EECS105 lof15 Fall 1999

Microelectronic Devices and Circuits- EECS105
Final Exam

Wednesday, December 8, 1999

Costas J. Spanos
/ University of California at Berkeley
College of Engineering
Department of Electrical Engineering and Computer Sciences

Your Name: (9)‘;/(/0? fmﬂt/flf)n s
(last) (rst)

Your Signature:

1. Print and sign your name on this page before you start.
2. You are allowed three, 8.5 "x11” handwritten sheets. No books or notes!
3. Do everything on this exam, and make your methods as clear as possible.

Problem 1 /24 _
Problem 2 /28 /4/\\/6' - 69
Problem 3 /24 o = 173
Problem 4 /24

TOTAL /100

MOS Device Data (you may not have to use all of these...)

#nCox = SOMA/VZ, wCox = 254A/V2, V= -V = 1V, Lmin = 2um. Vs =0.
Ay =hp= 0.1V-! when L = 2um, and it is otherwise proportional to 1/L

Cox = 23fF/um?, Cjp = 0.1F/um?, Cjp = 0.3(F/um?, Cjoun = 0.5F/um,

Ciswp = 0-35fF/um, Copn = 0.5fF/um, Cqyp = 0.5fF/um

npn Data Ig=10"17A, B =100, V, = 25V, g = 50ps, Cj = 15fF, C, = 10{F
pnp Data Ig=10"7A, p=50, V=25V, 1=50ps, Cjo= 15fF, C, = 10{F
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Problem 1 of 4: Answer each question briefly and clearly. (4 points each, total 24)
Mark in the table below the npn Bipolar Transistor in forward action mode the direction of flow, and

the type of flow (drift or diffusion) of electrons, in each of the bulk and depletion regions.
depletion B depletion C
+—> “+“—>

E

BE junction BC junction
drift u v ViV
(place a mark at the
diffusion Viviv appropriate box to indicate your
. ___ ... answer. You can choose more
— VIiV]|V 4 than one box if appropriate.)
-

Where is the maximum [E| field in a forward-biased junction? Please place a mark on the graph
below.

depletion
p-type < » n-type

junctior

What happens to the drain current of an n-channel MOS transistor in saturation, when L and W
increase proportionally? (i.e. L and W increase, but W/L stays constant. Assume that Vgs, Vpgs and
Vps Stay constant. Do take A into account!)

Ip- [ nlox ( vas -vr)l % ( 4+ A Vas)
2

v(;(tw.s*/cﬂ-»/# AVas L f

= Io V¥
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Name one advantage and one disadvantage of a MOS current source employing a CG buffer, ver-
sus one that does not employ one.

5V
Current Advant
Mirror Advantage: - '}/,5"}3%}?6' , I Sa,?pﬁ leancls
Common on Vo fless.
Gate
Isuppl:
2R t Vo + pply
r Ko

Disadvantage: Rebeed/ Vo raye

The following multistage amplifier is meant to deliver a voltage signal to a relatively small ohmic
load of 1KQ. Mark your choice of the last stage, and write a brief justification.

R A (C hos very Loor
y Butper 70slsranry (s

— ?
Common Common e %RL thea o 69) bud &
v | Source | Drain |

Wyl inpur 2esijrome.
Vi mo/fﬂs 2 yooa’ V /w0l
ftay e vobsaye btfey

The following voltage amplifier has a voltage gain Av =-100. What is the capacitance “seen” by
the signal source, due to the added capacitor C,=1pF as shown?

C

lg < in =z (,L///-/‘?)

Cons AoF ({=(-100))
s@ Av=-100 -
M . — Cin :_,../?I Vad
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Problem 2 of 4 (28 points)

The following p-channel common source amplifier uses a rather primitive current supply: it is a
simple resistor Rp=10kQ tied between drain and ground. L = 2um, Ap=0. vl

5V
R, 3
G

o VIN o Vout
R,
VBIAS °

For each of the following questions, make sure that you show the expressions before you plug in
the specific values. A correct expression is worth 70% of the credit, even if the numerical calcula-
tion is incorrect!

a) Find W/L so that when Vg45=3.5 and Vy, = 0V, then Vout = 2.5V. Do take A, into account!
Note that L=2pm. (4 points)

Ip= _J_évf 25044 To: L. % //’IKOK'(V‘;‘/’P)‘//* vos. Ae )
10k S o /
M (15 - 1) (100 25]. &
250uA - jl . !%’ (-5 )) X
____9.-‘!_2224@;_‘_._: w. 4
25uA (05 (125) T L

wiL=_128 /2

b) What is the minimum and the maximum output voltage for this amplifier? Make sure you men-
tion the limiting reason for each case (i.e. transistor X falls out of saturation, or current source Y
hits its minimum voltage drop, etc.). (4 points)

MAX Vout= 4 sv MAX Limited by: X /a/lr ou? of satwario

MIN Vout= ) MIN Limited by: 6+
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¢) Draw the small signal model for this amplifier, and calculate the values of g, and 1o for this tran-
sistor (4 points).

