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ThuHe INFINITE POWER OF

The LX6431 series precision adjustable
three terminal shunt voltage regulators are
pin-to-pin compatible with the industry
standard TL431, but with significant
improvements. The LX6431 design has
eliminated regions of instability common
to older generation shunt regulator
products like the TL431. Designs are
made simpler by eliminating the task of
insuring capacitive loads, and output
voltage and cathode currents don't
combine for unstable operation. The
capacitor value is chosen simply to give
the best load transient response without
the possibility of instability. A lower
reference input current allows the use of
higher value reference divider resistors,

INNOVATION

LIN Doc #: 6431

LX6431/LX6431A/1.X6431B

reducing the current drain from batteries
in portable equipment as well as reducing
the voltage programming errors due to
the impedance of the divider network
(See Product Highlight figure below). In
addition, the LX6431B has an improved
initial accuracy of 0.4%, and the output
voltage is programmable by using two
external resistors from 2.5V to 36V.

These devices offer low output
impedance for improved load regulation.
The typical output impedance of these
devices is 100mQ. The reduced
reference input bias current and minimum
operating currents make these devices
suitable for portable and micropower
applications.

PRODUCT HIGHLIGHT

PRECISION PROGRAMMABLE REFERENCES
PrRopuction DATA SHEET

3 oescriemion L T uRes

l UNCONDITIONALLY STABLE FOR ALL
CATHODE TO ANODE CAPACITANCE
VALUES

B REDUCED REFERENCE INPUT CURRENT
ALLOWING THE USE OF HIGHER VALUE
DIVIDER RESISTORS (0.5pA max.)

H INITIAL VOLTAGE REFERENCE ACCURACY
OF 0.4% (1X6431B)

H SINK CURRENT CAPABILITY 0.6mA to
100mA

H TYPICAL OUTPUT DYNAMIC IMPEDAMNCE
LESS THAN 100mQ)

O ADJUSTABLE QUTPUT VOLTAGE FROM 2.5V
TO 36V

OuTpPuT VOLTAGE ERROR DUE TO leer

TyPicAL PROGRAMMABLE VOLTAGE
REFERENCE CircuiT

Vi O—A O Vi I
s R1
E
;‘; LX6431
R2
— GND
(V) OutputVoltage - (V) 1375 s
’ PACKAGE ORDER INFORMATION
) Plastic SOIC Plastic TO-92 [} Flastic SOT-89
Tolerance 8-pin 3-pin 3-pin
2% LX6431CDM LXea3clp . LX6431CPK
0to 70 1% L X
0.4% LX6431BCDM LX6431BCLP
L LXe43lbm | Lxed3iwp |
LX6431A|DM s _WI.X643'|A||.P
4 I.X643 1 BIDM LX6431BILP
“Note: Al surface-mount p.ickages are available in Tape & Reel.
Append the letter "T" to part number. (ie. LX5212CDPT)
TO-92 (LP) package also available in ammo-pack.
FOR FURTHER INFORMATION CALL (714) 898-8121
ﬁl‘.”ﬂ%’“?}gs 11861 WesTERN AVENUE. GaRDEN Grove. CA. 92841 8-31
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00UCT DATABOOK

L.X643 l/Lk643 1A/LX6431B

PRECISION PROGRAMMABLE REFERENCES

PrRopucrtion Dava SHEET

) ABSOLUTE MAXIMUM RATINGS (\ou 1) ) PACKAGE PIN OUTS ‘

Cathode to-Anode Voltage (V) -0.3V to 37V
Reference Input Current (I -50pA to 10pA
Continuous Cathode Current () ... -100mA to 150mA CATHODE [T (1 8[T0 REF
“Operating Juriction Temperature N.C. (O : :IJ ANODE
Plastic (DM, LP & PK Packages)................ A N:c: E A 5% NC.
Storage Temperature Range ......
Lead Temperature DM PACKAGE
i . . (Top View)
Note 1. Exceeding these ratings could cause damage to the device. All voltages are with respect
to Ground. Currents are positive into, negative out of the specified terminal. Pin
numbers refer to DIL packages only.
) 1. CATHODE
) THERMAL DATA 2. ANoot
) 3. REF
DM PACKAGE: )
[ THCR A REISTANCE JUNCTION 10 At | 165 e ] ———
LP PACKAGE: (Top View),
PKPACKAGE;. - o SRR
o
Junction Temperature Calculation: T, =T, + (P, x (-) WD
The 8, numbers are guidelines for t.he thermal performance of the device/pc-board system. T O 0
All ofh the above assume no ambient airflow ~ e w
. v 7 § g
) BLOCK DIAGRAM §
’ ) B PK PACKAGE
Cathode (K) (Top View)
Ref (R) —— :\
Veer e
Ancde (A)
M 3253880 000400 OTO WM
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PRODUCT DATABOOK 1996/1997

