Previous Exam Questions – Diodes
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[image: image2.jpg]4. A zener diode is specified to have V;= 15V at [;7=8.5 mA, Izx=0.25
mA, rz= 16 Q, power rating 0.5 W. The diode is used as a regulator with
Rs =300 Q. (a) Estimate the knee voltage of the diode;(5%) (b) at no load,
what is the lowest supply voltage for which the diode remains in the
breakdown region?(5%) (c) at no load, what is the highest supply voltage
at which the power rating of the zener diode is not exceeded?(5%) (d) If
the input is 20 V DC, what is the maximum load current for which the

dio?ie remains in the breakdown region?(5%) \/Z 4 = Vhe 248V
(6) theousV , (c) asu34v , () 16.864 4

200 Q
5. Determine the transfer characteristic vo vs. v, — e ANA——
for the circuit shown, assuming D4 has Vz=6.2V * +
at20 mA, rz= 10 Q and D, has Vz= 8.2V at D & ;
v (o]
10 mA, rz = 20 Q. Both diodes have Vpy = 0.7 V !
D, Y

and rp = 15 Q when conducting in the forward. S -

direction.(15%)

Is the semiconductor p-type or n-type?(5%) What is the electron
concentration?(3%) What is the donor impurity concentration?(2%)
Napo = 10 Y ul
Np =0
7. If the reverse bias across a pn junction is increased in magnitude, does
the depletion region become wider or narrower?(5%) Does the junction
capacitance increase or decrease?(5%) Briefly explain your result.
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No Penalty — Programmable Calculators Not allowed Unless Reset

(7%)
1. A diode conducts 1 A at a forward voltage of 0.7 V and 2A at a forward
voltage of 0.73 V. Determine /s and 7, assuming Vr =26 mV.

9.46x1078A; n=1.85
6.74x10°A; n=1.85
9.46x1078A; n=1.66
6.74x10°A; n=1.66

None of the above

mo o w >

(7%)

2. Two pn junction diodes are connected in inverse parallel

..... +
to protect the differential inputs of an operational amplifier. E

If the diodes have a saturation current of 0.1 nA and the

differential input does not exceed + 1 mV in normal operation, what is the

minimum effective incremental resistance of the two diodes, assuming n =
1and V=26 mV?

1.3x108Q
25x108Q
1.3x10° Q
2.5x10° Q

None of the above.

mo o w »
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(7%)

3. In the bridge rectifier circuit shown, one
of the diodes is accidentally short- AC supply E
circuited. If vg = 5coswt V, what is the
average value of v;, assuming the
remaining diodes are ideal switches?

A. 318V
B. 1.59V
C. 354V
D. 25V
— E. None of the above. 7-8 V/

(7%)

4. The dopant concentration of an n-type semiconductor is 10'%/cm®. What is
the minority carrier concentration at room temperature, assuming n; =
10"%cm??

A. 10"%/cm?
B. 10'%cm?®
C. 10%cm’®
— D. 10%cm®
E. None of the above.
(7%)
5. A pnjunction diode has pp, = 10'%cm® and nn, = 10"®/cm®. If the donor

impurity concentration is multiplied by a factor of 10, what happens to the
magnitude of the junction potential? (No formula required).

== A, Itincreases
B. It decreases
C. It remains the same

2/4




[image: image5.jpg](7%)
6. If the reverse bias across a pn junction is increased in magnitude, what
happens to the width of the depletion region?

— A. ltincreases
B. It decreases
C. It remains the same

(7%)
s If the forward bias across a pn junction is increased, what happens to the
width of the transition region?