vin K5 6 b Vou t
O WM )
* + v4s
vin Vis g fo |Rp
5 s

gne LI (nf

Wosevp)
ro = —/ z -—~/——-—'— = 40t
ANIn  Ofx250A
g = (AL
r,=_ 40 kR

d) Draw the 2-port model for this circuit as a voltage amplifier and calculate the values of A, Rj, and
Roy. (4 points)

vin ﬁi‘:— o\/mH»
/efn L Av. dia
Parameter Expression _ Value
Ay — ?m,(/b///Zb) -8
Rin OO oI
Rout (ros Ro ) & kL
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¢) In an attempt to increase the Av of this amp, we redesign it with a “real” biasing circuit as
shown below. Calculate the value of the reference resistor and the W/L of the biasing transistors

so that I,

= 250pA and Vgiag = 3.5V. For this part do not take

A_into account, and assume

)
that the %I»P/iyof the amplifying transistor M1 is 160/2. (this is not the same value as the one you
found in part a). Make it so that all three branches have the same current of 250u.A. (4 points)

5V

R
1

5 v

TR
l__‘—‘M5 M4
(5 [:‘ (

Vaias

iy

Mi (/%o}

Vout

* Isupply

ov

Chovse:

s Vesse VEsr: 05V

=

Tie S- 1357,

R

Ochor chortes Jo l/osl e ;’assi W,

herer, H you thouse Ves, > 15, vou
limiv voltegt sery. I Jou thopse

V&;z C).S, My boiowes 100 farge,

50 (ap. éi/om(ﬁ a probbom,

I, -T2 Is‘;ﬁolz - 25048

= Aet all Fronsissers Hene

Vés 5
27, g
ﬁj./hfa‘r /f’/ﬂ (Vés-

5 Ahx (wfe)r
/(,//o ox Cwileln

=> Mabe ol NMOS

2504A - 22

e Hhe yame

/2 77 7
\/m):/’;-///’@ff}/ﬁk”)

- 2

Lo, rl'.r/dlf 6’19/ 2

25009
462 <R
Transistor W/L

M1 160/2
M2 80 12
VM3 1o 12
M4 g0 12
M5 80 12
Resistor Value in Q
R /4 000
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f) What is the Ry, A, and Ry, of the new design? (4 points) Problem 3/4 (24 points)
The following is a two stage voltage amplifier employing a n-channel CS stage, and a pnp cc
Ax25048 4.0 A stage. Notg that there.are no m'lmerical substitutions or calculations in parts a, b and ¢ of this
im/—- = A problem - just symbolic expressions!
05 14 The same as partc
ro-rog. 1 = 4OLR
II"J
Ap
Parameter Expression Value -
Ay (r0,//r02) a) Draw the small signal model for this amplifier (Make sure to properly mark the g, s and d nodes
- ﬂ’”’ 1702 -20 for M1, and b, ¢, and e nodes for M2. Include Ioq1, Tocp due to Igyp and gy, respectively). (6
R. points)
n O =0
Rout fro,Hrez ) 204l Rs 4

g) What is the minimum and the maximum output voltage of the new design? Make sure you
mention the limiting reason for each case (i.e. transistor X falls out of saturation, or current source
Y hits its minimum voltage drop, etc.). (4 points)

MAX Vo= 45 MAX Limited by: /7% /a//.r out Y SohIto

/ f ;ar/dfo'//of)
MIN Vo= 05 MIN Limited by: /2 /"/‘5' ad %

=<
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b) Draw the two stage amp 2-port model (i.e. draw one 2-port of each stage and connect them
properly together. CS is a transconductance amp, CC is a voltage amp). Write the expressions for
the quantities shown below, in terms of the device parameters, Iogy, Tocp and Ry and Ry as needed.
(OK to use the simplified formulae). (6 points)

Routy N
f—‘——“M‘.M 1

Av, ’ R
S

Parameter Expression
Gml
8 ™
Riny
oQ
Routl
r0[ ] l YO <
Avy
|
RinZ
(et fo (lon .., IR.)
Rouez _L 1— _R_ol‘i'_
8 my Po
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¢) Draw the overall voltage amp 2-port for the entire amp (i.e. draw one 2-port that represents the
entire 2-stage amp), and derive expressions for the Ay, Ry, Roy, as well as Voue/ Vs in terms of the
device parameters, and Toc(, Toc2» Rs and Ry, as needed. (6 points)

Rout

R
< R,

AV" ,,Ghﬂ‘(kw‘f,“k{nz)

