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QUESTION 1 - MULTI-STAGE AMPLIFIERS: [Total points 30]

Figure 1 shows the circuit of a CMOS operational amplifier. All MOS devices have IVfl =1V,
HpCox = 210,Cpp = 40 LAV [V4| =50V, and L =5 um. Device widths are indicated on the diagram
as multiples of W, where W= 5 um.

1.1- [2 points] Design R to provide a 10-pA reference current Igpp

1.2- [4 points] Assuming v, = 0 V, as established by external feedback, perform a bias analysis, find-
ing all the labeled node voltages.

[.3- [5.2 points] Provide in table format Ip,, Vs 8w and r, for all devices.

1.4- [6.8 points] Calculate the voltage gain A, =v,/(v, - v_), the differential input resistance Rindifp
and the outpul resistance R,

out*
1.5- [3 points] What is the input common-mode range (ICMR) ?
1.6- [3 points] What is the output signal range for no load ?

1.7- [3 points] For what load resistance R;,,, connected to ground is the minimum output voltage
limited to -1 V before Q5 begins to conduct ?

1.8- [3 points] For a load resistance one-tenth of that found in part 1.7, what is the output signal
swing ?
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Figure 1.
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QUESTION 2 - OUTPUT STAGES: [Total points 20]

The BiCMOS follower shown in Figure 2 uses devices for which Vg =07V, Vepa =03V,
U, CoxW/L = 20 mA/VZ, and V, = -2 V.

2.1- [3 points] For linear operation, what is the range of output voltages obtained with R; = infinity ?
2.2- [5 points] For linear operation, what is the range of output voltages obtained with R, = 100 Q ?

2.3- [5 points] What is the smallest load resistor allowed for which a 1-V peak sine-wave output is
available ?

2.4- 5 points] What is the corresponding power conversion efficiency ?
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Friday December 10™, 2004. Time: 14:00 - 17:00 page 3 out of 9



QUESTION 4 - STABILITY: [Total points 20]

Cons1der an op amp with an open-loop voltage gain of 80 dB and poles at 10° Hz, 10% Hz, and
2 x 108 Hz is to be compensated to be stable for unity gain feedback (i.e. B=1). Assume that the op-
amp incorporates an amplifier equivalent to that in Figure 4, with C;=150pF, C,=5pF, and
8m =40 mA/V, and that the pole at fp; is caused by the inpat circuit, and that the pole at fp, is intro-
duced by the output circuit of this amplifier. Find the value of the rcquired compensating Miller
capacitance Cg, and the new frequency of the output pole.

Figure 4.




QUESTION 3 - FEEDBACK: [Total points 30)

R, '
2 @

% i

Figure 3.

Figure 3 shows a series-shunt feedback amplifier without the details of the bias circuit.

3.1. [9 points] Find expressions for the open-loop gain A, the feedback factor B, and the preprocess-
ing stage & Draw the resulting Signal Flow Graph (SFG).

3.2. [3 points] Show that if AP is Targe, then the closed-loop voltage gain is given approximately by

V0 RF+RE
A=s—=
R

(=

7]

E

3.3. [3 points] If R is selected equal to 50 €, find Rp that will result in a closed-loop gain of approx-
imately 25 V/V.

3.4. [6 points] If Q1 is biased at | mA, Q2 at 2 mA, and Q3 at 5 mA, and assuming the transistors
have iz, = 100, find approximate values for R; and R to obtain gains from the stages of the A-cir-
cuit as follows: a voltage gain from Q1 of about -10 V/V and a voltage gain from Q2 of about

-50 V/V.

3.5. [3 point] For your design, what is the closed-loop voltage gain realized ?

3.6. [6 points] Calculate the input and output resistances of the closed-loop amplifier designed.
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Table 4.2 SUMMARY OF THE BIT CURRENT-VOLTAGE
RELATIONSHIPS IN THE ACTIVE MODE

= [ ZvBE'VT

] I
g = IEC = (B‘E) e BEvT

ip = v _ Iﬁ vVBEIVT
o 74

Note: For the pnp transistor, replace vge with veg.

e = aip ,'B=(s—a)15:ﬁ'fl
ic = Big ig = (B + g
p= 2 Sy

T 1-a T e+

kT
Vr = thermal voltage = — = 25 mV at room temperature
q

Table 4.3 RELATIONSHIPS BETWEEN THE |
SMALL-SIGNAL MODEL
PARAMETERS OF THE BIT

Model Parameters in Terms of DC Bias Currents:

Ic Vr Vi
= — p = - = i
Bm Vr N “ Ic
W v _W
Yy = In = iB([C) L I
In terms of gy,
[
S
Em Bm
in terms of r,:
o 1 1
= - = + 1 + - = —
gm v, Tr (B )rz gm I r,
Relationships between « and 8.
@ B
= = + 1 =
F=7—% *"F+1 P [-a
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{ument-Voltage Relattonships

M For NMOS Devkces.
® Triode region tvgs =V, wpy = vgs — V)

; (W I
in = k&, (}:) [(U(;s — Viups — 7 uf,{l
-1
; id
For small upg: rps = 22 = [kia (_ ) fwes — Vr)]
ip L
® Saturation region (ves = V,, ups = vgs — V)
1, fw
ip =3 ki (I ) wes — V2 (& + A upg)

o L= u,C {see Table 5.1)

Vi= Vg + ¥ [V2d + Vgl — VIdd
¥ = V2gNaeJCpe, g = 16 X 10" coulomb, £, = 1.04 X 107'? Flem

A=Y, W«L

B For PMOS Devices: W, ¢ A and V, are negative

# For triode region, ugy = ¥ and vpy = wgy — ¥
# For saturation region, vgs = V, and wpy =< vgy — ¥,

W For Depletion Devices {refer to Fg. 5.23):

® p channel: V, is negative
* p channel: ¥, is positive

1 W
® fogs = S K (T) V2

Smafl-Signal Model {Fig. 5.67)

V2UWIL) Vip ry = 1%l

g}ﬂ =
Ip
gm = K(WILY(Vgs — V)
2ip
= — Vos —Vi=
8m VGS -y GS 1 eff
Eme = XEms X = YRVIg + Ve
2
ng = EWLCM + WLy Cop Coa = WL,.C,»
Cs C,
Cs = et Cap = —d'*%n__w—
" "
Vo Vo
fT 2 gm

T 2m(Cy + Con)
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Last Name: ID Number:
First name:
Question
Number Value
1.1 Biasing R
1.2 V4
Vi
Ve
Vp
Ve
Ve
Vi
Vir
Question
Number Ip (MA) Vas (V) | g, (WA/V) | 1, (MQ)
1.3 Q,
107
U3
Q4
Qs
s
Q7
Qa
Og
Qc
Cp
Or
O
Question
Number Value
14 Ay =v l (v, -v)
Rinaifr
Rout
1.5 ICMR VICM-max = : YICM-min =
1.6 Output range for no load Voul-max = - Vout-min =
1.7 Ripad
1.8 Output signal swing Yout-max = : Yout-min =
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Last Name: ID Number:
First name:

Question

Number Value
21 Output range (R, = infinity) Voulomax = - Vout-min =
2.2 Qutput range (Ry, = 100 L) Vout-max = ; Yout-min =
2.3 Smallest Ry for a [-V peak output
2.4 Power efficiency

Question

Number Value
3.1 Answer in booklet only
32 Answer in booklet only
3.3 Rg for 25 V/V loop gain
34 Reg

Reo
Closed loop voltage gain
: Input resistance of closed loop
Output resistance of closed loop

Question

Number Value
4.1 Miller compensating capacitance

4.2 New trequency of the output pole