== A. It increases
B. It decreases

C. It remains the same

(17%)
8. In the circuit shown, vaisa v, v,V

sinusoidal signal of

amplitude 10V, vgis a Vs Vy /\
5

triangular signal of the

same amplitude, and v¢ is

a rectangular signal of R

amplitude 5 V. All signals

are purely alternating (i.e,

of zero average) and have the same frequency and phase. i.e., their

positive (or negative) cycles coincide, as shown. Sketch the waveform vy.
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9. In a bridge rectifier with capacitive input filter, the supply voltage is
12c0s100mnt V, the diodes drop 0.8 V when conducting, the load is 1 k2,
and C = 1,000 pF. Determine the DC load voltage and the peak-to-peak
ripple across the load, neglecting all resistances in the transformer and
diodes. Voe < 10.3VV v, - 103.% oV




[image: image7.jpg]e  Unless otherwise specified, assume that:

Ve=25mV

[Veeon| = 0.7 V where ON means ACTIVE or SAT
|VCE(SAT)| =02V

B =100

e All capacitors are very large

e Body effect and channel-length modulation are negligible

1. Find the output voltage Voyr (in V) when the load resistance Ry is 1KQ and Rg = 700 Q in the
circuit shown below. The Zener diode is characterized by Vz0=6 V, 1, =20 Q, I;x = 1 mA.
a) 6.33 b) 6.18 ¢) 6.06 d) 6.27 e) 6.41

Rs

20V | +
e our R

2. In problem 1, at what minimum value of Ry (in ©) does the diode stop regulating the output voltage?
a) 723.6 b) 269.9 c)414.2 d) 223.3 e)317.3

3. In the circuit shown, find V (in V) when Vee =5 V, Vi = 3.5V, and Vi, = 3V. The diodes are
ideal.

a)5.5 b)3.5 04 a5 )45
VCC
1K
V.
V\n1 ~ Vin2
1K

4. Repeat the previous problem when Vee =3V, Vi =5V, and Vi, = -3V,
a)ls5 b)2 c)2.5 d)1 e)3




[image: image8.jpg]26. An electric field with intensity 100 V/cm is applied to the semiconductor material in problem 25.
The resulting drift current density is 1500 A/cm® Estimate the mobility of the free electrons in
cm’/(Vs)

a) 937.5 b) 812.5 c) 625 d) 406.25 e) 1062.5

27. Two identical PN junction diodes are connected in series with a 1.5 V battery in such a way that the
two diodes conduct in the forward direction. The current in the diodes is 1.1 mA. Find I for the diodes
(in pA). Assume n = 1.44.

a) 1.34 b) 0.985 €)1.52 d) 1.70 e) 1.16

28. In problem 27, reverse the direction of one of the two diodes. What voltage appears across the other
diode?
a) 28 Vr b) 30 V¢ )24 Vg d) Vr e) 26 Vr

29. In the circuit shown, the diodes are ideal. Determine the voltage vy.

a) vp, = vs when vg > 0, —vg otherwise
b) vi, = —vs when vg < 0, O otherwise
¢) vp = Vs when vs > 0, 0 otherwise
d) v, = v for all values of vs

e) none of the above




[image: image9.jpg]Unless otherwise specified, assume that:

o Jp=25mV

®  [Vaeow| = 0.7 V where ON means ACTIVE or SAT
o |Vegsan| =02V

e All capacitors are very large

e Body effect, base-width modulation, and channel-length modulation are negligible

Five identical pn junction diodes are connected in the forward direction in series with a 3 KQ
resistor across a 6 V supply. The diodes drop 0.7 V when conducting. The current in the diodes is:

a) 1.5 mA b) 2.333 mA c) 0.833 mA d) 1.833 mA  e) none of the above

In the previous problem, each diode actually has a 0.7 V drop at 1 mA and is a 0.1 V/decade diode
(i.e. the diode current increases by a factor of 10, when the diode voltage increases by 0.1 V). The
voltage across each diode is (use iterations to the nearest 10 mV):

a)0.725V b) 0.693 V ¢)0.635V d) 0.818 V ¢) none of the above

In a bridge rectifier with a capacitor-input filter, the supply voltage is 12cos100z¢ V, the diodes
drop 0.8 V when conducting, the load is a constant current of 10 mA, and the peak-to-peak ripple
is 0.1 V. The filter capacitor is approximately:

a) 1000 pF b) 5000 uF ¢) 10,000 pF d) 20,000 uF

) none of the above

The supply to a Zener regulator is 18 V with a peak-to-peak ripple of 2 V. The load current varies
between 0 and 100 mA. The Zener diode has ;=10 V at I;y= 18 mA and ;=5 Q. The
resistance in series with the supply voltage is chosen so that the Zener diode current does not fall
below 2 mA. The peak-to-peak ripple across the load is:

