SP431

High Voltage Adjustable Precision Shunt Regulators

DESCRIPTION APPLICATIONS
The SP431 is high-voltage threerminal ®  Battery Power Equipment
adjustable voltage references, with spec @ Linear Regulators
thermal stability over applicable industrial ¢ ®  Switch Power Supply
commercial temperature ranges. Output vol ¢ Cgl!ular Phone

® Digital Cameras
can be set to any value betweereW(2.5V) and e Computer Disk Drivers
36V with two external reistors. These devic o |nstrumentation
have a typical output impedance of @R%Active
output circuitry provides a very sharp twn-
characteristic, making the SP43&xcellen
replacements for loweltage Zener diodes
many applications, including onboard regula
and adjustable power supplies.

FEATURES PIN CONFIGURATION
¢ Low Output Noise (SOT-23) (SOT-89) (TO-92)
¢ Adjustable Output Voltage, &/= Vref to AHODE
36V 3]
& Low Operational Cathode Current R
¢ 0.25) Typical Output Impedance ] 12l

REF  CATHODE
AHODE
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R A C
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CATHODE  pgf

= 1RFF
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PART MARKING

(SOT-23) (SOT-89) (TO-92)
—

3harw SP431x
B l2] [ A
x: Grade SP431X VYW
Y : Year Code

W :Week Code YW
3] XUG |_11 U

N 21w : Grade

ICYW ¥ : Year Code 12 3
T 2] W: Weak Code

' x : Grade
x: Grade
¥: Year Code ¥ : Year Code
W:Week Code W: Weak Code
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SP431

High Voltage Adjustable Precision Shunt Regulators

PIN DESCRIPTION: SP431AS23RGB/SP431BS23RGB/ SP431AS89RGB/ SP431BS89RGB

Pin Symboal Description
1 R REF
2 C CATHODE
3 A ANODE
PIN DESCRIPTION: SP431AT92AGB/SP431BT92AGB
Pin Symboal Description
1 R REF
2 A ANODE
3 C CATHODE
PIN DESCRIPTION: SP431CAS23RGB/SP431CBS23RGB
Pin Symboal Description
1 C CATHODE
2 R REF
3 A ANODE
ORDERING INFORMATION
Part Number Voltage Tolerance Package Part Marking
SP431AS23RGB 0.5% SOT-23 31AYW
SP431BS23RGB 1.0% SOT-23 31BYW
SP431AS89RGB 0.5% SOT-89 SP431A
SP431BS89RGB 1.0% SOT-89 SP431B
SP431CAS23RGB 0.5% SOT-23 31CAYW
SP431CBS23RGB 1.0% SOT-23 31CBYW
SP431AT92AGB 0.5% TO-92 SP431A
SP431BT92AGB 1.0% TO-92 SP431B

% WeekCode:A~Z(1~26);a~z(27~52)

% SP431AS23RGB/SP431BS23RGB : Tape Reel ; Pb — Radegen — Free

% SP431AS89RGB/SP431BS89RGB : Tape Reel ; Pb — Hadegen — Free

%% SP431CAS23RGB/SP431CBS23RGB : Tape Reel ; Pb - Hetegen — Free
% SP431AT92AGB/SP431BT92AGB : Tape Ammo ; Pb — Frésdpgen — Free
BLOCK DIAGRAM

CATHODE

ANODE

REF

ANODE —L CATHODE
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SP431

High Voltage Adjustable Precision Shunt Regulators

ABSOULTE MAXIMUM RATINGS
(TA=25C Unless otherwise specified)

Parameter Symbol Value Unit
Cathode Voltage X 37 \%
Continuous Cathode Current z | 150 mA
Reference Current REF 10 mA
Operation Junction Temperature T 40 ~ +150 C
Range
Storage Temperature Range STE -65 ~ +150 C
Lead Temperature Range 0
(Soldering 10sec.) Tsot 260 C
Thermal Resistance ©JA 140 T IW

The IC has a protection circuit against static tel@ty. Do not apply high static electricity ordh voltage that
exceeds the performance of the protection cirouibé IC.

