Spring 1999 6.012 Electronic Devices and Circuits Prof. 1. A, del Alamo

Maw 20, 19940 - Final Exam

grade

problem
Mame: 1
2
Recitation:

oo L2

725
/25
/20
/20
/10

total

7100

Ganeral guldelines (phesss read carefully before starting):

Make aure Lo write your name on the space designated above.
Opan book: vou can e any material you wish.

All answers should be given in Lke space provided  Flease do ot turn in any extra matersad, If you need more

Apace, use the back page.
¥ow hive 180 minutes to complete your quiz.

Mnke ressonable approximathons snd stade dhemm, ie. quadi-nectrality, deplstion approsimation, ete.
Partial credit will be given for setting up problems without caleulations. MO ceedic will be given far answers

wilhoul reasgns.
Llss the symbols utilized in clas for the vanous physacal parameters, e, g, fo, Or, ete.

Every niprwtical angwer must have the proper units next to it Points will be subiracted for answers without

units or with wrong unis.

Lisn the Iellowing landsmental constants and physical parnmeters for silcon and silicon deoxide o rookn

Emperature:

n o= L x 10¥ om—d

kT fq= 008 V
§=160x107"°

fa = 05 2 107" Ffem
tew = 345 % 107" Fiom



1. /85 ;n:!:nss..l Below is & differentinl amplifisr with transistors with the fallowing parasoten: Ve = 10V, paTr =
S0 wAMNT and Ay = 008 ¥ GL = 2 wm. Al transistars are biased in the saturation regime of cperation

WpD=EEY

[

J

Wagm 6V

Tal {5 pomis) Choose fa; a5 sach that Yo = Ve =0 V.



b} {5 posrits) Caleulste the small-signal difforentiof mode gain, aun, of this aeplifber.



le) (1 poants) Select the width of transistos M3 o that the cutput resstance of the curfent asarce af the diferential
amphfler is 107 12

Id] (& pointaj Caleelate the comnon-mode reection ratio.



. (25 pasnts] You fnd an npn bipoler transistor with the following doping profile:

doping
Mye=5x1018 gm-3

MNag=5x1018 cm3

| MNgo=1x1016 cm3
Wao=500 nm

X

The wadih of the metallurgicel base (the entire extent of the p base) is Wa, = 500 mm. The amitter cross-ssetional
&b b dg = [0 .|.|-'rrl:t Thia tranmsior w bassed such thak the collector current fo = 10 mA and the base-collecior

voltage Ve = 5 V. The clectron diffusion corfficsns in the base 5 Da = 10 em® /5. Assume that the depletion
witlih af the amitter-base junction is regligible,

a) (5 podnts} Skatch the charge density amd the electric feld profile for the base-collectar depletion region st Lhis
bias conditior. Lse the depletion approximation. What is the width of the quasi-neutral portion of the base Wy =
Waa = 2,7 Hound off result to 0.1 nm,



2b} {5 pointy) What is Vee sl this bias pomnt?

2oy 05 poinds) What doss Wi = We, — 3 beoome il Ve increnses wo 5.0 V' but Vog 8 hold constant™ What s the
new valoe of I=? Round off result to 10 w4



M) 5 poants) From the mesult obtained in part ¢j, eatimare the output sesistames ¥, of Usis Uransstar st this biss
[kt

‘Pe} {5 poants) What is the small-signal woltage gain if the sbaove transistor 15 esed &8 o common-emitier amplifier
drwving & 100 57 bead? (MNaglect the pugpat sesistance of the biasng current supply and assume that the resstance of
the smalbsignal source is very small)



3. (20 pednts) The figure helow sketebim o Junctson Field-Efect Transigtor (JFET). This iz a threa-terminal device
that consists of & n region {chonned) surrounded by two p* regiona (godes). The Isteral resistance of the m region can
he modulated by the voltage applied to the p* regioms.

~I M= 18T ol o Ha,_-,.. | oD W 1000 i i el )

Lalgem

o

The eleciron mobility in the n-type channel is T80 mi||'|r"'.1. For this profbem, yau will ignore the resistance associnied
with the n regons that ase not surraunded by the p* regions.

Jal (% poinist For Vs = Vae = 0, caloulsate the extent of ssch of the p*-n junction depletion regions inta the n-tvpe
channel

b} (2 points) For Vos = Vips = 0, caleulate the channel resistance, that is, the resstance of the 10 am lang netype
ragpan in between the pt regions



3e) f4 poamis) With Wiz = 10 m, we now apply Vo <0 We obtain the follawing -V characteristios.

"ol e

vr 0 wam

Explain thas behavior, Qualitatively skeveh tha svolution of the depletion regions in the channel as & function of Vs
un the cross-sactinns provided Bolow

Viggmi

Wrehiga«D

ViggahT

B

Id) (¥ poenes} Galculate the value of Vop = Ve that results in fp = 0. Numerseal viiss axpected.



ie) (¢ poimis) Keeping Vos = 0, we now apply Vs = 00 We obtaln the fallowing 1-V choractorstios

L

' wigs=l

# Vigsal Vg

Explain this behaviar, Skeich the avelution of the deplsticn region in the channel & a fupetbon of Vs on the
cross-sections provided betow.

Wil

1VDE=¥o5am

W VRS el

IF} {5 poamis) Calculate the value of Ve = Vg o that remalts in the saturation of fo Numercs] oo espected



4. (20 posmti] You sre given two bipalar transistors and two MOS transistars with their bedy tisd up to the ssurce
The collector and desin currents are set such that the davices have the Tollowing parameters:

BJT | MOSFET
gm =53mY | gu=1m5
Ge = 100 -

o = 100 k| re = 00 k£

This prablem @ about designing a two-stage voltage amplifier with Rs = 20 &t and By = 1 &2 usming these transistors
Asgume Lhat ro; — oo for all required cutrent sources.

4a) {5 pmis) In s frst-pass dessgn you = enly MOSFETs. Choose the fret and second stage type {05, O, or
1) o maximize the overall voltage gain for the amplifier {include Rs and R}, Explsin your answer,



Ab} (5 poimts) In an improved deslgn, you consider wing BIT's too. Choose the first and secand stage ryps (05,
G, 00, CE, OB, or ©C) to maximige the overall voltsge goin for the amplifier (include Rs and By). Explain your
ATIEWET



4ch (12 poants) Caboulate the overall voltsge grin for the amplifier designed in part ). Mumerical value oxpocted



3, (IF poants) Consider an MMOS pase transiator configuration as sketched below

G

‘L Vavi
5 Y i‘ T [0 :E’Ifrc{lnn')-ﬂ ¥

0 L

ALE =107, ¥ = 0V, and the veltage scrom the capacitor vt =07 ) = 0. AcL =0, the gate wltage rises abroptly w
¥e =3 V and remains there. The transistor parameters are ns follows: L, = 1 g, W, = 2 gom, jenloe = 50 A/ V7,
Vo m 1M, v =08 VY g = 04 W

fa} (5 podnts) Compute the current flowing iste the capscitor a2 £ = 0% Numerkal answsr srpected



b} /5 poinis} Compuate uc(l — o). Mumetical assmer expecied.



