EE 321 Analog Electronics, Fall 2013
Homework #4 solution

3.34. A “1 —mA” diode (i.e. one that has vp = 0.7V at ip = 1 mA is connected
in series with a 200 (2 resistor to a 1.0 — V supply.

1.
2.

Provide a rough estimate of the diode current you would expect.

If the diode is characterized by n = 2, estimate the diode current more
closely using iterative analysis.

. For the rough estimate we assume the voltage drop across the diode is vp = 0.7V. In

that case the voltage drop across the resistor is vg = 1.0 — 0.7 = 0.3 V. The curent is

then ip = % = % = 1.5mA.

For the more accurate estimate we use the diode IV characteristic,
YBE D YBE—VBE

ip = Ige™r =e T
Ip

We also have
UVBE — V — ZDR
so that

’iD o V—iDR—VBE
]D nVT

We can solve this equation numerically. Here are the two sides of the expression plotted
together
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The current where they are equal is ip = 1.4129 mA.

3.37. Find the parameters of a piecewise-linear model of a diode for which vp =
0.7V at ip = 1mA and n = 2. The model is to fit exactly at 1 mA and 10 mA.
Calculate the error in millivolts in predicting vp using a piecewise-linear model
at :p = 0.5, 5 a%i, 14 mA

We have ip = I[ge™1 | so

_D_ _ ___ o7
Is=ipe " =1x 1073 x ¢ 2x25.2x10-3 = (.93 nA

Next,

10 x 1073

XY 082V
1093 x 109

vp = nVyln (%) =2%x252x1072 x1
S

Then we have

Up1o — Up1 - 0.82 —0.7 _ 13Q

'p = — ; =
ip1o — p1 10-1

and

Vpo = Up1 — rpipt = 0.7—13x 1 x 1072 =0.69V

We can now calculate vp based on the piecewise linear model as

UD :UDQ—i"iDTD

or based on the exponential model

Up = TLVT In Z—D
Is

and those are tabulated here

ip wvp (exp) wvp (lin) error

0.5 0.67 0.70 0.03

5 0.78 0.76 0.02

14 0.83 0.87 0.04
3.44. Consider the half-wave rectifier circuit of Fig. 3.3(a) with R = 1kQ and
the diode having the characteristics and the piecewise-linear model shown in Fig.
3.12 (Vpo = 0.65V, rp = 202). Analyze the rectifier circuit using the piecewise-
linear model for the diode, and thus find the output voltage vp as a function of
vr. Sketch the transfer characteristic vp versus vy for 0 < v; < 10V. For v; being
a sinusoid with 10V peak amplitude, sketch and clearly label the waveform of
Vo.
Here is the circuit
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The circuit can be modeled by a voltage source, Vpo and a resistor as long as v; > vpg, and
an open circuit as long as v; < vpg. In that case, the relationship beween the input and the
output is

0 vr < Upo
Vo =
(vr — Vo) WR@ Ur > VUpo
Here is the transfer characteristics
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and here is the result of a sinusoidal input
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Notice that the output is zero for a short time even when the input is non-zero. Also, the
difference between the output and input is not constant, even when the output is non-zero.
The deviation from a constant difference is quite small.

3.54. In the circuit shown in Fig. P3.54, I is a DC current and v, is a sinusoidal
signal. Capacitors C; and C> are very large; their function is to couple the signal
to and from the diode but block the DC current from flowing into the signal
source or the load (not shown). Use the diode small-signal model to show that
the signal component of the output voltage is

nVr
Y Ve 1 IR,
If v, =10mV, find v, for I = 1 ma, 0.1 mA, and 1 uA. Let R; = 1k and n = 2.
At what value of I does v, become one-half of v,7 Note that this circuit functions

as a signal attenuator whith the attenuation factor controlled by the value of the
DC current I.

Vo =

A
1
Cl C’;l
1§ I‘_,o
1 i
. "

FIGURE P3.54.
The signal portion is transferred from input to output according to a voltage division between



Rg and rp,

D
Uy = Vs
R, +rp
where
. -1 -1
dUD dZD I nVT
'p = —F— =\ =\ —- = —

dZDz'D:I d’UD ig=I TLVT 1

and thus
e nVr

Vo

“Re+ 2= IR, +nVy

Find v, for several values of I, and vy, = 10mV, R, = 1k(2, and n = 2. It is tabulated below
I'(mA) vy (mV)

1 0.48
0.1 3.4
1073 9.8
Value of I for which v, = %
nVT . 1
nVr+ 1R, 2

nVr  2x252x107°
R,  1x10
3.59 Consider the voltage-regulator crictuit show in Fig. P3.59. The value of R
is selected to obtain an output voltage V, (across the diode) of 0.7 V.

