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GEORGIA INSTITUTE OF TECHNOLOGY
School of Electrical and Computer Engineering

ECE 4430 Third Exam Closed Book and Notes
Fall 2002 November 27, 2002

General Instructions:
1. Write on one side of the paper. (1 Pt.)
2. Put answers to all questions in the spaces provided on the test. (1 Pt.)

3. Show all work for full credit on questions requiring calculations. No credit will be given for answers
alone, without supporting work.

4. Problems and questions are weighted as indicated. The maximum score is 100 points.
5. If you need more paper (provided in class), remove the staple from the exam and, when finished,
arrange the test in order. Place the extra pages with supporting work in the test behind the page

where the problem appears and indicate accordingly. Staple the entire test together so that there
are no loose pages. (1 Pt.)

TEST SCORE: /100

I certify that I have neither given nor received any assistance while taking this test from anyone.

(Signature) (1 Pt.)

] Place a check mark in the box if you observed any suspicious actions while taking this test.



Formula Sheet: Equations/Constants that you may, or may not, need are listed below:

K’ =50 pA/V? (unless otherwise stated in the problem)
K,=KW/L

A=0.01 V"' (unless otherwise stated in the problem)
V1o =0.7 V (unless otherwise stated in the problem)
y=0.5 V"? (unless otherwise stated in the problem)
2¢r = 0.6 V (unless otherwise stated in the problem)
Ip-Triode = (Kn/2) [2(Vs — Vn) Vs - Vis]

Ip-sat = (Ka/2) (Vas — Vin)” (1 +AVs)

Vin = V1o + 7 [sqrt(2er — Vas) — sqrt(2¢r)]

To-mos ® 1/ (Mps)

gm-Mos = sqrt[2IpsKy]

Vissat = Sqrt(ZIDS/Kn)

Zmb-MOS = MN8m-MOS

n =y + 2 sqrt(2¢r — Vis)

V:=kT/q=26 mV and Is = 1E-15 A (unless otherwise stated in the problem)
Ipiode = Is [exp(Vp/Vy) — 1]

Cio
Cj=—"— >033<m<05

VA =100V (unless otherwise stated in the problem)
Br = 50 (unless otherwise stated in the problem)

Icg = Is [exp(Ve/VY) — 1] [1 + Vcg/Va]

fo-NeN = Va / Icg

gm-neN = Loe/ Vi

CMRR = [Adm| / |Acm]

Zmiller-in =7/ (1 - k)
Znitter-out = Z k / (k= 1)



Current Source/Sink Mirrors — Part A (34 Points)

1. An ideal current mirror has high / low output resistance. (2 pts)
2. Anideal current mirror has high / low input resistance. (2 pts)

3. Using the figure shown below and assuming that the collector-emitter resistance (r,) of bipolar
transistors is equivalent to the largest possible drain-source resistance (rgs) of MOS devices (ro ce *
Tds max 2 VA & 1/Amin) and the overdrive (Vps sa) of all MOSFETs is roughly 0.3V, answer the

following questions.
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a) Why was MNA added to Circuit A? (4 pts)
b) What is the purpose of MNC and the resistor in Circuit C? (4 pts)

¢) What is the purpose of MND in Circuit D? (4 pts)
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d) Which circuit has the lowest output Vnmin (lowest output voltage possible for which the circuit still

operates properly)? (4 pts)

e) Which circuit mirrors the current most accurately (I, = oy —no systematic errors—) and why?

(4 pts)

f) Which circuit has the worst accuracy (with respect to systematic errors only) and why?

(4 pts)



4. Derive the output resistance (Rqy) of the circuit illustrated below as a function of small-signal

parameters To1, Ir1, Emi, Lds2> Em2, Lds3> Sm3» Ldsd, Emd» €tC., and assume P is infinite for the NPN transistor.

(6 pts)
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Differential Amplifiers — Part B (48 Points)

Using the folded-cascode amplifier circuit shown, answer the following questions.

1. What is the purpose of QNB?

2. What is the purpose of MNB11?

3. What is the value of DC current Igg?

(assume Ppy is very large)

4. What is the value of DC current 1;,?

(assume Bpy is very large)

5. What is the value of DC current 15,?

(assume Pnpy is very large)

(4 pts) T Vo= 10V
(W/L)=1.5
(W/L)=1
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(4 pts)
(4 pts)
(4 pts)

6. What is the value of DC voltage Vg, (Vrp =1 and k’p =20 },LA/VZ)?



7. What is the input common-mode voltage range (ICMR) of this

circuit, as a function of constants and Vgg, V1, Vs sat, and Vcg min?