ELECTRICAL CHARACTERISTICS
(TA=25T , Unless otherwise specified)

Parameter Symboal Conditions Min. | Typ. | Max. | Unit
SP431AS23RGB
SP431AS89RGB
N SP431CAS23RG 32.482 2.495| 2.508
Z = VREF
_ SP431AT92AGB
Reference Voltage REF |lz=10mA SP431BS23RGB \%
SP431BS89RGB
SP431CBS23RGB 247 | 2.495| 2.52
SP431BT92AGB
SP431AS23RGB
SP431AS89RGB
N SP431CAS23RG 32.482 2.495| 2.508
Z = VREF
_ SP431AT92AGB
Reference \Voltage REF |Iz=1mA SP431BS23RGB \%
SP431BS89RGB
SP431CBS23RGE 2.47 | 2.495| 2.52
SP431BT92AGB
L Ta=-40C ~+80C
VREF Temp Deviation Wev Vz = VRer, Iz = 10mA 10 25 mV
Ratio of change in VREF to char] AVRer/ |Iz=10mA
in Cathode voltage AVz |AVz =36V ~ \REF 14 27 VI
Reference Input R1=10KQ , R =,
Current IREF Iz=10mA 2 4 uA
Ta=-40C ~+80C
IREF Temp Deviation REF(DEV) |R1=10KQ , R2 =0 , 0.8 2.5 UA
Iz=10mA
Off state Cathode Current z(bFF) |VREF= OV |Vz = 36V 0.1 0.5 uA

2013/03/13 Ver.4 Page 4



SP431

High Voltage Adjustable Precision Shunt Regulators

Dynamic output impedance ZR ]Ic;zllei L\izozr\n/;EF 0.25| 0.5 Q
Minimum Operation Current ziMIN)  |Vz = VREF 0.4 0.7 mA
TESTING CIRCUIT
Input —\——— Vg Input AT Vio
l'K ' ll,{
Ri Iref
"y * 1x
1 AN
Vref VIf
Figure 1. Test Circuit for Viga = Viefs
Vo = VKa = Vret

Input —%wv—4

S

Figure 3. Test Circuit for lkofn

Figure 2. Test Circuit for Viga » Vief,
Vo =Vka = Viei = (1 + R1/R2) + lpep < R1

It

d'a'aY

Vig

- 0.1uF

Figure 4. Test Circuit for Viga > Viar,
Vo = Vika = Vref < (1 + R1R2) + lref = R1

[ ]
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SP431

High Voltage Adjustable Precision Shunt Regulators

APPLICATION CIRCUIT

R
VI[BATT) —WW & Vio
R1
0.1%
Vref A [SPa31 vy = (14 }
R2
0.1%
RETURM &
Shunt Regulator
Vi[BATT)
SP431 +7 Vo
Von =2V
Input —-‘1-"1-'\-— Vot 'VIiBATI':I

ViT=25V

_T_—C GMND

Single-Supply Comparator With Temperature-Compensated Threshold

VI[BATT) t
<R
< 2
Fut———— /a-— 21222
300 \:'-}/_ —{r )
R1'
2 i Vo =1+ 55 Vrar
A= 0.01pF S4TKD Rz-}
5P431 *——‘—I—W‘ Vo
R

R2 % .
> DA%
0.1% cI :

Precision High-Current Series Regulator
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SP431

High Voltage Adjustable Precision Shunt Regulators

APPLICATION CIRCUIT

Commaon = R1'
. Vo= (14 E}Umf
SP431 | A& Minimum Vg = Vg + 5V

2 Re

—1

Output Control of a Three-Terminal Fixed Regulator

_II: - Vo= |:1 + %}Vﬂr

High-Current Shunt Regulator

24341

§D1°‘u

Precision 5-V 1.5-A Regulator
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SP431

High Voltage Adjustable Precision Shunt Regulators

APPLICATION CIRCUIT

12V

Voo

SP431 I
Feedback
PWM Converter With Reference
R3
ViBATT) ¥ ;—w . T
> R4
Ri& = R1B ; .
1 2 o LowLimit= [1+ BBy
SP431 RIA
H .* High Limit = (1 + Fonl Vet
LED on When Low Limit < W, < High Limit
R2A < R2B I(BATT) ¢

