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1.0

1.1

INTRODUCTION - , .

General

This Manual is intended to be of practical assistance to the
user of the Universal Voltage Regulator, Type A4-10,084/2.
Details relating to. development are to be found in’;he NZBC
Report No. F10291, "The Development of an I1.C. Regulated Power
Supply" (referred to as "ref. 1" in this Manual). Ref. 1 also
covers the selection of transformérs, filter capacitors
and rectifiers (section 3.0). o '

The Universal Voltage Regulator, which is in the form of a -

_plua-ln printed card, may be used either as a completely self-

contained voltage regulator capable of handling currents up to
300 mA or as the basis of a larger power supply with virtually
unlimited current capacity. Facilities such as Current

‘Foldback, Auto-Farallel and Auto-Series operation, Remote

Sensing and Remote Frogramming are readily available.

Circuit. Dcsc}iption

A differential amplifier is used to. compare the outﬁut
voltage of the regulator (or a fixed fraction of it) with the: .
refexence voltage (or a fixed fraction of it). An& difference .-
between the two voltages is used to apply negative feedback
to the seriesiregulator thus tending to keep the two voltages:

»equal.(ref. 1. section 5.1).
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. The reference voltage (V ref) and the differential
ampllfler are both contained within the UA723C 1ntegrated
circuit (see diagram A4-10,084/4 section 1. 2). Terminal 4
(maxked V ref) provides a very stable temperaturxe compenséted
reference volt;ge of approximately 7 volts. If the power
supply is to operate at a voltage less than 7 volts then
V ref must be reduced by a divider consisting of R1, RZ2 and
R3. The reduced reference voltage is applied to the non-
inverting input (NI) of the différential amplifier. The

inverting input (inv) is connected directly to the output

wvia R5,

If the power.suppLy is to provide a voltage in excess of
7 volts then V ref will be connected directly to NI via ng
The inverting terminal (inv) will be connected to’ the output
via the voltage divider R5, R4 and R3. '

The differential amplifier (inputs inv and NI) will
adjust the series regulator until the voltages at inv and
NI are equal. This will tend to keep the output voltage

constant, i.e. to regulate the output voltage.

The odtput voltage of supplies under 7 volts may be .

‘varied by adjusting potentiometer R2 and the Sutput voltage.. i~
of supplies over 7 volts may be varied by adjustlng
, potentlometer R4.
The serles regulator may consist eitherbof TR1
or of TRl and TR2 forming a "super-alpha pair (ref. 1,
section 9.0). It is alsoﬂpossible to add other transistors
in parallel with TR2 (xef. 1, section 15.4).
"Cl and C2 are filter capacitors used to improve
ripple rejection (ref. 1 section 6.1). '
C4 is used to reduce ou%put_néise and also to reduce
output impedance at high frequencies (ref. 1; section 6.2).
. C3 is used to provide frequency compensation for the IC
'(see Fairchild UA723C data sheet). |
Resistors R6, R7, R8, R10 and R11 provide Current
- Foldback by making the voltage at CL a function of the output

current (see section 5.0).



1.3

he Current Ratine of the Universsal Reculator

The product of the d.c. voltage drop across the Universal
regulator and the d.c. current through the Universal Regulator
must not exceed 3 watts at 50°C ambient. The minimum voltage

‘drop required across the Universal Regulator to give satisfactory

regulation is about ¢ volts (ref. 1, section 10.4). This means
that the maximum output curxrent obtainable is about 300 mA. If
greater currents are required, it is necessary to use an external

. transistor. In wost of the following sécﬁions the use of the

- Universal Regulator both with and without an external

1.4

transistor is considered.

Resistor Svecification

All resistors used on the Universal Regulatcr P.C. board

“are 0.25 watts (NZBC stock 267-. .. ) except for R11 and R15

1.5

1'06

which are 0.5 watts (NZBC stock 261-.. ). When the value of
a resistor is specified as being O ohms a wire link is used.

