Test 2 - EE 5340/4329  (print last name) k{ yd (print first name)
Thursday, November 1, 2001, 9:30 AM '

80 minutes allowed (tast four digits of your student #) (e-mail if new)
Instructions:

1. Do your own work.

2. You may use either a legal copy of the text or one sheet of hand-written notes. You may NOT pass a

book or note sheet to another student. You may NOT use class notes. -

Calculator allowed. You may NOT share a calculator with another student.

Do not use previously solved problems.

Explicitly state definitions and assumptions that you use.

Where possible, calculate parameters rather than read them from a graph.

Do all work in the spaces provided on this exam paper. If you write on the back of a sheet, make the no-

tation "PTO" in your solution in order to assure that material written on the back of the page is evaluated

for a grade.

8. Show all calculations, makmg numerlcal substltutlons and giving numerical results where possible.

9. Write answers in space given.

10. Unless stated otherwise, T = 300K, V, = 25.852 mV

11, Unless otherwise stated, the material is silicon with n; = 1.07E10 cm‘3 N, =2.84E19 cm™, N, = 3.08E19
cm”, and qys = 4.05 eV.

12. Use the relationship T, = [45E—6 sec]+[1+7.7E-18*N;+4. 5E—36"‘N ?] (where N; = the total impurity con-
centration) for minority carrier lifetime.,

13. For holes assume p, = {418 3+[1+(N;+1 6E17)*71}+49.7, in cm?/V-sec (where N; = the total 1mpur1ty
concentration in n- or p-type material whether compensated or uncompensated)

14. For electrons assume p, = {1268+[1+(Ni+1.3E17)>?']3+92, in cm¥/V-sec (where N; = the total impun'ty
concentration in n- or p-type material whether compensated or uncompensated).

15. Each part is worth {x] points, as given in the problem.
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breakdown in silicon as functions of dopant concentration, 2+



/ 1 A p”n step junction diode has No=1E18/cm”3 on the p type side and Np=1E15 /em"3 on the n type side.

The thickness of n type side is 3E-4 cm and the area is 800E-4 cm”2.
a Calculate the built-in potentlal
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b Calculate the depletlon w1dth on the n type 51de when Va oV,
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¢ Next, calculate the maximum electric field in the depletion region for Va=-10 V.
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d Next, calculate the largest diffusion current term (elther holes or eIcctrons) for Va= 0 6V,
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2 An ideal Au/p-Si Schottky- barrier diode with Na = 1E16 cm”-3. (qba, = 4.75¢V)
a Calculate the barrier height.
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¢ Next, calculate the depletion w1dth when Va=0V.
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d Next, calculate the depletion capacltance per unit area when Va=-2V.,
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3 A gold gate (qdau = 4.75eV) to silicon MESFET is to be fabricated on an active layer with donor concen-
tration Nd = 3E17 and thickness a = 1.5E-4 cm.

a Calculate the pinch-off voltage.
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b Calculate the threshold voltage.
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¢ Calculate the ratio Ip/(GoVp) at Vgs = V1 + V.
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4 Annpn tran;si.storrhas”the foliowing paraméters at Vgg = Vpc =0: o Wp = p‘j‘(;’,;&‘m
emitter charge neutral width = 10E-4 cm, Ng = 5E18 cm/-3. Mgz £x 10
base charge neutral width = 0.85E-4 ¢cm, N5 = SE16 cm”-3. Ne s e 1€ ) a2
Collector charge neutral width = 10E-4 cm, Nyc = 2E16 cm”-3, € e W= loxe
a. Calculate the emitter efﬁciehcy.
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d Next, make a quick, but accurate as possible, estimate of the minority carrier current density at the base
side of the emitter-base depletion region when Vpg is 0.6V and Vgc is 0V. Include a discussion as to how

you would improve the accuracy. E ] ( 5 -A-P_ (W"”ﬂ shert )
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