a) 0.09 b) 0.07 V c)0.13V d) 0.05V e) none of the above

Determine the magnitude of the built-in potential of a p» junction whose »-side is doped at a
concentration of 1 in 10° (i.e. 1 impurity atom for 10° silicon atoms) and whose p-side is doped at a
concentration of 1 in 10%, assuming all impurities are ionized, 7, = 10'° /em®, and that silicon has
5x10% atoms/cm®.

2)0.714 Vv b) 0.656 V ¢) 0.602 V d) 0.764 V e) none of the above

Given an enhancement NMOS transistor having &’= 50 pA/V2, W= 100 um, and L = 10 pm, ¥, = 1
V, with the gate connected to the drain. Determine the voltage across the device if the current is 4
mA.

a)lv b)6 V c)5V d)3Vv ) none of the above




[image: image10.jpg]24. Find the voltage Vj in the circuit shown below, when V, = V, =15 V. Assume R, =R, = 5 KQ,
Vg =5V, Ry =15 KQ, and that the diodes are ideal.

LT
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a) 1429 V b) 10.14 V c) 1242V d) 13.57V e) none of the above
25. A series circuit consists of a 12 V battery and two identical junction diodes with a PIV rating of 15
V and a reverse saturation current of 15 nA. The diodes are connected anode-to-anode or

series opposing. Find the total power dissipated by the two diodes. Assume n= 2.

a) 0.22 uW b) 0.09 pW c) 0.18 pW d) 0.15 pW e) none of the above




EECE310 Electronics I – Section 1 (N. Sabah)

Quiz 1 – November 12, 2005

One Hour and a Half – Closed Book

3:1 Penalty – Programmable Calculators Not allowed Unless Reset

Each of the 20 answers in Questions 1 to 6 is assigned two grade points. Each of the three problems is assigned 20 grade points.

1.
A thin slab of intrinsic semiconductor has been illuminated for a long time with light of appropriate wavelength so that the total rate of generation of electron-hole pairs is 1022/s/cm3, the concentration of electrons is 1015/cm3, but no current flows.

(a) Is the semiconductor at equilibrium?

(b) What is the concentration of holes?

(c) What is the rate of recombination?

(d) If the concentration of carriers is multiplied by a factor of 103, by what factor is the conductivity multiplied?

(e) What is the mean carrier lifetime?

Answers: (a) No, because the semiconductor is disturbed by the radiation. It is in a steady state.

(b) The same as that of electrons, because the semiconductor is intrinsic and electrons and holes are generated in pairs and recombine in pairs.

(c) Same as the rate of generation, in the steady state.

(d) Conductivity is proportional to carrier concentration and increases by the same factor.
(e) If the recombination rate is 1022/s/cm3, and the concentration is 1015/cm3, then the rate of recombination per carrier is 107/s, so the carrier lifetime is 10-7 s.

[image: image1.jpg]EECE310 Electronics | — Section 1
Quiz 1 — November 8, 2003
One Hour and a Half — Closed Book

1. A voltage reference output Vo of 1.4 V is to be +

derived using pn junction diodes supplied from a I Vo
current source /. The diodes available have

n=1.98 and Is = 14.11 nA. Assume V7= 0.026V.

(a) what should be the source current?(10%) /735 s, 4

(b) What will be the incremental resistance seen at the output?(5%) 9.05 Y

. Determine the diode currents in the circuit

shown assuming the diodes are ideal switches.