T Vpp= 10V
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< Viem < (6 pts)

8. What is the maximum output voltage swing of this circuit (output common-mode range OCMR) , as

a function of constants and Vrt, Vps sa;, and Vcg min?

I A\
<
1o

I A\

(6 pts)



9. Derive the differential gain to vi, (i.e., vi2/Vig),

as a function of gy, rgs, To, ', €tc.? (6 pts)
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10. Derive the gain from v, to output voy (i.€., Vour/Vi2), as a function of g, 14s, o, Iy, €tc.?

(6 pts)



References — Part C (14 Points)

1. An ideal voltage reference has high / low output resistance.

2. Ideally, the resistance between a voltage reference and the supply voltage is high / low.

3. Why does a bootstrapped reference require a start-up circuit?

Start-up
Ckt.

(2 pts)
(2 pts)

(4 pts)

4. Given base-emitter (Vg =2 Vier = AVgg or Ler = Vgr/R) and gate-source (Vgs =2 Vier= AVgs or L=

Vis/R) voltage derived reference circuits, the base-emitter / gate-source derived reference circuits

have lower sensitivity to the supply voltage. Explain your answer below.

(6 pts)



10

Part A.

1. High

2. Low

3.a. To eliminate base-current errors

3.b. To bias QN2 with a low Vg = To decrease the output Vi, of the circuit

3.c. To increase the output resistance of the current mirror circuit

3d. A

3.e. B = There are no Early voltage errors (Vcgi = Vegz) and no base-current errors (Ieni = Lin)

3.f. C - Base-current errors exist as well as Early voltage effects (Vcg) # Vi)

4. Row = (It - ngVgSZ)rdSZ /1= (It - gm2[Vg - Vs])rds2 it

Ve = Vs8m3 ds3 10/10

Vg — Vs = -Vs (gm3rds3 + 1) =-I; To ce (gm3rds3 + 1)
9 Rout = (It + gm2 [It I'o_ce (gm3rds3 + 1)])rd52 / It 10710 W liroce

MN3

= [1 + gmzro_ce (gm3rds3 + 1)]rd52

Part B.

1. To reduce base-current errors in the QNB1, QNB11, QNB2 current mirror
2. To increase the output resistance of current sink MNB11, QNB11

3. Iee = Ic oneii = Ic onei = 10 pA (QNB1,QNBI1 is a 1-to-1 current mirror)
4. Iio=1.5Ip mpee1 = 15 pA (MPBI, MP12 is a 1-to-1.5 current mirror)

5. In =1l —Igg/2=10 pA

6. V2= Vpp —Ic one2 Repa — Vg mpe2 = 10 — (10p)(10k) — Vp — Von mper2

—10-01-1- | — 2L _g9 1-79v

Kp(W/L)
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7. Vce onBi1 T Vps mnBi1 T VBE onNi12 < Viem < Vop — Vsp mpri2 — Ve oniz + VBE oni2

where Vcg onsi1 = VBe onei + VBE onB
Vs sat T 3VBE < Viem < 10 = Vsp sat — VCE min T VBE

8. Vce on22 < Vo < Vbp — Vsp mpi2 — Vsp mp22 where Vsp mp22 # Ic one2 Rerz
VcE min < Vo <10 —Ic one2 Rpe2 = Vsp min = 10 = 0.1 = Vsp min = 8.9 — Vsp min

9. Since the emitters of QN11 and QN12 are ac-ground with a differential input signal
- common-emitter gain configuration
Vi2 = (Vid/2)(-8m_on12)(To on12//Tsa Mp12//[1/8m Mmp22]) = (Vid/2)(-8m oN12)(1/8m mp22)
Vi2/Vig = -gmele/ (2gm7MP22)
10. Common-gate gain configuration = Vou = Vi2 Em Mp22 To QN22  OF Vout/Vi2 ® Em MP22 To QN22
(the resistance seen into the drain of MP22 is assumed to be much larger than r, gn22 —cascoded
resistance > source-degenerated circuit—)
Part C.
1. Low
2. High
3. Bootstrapped references have two or more possible states of operation (e.g., on and off states).
Consequently, a start-up circuit is necessary to ensure the circuit operates in the desired state.
4. Base-emitter > An exponentially larger change in current is required to alter Vgg whereas

MOSFETS require a square-law change to alter Vgs = lower output resistance.