Potentiometer Connections

Potentiometers R2, R4 and R6 may be wounted either on the
PC board or off the PC board. (Diagram, section 1.2).
' If R2 is mounted off the PC board it is connected to
terminals S, P and R, The wiper is comnnected to P.

If R4 is mounted off the PC board it is connected to
terminals M, N and R. The wiper is connected to N,

If R6 is mounted off the PC board it is connected to
terminals D, E and L. The wiper is connected to E. R8 is
mounted off the PC board betweed terminal L and R6.

Renlacinge Potentiometers with Fixed Resistors -

If no variatioun in voltage or Current Foldback setting is
required, the potentiometers R2, R4 and R6 may be replaced by
fixed resistors either 6n,the PC board or off the FC board.
(diagram, section |.2 ).

R2 may be replaced by choosing suitable values of Rl and
R3 and then joining S, P and R, |

R4 may be replaced by choosing suitable vaiues of R5 and
R3 and then joining M, N and R; -

R6 may be replaced by choosing a suitable value for R7 and
then jeoining & and L via a suitable value for RS.

. The values of the resistors wmust be determined
experimentally for specific applications.




2., O CCHPONENTS USED IN ALL APPLICATICNS

Those components which are used on the PC board in all
o ' applications are listed., The component locations are shown
' in the component layout drawing (section 1.2).

JTtem - Description

- : o : Stock No.
SR R15 270 ohms, 0.5 watt , 226147
: d- : 0 ohms, wire link V N.S '
: Gl 100 UF4OV (Philips 2222.023. 17101) N.S
] Cc2 16 UF10V (Philips 2222.001.14169)  K.S
C3 0.0047UF NCC Mylar 50V - N.S
o A 16 UF 40V (Philips 2222.001.17169) N.S
i- : . TRL RCA 40409 transistor . N.S
- - ICl  FUA723C Voltage Regulator 191-78
3 DL Philips BZY95-C39 Zener .  HN.S

i ~~~ 'Note: Dl-is used to protect the IC .from d.c‘VbItagés
?L‘ ‘ in excess of 40V. D1 is not used for filtering., If
gm . 40V is unlikely to be reached then D1 may be omitted
’ o "(Ref. 1. Section 5.4).

iy

3 3.0 CCMPONENTS USED FOR ALL STANDARD MODULAR POWER SUPPLIES

The standard NZBEC "PS" geries of mocular power supplies
is designed so that the same FC board components are used
) o ' thouﬁnout This is made possible by mounting all the voltage -
;ﬂ( o determining and Current Foldback components external to the
éh o PC boarxd. :
] In addition to the componenls listed in section 2.0 the
following are required: ' '

X S Iten ‘Description - - - Stock No.

- R1 0 ohms | | N.S

i | R3 0 ohms - N.S

- R5 0 ohms o : N.S

7 . R9 100 ohms 0.25 watt - . 267-37
R10 0 ohwms "~ N.S

- Ri1 - 62 ohms 0.5 watt - _ 261-32

. RL2 100 ohms 0.25 watt . 267-37
R15 270 ohms 0.5 watt 261-47

‘b 0 ohms . - N.S




4,0 CONTROLLING THE 1 EBLT‘VOLTAGE .

4.1 Selectine Resistors

4.2

- The output voltage is determined by'Rl, R2, R3 and R4 and:
R5. RI13 and R14 are necessary when an external reference
voltage is used. R2 and R4 are normally 1K potentiometers.

R2 is used to adjust voltage in power supplies under 7 volts
and R4 is used in power supplies over 7 volts. These
potentiometers may be mounted either on the FC board or off
the PC board (section 1.5). The potentiometer is mounted -
of £ the PC board in the standard "PS" modular power supplies
(section 3.0).

Some useful resistor values are tabulated in this section,
for methods of calculatlng other resistor values sece ref. 1,
section 5.0. , - . .

