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

April 14, 1999 - Quiz #2
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General guidelines {plesse read carefully before atarting):

Make sure to write your name on the space designated above.

Open book: you ean use sny materiel you wish,

All answers should be given in the space provided. Please do not turn in any extra material. If you need more
space, use the back page.

You have 120 minutes to complete your quiz.

Make reasonable approximations and state them, i.e. quasi ity, depletion imation, etc.

Partial credit will be given for setting up problema without calculations. NO credit will be given for answera
without reasons.

Use the symbols utilized in clase for the various physical parameters, i.e. 1., Jo, B, etc.

Every numerical answer must have the proper units next to it. Points will be subtracted for answers without
units or with wrong units.

Use the following fundamental constants and physical parameters for silicon and silicon dioxide at room
temperature:

ng=1x 10 om~?
KT/g=0026 V.
g=160x10"C

.05 x 10777 Plem
3.45x 1071 F/om




1. (25 points) Helow is a CMOS inverter with the fcllawlng device data: tee = 15 nm, pn = 300 cm?/V . o,
pp = 100 em?/V - 5, Vi = =1V, An = Ay = 0 V™. The device dimensions are Wy = 30 um, Ly = 1.5 um,
Wa =15 gm, Ly = 1.5 pm,

Vpp=3V
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1a) (5 points} Calculate Vr, so that Vi = 1.5 V.
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Assume Vr, = 1 V for partg 1b-le.

_ 1b) (5 points) What is the maximum value for C;, and still have both tpry and t e less than 1 ns? (Neglect Cyp
for this calculation.)
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1c) (5 points) A square wave signal from 0 to Vpp is applied to the input of this CMOS inverter with a frequency
of 10 MHz. Calculate the power dissipated in the inverter. For this pert, assume Cr = 1 pF and neglect any other
parasitic capacitance.
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18) (5 points) What is the velue of Vpp tequired to reduce the power dissipation in the inverter by a factor of 47 ~—
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1e) (5 points) If Vpo is reduced to 1.5 V', sketch the voltege traasfer charncteristics, Vour va. Vin, of the inverter.
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2. (40 points} Below is a sketch ot fo cale of the minority carrier distribution across the quasi-neutral regions
of a forward-biased p-n diode. For this diode, W, =z, = 4 um, Wa = z. = 3 um, Da = 25 cm?®/V . 5, and
D, =10 em?/V - 3. The sren of the junction is 10 um?.
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21) (5 points) Calculate the hole eurrent injected into the n-side of the diode. C) )0
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25} (5 points) Caloulate the clectron current injected into the p-side of the diode”
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2c) (5 poinis) Calculate the diffusion capacitance associated with carrier storage on the n-side n( the diode.

ch = f’prr(w,,,-k ) V.«ucz LYV

2 Ve wﬁ?@
ket (B3>0 Vo) = 9.2v€F
o

2d) {5 points) Caleulate the diffusion eapacitance associsted with carrier starage on the p-side of the diode.
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2e) (5 points) How much should the voltage across the junction increase if we wish to double the total current through

the diode? l _ _‘[_o e %va//TT _
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2f) (5 points) If we increase the voltage in the manner suggested in the prwlmn question, what heppens to the total
diffusion capacitance o{ the diode?
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3. {95 points) Consider & bipolar transistor with tha following latge-signal aqui circuit model
15 =1071% A, B¢ = 100, and 5 = 1. To answer some of the fallowing questions, use the non-linear hybrid-r model
of the transistor presented in class.

GO Answer the following questions when the device is biased es sketched in the diagram below:

3a) (5 points) In what, regime is the device operating? Explain.

Fd, hcdive.  Tg > Veg = 3V VisE 7y

av

3b) (5 points} Calculate the collector current, fc.

Te=F8Ip = (CoC /O{,u/4 = [m A

3¢c) (5 points} Calculate the base-emitter voltage Vog.
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2g) (5 points) What is the ratio of the doping levels across the junction: N./Nys?
S
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2h) (5 points] In what direction should N,/Ny change if ws wish to redesign the diode 50 as to get less diffusion
capacitance at the same current leve]? (Assume that in redesigning the diode Dn, Dy, Wn — zn, 8d Wy — z5 do not
change).

Choose one: Na/Nq must increasef No/Ng must decrease) Explain (no explanation, no points).
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3d) (5 peints) If the doping level in the base is Nas = 10'7 cm™* and the ares of the base-emitter junction is
Ag = 40 ym?, calculate the electron velocity in the middle of the quasi-neutral base (see sketch below).
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3g) (5 points) Calculate the collector current, lc.
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