EE 321 Analog Electronics, Fall 2011
Homework #5 solution

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 and, 14mA
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We have ip = Ige™ 7, so

_D_ _ ___ o7
Is=ipe "r =1x 1073 x e mxm2x10-3 = (.93nA

Next,
25) 3 10 x 1073
=nVrln| — | =2x25.2x 10 In— =082V
vp =i <IS> He 03 % 1079
Then we have
rp = Up1o — Up1 _ 0.82—0.7 —13Q

tp1o — D1 10 -1

and

Vpo = Up1 — rpip1 = 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
3.54. In the circuit shown in Fig. P3.54, I is a DC current and v, is a sinusoidal
signal. Capacitors C; and Cs 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

nVT
Vg————————
nVr+ IR,

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

Vo



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

FIGURE P3.54.

The signal portion is transferred from input to output according to a voltage division between
Rg and rp,

D

=R D
where
. -1 -1
dvp dip I nVr
D= —F— =\ =\ — = —

d’LD ip=I d’UD ig=I TLVT 1

and thus
e nVr
Vy =V

"R+ IR, +nVy

Find v, for several values of I, and v, = 10mV, R, = 1k, 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+ IR, 2

nVr 2x252x107%
R, 1x 103

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 = =5.0x 107" A =50 puA



(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, nVyp
AV+  V+ 4+ nVe— 07

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.
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FIGURE P3.59
(a) We can write

: V' —up I e
'LD:7: SenT
R

and we are interested in finding C‘Z‘i}—i. we can re-arrange

Vt=R (%’ + Isen'r ) = vp + Rlsen'r

and then compute




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

Vp
[D = [Sean

so we can insert that and get
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dUD nVT
at that bias point we have RIp = V* — Vp, so we can write

dv+ TV
=14+ u
d’UD HVT
and we are asked to compute
d’UD 1 nVT

Vs T 1+ T V= Vp
nVr
With the bias point Vp = 0.7V this is identical to the expression we were asked to
compute.
(b) In this case we just write

YD

V+ —mup
—— = Ige™'r

ip =

re-arrange

Vt=R (m;;D + ]sem) = mup + RI,S*@# =v0 + RISeW?/T
and compute

+ v v
dV 14 RIS eﬁ -1 RIS eﬁ
dv, mnVy

mnVy
Now note that at the bias point, vp = Vp = %, we can substitute

YD
[D = [Sean

dvT RIp Vt -V, Vt —mVp
=1 -4 — 9 g4 P
dv, + mnVr + mnVy +

mnVr
Finally we can compute



dv, 1 mnVr

dVv+ 14 Viomp T mnVe + V+ —mVp

mnVrp

Again we use Vp =0.7V.

(c) (i)
dv, 2x252x 1073

dV+  2x252x103+10—0.7

= 0.0054

(ii)
dv, 3x2x252x%x1073 — 0.019
dV+  3x2x25.2x103+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 27 To 75 2?7 To 50 27
First we compute Ig from the 10 mA point as

b 10x10°°
o= 10X g6ux109a

envr €25.2x10~3

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

YD _ 075
ip = IgeVr = 8.64 x 10 1Pe22x1073 = 72.8 mA

We have this current through the resistor, as well as the curent through the 1502 load
resistor. The current through the load is

. (3 15
~ 0 0mA
LT R, T 150 o

and the size of the resistor can then be found from
V= R(ZD —|—iL) +2UD

V—2UD 5—1.5
ip+ig 72.8 +10

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,

. -1 -3
rD:(dZ_D) :<ID):HVT:252X1O_3:035Q
d’UD ip=T2.8mA nVT [D 72.8 x 10

The change in voltage is then



A’UO = AiDTD

If the load is disconnected, Aip = 10mA, and Avp = 10 x 1073 x 0.35 = 3.5mV

If the load resistance is reduced to 1002, Aip = % — % = —5mA, and then Avp
—5x107% x 0.35 = —1.8mV.

If the load resistance is reduced to 759, Aip = 12 — 15 — _10mA, and then Avp

150 75
—3.5mV.
If the load resistance is reduced to 500, Aip = % - % = —20mA, and then Avp
—7mV.