Nominal Actual
Voltage Voltage

Range Range  RL R2 R3 R4 RS RI3  Ri4
0-7 2.7 0 1K 390 *% 330 - -
7-14 7-15 " 360 * 910 1K 0 1K 910

14-21  14-22 1.3K % 1,8k 1K 2.7K 3.6K 1.8K

21-28  21-29 2.2k % 2,7k 1K 7.5k 8,2K * 2.7K

5,6,7  4.5-7 0 1K 1.6K *% 390 - -

17 .16-19 3.9k * 6,2K 1K.. 9,1K 10K 6.2K

24 $23-26 +5.6K * 7.5k 1K 20K 20K 7.5K

28 27-30 6.8K * 8,2K 1K 27K 27K 8.2K -

** "Cmit the 1K potentiometer R4, Link N & M.

* Cmit the 1K potentiometer R2. Link S & P,

~ When using these tabulated resistor values it is wise to

ensure that the potentiometer has a tolerance whlch is better
than 10%. |

Coeration without an Zxternnl Transistor

If the transistor on the PC board (TR1) is not likely to be
required to dissipate more than 3 watts it is not necessary to
use an external trancistor (section 1.3).

The components listed in section 2.0 are used.
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The voltage-determining components,are‘selécted as
described in section 4.1 except that R13 and R14 are omitted.
Other components on the PC board:

R6 omi.t Ri1 omit

R7 - omit - R12 0 ohms
R8 . omit - N a -0 Ohms .
RO 0 ohms _ b - omit

R10 . 0 ohms c . omit

External connections:-

D.C. UNREGULRTED () _‘ - D.C. REGULATED (+)

A C"B P s ‘ .
|UNIVERSAL REGULATOR o Loap

H M N K T D :
B S S A

D.C. COMMON (=)

s Note: Link MV« for supplies under 7 volts.
Link PS for supplies over 7 volts,

m
kA

4.3 Cperation with an External Transistor

An external transistor is necessary in all supplies
dissipating more than 3 watts (section 1.3). ]
The components listed in section 2,0 are used. .
The voltage-determining comnponents are selected as described
in section 4.1 except that R13 and Rl4 are omitted.
Other components on the PC board:-

R6 omit ‘ R11 0 ohms

R7 _ omit R12 0 ohms
R8  omit a .- omit
R9 0 ohums ' b omit

RlO 0 ohms c . omit
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External connections:-

D.C.REGULATED (+)

R2.
>

T
A C B P S :
UNIVERSEL REGULATOR LOAD
H M N K T D

i—--l

s

. , . .

D.C, COMMON (-)

% Note: Link MN for supplies under 7 volts.
Link PS for supplies over 7 volts.

CURRENT FCOLDEACK

Gencral

An introduction to Current Foldback is given in section
10.2 of reference 1. Jith Current Foldback it is necesszry Lo
use a higher d.c. input voltage. (ref. 1, section 10.4). The

~current is self-restoring when the fault is removed.

-

When no External Transistor is used

The comwponents listed in section 2.0 are used.

The voltage-cetermining components are selected as
described in section 4,1 except that R13 and R14 are omitted.

Other components on the PC board:-

R6 1K pot. R11 . omit
R7 omit "R12 0 ohms
RS . 1K " a 0 ohus
RS9 C 6hms b omit
R10 1.3K ¢ 0 ohms

. External conmmections are as shown in section 4.2.



5.3 When an Ixternal Transistor is used .

The components listed in section 2.0 are used.

The voltage-determining components are selected as

vl described in section 4.1 except that RI3 and R14 are cmltred
| Other components on Lhe PC board:-

R6 1K pot., R11 w
2 | R7 ~ omit ~ R12- 0 ohms
1 * R8 1K a © omit
e RO 0 ohms b 0 ohms
%v ) : R10 0 ohms , c omit

S . * R11 is 62 ohms if TR2 is a 2N3772 and 33 ohms if TR2 is a

ey : © 2X3055., Values of R11 for other power transistors must be
@* ~ ’ determined experimentally if satisfactory Current Foldback
1 ’ is to be achieved. - .