Voltage Monitor

12V ﬁEvﬂ"‘-.-?
_T r T
R 2 kQ :‘i “
"
SP431 [ i
‘i Delay = R % C x I"{_ﬁ,

Delay Timer
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SP431

High Voltage Adjustable Precision Shunt Regulators

PERFORMANCE CHARACTERISTICS

REFERENCE VOLTAGE
V5
FREE-AIR TEMPERATURE
2600 T T
VKA = Vref
2580 | ep = 10 mA
Vyef = 2550 mvE
> 2560
£ | ——
o 2540 —]
g 4+
5 2520
=4 —
S 2500 Vief=2495mvE |
[ ]
£ 2480
o -
5 2460
Z a0 — Vref = 2440 mvE |
—
2420
2400
-75 -50 -265 0 25 50 75 100 125
Ta, — Free-Air Temperature - °C
CATHODE CURRENT
Vs
CATHODE VOLTAGE
150 T
VKA = Vref
125 Tp=25C
100
£ <
| 75 =,
g 50 E
S 3 3
2 2
£ 0 2
8 r &
i -25 [
2 / s
-50 / -
-5 /
-100
-2 -1 0 1 2z 3
Vi — Cathode Voltage -V
OFF-STATE CATHODE CURRENT
Vs
FREE-AIR TEMPERATURE
2.5 T T
Viga =36V
\lrre[ =0
<
= 2
]
£
§ £
O 4.5 £
8 I
2 2
& 3
L&) 1 -
- -
] -
7 3
5]
I 05
L=
3 /
i
-75 -0 -25 0 25 &0 75 400 125

Ta, — Free-Air Temperature — °C

REFERENCE CURRENT

Vs
FREE-AIR TEMPERATURE

T T
R1 =10k
R2 =
Ika =10 mA
4
<
¥
£
E 3
=5
(a1
i -
% 2 -‘H“h“‘--.
-— --"-
o —
£ ~——
E
= 1
0
-75 -850 -25 0 25 &0 75 100 125
Ta — Free-Air Temperature — °C
CATHODE CURRENT
Vs
CATHODE VOLTAGE
800 T
VKA = Vref
Tp =25°C
600
Imin ~
-
400
200 7
o
=200
-1 0 1 2 3
Vi a - Cathode Voltage -V
RATIO OF DELTA REFERENCE VOLTAGE TO
DELTA CATHODE VOLTAGE
VS
FREE-AIR TEMPERATURE
~08s T ]
Ry VKa=3Vio 36V
-0.95 \\\
-1.05 N
\\
-1.15 \
-1.25 \\,_\
-1.35
-1.45

-75

-50 -25 0 25 50 75

Ta - Free-Air Temperature - °C

100 125

[ ]
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SP431

High Voltage Adjustable Precision Shunt Regulators

PERFORMANCE CHARACTERISTICS

PULSE RESPONSE

T T
Tp =25°C | |
Input

220101

Output T"‘N\:—ﬁf Output
2 r/ Pulse «*‘

Generator 3 50 L2

f=100 kHz
1 l

l GHND
] Py

-1 0 1 2 3 4 b G 7 -
TEST CIRCUIT FOR PULSE RESPONSE

Input and Cutput Voltage = VW
[A]

t - Time —ps

100 AI I‘u‘l:l ;:ef T 1_5?;‘!_
M VA0V KA
KA = L

au-DVK7=15 Vs == CcL - ?VBATI'
e A z
S I M 8
! Tp = 25°C .
E w L | 1
E 50 Stablei /-" Stable TEST CIRCUIT FOR CURVE A
2 A i)
5 T 77T T 1 |
. 1 / SRi=10ka |¥ 15002
2 JT( D \
= f{f e . S )

5 L
10 e " \" \ L sz’f’ Zi""'ﬂ"“'r
0 J‘i/ W LA \‘\. ‘Iu,‘ k

0.004 0.04 04 1 10 =
CL - Load Capacitance — uF TEST CIRCUIT FOR CURVES B, C, AND D
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SP431

High Voltage Adjustable Precision Shunt Regulators

PERFORMANCE CHARACTERISTICS

SMALL-SIGNAL VOLTAGE AMPLIFICATION REFERENCE IMPEDANCE
Vs Ve
FREQUENCY FREQUENCY
60 T TTTTT 100 =
o | lpa, = 10 mA C lica =10 mA
T T Ta=25°C [ Ta=25°C
e 50 | = T
2 A Y
& N 5
T 40 A S 10 =
E Y o .
< i E
& I %
s 30 2 Vi
§ \ E i
I'._E I
(i
= N F /
= K N
o L i
5 10 i
= M
=
] \ 0.1
1k 10k 100 k 1M 10 M 1k 10 kK 100 k 1M 10M
T - Frequency — Hz f - Frequency — Hz

l .llm t_ ot 1k

%15kﬂ '$232ﬂ —-—W\,—piﬂutput
S () sen iﬂ

= 7
'.'/"“uJ <= 8.25 ki
L

+
- GND

GND .