?
% . - 1
£1e%) Z DI < 0 =4V %
Z/\D?’; 2”’&

+

=3V

. A bridge rectifier is to be used for charging 12 V car batteries. Design a
suitable circuit consisting of a transformer, a bridge rectifier and a resistor
R in series with the battery, subject to the following assumptions: i) the
maximum charging voltage is to be 13.5 V at the battery terminals when
the charging current is zero; ii) the maximum peak charging current is to
be limited to 10 A, when the battery voltage is 10.5 V; iii) the diode voltage
drop may be assumed to be 1 V when the diode is conducting, the diode
resistance and the source resistance being negligible; iv) the battery
resistance is negligible. Specify the transformer secondary voltage, R, the
PIV of the diodes, and the maximum average diode current.(15%)

R=0,)1.  PiV- 135V Thvigex = 164 A
/

12




2. A slab of p-type semiconductor is non-uniformly doped, so that NA varies along the slab as shown. Under equilibrium conditions, will sides A and B be at the same voltage. If not, which side will be at a more positive voltage?

Answer: Since the system is at equilibrium, the electrochemical potential of holes is the same throughout the slab. With holes more concentrated on side A with respect to side B, they are at a higher chemical potential, so they must be at a lower electric potential, which means that side B is at a more positive voltage.

3.
A junction is formed between an n-type semiconductor and an intrinsic semiconductor. Under equilibrium conditions:

(a) On which side are holes more concentrated?

(b) Which side will be at a more positive voltage?

Answers: (a) On the intrinsic side, because hole concentration in the n-type semiconductors suppressed below ni.

(b) The n-side, because holes diffuse from the intrinsic to the n-side, and electrons diffuse in the opposite direction.

4.
In a pn junction, the p-side is much more heavily doped than the n-side. The doping level on the p-side is increased even further.

(a) What happens to the depletion capacitance at equilibrium?

(b) What happens to the breakdown voltage, assuming avalanche breakdown?

(c) Which current, electron or hole, predominates under forward bias?

(d) Which current, electron or hole, predominates under reverse bias?

Answers: (a) The depletion region is much wider on the n-side than on the p-side. It becomes narrower on the p-side. This is similar to forward bias, which increases the depletion capacitance.

(b) The breakdown voltage is not affected significantly because it is determined by the doping level on the n-side.

(c) The current under forward bias is a majority-carrier current. Since the concentration of holes on the p-side exceeds the concentration of electrons on the n-side, the hole current predominates.

(d) The current under reverse bias is a minority-carrier current. Since the concentration of holes on the n-side exceeds the concentration of electrons on the p-side, the hole current predominates.

5.
When the temperature of a pn junction diode is raised,

(a) Which current increases faster, iD or IS?

(b) What happens to Vd0?

(c) What happens to the current of a photodiode?

(d) What happens to the wavelength of light emitted by an LED.

Answers: (a) IS, because the change in the exponential term opposes this change.

(b) Decreases, because the v-i curve is shifted to the left.

(c) Increases, because ISS increases with the rate of generation of carriers.

(d) Eg and hence ( decrease, so that ( increases.

6.
Choose the appropriate phrase (allow free motion of electrons, allow free motion of holes, allow generation of electron-hole pairs, allow recombination of electrons and holes) to complete each of the following statements:

(a) The metallic contact on the n-side should …… under forward bias and should …… under reverse bias.

(b) The metallic contact on the p-side should …… under forward bias and should …… under reverse bias.

Answers: (a) Allow free motion of electrons in both cases.

