CHAPTER 3
VOLTAGE REFERENCE CIRCUITS

The voltage regulator diode is ideal for use in simple stabilising circuits
because large changes in the diode current are accompanied by only small
changes in the voltage across the diode, as shown in Fig. 1. For example,
voltage regulator diode type BZY88-C9V1 has a nominal reference
voltage of 9-1V at SmA; changing the current through this diode from
4 to 64mA (1500 %) produces a voltage change of only 0-1V (1:1%).

Basic Stabilising Circuit
The basic equation relating changes in the output of a stabilising
circuit to changes in input, load current and temperature is

V)
dV, = (gfg:}dvi—[— (%—‘Ilg)dIL+(%)dT ...(5)
where
o = output voltage
Vi = input voltage
\ I, = load current
" T = temperature.
The stabilisation factor S is defined as
oVo
= = (_6_\/-1) Iy, and T constant ...(6)

. The ratio of the percentage change in output to the percentage change
In input causing the change in output is the fractional change coefficient
Sr. The fractional change coefficient is also known as the regulation
change factor. Therefore,

Vi) (Ve
Sv = Vo/\8V}/ IL and T constant
The output resistance is defined as

oV
Ro = — oI / Vi and T constant

)
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jent i as
and the temperature coefficient 1 defined

dVo
Sz = T V; and Iy, constant

, Eq.(5) can be rewritten as
Hence q ( dVo - SdVi-—‘ RodIL+Ssz- . (8) .

i ilising Circuit _ .
Slmp‘i?hst:il;:lpleft stabilising circuit consists of a res1s.tor1 aItld 'V(Ll:fgi:
regulator diode arranged as shown in Fig. 9a; the equivalent circ
shown in Fig. 9b.

J -
2 S (b)

Fig. 9—Simple stabilising circuit and écguivalent circuit
| I

Stabilisation Factor |
The input voltage in Fig. ¥ 1

Vi = (L4+Iy)Rs+V, | ...9)
where ‘

I. = current throy
I = load current

gh the voltage regulator diode after breakdown
Rs = series res

istance includin‘ :
Therefore, g source resistance of the supply.
Vl _Vo
| =g -k ...(10)
| But |
| I — Yo
a i RL
Therefore,
V1 1
h=— _v (1l 1
TR VO(RS + E,) .
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If the voltage across the volta -
2 s ge regulato '
current :chrough it 18 I5, the output voltil;e \50 dl::h; nls Vzl: when the
I,, is given by » VO y other current,
. . . VO = VzS+(IZ —'Izs)rzs L. (1 1)
where the effect of junction temperature change is ignored

Substituting for I, gives
‘ Virzs

VZS + - Izsrzs
Vo = Rs
0= T : ...(12)
1+ —+ RZ_SL |
]
Therefore, from Eq.(6),
Tzs
S — rRS' —. ...(13)
Z8 Z8
| I+ R TR
That is, the stabilisation factor, S, for the single-stage stabilising circuit
is given by .
| 1
S — , ...(14)
Rs , Rs
14+ —+ —
. Izs Ry

circuit, such as that shown in Fig. 10 which

In a simple stabilising
for S would be 0-063.

uses' the BZY96-C7V5, a typical value

Fig. 10—Stabilising circuit
wi%h an output of 7.5V at
100mA -

F . ! nt o o
e an (19 th frackoal change coeficin
’ Tzs 1+ E_zf + EZ_S)VI
-li-s y Rs  Ri )
Sr = ( Tz8 l‘zs) (st + —V—é—h—‘-; — Iurzs) ;
8 : -

1+I_7:;+R—£
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That is, . ,
SF = "V,R, ILuRs S L.(15)

—

1 + Virzs Vi
fractional change coefficient of a circuit

A typical value for the
similar to that in Fig. 10 is 0-124.

Output Resistance and Series Resistance

The output resistance, Ro , in Fig. 9 1s
rzsRs

Ro = rzs+Rs’

If 1,5 is much smaller than Rg, the output resistance R, is approxi-
mately equal to rzs. Therefore, Rs should be as large as possible and rs

as small as possible.
Substituting for S and R, in Eq.(8) gives, for the circuit in Fig. 9,

dVi IZORQ
dV, = _ TaRe
"R Re omelR dIL+8.dT.

