uA723
PRECISION VOLTAGE REGULATOR

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The #A723 is a monolithic Voltage Regulator constructed using the

Fairchild Planar* epitaxial process. The device consists of a temperature compensated reference CONNECTION DIAGRAMS
amplifier, error amplifier, power series pass transistor and current limit circuitry, Additional NPN or 10-LEAD METAL CAN
PNP pass elemients may be used when output currents exceeding 150 mA are required. Provisions are (TOP VIEW)

made for adjustable current limiting and remote shutdown. In addition to the above, the device PACKAGE OUTLINE SF
features low standby current drain, low temperature drift and high rippte rejection. The uA723 is PACKAGE CODE H

intended for use with positive or negative supplies as a series, shunt, switching or floating regulator.
Applications include laboratory power supplies, isolation regulators for low level data amplifiers, logic

card regulators, small instrument power supplies, airborne systems and other power supplies for digital CURRENT
and linear circuits,

CURRENT
SENSE £ Q) comP

POSITIVE OR NEGATIVE SUPPLY OPERATION
SERIES, SHUNT, SWITCHING OR FLOATING OPERATION
.01% LINE AND LOAD REGULATION Qs Qve
OUTPUT VOLTAGE ADJUSTABLE FROM 2 TO 37 VOLTS
OUTPUT CURRENT TO 150 mA WITHOUT EXTERNAL PASS TRANSISTOR Vagr U JVour

ABSOLUTE MAXIMUM RATINGS

Pulse Voltage from V+ to V—, (50 ms} (uA723) 50 V Nate: Pin & connected to case.
Continuous Voltage from V4 to V_ 40V
Input/Output Voltege Differential a0V
Differential Input Voltage £5V ORDER INFORMATION
Voltage Between Non-Inverting Input and V_ 8V TYPE PART NO.
Current from V2 25mA uA723 #A723HM
Current from VRep 15 mA vA723C HAT23HC
Internal Power Dissipation (Note 1)
Metal Can 800 mW 14-LEAD DiP
[»]14 1000 mW (TOP VIEW)
Storage Temperature Range —65°C to +150°C PACKAGE OUTLINES 6A 9A
Operating Temperature Range PACKAGECODES D P
Mititary (uA723) -55°C to +125°C
Commercial (xA723C) 0°Cto +70°C
Lead Temperature {Soldering, 60 s} 300°C
EQUIVALENT CIRCUIT
FREQUENCY
vt COMPENSATION
TEMPERATURE T
COMPENSATED ve
ZENER
INVERTING
INPUT
—O VAEF  apLiriER >— TRANSISTOR
NON-INVERTING Vout
INPUT
vz ORDER INFORMATION
VOLTAGE l anent TYPE PART NO.
R REN R CU!
:»;ﬁuﬂsc: cunuirg © SENSE uA723 LATZ3DM
v= CURRENT wA723C uA723DC
LIMITER “A723° “A723Pc

Notes on following pages. *Planar s a patented Fairchild process.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS o pA723

HA723

ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Tp =~ 25°C, Viy = V+=Ve=12V,V—=0,Voyr =56V, IL* 1 mA, Rgc = 0, C1 = 100 pF, Cyef = O and divider
“impedance as seen by error amplifier < 10 k{2 connected as shown in Fig. 1, Line and load regulation specifications are given for the condition

of chip perature. Temperature drifts must be taken into account separately for high dissipation conditions.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Viy =12V 10 Vlu' 15V 0.01 0.1 %Vqo
Line Regulation Viy=12Vto V,,, =40V 0.02 0.2 %V
(-] Q - -
-55 C<TA<+125 C.ViN=12Vto V=16V 53 0.3 :VO
I, =1tmAto!l, =50mA .0 0.15 Vv
Load Regulati L L. 0
eguiation —BE°C<T,<+12°C,1, =TmA o], ~50mA 06 %o
Ripple Rejection f =50 Hz to 10 kHz 74 dB8
PP 7= 80 Hz 10 10 KMz, Cpep = B aF 6 aB
Average Temperature Coefficient ° °
of Output Voltage 55°C KT, <+126°C 0.002 0.015 %/°C
Short Circuit Current Limit Rgc=10Q,Vp =0 65 mA
Reference Voltage 6.95 7.15 7.35 v
BW = 100 Hz to 10 kHz, C. =0 20 uVv
Output Noise Volt REF ms
utput Notsa Voltege BW = 100 Az 10 10 kHZ, G = 5 4F 28 Vs
Long Term Stability 0.1 9%/1000 hrs
Standby Current Drain 'L =0, VIN =30V 23 35 mA
Input Voitage Range 9.5 40 v
QOutput Voltage Range 20 37 v
Input/Output Voltage Differential 3.0 38 v

