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Problem Set 3

Q1. Given an NMOS transistor fabricated in a process for which &/, = 200 uA/V? and V) = 20 V/um, de-
termine the intrinsic gain A, and design parameters Ip and W assuming gm = 2mA/V, L = 500 nm

and V,, = 0.25V.

Q2. Given an NMOS transistor fabricated in a certain process, an intrinsic gain of 4,1 = 80V /V can be
achieved with Ip; = 100 pA.
a) Determine the achievable intrinsic gain for the same transistor with a bias current of Ips = 25 uA
and Ips = 400 pA.
b) For each current, find the factor by which A, changes relative to its initial value.

3. Given an 0.18um transistor rabricated wit = 7! an = pum, an intrinsic

Q3. Gi 0.18um NMOS i fabricated with k], = 387 uA/V? and V) =5V intrinsi
gain of A, =25V /V and a gm = 1mA/V is required. Find the required W, W/L and bias current
Ip. (Assume L = 0.3um).

Q4. Given a process with &/, = 200 A /V? and V4 =20V /um, design a current-source-loaded common-
source amplifier for operation at Ip = 50 uA with V,, = 0.2V. The amplifier must achieve an open-
circuit voltage gain of A, = —100V/V. Determine L and W/L. (Assume the current-source load is
ideal).

Q5. Given a two-stage common-source amplifier where V ny = |Vap| and assuming the biasing current
sources I and Is have output resistances equal to those of M; and My respectively, determine an
expression for the total voltage gain in terms of gmy, gms, ro1 and 7,2.
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Q6. Given transistor M; which has k!, * W/L = 2mA/V? V} =20V/um, and V; = 0.5 V:
a) Ignoring any DC current in Ry and assuming r, — 0o, determine V.
b) Now determine the DC current in Rg, determine Vpg, and justify your neglection of the DC cur-
rent when calculating Vig.
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¢) Determine the small-signal voltage gain V,/V;. (Assume an ideal current source)
d) Assuming the negative swing of the output limits the overall output swing, what is the min output

voltage, max output voltage and output peak-to-peak swing?
e) What is the corresponding input amplitude?
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Q7. In a MOS cascode amplifier, the cascode transistor is required to raise the output resistance by
a factor of 40. If the transistor is operated at V,, = 0.2V, what must its V4 be? If the process
technology specifies V) as 5V/um, what channel length must the transistor have?

Q8. Design the cascode amplifier of Fig. 1 to obtain g,,; = 1mA/V and R, = 400kQ. Use a 0.18-um
technology for which Vi, = 0.5V, V} =5V /um and k!, = 400 uA/V?. Determine L, W/L, Vga, and
I. Use identical transistors operated at V,, = 0.2V, and design for the maximum possible negative
signal swing at the output. What is the value of the minimum permitted output voltage?
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Figure 1: cascode amplifier
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Q9. Design the circuit of Fig. 2 to provide an output of 100 uA. Use Vpp = 3.3V, and assume the
PMOS transistors to have p,Cop = 60 uA/V?2, Vi, = —0.8V, and V4| = 5V. The current source is
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to have the widest possible signal swing at its output. Design for V,, = 0.2V, and specify the values
of the transistor W/ L ratios and of Vg3 and Viz4. What is the highest allowable voltage at the output?
What is the value of R,?
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Figure 2: cascode PMOS source

Q10. For Vpp = 1.8V and using I,.; = 100 pA, it is required to design the circuit of Fig. 3 to obtain
an output current whose nominal value is 100 pA. Find R if My and M, are matched with channel
lengths of 500nm, channel widths of 4 um, V; = 0.5V, and k!, = 400 uA/V2. What is the lowest
possible value for V,? Assuming that for this process technology the Early voltage is V) = 10 V/um,
find the output resistance of the current source. Also, find the current change in output current
resulting from a +0.5V change in V,,
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Figure 3: NMOS current mirror

Q11. Consider the NMOS diff pair shown below with a common-mode input, Voyr and Vpp =1V,
Vos = 1.1V, (1,Cop = 400 uA/V2, (W/L)12 = 12.5, Vi, = 0.4V, Ip = 200 uA, Rp = 5kN. In addi-
tion, the minimum voltage required across Ip is 0.2V so that the current source transistor creating
Ip does not leave the active region. Ignore channel length modulation.

(a) For VCM =0.1 V, find Vovh VGSl, Vs, IDl and VDl
(b) What is the highest value for Vs such than no transistors leave the active region?



ECE 331 Page 4 of 4 Univ of Toronto

Vbbp Vbp
Rp Rp
Up1 Up2
._| M, v M, |_
Veur
L Is (]
—Vss

(c) What is the lowest value for Vi such than no transistors leave the active region?



