE 331 Final Exam Instructor: Dunham Version A

Name: %(W{WS Student Number:

There are 200 points over 6 problems on 6 additional pages.

Be sure to state any assumptions made and check them when possible.

Useful units and constants

Definition of electron volt: 1eV =1.6x 10]

Electronic charge: g =1.6 x 10"°C

Boltzmann constant: k= 8.62 x 10 eV/K = 1.38 x 102 J/K
Thermal voltage at room temperature: £k7°/q = 0.0259 V

Relative permittivity of silicon: & =11.7

Relative permittivity of SiOz: & =3.9

Permittivity of free space: &0 = 8.854 x 10" F/cm

Silicon intrinsic carrier density at room temperature: #; = 10'%cm?
Band gap for silicon: Eg=1.12 eV

Default MOS parameters: K, = 200 pA/V?, K, = 100 pA/V?, Ving= 0.5V, Vrpo=-0.5 V, Vpo = -
2V,y=05V" 207 =0.6 V,A=0,(W/L)=1
Default diode parameters: I; = 107'° A, n=1, Vzener = 5 V, Rzener = 0.
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Spring 2012 EE 331 Final Exam Instructor: Dunham Version A

1. [36 points] A silicon pn junction has uniform doping concentrations of N4 = 10'"/cm? and Np =
5x10'%/cm3 on the two sides of the junction, respectively. Both sides are narrow with undepleted
region widths of Wy’=200 nm and W,,’=50 nm. The minority carrier lifetimes are tn, = 2 pus and Tpn
= 0.1 ps. The diode has a cross sectional area of 200 nm % 500 nm.

a) [10] Calculate the reverse leakage current Is,
b) [8] What is the change in depletion charge as the voltage changes from 0 to 0.7 V?

c¢) [8] What is the change in diffusion charge (stored minority charge) as the voltage changes
from 0 to 0.7 V?

d) [10] If the diode was operated with forward currents on the order of 1 pA, what would be an

appropriate Thevenin equlvalent linear model‘7
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2. [40 points] For the inverter shown to the right, use MOS parameters on cover page. 6235V

b L
(a) [10] Calculate V. I:— LR
(b) [10] Calculate V7. L [

(c) [8] Calculate V.

(d) [12] Calculate ¢,.# for step function input (Vx to ¥V at t=0) and total load
capacitance of 5 pF. Use method mtroduced in lecture. v O_I f My AT
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V
3. [30 points] In the circuit to the right, Vpp =3 V, R, =1 kQ, R=20 -
kQ, and V,, = 0.7 V. Use default MOS parameters (cover page). A ._”__. R
(a) [15] Sketch vo versus v4 for v = 0 and for vz = Vpp (two lines). |

What function does this circuit implement?
2]
(b) [15] Calculate ¥ and V' and indicate on the plot in (a). B ,__N___ 0
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4. [34 points] Design a CMOS gate that implements the logic function Z = A+ B - (C + D).
Assume both inverted and noninverted logic signals are available.

(a) [12] Draw the CMOS circuit design.

(b) [12] Design the aspect ratios for all transistors to make worst case VTC and switching speed
equivalent to inverter with (W/L) for nMOS of (1/1) and (W/L) for pMOS of /).

(c) [10] For your design, calculate the worst-case initial (just after input switches between ¥ and V1) .
pull-up current for ¥pp = 1.5 V. Use y =0 (or o= 0.2 for 5 points bonus credit).
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5. [30 points] For problems below, use parameters on cover page, except assume y = 0.

(a) [10] Vs=0V and Vp =2 V. The current into terminal D is 2 mA. Find V. What mode is / "/ 9

transistor pperating in? : . : - 200uh /v
YT oS banasshr Ty = Qung =2 )

s Pl D g = 49 = [,

£ To> 2o =Tb? V- 05V- 2 oy

’ [o Vl/é\/:S\/“‘ UV, -05v-1v =D\, =
0N 6 =2 G =bsy
' @M/WLM(QVWMQQ —

(b) [20] Vpp=10V, R; =50 kQ, and R, = 10 kQ. (W/L) = 1 for both transistors, Determine the
mode of each transistor and the voltage across resistor R».
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6. [30 points] In the SRAM cell to the right, Vpp =2 V. Use | N ¢
& o l (}M%\L, Voo ﬁJ I
ih —IL M52

MOS parameters on cover page, except use assume y = 0. W ~ l v
AN VAR !

(a) [15] Vpi =2V, Vp2=0V, and both bitlines are precharged '

to 1 V. What would be the initial current into each bit line (BL : .Z

and BL) immediately after the wordline voltage is switched from P p -L | Wordline (®) -l—_ W{“Z

0to2 V? L lllr Dy ”: l'_T_[ ,,,,,,,,, B

(b) [15] Tnitially, ¥b; =2 V and ¥z = 0 V. If the bit line Mo 12 Lyl ] e

voltages are held to Vg, = 0V and Vg = 0 V and the wordline \

at 2 V, what is the ﬁnglf steady-state sglue for Vp; if Vp2 remains ; _EJ NMM .j—l Mbn !

near 0 V? | &
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