uA723C

ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Tp =25°C, VN = V+=Vg=12V,V—=0,VgoyT =5V, I =1 mA, Rgc =0, C1 = 100 pF, Cye¢ = O and divider
impedance as see by error amplifier < 10 k2 connected as shown in Fig. 1. Line and load regulation specifications are given for the condition
of constant chip temperature. Temperature drifts must be taken into account separately for high dissipation conditions.

PARAMETER CONDITIONS MIN TYP MAX UNITS .
Viy = 12Vto V) =15V 0.01 0.1 %V

Line Regulation Vl“- 12V to VIN = 40V 0.1 0.5 %VQ
0 C<TA<70°C, Vin=12Vito V|, =15V 03 %VQ

Load Regulation I, =1mAtol =50mA 0.03 0.2 %V
o°c<TA<7o°c,|L=1 mAtol =50mA 0.6 %Vq
f=50 Hz to 10 kHz 74 dB

Ri Rejecti

'pple Rejection =50 Hz to 10 kHz, Crpp = 5 aF 3 a8
Average Temperature Coefficient o o
of Output Voltage 0°C<T, <70°C 0.003 0.016 %/°C

Short Circuit Current Limit Rgc =102,V =0 65 mA

Reference Voltage 6.80 7.15 7.60 v

Output Noise Voltage BW=100Hzt0 10 kHz,Cpp =0 20 #Wems
BW =100 Hz to 10 kHz, Cp e = 5 uF 25 wWems

Long Term Stability 0.1 %/1000 hrs

Standby Current Drain 'L =0, le =30V 23 4.0 mA

Input Voltage Range 9.5 40 v

Output Voltage Range , 20 37 \"

Input/Output Voitage Differential 3.0 38 \"
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA723

- TYPICAL PERFORMANCE CURVES FOR uA723 AND uA723C
LINE REGULATION AS A ILOAD REGULATION AS A
FUNCTION OF INPUT/OUTPUT FUNCTION OF INPUT/OUTPUT
VOLTAGE DIFFERENTIAL VOLTAGE DIFFERENTIAL
0.3 +0.2
VOUT 5V
=0
& ¥
0.2 Ay =3V +0.1
1.~ ImA
5 )
201 T oo
' z T
g 5 -
30 gl P
¥
Vour * 5V
.1 0.2 "gcm .
o5
I *1mAtol = 50mA
0.2 23
-5 B 15 3 » s £ 5 ) 5 ® [
Wy - Vour -V Vn-Vour -V
CURRENT LIMITING
CHARACTERISTICS AS A
FUNCTION OF JUNCTION LINE TRANSIENT
TEMPERATURE RESPONSE
0.8 0 6.0 T T 4.0
! INPUT VOLTAGE
> 07 bt 160 > 40 } 2
¥ iy h J g
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% %,\ - g T 5
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3 0.4 ™ o §-z.o V(I:H' Ml ~“40Z
fy 7 1mA
1, - 5°C
Rgg *0
03 0 40 4.0
50 [] ) E] 5 B s » s
JUNCTION TEMPERATURE - °C TIME - s
LOAD TRANSIENT OUTPUT IMPEDANCE AS A
. RESPONSE FUNCTION OF FREQUENCY
12 T—T bl e
LOAD CURRENT 0 v:’,"“- ';zv
0
% 80 Ty 45 n'“
N \ ll'i(lnlA H
g LI T 1o ]
H a0 § % M ] €~
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- | g 01
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)20 3 |11
\, Rec-0 o ]
<0 . o LU
4 4 B 4 » o 100 W 10k 100k ™
TIME - is FREQUENCY - Hz
NOTES:
1. Rasting applies 10 ambient temperatures up to 25°C. Above 25°C ambient derate based on the following thermal resistance values:
%
TYP MAX
TO-5 160 180
Plastic DIP 150 190
Ceramic DIP 126 160
2. L4 is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 pot core or equivalent with 0.009" air gap.
3. Figures in parentheses may be used if R1/R2 divider is placed on opposite side of error amp.
4. Replace Rq/R2 in figures with divider shown in figure 13.
6. V* must be connected to a +3 V or greater supply.
6. For metal can spplications where Vz is required, an external 6.2 volt zener diode shauld be connected in series with VouT.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA723