Tzs Ry

From Eq.(9),
_ Vi —“Vo
o I+1L
and substituting the expression for V, from Eq.(11) gives
R, = Vi —Vazs—(I; —Izs)l-' 28
Iz'*‘IL
A stabilising circuit similar to that in Fi 1 ‘
_ i mm Fig. 9 is usually designed

that diode current I, equals the specified reference current IZS. Thge?:fors:
Vi—V,
Izs+IL '

This equati .
quation for R, however, gives the nominal value; the limit

values of R, are found b ituti imi
in the equation, Y substituting the limits of Vi, Vs, Iz and 11,

Clearly,

...(16)

Rs

.(17)

?
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Hence, the upper limit for Rs is
Vimin -Vzmax
Izsmin-l—ILmax ' e ‘(18)

~ When determining the upper limit of R, the worst possible
conditions must be used of course; this means that V,max must be the
maximum value at the maximum diode current, which is

I:max = I,min+4Iymax —Iymin.

The resistor Rg also serves to limit the current through the voltage
regulator diode to ensure that its maximum permissible dissipation is not
exceeded. Consequently, the lower limit of R is governed by the maximum
permissible dissipation of the voltage regulator diode.

The power dissipated in the voltage regulator diode is
Ps = 1;V..
Substituting for I, from Eq.(10) gives

Rsmax <

because V, equals V,. |
Maximum dissipation in the diode occurs when the load current 1s a

minimum and is given by

Psmax = (ViR—VZ — ILmln)Vz - (19)
8

made for tolerances in the input and output
n into account, either

where no allowance has been »
voltages. When the tolerances are take

Psmax = (Vimax —Vamax ILmin)Vzmax .. .(20)

8 — Rs

or P.max = (Vimax —V,min _ I Lmin) V min. ...(21)
8 - Rs

. rating conditions of the
n depends on the: ope : i
drcuzhitcg;;e%eeggfrﬁgled og:ly by substituting precise values in each
expression and comparind _ lator diode, however, must not
. . . regu a 0 ’ 9
The dissipation of the voltage

ipati if Psmax is the
exceed its maximum permissible dissipation. Therefore, if Ps
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maximum permissible dissipation,

\
\

Psmax > (Vimaxl—{— AR ILmin) Vamax ...(22)
s .
and Pymax > (Vimaxl—; L ILm'in) Vzmin. ...(23)
8

Both conditions must be satisfied.
From Eqs.(22) and (23), the lower limit of R, is either

Rumip > Jimax — Vzmax ...(24)
Smln z

l\’;ﬁax + Irmin

Z
| or
Rymin 5 S I0AT— ¥omin, ...(25)
i P sinax .
: — <+ Irmin
V:min _

The correct expression for a particular circuit must be determined
by substituting precise values in each #us comparing the results. The
higher of the lower limits of Rg is the value i accept.

t The expressions within the brackets in Egs.(22) and (23) define the
i maximum diode current. Hence, V,max and V,min in Egs.(22), (23), (24)

| and (25) are maximum and minimum values when the current through
2' the diode is a maximum. -

When a voltage regulator diode is to be used well within its ratings
| and in no danger of being overloaded, the value of Rs can be determined
| from Eqs.(17) and (18). However, a check should always be made with
Eqs.(22) and (23) to ensure that the diode is not being overloaded.

When there is.any uncertainty about the loading condition of the
voltage regulator diode, Eqs.(24) and (25) must be used for determining

the min. in_mm value of Ry, and the greater value obtained must be the
lower limit of Rg. )
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t,s/Rs plus rzs/R1 will be much less than unity and Eq.(13) becomes

Izs
S ~ =
Rs’
With an output of 7-5V and a load current of 100mA, a suitable
input voltage is 15V, |

: As the load current increases, the current through the voltage
regulator diode decreases and is a minimum when the load current is a
maximum. To ensure stability, the minimum diode current must exceed
the breakdown current. On the other hand, the current through the
voltage regulator diode must not be too great as this would cause unneces-
sary dissipation that might damage the diode when the load current is a

_minimum. With this circuit, 20mA might be a suitable value for the
minimum diode current.

The voltage across the diode is a nominal 7-5V. Therefore, the
nominal value of the series resistor is, from Eq.(16),

‘E.{ ey 15 ; .5
g 2010 3+ 100 x10-3
—_————— = 62'50.

If the minimum load. current is 20mA, the maximum dissipation of
the voltage regulator diode is, from Eq.(19),

15—7-5
62:5.
= 0-75W.

From published data, it will be seen that voltage regulator diode
type BZY96-C7V5 has adequate power and operating current ratinge,
- and the required reference voltage. The minimum current value of 20mA
was, therefore, quite suitable.

If the stabilising circuit has to cope only with changes caused by
varying the load current, the nominal value of the series resistor is
¥ acceptable. However, if the circuit has to cope with changes in the input
| voltage, the limit value of Rs must be accurately determined to ensure
that the circuit operates with the most adverse values of input voltage
and diode reference voltage. Also, a check must be made to ensure that

the voltage regulator diode is in no danger of being overloaded.

| In this application the maximum diode current is 100mA. The
published data for the BZY96-C7V5 show that when the current through
the diode is 100mA the limits of its reference voltage are 7-3 and 8-2V.

