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1.  In this problem, we will analyze the frequency response of a common-collector amplifier, seen in figure
1 below.
(a)  Draw a small-signal two-port model (without the small-signal capacitors for now) for the amplifier

in figure 1, including the small signal source and the load. Make sure the Thevenin equivalent
voltage source is used at the output to simplify your analysis later. Determine the low-frequency
(or DC) overall voltage gain, vout/vs.

(b)  What small-signal capacitances do Cπ and Cµ model (i.e., what terminals do they lie between in the
small-signal BJT model?)? Add Cπ and Cµ to the small-signal model you drew for part (a)
accordingly.

(c)  Assuming the intrinsic low-frequency voltage gain of the amplifier is unity, find the low-frequency
voltage gain across the capacitor Cπ. Now, find the effective capacitance of Cπ using the Miller
Approximation.

(d)  Redraw the small-signal model with the effective capacitor for Cπ and find the 3 dB bandwidth,
ω3dB.

(e)  A common-collector amplifier is considered a wideband voltage buffer. That is, the use of it often
has little or no effect on the overall frequency response. Explain why this is so by comparing the
ω3dB with the transition frequency of the active device under the assumption that RS ≈ 1/gm and RL

>> Rout.



2.  A multistage amplifier is shown below (figure 2). Suppose Isup1 = 1 mA, Isup2 = 0.5 mA, VOUT = 0 V, roc

= 8, RS = 1 MΩ, RL = 10 kΩ, and (W/L)1 = 140 µm/2 µm.
BJT Parameters: βo = 100, VA = 50 V, τF = 10 ps, CjEo =20 fF, Cµo = 15 fF, CCSO = 15 fF, φBc = 0.7 V,
φBs = 0.8 V, mjc = 0.5, and mjs = 0.5. Refer to Table 7.1 on page 441 for BJT SPICE parameters.
MOS Parameters: µn = 500 cm2/Vs, tox = 15 nm, VTn = 1 V, CGDO = CGSO = 0.25 fF/µm, λn = [0.1 /L]
V-1 (L in µm), and γn = 0V½. Refer to Table 4.2 on page 244 for MOS SPICE parameters.
(a)  Find VIN.
(b)  Find the low-frequency small-signal voltage gain of the amplifier that is Av = vout/vs, with RS and RL

attached to the circuit.
(c)  Estimate ω3dB of the amplifier using Miller Approximation. Hint: Try to use the conclusion you get

from 1(e) to simplify your analysis.
(d)  Verify part (b) and (c) using SPICE. Turn in your SPICE input files and corresponding outputs.

Explain any discrepancy. Hint: You need to do a .DC analysis to find out the proper VIN such that
VOUT = 0 V.

3. To improve the ω3dB of the multistage amplifier above, a new amplifier is designed shown below
(figure 3). Q3 is introduced to reduce the Miller effect on M1. Repeat (a) to (d) as stated in problem 2.



Figure 4 shows a CMOS transconductance amplifier. In problem 4 and 5, you will perform DC and AC
analysis on this circuit. Use the following transistor parameters for these two problems.

npn BJT Parameters: βn = 100, VAn = 50 V, τF = 5 ps, CjE =20 fF, Cµ = 20 fF, Ccs = 100 fF, VCE,sat = 0.1
V.
NMOS Parameters: µnCox = 50 µAV-2, Cox = 2 fF/µm2, Cgd = 0.4 fF/µm, Cdb = CJn = 0.33 fF/µm2

(neglect voltage dependence), CJSWn = 0; λn = [0.1 /L] V-1 (L in µm), VTn = 1V, and Ldiffn = 6 µm.
PMOS Parameters: µpCox = 25 µAV-2, Cox = 2 fF/µm2, Cgd = 0.4 fF/µm, Cdb = CJp = 0.33 fF/µm2

(neglect voltage dependence), CJSWp = 0; λp = [0.1 /L] V-1 (L in µm), VTp = -1V, and Ldiffp = 6 µm.

4.  Here, you will do a DC analysis on the circuit shown in figure 4. For that purpose, you can consider the
capacitors as open circuits.
(a)  Find the numerical value of RREF.
(b)  Redraw the circuit with all current supplies replaced by symbols.
(c)  Find the numerical values for the following DC currents and voltages: ID1, ID2, -ID3, VDS1, VDS2, and

VSD3. Note that VBIAS is selected so that VOUT = 0 V.
(d)  This three-stage amplifier can be modeled as the cascade of CS-CG-CG. Find the numerical value

of Rout2, the output resistance of the second stage.
(e)  Find the numerical value of Rout, the output resistance of the entire amplifier.
(f)  Find the numerical value of the overall transconductance of this amplifier, iout/vs, including the

effects of RS and RL, where RS = RL  = 50 kΩ.
(g)  Find the maximum value of the output current iout,max for which all transistors remain in their

constant-current regions. (Note that “maximum” means most “positive” in this case.)
(h)  Find the minimum value of the output current iout,min for which all transistors remain in their

constant-current regions. (Note that “minimum” means most “negative” in this case.)
(i)  Sketch iout versus vs. Your plot should include the limits to iout that you found in parts (g) and (h).
 

5.  We will use the Miller Approximation and Open-Circuit Time-Constant Analysis to study the
frequency response of the CMOS transconductance amplifier show in figure 4. Note that a wiring
capacitance Cw = 50 fF and a load capacitance CL = 500 fF have been added to the schematic.
(a)  Find the open-circuit time constant for the capacitance between node “IN” and ground. Use the

Miller Approximation to transform any capacitance connected from “IN” to another node into an
equivalent capacitance to ground.



(b)  Find the open-circuit time constant for the capacitance between node “A” and ground. Use the
Miller Approximation to transform any capacitance connected from “A” to another node into an
equivalent capacitance to ground.

(c)  Find the open-circuit time constant for the capacitance between node “B” and ground. Use the
Miller Approximation to transform any capacitance connected from “B” to another node into an
equivalent capacitance to ground.

(d)  Find the open-circuit time constant for the capacitance between node “OUT” and ground. Use the
Miller Approximation to transform any capacitance connected from “OUT” to another node into
an equivalent capacitance to ground.

(e)  What is the -3 dB frequency f1 of this amplifier in MHz, according to the open-circuit time
constant approximation? Note that you need not to have done part (a), (b), (c) and (d) in order to
answer this part with adequate precision.

(f)  SPICE simulation shows that the next pole is located at f2 = 50 MHz. Plot the “Bode plot” (the unit
of the magnitude of the gain is “20log()”, and the unit of the frequency f is in Hz and is in log
scale) of the transfer function iout/vs.

Please visit our web site: http://www-inst.EECS.Berkeley.EDU/~ee105/
Please post your questions on our newsgroup: ucb.class.ee105
Please return your homework in 558 Cory Hall, to Cheryl Craigwell (cmc@eecs, 642-1237,
fax 642-2739), or in class by 11:10am of the due date. Late homeworks will not be graded.