MAXIMUM LOAD CURRENT
AS A FUNCTION OF
INPUT-OUTPUT VOLTAGE

TYPICAL PERFORMANCE CURVES FOR uA723

LOAD REGULATION
CHARACTERISTICS WITHOUT

LOAD REGULATION
CHARACTERISTICS WITH

DIFFERENTIAL CURRENT LIMITING CURRENT LIMITING
L T 50| .05 0.0 TT
R twew |
Psranpgy * S0mW 9 |
10— Nomatsink o b - .
- T 55
z \ 5 §\\ e s S0 \E\ t’ -c
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&£ < -0.15
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»—X% ::cm.;sv, Vi " H12v * :g" e W =
% 10 E) E) o 0 et F) [) © 0 10 By ' ; * |.n ) 5 2 >3 E]
ANPUT-OUTPUT VOLTAGE DIFFERENTIAL - V OUTPUT CURRENT = mA OUTPUT CURRENT ~ mA
LOAD REGULATION STANDBY CURRENT DRAIN
CHARACTERISTICS CURRENT LIMITING AS A FUNCTION OF
WITH CURRENT LIMITING CHARACTERISTICS INPUT VOLTAGE
[} At 12 - = 5.0
:g"l:; Vin® HI2v | :;'" ,;‘v,' v,_,,_EI :/:!II.I'{, ‘]’m.
] N Lo a“w
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0. 3.0
x AR H e
g £ o6 & A
g'ﬁ-! \\ \\ E NEABES E 2.0 T ‘B.C
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€. - LS, ® g e
3 ﬁ. o & 0.2 L0
MR
* 2 . @ ® W K g “© “ © W % 10 = ) o %
OUTPUT CURRENT - mA QUTPUT CURRENT - mA INPUT VOLTAGE - V
TYPICAL PERFORMANCE CURVES FOR uA723C
MAXIMUM LOAD CURRENT MAXIMUM LOAD CURRENT
AS A FUNCTION OF AS A FUNCTION OF LOAD REGULATION
INPUT/OUTPUT VOLTAGE INPUT/QUTPUT VOLTAGE CHARACTERISTICS WITHOUT
DIFFERENTIAL DIFFERENTIAL CURRENT LIMITING
= 4 T * 156°C = | [ [ [t iz
I A S Sy RTH-IWC-I:IO Y iy * 111°CW
1% :?rﬁ'lnc':u PACKAGE 160 Eﬂ‘%‘,’c"&w ™ 0 —

0 (NO HEAT SINKH N0 HEATSINK) | o — T o]
1.0 T ‘. - 5 SSSure
£ T : T 3 A
E 1 £ g =
g \\l ONE: t H ) N AED g-ﬂ.l

A< NE\NANE i
© * 1]
.Y ui{ﬂ;\ . — _u-wc\ = } \&:;lzv
. | I . .
i 10 Y E) © 50 % 10 E) EY © l 50 s 2 o L L b
INPUT-OUTPUT VOLTAGE DIFFERENTIAL - V INPUT-OUTPUT VOLTAGE DiFFERENTIAL - V OUTPUT CURRENT - mA
LOAD REGULATION STANDBY CURRENT DRAIN
CHARACTERISTICS CURRENT LIMITING AS A FUNCTION OF
WITH CURRENT LIMITING , CHARACTERISTICS , INPUT VOLTAGE -
- 1. 5. -
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14.24