Psmax = ( — 20 X% 10‘3) 7-5
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Therefdre, if the input voltage has a tolerance of +£107%, the series
resistance is, from Eq.(18),

R. < 13-5—8:2
= 120x10-3

The BZY96-C7V5 has a maximum permissible dissipation of 1-5W.
Therefore, from Eq.(24),

— 44'160.

s > 7 51 6582 _ 4090,
— +20x10-3
%) +20
and, from Eq.(25),
R, > 16-5—7-3 40-7.

15 _3
=5 +20%10

Hence, the value of Rs must be between 40-9 and 44:16Q to ensure that
the diode is not overloaded and that the output voltage is constant over

the given range of input voltage. In the circuit shown in Fig. 10, a value
of 43Q419; was chosen for the series resistor.

— The typical value of r; for the BZY96-£7¥5 is 3Q; Ry, is Vo/Ir, and ——
equals 75CQ. Therefore, from Eq.(14), -

S_1+i§ 75 = 0063 A
3 T 75
and, from Eq.(15),
Sp = 1 __ _ 0124
. 7-5%43 50 %103 x43 ‘
15x3 15
Stabilised Supply of 27V at S00mA L

Fig. 11 shows the circuit of a |
. . \ power supply of 27V at . A
suitable input voltage is 50V, and a suitable value for 310 Soo'mi:::um
current through the voltage regulator dj i

. ode might be 100mA..
The nominal value of the series resistor is, from Eq.(16)
50—27 ,

" 100x 105300 105 = 3830
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If the minimum load current is Zero

' , the maximum dissipation of the
voltage regulator diode is, from Eq.(19)

’

Pmax:(§9;27 0)27 = 16:2W
) 383 T 7)T T oW

+ 220
ANV
Vi=50V D .
" L " BzY9I-C27 Vo=27V

Fig. 11—Stabilising circuit with
an output of 27V at 500mA

Published data show that the voltage regulator diode type BZY91-C27
has adequate power and operating current ratings, and the reference

voltage required for use in this circuit. The minimum current of 100mA,
therefore, was suitable. il

The BZY93-C27 also has adequate ratings to meet the foregoing -
requirements. When the circuit has to accommodate an input voltage

tolerance of 109, however, the higher power rating of the BZY91-C27
is necessary.

The limits of the reference voltage of the BZY91-C27 are 25-1 and
28-9V. Therefore, if the input voltage has a tolerance of 4109,
Eq.(18),

45289
100 x 10-3+4-500 x 10-3
The maximum permissible dissipation of the BZY91-C27 is 75W.
Therefore, from Eq.(24),

from

Rs < =26-8Q.

> 2289 _ 10080
B o
289
and, from Eq.(25),
L
B 0
25-1
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Hence, the value of Rg must be between 10-4 and 26-8€2. ln. the ci.rcuit
shown in Fig. 11, a value of 22Q+109; was chosen for the, series resistor.

The maximum value of r, for the BZY91-C27 is 1Q, and Ry, 1is 540,

Therefore, from Eq.(14),

1
_ — 0037,
S = ——>—; = 003
I+ T%%
and, from Eq.(15),
1
_ — 0-078.
Sw T 2x:_01x2
1T 5ox1 ~ %0

The maximum power dissipated by the diode in Fig. 11 is, from
Eq.(20),

Pomax = (2> 258'9 - 0)28-9 — 34:3W,
or, from Eq.(21), : :
55250 e
Psmax = (—22—~"~ G ;g 1= 34-1W.

If the maximum ambient temperature is 65°C, a heatsink will be needed
to dissipate the heat generated in the diode. The thermal resistance of the
heatsink is, from Egs.(1) and (2),

175—65 .
Rth h-a =333 (1-47+0-2) = 1-54degC/W.

This, however, is a maximum value and to ensure safety the thermal
resistance of the heatsink should be less than 1-54degC/W. Also, this
value of thermal resistance is for steady-state dissipation and makes no
allowance for any transients. Without knowing what surges can be
expected it is impossible to give a more accurate design for the heatsink.
However, if the maximum transient dissipation is about 8W, the maximum
dissipation expected of the diode will be 43W. Consequently, a safe value
for the thermal resistance of the heatsink would be 0-93degC/W. This

can be provided by means of extruded heatsink type 56231 that is 4in
(102mm) long.

Single-stage Stabilising Circuit with More than One Diode

A higher voltage, or perhaps a vol
be obtained by means of two volta
By selecting diodes with opposite
ment can be given a temperature ¢

tage nearer .a desired value, can
ge regulator diodes as shown in Fig. 12.

tempprature coefficients, this arrange-
oefficient of nearly zero.
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