EE24, Fall 2001

Homaeawork 2 solutiors

problem 1:

First of all we know thatE - ¢ = ¢ (assumeHooke’s Law), whereE is Yourg’'s modulus, ¢ is the strain,ando is
the stress.Soce is the strainlimit atthe breakirg point. And, we know thato is in the units of pressure Pressureas
force/aea.

kg- M
E =150-10° ?n;sz
e=0.01

Soif my massm is 50kg, theno = 50kg- 4 , whereg = 9.8 g andA is thecross-sectioal areaof thewire.

Foraroundwire, A = 7 - d;. Sopluggngit all in,

m-g m-g
F-e=0=—>== >
A &
d =645pm
problem 2:
Usingthe sameformulaasabove,
m-g m-g
E‘E:U: _— = 2
, okg I :
with £ = 60 - 10° 7, = 0.3, mis 1 g.
d =0.832 pm

problem 3:

Herewe aregoingto ignoresomeof thebiologicd aspectsnvolvedin themakirg of spidersilk. Let'sjustassumehat
the spidets “silk makirg volume”is full of the silk protein,andthatthereisn’t muchvolumechamge asthe pratein
polymerizesinto thethread

bodyvolumeis V = 10 mm?
the“silk-making volume”V, = A - L, whereA is thethreadcross-sectioal areal its length.
A=1pm* V,=01-V

3
_0.1.10 MM?-1000 uM

L= o = 10° gm = 1 km!
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problem 4:

Herelet'sassumeHooke’s law again,E is Younds moduus of the material ¢ is the strainlimit, o is thestress.

m.g p.A.L.g
g = =

A A

wherep is the densityof thethread A its cross-sectioml area,L its length andg is the acceleratiordueto gravity,
whichwill varywith the planeton which onestands.
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problem 5:

Accordng to the MEMS Clearinghaiseat ISI (mems.isi.ed) the Younds modulus of bulk aluminum is E=70GPa.
For thin films of alumirum, the Yourg’s moduus will range from 47.24-70GPa.

problem 6:

=

i

Thegawgefactoris definedasG =

AR

HereG = —20,50—-20 = 2

£

$0.01
AR __
F = +0.2
AR =0.2Ror—-0.2R
_ R
Vo= R1+2R2V



Vinin = 13057V = 35V = 0.455V

Vinaz = g5mcgY = 15V = 0.555V

Vout = Vo — 0.5V

And we know thatthereis a1V excitationonthebridge soV =1
Theminimum possibleoutputvoltagefrom thebridgeis 0.455 — 0.5 = —0.045
Themaxinum possibleoutpu voltagefrom the bridge is 0.555 — 0.5 = 0.055

Notice thatthe minimumandmaximum outpu swing on the Wheatstondridge arenot the same.This is dueto the
factthatthebridgevoltageis notalinearfunction of theresistancehang. For smallsignals(smallresistancehang)
we would expect thatthe bridge outpu AV/V would beequé to onefourth of theimpedancechamge AR/R, or AC/C.
If the bridge resposewerelinear, thenthe output chang in problem 6 would have been ﬂTO% = £50 mV, andfor
prodem 7 theoutpu would have beeni"’T"% =+125mV.

problem 7:

i — 1 _ €A
For capacitos, Z = —~ andC = =~

1 1
— _Zs — iwCy — iwCy — _C1
Vo= Z1+22 V= iulf,'l +iw102 V= iwlcl +iw1C2 V= C1+Cx

For Vinin : Coin = 55 = 2C

%
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FOr Vimaz : Cmaz = 55 = 3C

[V

FOr Vimin : Vo = g5aV = 3V

FOr Vinas : Vo = gozgV = 2V

Vout = Vo — 0.5V

Themaxinum possibleoutpu voltagefrom the bridge is 0.6V — 0.5V = 0.1V
Theminimum possibleoutputvoltagefrom thebridgeis 0.333V — 0.5V = —0.167V

problem 8:

Sheetresistances givenby R, = £ wherep is theresistvity of the materialandt is the thicknessof the sample.
Pleasenotethatp is theresistvity of thematerial! (above | usedthe samevariabe to denotedensity)

Fort =1pumandp =2.65-10"8Q-m

R, = 2.65-1072Q/squae

Resistancé? = Rs% whereL is thelengthof thewire andW is thewidth of thewire.
For L = 1000 umandW = 1um, R = 26.50



problem 9:

This prodem saysthatwe shouldestimate.So a quick searchon the webtells usthatthe 42 million transistorona
moden micrgprocessosuchasthe PentiumlV canbefound ona217 mm? die mandacturedon a0.18 um process.
Thatgives14.7mm persidefor a squae. Thereare 10 levels of densewiring with 0.5 um line/spaceon eachlayer.
This meanghateachwire is 0.5 yum wide andis 0.5 um away from its next neighlor. In a1 pm wide rectandge there
is roomfor onewire andonespace.

If the chip wasnothirg but wires, we could have 14,00 wires on eachlayer, each14.7mm long. For 10 layersthat
gives147,000wiresandatotal wire lengthof:

147,000 wires - 14.7 mm each = 2.16 km!
If thechipwashalf wires,thelengthwould be 1.08km!