FAIRCHILD LINEAR INTEGRATED CIRCUITS « nA723

TABLE |
RESISTOR VALUES (k) FOR STANPARD OUTPUT VOLTAGES
POSITIVE APPLICABLE | FIXED OUTPUT | OUTPUT ADJUSTABLE NEGATIVE APPLICABLE | FIXED OUTPUT 5% OQUTPUT
OUTPUT VOLTAGE | FIGURES +5% +10% (Note 4) OQUTPUT VOLTAGE | FIGURES +5% “| ADJUSTABLE +10%
(Note 3) R, R, R, P, R, R, R, R, P, R,
+3.0 1,569 | 412 3.01 18 0.5 12 +100 7 3.57 102 2.2 10 91
12 ()
+3.6 1,5 6,9, | 357 3.65 15 05 15 +250 7 3.57 255 2.2 10 240
12 4)
+5.0 1,569, | 215 4.99 75 05 22 —6(Note 5)] 3, (10) 3.57 243 1.2 05 75
12 4) .
+6.0 1,5 6,9, | 115 6.04 0.5 0.5 27 -9 3,10 348 5.36 12 05 20
12 &)
+9.0 2, 4,(5 6, 187 7.15 .75 1.0 2.7 —-12 3,10 3.57 8.45 12 05 33
12, 9)
+12 2, 4, (5 6,| 487 7.15 20 1.0 3.0 —-15 3,10 3.65 115 1.2 05 43
9, 12)
+15 2,4 (56| 78 7.15 33 1.0 3.0 —28 3, 10 3.57 243 1.2 0.5 10
9, 12)
+28 2,4, (5 6 |21.0 7.15 5.6 1.0 20 —45 8 3.57 41.2 2.2 10 33
9, 12)
+45 7 357 | 487 22 10 39 —100 8 357 | 976 2.2 10 91
+75 7 3.57 78.7 22 10 68 —250 8 357 249 2.2 10 240
TABLE (i
FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES
Outputs from +2 to +7 volts Outputs from +4 to 4-250 volts Current Limiting
[Figures 1, 5, 6, 9, 12, (4)) [Figure 7] Vsense
R v R, - R himir = ——
“Vour = [Ver X R—I—_*_—zz 1 Your=I[ ;EF b Lm—' 1: Ry=R, <
Outputs from +7 to +37 volts Outputs from —6 to —250 volts Foldback Current Limiting
[Figures 2, 4, (5, : ], 1:)1 [Faures 3 8 o e = [ YourRs  Veowe R +R) |
Vour = Vger X — + Vour = =+ Lt 1 Ry=R, Ric Ry R Ry
R, 2 R v R, +R
Isnorroxr = [ = x 224
RSC R‘
BASIC LOW VOLTAGE REGULATOR BASIC HIGH VOLTAGE REGULATOR
‘VOUT =2 to 7 Volts) (VOUT =7 to 37 Volits)
i Ym
v F——-—l v W Ve
Your Veer  Vour —‘
Rse R wA7Z3 SC REGULATED
REGULA cL -
I uA723  CL |t ou'r;rurm oUTPUT
S Ry cs - s 1,
} 3 3
N1 Inv [-—g—ana -\I.I. v ] !
Cres S8y T Toow T O 1OH = Come } 6 1
L 100pF 32
= = = TYPICAL PERFORMANCE = <
Regulated Output Voltage 5V - TYPICAL PERFORMANCE
Line Regulation (AVin=123V) 0.5 mV Regulated Output Voltage 15v
Load Regulation (Ali=50 mA) 1.5 mV Line Regulation (AVin=3V) 1.5 mV
R R R R Load Regulation (41, =50 mA) 4.5 mV
Note: Ry == RIK'FRZZ for minimum temperature drift. Note: R: =R|'+—Rzz for minimum tempersture drift.
Ry may be d for count,

Fig. 1

Fig. 2
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « pA723

NEGATIVE VOLTAGE REGULATOR

POSITIVE VOLTAGE REGULATOR
{External NPN Pass Transistor)’