Vot 5 R
/Us v RL + gcut 2
Parameter Expression
Rin
o0
Rout 1 v R_o_‘_‘i’
8"‘9 ﬂn
AV
o (oo, 1 [+ (ool e 11 R
Vout'Vs ( RL.’
"Sml(fol "Yac, ” [r'\T +pa forll locs “ RL)]" R[_fﬁl;‘zir Rﬁj%-‘—
P
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d) Assume that Vg = 1.5V, and that the minimum voltage across the current sources is 0.5V.
Find the maximum and minimum voltages at the drain of M1 and at the emitter df M2, Make sure
you mention the limiting reason for each case (i.e. transistor X falls out of saturation, or current
source Y hits its minimum voltage drop, etc.) (6 points)

o Vdmin = VooV = |,5v,/l\/4,o.5v7’ O Vemin = o.svfo.;\/q{:u\/;

[N |

Vimex # 4.5V becouse Ve = A4SV +0.7V= 5.2V > Vyp

Ve oy :@ A VAMM = 4‘5,\/'_0_?\/:(5’;}_\7"“

Min M
Node Voltage Reason for Min Voltage Vol::ge Reason for Max Voltage
drain of i P
v Vpsat o_[ M1 N:I: VoHage zc o5
v
0.5V Jav|
Vee 0( M2
emitter of )
M2 Wsat of MI Min vol’mﬁe
L2V | g Vg of M2 AN across Isvp s
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Problem 4/4 (24 points)

The following is the 2-port representation of a voltage amplifier, where the “Miller” elements C,
and R, have been added as shown.

A, = -100, Ry = 5kQ, Ry = 5kQ, Ry = 5k, Ry, = 5kQ, C, = 0.4pF, R, =100kQ.

Miller Approximation Refresher:

Note that the Miller approximation applies to any kind of complex impedance connected between
the nodes that exhibit voltage gain A,. In general, Zy = Z,/(1-A,). (Here a bold symbol indicates
a complex number). As you know, for capacitors, Z,= r/iju, so it turns out that Cyy = C,(1-
A,). Below you will be asked to apply the Miller approximation for capacitors, as well as for
resistors....

Miller approximation refresher: these two circuits are almost equivalent.

Z,

e Vi Vs

A=YV,
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a) For the voltage amplifier shown in the previous page, find the overall DC gain (Vgy/Vs) With no

Miller resistor in place (R,, = infinity). (5 points)
oSk =00 Rop:5ER

~20 )

b) Find the overall DC gain expression and evaluate it when R, = 100kQ. (5 points)
- 100KR l kN
Ru=100k2  Rm= [+i00)

R;,,l“lmz 52,:):& = 0.€3 kA

Vout AARANRM) Ro

Vg (qul\ﬂnfﬂ5)<ﬂk+ ﬂn\,.-i') - 5,03 kRelokn

_-loo-Lo.BkRY(SkR) 3 3

i . Value for
xpression R, = 100kQ
Vout/Vs AV,(Q.MH QM).RL ZM: VH/("AJ.) - 7’ \L{g
7 CKih\\Enfﬂs\(th Qm‘t) 7
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¢) Find the @34y Of [voy/Vel when Ry, is infinity and when R, is 100kQ. Hint: apply the Miller
approximation to the resistor and the capacitor separately. It is not necessary to solve this consid-
ering the complex impedance of the resistor and capacitor taken together. (5 points)

CM: Oou PF Llﬂ:\‘)‘.c)"9\"“‘0"F
for Q'M:d)

R= R IRiaz 2.5k 2 | R

- - — - ",A
R'(m: 107 sec = Widh © j0" se 10 Mrad/sec

for Rpy= 1002 Rm= |k

R =08l ey = j,zi_s"_’:}_’f—“— < O.F4

- _ 1 rad . g__f&]
Q'Cm: l,d’é’(lo eﬁec ﬁ WBJB‘}W‘_ 35 Sec
Expression :I::éis::;
owir | (o) 10
R, infinity RN B - - 0
& em Eu = By (-Av)
W3gp for 1
R = - —
100k RN @i )l Re) Cm 35
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d) Draw Bode plots on the same graph for |[vgy/vsl when R,, infinity and R,

\ o veub) =8 dB Vot
-Lo, \ 0 vou_. - )_
5 \ \/‘5 147 ]

2 0- lo o,
Jl Vs v, Iauk.~
for Bmzap

Gain [Vou/vsl (@) = <P

35
~100 (Mrad/sec)

¢) Derive an expression for the Gain X Bandwidth product of this amplifier. Do not substitute any
values. Simplify this expression assuming that |A>>1, Ry/A<<Rg and Rp/lAv\<<Rin- (4 points)

eialliRy /(1-AV) veBL
- g e L e, SR
I8 Bw = —[};‘{,l -A‘,itﬂzl_:)“ Ryl ﬂ[v‘}

Now Appiy agsumptivac’ Q\"V\H(%v)z '% ) l-Av ==&y

' Gm\":'-km/ja.g/-; 'M R
Ry

R, t Rout
_ “R-RA » G _ 'ML— LA
(9 A _,_E,‘_——_ . ‘lln'bw_ Pl B ) PRSI,
i B (. tPout) ( R RAR0d)
4

— That’s All Folks! ~ =

L
 B(RtPon) €