%i o » External convectlonQ are as shown ;n section 4.3.

Pob : 6.0 AUTO PARALLZL OPERATIC
6.1 General

Ho

A , - An introduction to Auto Parallel operation is given in

ref. 1, section 2.8. o
‘ Auto Parallel operation incorporating both Current
3' Foldback and the use of an external transistor TRZ is
; ‘ considered in the following se ctlons.. | o
% S ‘ Auto Parallel. opcrdtlon without Current Foldback and
i without an external transistor is poscilble u31ng the Universal

[
EanN

A'Regulator but is not dbééribed in this Manual. It is thought
) , “that in most situations where Auto Parallel operation is

P o desirable there will also be a need for Current Foldtack

. - : and an external transistor.

6.2 Supplies under 7 volts

Prepare the Master Universal Regulator PC board as in
Co ~ section 5.3. -
| The Slave Universal Regulator is the same except that
potentiometer R2 is omitted.,
C Under no circumstances should more than 7 volts be

' applied to terminal P, B
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External connections:

D.C.UNREGULATED(+)
O

TR
..\.__..._2{'
j A ¢ B P 5
MASTER UMIVERSAL REGULATOR
M N K TF D
N . .
 o—
[ Y—
S CoMMoON (=)
D.C. UNREGULATED (+) . -
N
l .
A C 3 p s
SLAVE UNIVERSAL REGULATOR
' N M N K T D
. ? . . r
| S |

o

tombo&ﬁj

6.3 Supnlies over 7 volts

Prepare the Master Universal Regulator

as in section 5.3.

PC board

Add resistors R13 and R14 as specified in section -

4010

The Siave Universa

Regulator is the same except that

potentiometer R4 is omitted.

Under no circumstances should more than 7 volts be

applied to terminal P.



L i R L L T e s L G L L UL T UL L LT LT T LT

_ External connections: )
. o LATED D.C.(2)
; S UNREGUt TED D.C.(3) TR2 o
' . ‘ ™
7 ‘ ! | ]
. ' A ¢ B P S
MASTER UNIVERSAL REGULATOR
] ‘ W M N K T D
i ‘ : |
—

Loab

UNQE’ULﬁ“ED[Lc.A
a N 1 { ) T’;'L

3 :
b c B P 5

7] SLAVE |UNIVERSAL REGULRTOR -
o #H M N kK T D

' 3 . 1 1
- L.._.jl  I——

?
. It is possible to vary the division of current between the
‘two sunplies by altering R13 and R14, A ,
7.0 AUTO_SERIES CPERATION
7.1 General
An introduction to Auto Series operation is given in
ref., 1, section 2.9. '
Auto Series operation incorporating both Current Foldback and
- the use of an external transistor TR2 is considered in the
following sections.
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Auto Series operation without Current FoldbBack and without
an external transistor is possible usipz the Universal
Regulator but is mnot described ‘in this Manual. It is thought

_ that in most situations where Auto Series operation is
desirable there will also be a need for Current Foldback and an
external transistor.

7.2 Suvplies under 7 volts

Prepare the Master Universal Regulator PC board as in
section 5.3. ‘

'The Slave Universal Regulator FC board is the same except
that potentiometer R2 is omitted.

Under no circumstances should more than 7 volts be applied
to terminal P,

External connections:- : . S

UNREGULATED D.C.(+) o +

B | ) A

4 '

A B P S \
MASTER | UNIVERSAL REGULATOR VA RA

H M N K T b
: | S S

» e

1 Leabd

UNREGULATED D.C. (+
UL ® s + | ‘
4
A

F S S . e
A A < B P S [
SLAVE UMIVERSAL REGULATOR - VB ‘RE I,
HMNKTD "

T T » L] .
J W
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7.3

Voltage va is set by adjﬁstinO,R4 on the rigster. The
ratio VA:VB is approximately equal to the ratio RA:RB.
Resistors RA and RB sHoulo have a power rating at least 10 times
their actual dissipation and should be selected so that the
current through them will be in the order of 1-5 mA.
Resistors RA and RB wmay be replaced by a suitable pdtentiometer.