]
— m
= Ry i VOI \] Rs
' ¥,
Veer  Vour xa . " " £ n
1 ReF our
Y2} — mene8 s
723 |
% W Wiz $hsc -
< L REGULATED
H0 s e 1™ ourput
cs —r—jm
—q N1 Inv 10 b3l
1
3:-’:' % Mg v COMP T 100pF "l Inv T 1
REGULATED V- coMP T ¢ SV
OUTPUT [—Tsonpﬂ
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
Regulated Output Voltage —15V Regulated Output Voltage 4-18V
Line Regulation (AViN=13V) 1mV Line Regulation (AViNn=3V) 1.5 mv
Note 6 Load Regulation (AlL = 100 mA) 2 mV Load Regulation (AlL =1 A) 15 mv
Fig. 3 Fig. 4
POSITIVE VOLTAGE REGULATOR FOLDBACK CURRENT LIMITING
{External PNP Pass Transistor)
in Yin
20 Wl _-Vjc
S 500 1 fsc 300 peoyaren
Vi Vop— 2N4898 Veer  Vour WA OUTPUT
bR
Yeer  Vour 3.3
A2 T 2:KQ
Sk L .
uAT23 Ry
2k oL cs S 5.6k0
L
cs —1 S Rsc NI v =
REGULATED Sk =
L1 L QUTPUT sk v-]_conricl .
<
3R v-| cow = L = .
1 -]-c| nF = =
= - J_: TYPICAL PERFORMANCE TYPICAL PERFORMANCE
- = Regulated Output Voltage +5V
lated O
Regulated Output Voltage 5y Line Regulation (AV,, = 3V) 0.5mV
Line Regulation (AVin=3V) 0.5 mV Load Regulation (AIIN— 10mA) 1my
A - L=
Load Regulation (Al =~ 1 ) Smv Short Circuit Current 20 mA
Fig.5 Fig. 6
POSITIVE FLOATING REGULATOR NEGATIVE FLOATING REGULATOR
Vi85 v
N ™
Rg 3.9kQ 10k
0
v IV 20W A
J_ v+ [ 1¥c
YeeF Vour = R
—Yeee  Vour $.8
vz T,2N2580 % 0y 12 v b3 ‘W}/ 1
uA723 1N1426 z
D~ :‘om a | | WAT23 . 205287
W Ty Shee 12 3R F3 o
[P eSf— xQ
B3 1 s
nL lov
1 R TP _L % NI inv lcl
2R [= L
L] S 30k0 [———J—fn‘r by w0 V- TOMP T 100pF
REGULATED REGULATED
ouTRUT OUTPUT
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
Regulated Output Voltage +s0v Regulated Output Voltage —100V
Line Regulation (AVin = 20 V) * 15 mV Line Regulation (AViN =20V) 30 mV
Note 6 Load Regulation (Al = 50 mA) 20 mV Note 6 Load Regulation (Al.=100 mA) 20 mV
Fig. 7 Fig. 8
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « pA723

POSITIVE SWITCHING REGULATOR

NEGATIVE SWITCHING REGULATOR

in Yin
. =
1000 100Q
SRy O " J_ $ Ry T
vl ) . L L 3 KD 5427
" " o 1N4942 S R 2200
REFTom ws4ss o, Y n
| l 1.2mH %) "7 NS5 4842
& Rg 5102 0T
3h wizd oL P
cs R3 WMQ REGULATED
Ry 1KQ ' L ey 1000 " J- P
AA N nv
e A N
™ SR SRy |V- T comp " 5 b I 2
n.mI Pme L
+ T = TYPICAL PERFORMANCE TYPICAL PERFORMANCE
Reguiated Output Voltage 45V Regufated Output Voltsge —15V
Line Regulation (AViNn=30V) 10 mV Line Regulation (AVin==20V) 8 mV
Note 2 Load Regulation (AlL = 2 A) 80 mv Notes 2,6 Load Regulation (Al = 2 A) 6mv
Fig. 9 Fig. 10
REMOTE SHUTDOWN REGULATOR WITH SHUNT REGULATOR
CURRENT LIMITING
A\
L} Vin
4 2 Ry
v vcl " 2 1000
¥ \] A §E REGULATED | REGULATED
ReF Your WA QUTRUT w[ v OUTPUT
Note 2 VReF va
7
3n WAT23 $h v _W\,_Kz"l‘w
UA723 R3 100Q
[ tLp—
N Inv esh— =
3
b V-] CoWP 3 aM3ee v N
1 G e N {oetc weur S
L I %0 ’ b T [T P
- 1
= — = = :L = =
Note1: Current limit transistor may be TYPICAL PERFORMANCE TYPICAL PERFORMANCE
used for shutdown if current Regulated Output Voltage +5V Regulated Output Voitage +5v
limiting is not required. Line Regulation (AVin=3V) 0.5 mV Line Regulation (AVin = 10V) 0.5 mV
2:Add if Vout >10V Load Regulation (AlL=50 mA) 1.5 mV Note 6 Load Regulation (AlL==100 mA) 1.5 mV
Fig. 11 Fig. 12
OUTPUT VOLTAGE EQUIVALENT CIRCUIT
ADJUST
R 500Q 3 Ry Ry
25K "o "o
0 0,
.2V ~NE
L]
0y 02
PIQe—o Vour
R2
vz
O3 $——————0O COMPENSATION
CURRENT
Ryg . L) : Ly
n
Q| 150Q ggu'g;tm
¥ o V. o
REF NON-INVERTING = INVERTING
Fig. 13 WRUT - INPYUT
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