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Homework No. 1 - Solutions
Problem 1 - (10 points)

A top view of a MOS transistor is
shown. (a) Identify the type of
transistor (NMOS or PMOS) and its
value of W and L.

(b.) Draw the cross-section A-A’
approxi- mately to scale.

(c) Assume that dc voltage of terminal 1
is 5V, terminal 2 is 3V and terminal 3 is
OV. Find the numerical value of the
capacitance between terminals 1 and 2, 2
and 3, and 1 and 3. Assume that the dc
value of the output voltage is 2.5V and
that the voltage dependence for pn
junction capacitances is for both
transistors is -0.5 (this is called MJ in
SPICE).

Solution

(a.) This transistor is an NMOS
transistor with the drain as terminal 1, the
gate as terminal 2, and the bulk and
source connected together to terminal 3.
The W = 13um and L = 2um.
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(b.) The approximate cross-section is
shown (vertical scale is magnified by 4
times).

(c)With V=5V, Vioe=3Vand Vy =
0.75V, the transistor is in saturation. [F _ _ rt
Therefore, the capacitors are: SOOPESIM i 15 —T_

Cy, = Cgp = LD(NMOS)xWxC,
= 0.45um-13pm-0.7fF/um?2 = 4.095fF
Cy3 = Cgg = LDINMOS)xWxC, | + 0.67(WxL)X C,, = 4.095fF + 12.133fF
= 16.228fF
C,5 requires the area of the drain (AD) and the perimeter of the drain (PD). These values
are AD = 13umx5um = 65um? and PD = 2(5+13) = 36pm.

[AD-0.33fF/m?+PD-0.9fF/um] _ [65um?-0.33fF/m?+36um-0.9fF/um]

1+m 1+()z

= 17.63fF
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Problem 2 - (10 points)

Find the numerical values of 1, 1,,Vp, Vg, and Ve to
within +5% accuracy.

Solution

First find 1;. This is done by solving the equations I, =

y

5T VosaV)?

Solving quadratically gives

2 1 ) 3
Vesa” - Vosa2Vr - T2+ Vr” -13] =0

Vs - 141667V + 0.145833 = 0

This gives V¢ = 0.708335 + 0.5965 = 1.305V oo Vp=-25+1.305 = -1.195V

5-1.195
This value of V;¢ gives I} = T00KQ. = 6.95puA

Neglecting the lambda effects, let I, = 10/; = 369.5pA

The base-emitter voltage of Q1 is found as

L 369.5uA
VE = 'VBEI = —VTln Is = -0.026In T0fA =-0.633V

, 21 2369.5
Finally, the value of V¢, = 'I‘(-T'Wz/_L;+ Vi =\/"g00 +0.75=1711V

5 Ve=2.5V - 1711V = +0.7889V




Problem 3
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Problem 4

Ici=.5103 B = 150 Rc = 10-10° RE = 100-10°
= . ey . -'12
fn:i'VT Rp = 3-10° C := 100-10
Ic
= 7.8°10° Ag = PRe
reg="7 2 rp+ (B+ 1):2.Rg
_B.RC
Ay= A 5 = 0,05
r
A
A1 =-192.308 rg+ (B+1)2Rg
r AcM = Ay
Appi= Ap——o rg * (B+1)2Rg+Rp
rn+RB
A opm = 005

A py = ~138.889

f 34 = 7.958°10%

VT = .026
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Problem 5

Draw the electrical schematic using the proper symbols for the transistors. Identify on your
schematic the terminals which are +5V, ground, input, and output. Label the transistors on
the layout as M1, M2, etc. and determine their W/L values. Assume each square in the

layout is 1 micron by 1 micron. Find the area in square microns and periphery in microns
for the source and drain of each transistor.

T T -Output

45V
_____ e [nput
—N-Substrate -H
CTTTTTTTT P
+5 Volts
D1
c1 Ml Bl w, o As) = Apj = 20x4 = 80pum?
| Ly~ Psi=Pp1 = 4+4+20+20 = 48um?2
S1
Ingli \_,Q‘gtp‘“
S2
g2 M2 | g, As2 =2Ag] = 160um?2
o—| W2 20 Ap2 =Ap] = 80um?
Ly Psy =2Pg1 = 96um2
D2 Ppy = Pp; = 48um?2

Ground SO1PES1