I =

=5.0x107°A =50 uA

(a) Use the diode small-signal model to show that the change in output voltage
corresponding to a change of 1V in V1 is

AV, nVy
AV+  V+ 4+ nVy— 0.7

This quantity is known as the line regulation and is usually expressed in
mV /V.

(b) Generalize the expression above to the case of m diodes connected in seris
and the value of R adjusted so that the voltage across each diode is 0.7V
(and V, = 0.7m V).

(c) Calculate the value of line regulation for the case V¥ = 10V (nominally)
and (i) m = 1, and (ii) m = 3. Use n = 2.



FIGURE P3.59
(a) We can write

, VT —wup op
ip=———=Ige"r

R

and we are interested in finding 6‘5‘1}—3. we can re-arrange

VvVt =R (%D n Ise:TDT> — vp + Rlge™r

and then compute

dV"' RIS YD
=1+ enVr
dUD nVT

Now, we are interested in evaluating this at a bias point vp = Vp, for which

VD
Ip = Igen'r

so we can insert that and get

+
v _ | Rp
dUD nVT

at that bias point we have RIp = V't — Vp, so we can write

AV + _
avE_ | VE-Tp
d’UD nVT

and we are asked to compute



(c)

dv D 1 nVT

VE 1+ E T V=V
nVr

With the bias point Vp = 0.7V this is identical to the expression we were asked to
compute.

In this case we just write

Vt—m v
ip = R & - ISen‘?T

re-arrange

muv D D _vo_

Vt=R < RD + 156"‘97") = mup + nge"‘% =vo + Rlge™"r
and compute
+ v, v
v :1+ﬁemc‘)@:1 fils emvr
dv, mnVy mnVy

Now note that at the bias point, vp = Vp = %, we can substitute
D
Ip = IS€”VT

+ +_ +
WE LRIy VE-Vo | Viomlp
dv, mnVr mnVr mnVrp

Finally we can compute

dv, 1 B mnVy
av+ 14+ 7‘“—?;‘/1? C mnVp +VE—mVp
mnVvrm

Again we use Vp = 0.7V.

(i)
dv, 2 x 252 x 1073
dV+  2x252x%x10-3+10—0.7

= 0.0054

(ii)
2x25.2x%x 1073
dv, _ 3x2x252x10 — 0.019
dV+t 3 x2x252x103+10—-3x0.7




3.61 Design a diode voltage regulator to supply 1.5V to a 1502 load. Use two
diodes specified to have a 0.7V drop at a current of 10mA and n = 1. The
diodes are to be connected to a +5V supply through a resistor R. Specify the
value of R. What is the diode current with the load connected? What is the
increase resulting in the output voltage when the load is disconnected? What
change results if the load resistance is reduced to 100 2? To 7527 To 50 27?
First we compute Ig from the 10 mA point as

' 10 x 1073
L= — 5 —864x 107

enVr 625‘2X1073

Next compute the amount of current which is required to produce a 0.75V drop across one
diode.

YD 0.75
ip = Ise"r =8.64 x 10" Pex2x107 = 72.8mA
We have this current through the resistor, as well as the curent through the 1502 load

resistor. The current through the load is

vy, 1.5
Y 20 10mA
R, 150 m

and the size of the resistor can then be found from

i,

V:R(ZD+ZL)+2UD

r=V %0 _ 515 _ h4q
ip + 1, 72.8 410

If the load is disconnected let’s assume that the additional small 10 mA goes through the
diodes. Let’s compute the diode resistance, rp,

dip\ " Ip nVy 252 x 1073
b (dvp) <an) Iy~ 728x108 03P

ip=T2.8mA

The change in voltage is then

A’UO = AiDTD

If the load is disconnected, Aip = 10mA, and Avp =10 x 1072 x 0.35 = 3.5 mV

If the load resistance is reduced to 1002, Aip = 11—5% — 11'T% = —5mA, and then Avp =
—5x 1072 %x0.35 = —1.8mV.

If the load resistance is reduced to 75, Aip = 12 — 15 — _10mA, and then Avp =

150 ~ 75
—3.5mV.

If the load resistance is reduced to 502, Aip = 11—550 — % = —20mA, and then Avp =
—7mV.