Sunpnlies over 7 wvoltsgs

- Prepare the Master Universal Regulator FC board as in
section 5.3. .
Add resistors R13 and R14 as specified in section &4.1.
The Slave Universal Regulator is the same as the Master

Universal Regulator.

Under no cxrcumstances should more than 7 volts be applied
to terminal P,

External connections:

NREGULETED b ' .
QNRM&lL p DCC*),TR

UNREGULARTED D-C. (+)

[+

I
A Cc B P s 7
UNIVERSAL REQULHT@R VH Rﬂ

MASTER
# M N K T D

. - - L4 [

LOAD

TR2 +
N

— J
] ’ i .
A c g P s

SLAVE  IUNIVERSAL REGULATOR VB RB
H M N K T D

- .
!

1
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‘The voltage VA is set by adjuSting R4 on the dMaster. The
ratio VA:VB is approximately equal to the ratio RA:RB. For

‘additional adjustment use R4 on the 3Slave. Resistors Ra to RB

should have a power rating at least 10 times their actual
dissipation and should be selected so that the current through
them will be in the order of 1-5 mA. Resistors RA and RB may
be replaced by a suitable potentiometer.

. REMOTE SENSIXG

The function of Remote Sensing facilities is explained in
ref. 1, section 2.10,
The Universal Voltage Regulator PC board is prepared as

outlined in sections 2.0, 4,0, 5.0, 6.0, 7.0 and $.0 with the

exception that R9 and Ri2 are 100 ohm resistors.

‘When the Remote Sensing facilities are not being used it is
necessary to link B to F and H to L. When the Remote Sensing

facilities are being used the links are removed.
External connections:-

+LORD CURERENT LEAY

-
+ REMETE VOLTAGE
SENSING LEAD

B F
EMOT
UNIVERSAL REGULATOR REMOTE
: ) H L LOAD

— REMOTE VOLThcE
SE!%SIN& LEAD

- LOAD CURRENT LEARD

Note: The remote voltage sensing leads carry a very small

~current and will sense the load voltage accurately as they will

suffer no significant voltage drop; this means that the
voltage drops in the long load current leads will not
impair the performance of the Universal Regulator.
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9.2

9.3

,,,,,,,,,,

Genzral

An introduction to the con ceyt of memofe Prooraﬂm1n~
(remote control of po

u
nd 7.4. Remote Programming may be

P
o)

ref, 1, sections 2.

wer supply output voltage) is contained in

achieved either by va arying a resistance or by varylnc a voLtage.

)

Remote Proqramminq with Resistance Control

The Universal Volt tage Regulator PC board is prepared as
in sections 2.0, 4.0, 5.0, 6.0, 7.0 and 8.0 with the excedtion
that the voltage control potentiometer (K2 for supplies under
7 volts, R4 for supplies over 7 volts) is removed o the
required remote locztion and attached by wires to the
Universal Regulator as described in section 1.5.

This form of Remote Programming uses the reference
voltage within the Uni versal ?eﬁulator. ‘

..

Remote Prozranming with Voltace Control

73

This form of Remote Programming does not use the
reference voltage within the Universal Regulator. A& d.c.
reference voltage must be supplied at the required remote
location. The reowote reference voltage should not exceed
7 volts. 1t may be varied using a resistive divider.

The PC board is prepared as described in secLLons 2.0,
4.0, 5.0, 6.0, 7.0 and 8.0 with the exception that R2 is
omitted..- |

Terminal P is disconnected from termvnal 'S and connected
to the remote reference voltage.s

U e e sk e @ e e s tm ma s gy s t——. o o+ e ae e o .
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