(b) allow generation of electron-hole pairs, allow recombination of electrons and holes
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7.
 Determine the diode currents in the circuit shown, assuming ideal diode switches.
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Solution: To have some guidance concerning circuit behavior, assume that the circuit is separated into two, as shown. Then Va = -10 + (6 k()(5 mA) = 20 V. The current in the two diodes is 1 mA, so that Vb = -6 + (7 k()(1 mA) = 1 V. This suggests that when a and b are joined together, the voltage of b is pulled up, which turns off D1. Assuming D1 is off, and that the current in D2 is I2 mA, KVL gives: -6 + 7I2 = -10 + 6(5 – I2). Hence, I2 = 2 mA. The voltage at the junction of the two diodes is -6 + 14 = 8 V. this confirms that D1 is off. It follows that I1 = 0, and I2 = 2 mA.
8. [image: image44.emf]-10 V
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The triangular wave shown is applied to a CTT rectifier supplying a constant current load of 100 mA through a capacitor-input filter, the peak half-secondary voltage being 10 V. The conduction interval during the first period is found to be from t = 1.98 ms to t = 2 ms. Assuming ideal diode switches, determine: (a) the peak-to-peak ripple, (b) the size of the filter capacitor, and (c) the size and shape of the diode current. No approximations should be made.
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Solution: (a) The magnitude of the slope is 20 V/ms. The voltage change in 0.02 ms is 0.4 V, which is the peak-to peak ripple vr. (b) During nonconduction, (Q = Cvr, where (Q = 100(0.98 = 98 (C. Substituting. 
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(F. (c) During conduction, 
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= (245 (F)((20(10-3 V/(s) + 0.1 = 5 A. the diode current is therefore a rectangular pulse of 5 A. Note that the average diode current is then 
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50 mA, since diodes conduct on alternate cycles.
9. The periodic waveform whose first period is illustrated is applied to the circuit shown. The diodes are identical and may be considered to have a forward voltage of 1 V and a breakdown voltage of 5 V for all forward or reverse currents, respectively. The capacitor is so large that its voltage may be considered to remain nearly constant in the steady state. Determine the steady-state values of: (a) the average voltage VC across the capacitor; (b) the average output voltage VO.
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Solution: (a) Let us assume that the two diodes conduct in both the forward and reverse directions and check the validity of this assumption. When vI = 10 V, the circuit is as shown. 
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When 
[image: image17.wmf]5

-

=

I

v

 V, the circuit is as shown.
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. The charge lost by the capacitor is 
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 mC. In the steady state, the charge gained equals the charge lost. Hence, 
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With this VC the diodes will conduct in the reverse direction.
(b) In terms of average, or DC, values, 
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Final Exam – June 2006

5.
In the circuit shown, vSRC is a periodic rectangular wave that has a value of 10 V for 2 ms and – 5 V for 1 ms. Determine VC, the average value of capacitor voltage in the steady state, assuming ideal diodes and R = 2 k(.

A.
8 V

B.
7.5 V

C.
7 V
D.
6.25 V

E.
None of the above.

Solution: In the steady state, the charge gained by C during the positive phase is equal to the charge lost during the negative phase. Hence, 
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9.
Assume V1 = 20 V, V2 = 4 V, R1 = 4 KΩ, R2 = 8 KΩ. Using the constant voltage drop model for the diodes (0.7V), find the current that passes through D2.

A. 1.825 mA
B.
1.175 mA

C.
0.65 mA
D.
3 mA

E.
None of the above

Solution: Since V1 >> V2, it would be expected that both diodes are ON. The voltage across R1 is 4.7 V and the current through R1 is 4.7/4 = 1.175 mA. From KVL: 20 – 0.7 = 4.7 + 8(ID2 + 1.175); ID2 = 
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0.65 mA.
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13. 
For the zener regulator shown, VS = 9 ( 1 V, Rs= 100 (, Vz= 7 V at Iz= 20 mA and rz= 15 (. Determine IL when RL= 1.2 k and VS is maximum.
A.
5.79 mA
B.
5.88 mA
C.
5.77 mA
D.
5.96 mA
E.
None of the above
Solution: 
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, Vz0 = 6.7 V; from KVL: Vsmax = Rs(IZ + IL) + RLIL = RsIZ + (Rs + RL)IL. But RLIL = Vz0 + 0.015IZ, or 
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, IL = 5.88 mA.

14.
In the zener regulator of the preceding problem, determine the minimum load resistance that can be connected at the output while the regulator still operates properly with the zener diode current above its knee value Izk= 0.5 mA.
A.
430 (
B.
240 (
C.
624 (
D.
540.0 (
E.
None of the above

Solution: Vsmin = Rs(IZ + IL) + RLIL = RsIZ + (Rs + RL)IL. But RLIL = Vz0 + 0.015IZ, or 
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20.
The characteristics of both diodes are such that at equal diode voltages ID1 = 2ID2. Assume n = 1 and VT = 25 mV. The battery voltage is 1.5 V. What is the value of V2?

A.
0.759 V
B.
0.835 V
C.
0.910 V
D.
0.607 V
E.
None of the above

Solution: 
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