TEST CIRCUIT FOR VOLTAGE AMPLIFICATION TEST CIRCUIT FOR REFERENCE IMPEDANCE
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SP431

High Voltage Adjustable Precision Shunt Regulators

SOT-23 PACKAGE OUTLINE

11]3’ g
=== 0.2
i
1 1
: =
]
= (5
T e
e e 1
-+ -+ =
T
. & ‘ Q_J
el
| — | [ 1 *
[T
Dimensions In Millimeters Dimensions In Inches
Symbol Min Max Min Max
A 0900 1.200 0.035 0.043
Al 0.000 0.100 0.000 0.004
A2 0.900 1.100 0.035 0.039
b 0.300 0.500 0.012 0.020
C 0.080 0.150 0.003 0.006
D 2800 3.000 0.110 0.118
E 1200 1.400 0.047 0.055
E1 2250 2550 0.089 0.100
e 0.950 TYP 0.037 TYP
e 1.800 | 2.000 0.071 | 0.079
L 0550 REF 0.022 REF
L1 0.300 0.500 0.012 0.020
5] 0° 8° 0° 6°

R
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SP431

High Voltage Adjustable Precision Shunt Regulators

SOT-89 PACKAGE OUTLINE

-l D P
=1 Dl L= A
i 7 N B
—
™ £
55
i d—h-l-
L
!
] ] L] | |
e I - "'_b' j I ) A
=]
al
Svmbol Dimensions In Millimeters Dimensions In Inches
¥ Min Max Min Max
A 1. 400 1600 0.055 0.063
b 0320 0.520 0.013 0.020
b1 0.400 0.580 0.018 0.023
C 0.350 0.440 0.014 0.017
D 4 400 4 600 0.173 0.181
D1 1.550 REF. 0.061 REF.
E 2.300 2600 0.091 0.102
E1 3540 4250 0.155 0167
e 1.500 TYP. 0.060 THP.
e 3.000 TVP. 0.118 THP.
L 0.500 | 1.200 0.035 [ 0.047

|
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High Voltage Adjustable Precision Shunt Regulators

TO-92 PACKAGE OUTLINE

il
b _|
D1
l | .
_l_l o momo1
e
ll [T
el
Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 3.300 3.700 0.130 0.146
Al 1.100 1.400 0.043 0.055
b 0380 0550 0.015 0.022
C 0380 0510 0.014 0.020
D 4 400 4700 0173 0.185
D1 3430 0.135
E 4300 4700 0.169 0.185
e 0.050 TYP
e 2440 2640 0.096 0.104
L 14.100 14.500 0.555 0.571
D 1.600 0.063
h 0.000 0.380 0.000 0.015
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High Voltage Adjustable Precision Shunt Regulators

Information provided is alleged to be exact andstsient. SYNC Power Corporation presumes no respitity for the
penalties of use of such information or for anylation of patents or other rights of third partisich may result from its use.
No license is granted by allegation or otherwisdarmany patent or patent rights of SYNC Power Cafion. Conditions
mentioned in this publication are subject to chawgfaout notice. This publication surpasses amglaees all information
previously supplied. SYNC Power Corporation pradugre not authorized for use as critical companémtlife support
devices or systems without express written approv&YNC Power Corporation.

©The SYNC Power logo is a registered trademark¥tXIS Power Corporation
©2004 SYNC Power Corporation — Printed in Taiwafll-Rights Reserved
SYNC Power Corporation
7F-2, No.3-1, Park Street
NanKang District (NKSP), Taipei, Taiwan 115
Phone: 886-2-2655-8178
Fax: 886-2-2655-8468

©httﬁ://www. simﬁower.com
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