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e The CMOS transistor operation regions, small-signal parameters, and noise character-
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e You may write down your answers in Swedish or English.
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Exercise 1.

Th circuit in Figure 1 shows an inverter, which shall generate the output voltage
Vout = 0.03 V when the input voltage is V;,, = 3 V. The current through the transistors should
be 20nA. Vpp=3Vand Vg =1V.

Determine the widths of the gates 1, and W, for transistors M1 and M2 meeting specifica-
tions above.

Parameter values for the transistors are:

N-channel | P-channel
L 1 pym 1 pum
Vi 05V 0.6V
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Figure 1: Inverter.



Exercise 2.

Figure 2a shows another type of CMOS-inverter, compared to the one we used in previous
example. Now we will study the small-signal properties of this inverter. Figur 2b shows a
beginning of a small signal equivalent.
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Figure 2: a) CMOS-inverter. b) Beginning of a small signal equivalent.

a) First, complete the small-signal equivalent in Figure 2b. Mark out drains (D1, D2),
gates (G1, G2) and sources (S1, S2) of both transistors, introduce notations for different
circuit elements and introduce all voltages of interest V;,,, V51, Vig2 ete. to complete the
small signal equivalent. All capacitanses except C, can be neglected. (Vpp is an ideal
voltage source.) (2p)

b) Simplify the complete small signal equivalent from a), to receive the shape below. Then

determine the transfer function V,,;/V;, expressed in ¢,,1, gm2, gas1 and ggso. (2p)
o—— ' o+
‘/in (\V) V:)ut
¢) Determine DC gain and "unity-gain frequency” w, for this gain stage. (1p)



Exercise 3.

Now we will study a differential gain stage feeded by a square-shape pulse on V;yp and a
inverted square-shape pulse on V;yy. Figure 3 a shows the first phase, which starts by
Vinp instantaneously going from 0 to £ (which is the height of the square-shape pulse).
Simultaneously V;yxy goes from F to 0. Figure 3 b shows the second phase, starting with
Vrn p instantaneously going from E to 0, and simultaneously V;yy goes from O to E.

The value of E is E > V,,,. Transistors M1 and M3 are identical as well as M2 and M4. [, is
an independent current source giving the DC current I;.
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Figure 3: Differential gain stage.

a) Describe how the differential gain stage works in both phases by giving values of the
currents Iy, Io, ... , I1o in figures. Motivate shortley the value of each current. (4p)

b) From definition of SR, determine Slew-Rate (SR) for the otput voltage V. (1p)



Exercise 4.

Here we will study how the termal noise from the transistor M1 in Figure 4 affects the
output voltage. Thus, your problem is to derive the spectral density R,,; on the node V,,;
caused by the thermal noise of transistor M1. Also, determine corresponding noise power
P,ut,noise 00 the output.

Hint: First, draw a small signal equivalent and derive the transfer function V,,;/V;,,. Then
neglect g45 compared to g,,.
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Figure 4: CMOS circuit.



Exercise 5.

a) The relationship between the output voltage v, and the input voltage v, for the SC-
circuit in Figure 5 can, at k7" = ¢t + 7 and T' = 27, be written as following difference
equation

va(kT) = bug(kT — T) + avy (KT — T)

Determine the constansts a and b expressed in C; and C>. What is the function of the

circuit?

Assume that the OP-amp. is ideal. (2p)
b) Now, assume that the OP-amp. has a finite gain A and do the same calculus as in a).

I.e. determine the constants a and b expressed in C;, C5 and A. The current at the

input of the OP-amp. can be neglected. (2p)
¢) Explain why the SC-circuit in Figure 5 is insensitiv for parasitics. Assume that the
OP-amp. is ideal. (1p)
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Figure 5: SC-circuit.



Transistor formulas and noise

1 CMOS transistors

Current and threshold voltage formulas and operating regions for an NMOS
transistor

Cut-off: Vas < V4 Ip=~0
Linear: Vas — Vi >Vps >0 Ip = a(Z(VGs — Vt) — VDS)VDS
Saturation: 0 < Vgg —V; < Vpg Ip = a(Vas = Vi)?(1+ MVps — Vesy))

Vbssat = Verr = Vas — Vi

All regions:  V; =V, 0 +v(v20r — Vs — V20r)

Small-signal parameters

Linear: gm = 2aVps  gas = 2a(Vgs — Vi — Vpg)

Saturation: g, ~2valp gqs =~ MNp

Constants: 1 %4 K¢ 1 V2qN 4 K €0
az*NOnComi A= — V=
2 L 2qN ¢y L Cox

2 Circuit noise

Thermal noise in CMOS transistors
The thermal noise spectral density at the gate of a CMOS transistor is
8kT 1
V3(f) = — . —
(N="5"—
Thermal noise in resistors
The thermal noise spectral density of a resistor is modeled as a parallel noise current source

Flicker noise in CMOS transistors
The flicker noise spectral density at the gate of a CMOS transistor is

K

VE(f) = WIC.LT