LX6431/LX6431A/1.X6431B

PRECISION PROGRAMMABLE REFERENCES

PropuctioN DATA SHEET

ELECTRICAL CHARACTERISTICS

(Unless otherwise specified, these specifications apply over the operating ambient temperatures for LX6431C/LX6431AC/LX6431BC with 0°C < T, <
70°C, LX64311/LX6431A1/LX6431BI with -40°C < T, £85°C)
Min. Typ | Max.
Reference Input Voitage LX6431 Ver | k=10mA, V,, =V, T, = 95°C, 2440 2550 mv
LX6431A I = 10mA, V,, = Vi, T, = 25°C 2470 25201 mv
LX6431B I = 10mA, V,, = Vier, T, = 25°C 2490 25101 mv
Reference Drift LX6431 I = 10MA, V., = Ve, 0°C < T, <T70°C 15 mvy
I =10mA, Vi, = Vg, -40°C < T, 85°C 25 mv
LX6431A Ig = 10MA, Vi, = Veer, 0°C < T, < 70°C 15 mv
I = 10MA, Vi, = Vi, -40°C < T, < 85°C 5 mv
LX6431B I = 10MA, Vi, = Veep, 0°C < T, < 70°C 15 mv
I = 10MA, ¥y, = Vi, -40°C < T, £ 85°C 20 my
Voltage Ratio, Reference to Cathode I =10mA, V,, = 2.5V to 36V, T, = 95°C 03| 1 mvyv
(Note 3} lg = 10mA, V,, = 2.5V to 36V, T, = Operating Range 03 1 myv
Reference Input Current ker | Viw = Veerr Ta = 25°C 01|05 WA
Yia = Veers To = Operating Range 01105 WA
Minimum Operating Current lan | Viw = Veer 10 36V, T, = 25°C 04 | 0.6 mA
Via = Vier to 36V, T, = Operating Range 04 | 0.6 mA
Off-State Cathode Current borr V,(A =36V, Vi = OV, T, = 25°C 03| 1 YA
Dynamic Impedance Zua | Via = Veew I = 0.6mA to 100mA, f < 1kHz, T, = 25°C 30 | 100 mQ
Note 2. These parameters are guaranteed by design.
Note 3. AL""— Ratio of change in reference input voltage
¥ 1o the change in cathode voltage.

M 3253840 0004061 T37? mm

Copyright ® 1995
Rev. 1.3 3/95




PRODUCT DATABOOK

LX6431/LX6431A/LX64318B

PrRecISION PROGRAMMABLE REFERENCES

PRoDPUCTION DATA SHEET

Y ceapi/convemoex B Foumemoex

Characteristic Curves
FIGURE #
1. REFERENCE VOLTAGE vs. FREE-AIR TEMPERATURE
2, ‘REFERENCE CURRENT vs. FREE-AIR TEMPERATURE
3. CATHODE CURRENT vs. CATHODE VOLTAGE
8. OFF-STATE CATHODE CURRENT vs. FREE-AIR TEMPERATURE

5. RATIO OF DELTA REFERENCE VOLTAGE TO DELTA CATHODE
VOLTAGE vs. FREE-AIR TEMPERATURE

6. EQUIVALENT INPUT NOISE YOLTAGE vs. FREQUENCY

B 3253840 000O40L2 973 W

Applicatio_n Information
FIGURE #

7. COMPARISON OF REFERENCE RESISTOR VALUES BETWEEN AN

LX6431B AND A TL1431. Resistors used with the LX6431B are 5
times higher in value.

8. COMPARISON OF REFERENCE -RESISTOR VALUES BETWEEN AN
LX6431B AND A TL1431. When used as 0.5%, 5V shunt
regulators. :

Parameter Measurement Information
FIGURE #
9. TEST CIRCUIT FORV,, =V,
10. TEST CIRCUIT FOR V,, > V.,
11, TEST CIRCUIT FOR |

Typical Characteristics
FIGURE #
12. EQUIVALENT INPUT NOISE VOLTAGE OVER A 10-SECOND PERIOD
13. SMALL-SIGNAL VOLTAGE AMPLIFICATION vs. FREQUENCY
14. REFERENCE IMPEDANCE vs. FREQUENCY
15. PULSE RESPONSE
16. DIFFERENTIAL VOLTAGE AMPLIFICATION vs. FREQUENCY
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PRODUCT DATABOOK 1996/1997

LX6431/LX6431A/1.X6431B

PRECISION PROGRAMMABLE REFERENCES

PrRobucTioN DATA SHEETY

) CHARACTERISTIC CURVES

FIGURE 1. — REFERENCE VOLTAGE
vs. FREE-AIR TEMPERATURE

I !
Vier = Via
Iy =10mA

2.52

2.49

(V) Reference Voltage - (V)
3

2.48
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FIGURE 3. — CATHODE CURRENT vs. CATHODE VOLTAGE

800 T
Viea = Vigr
T,=25°C
600
400

(1) Cathode Current - (pA)
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FIGURE 2. — REFERENCE CURRENT
vs. FREE-AIR TEMPERATURE
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FIGURE 4. — OFF-STATE CATHODE CURRENT
vs. FREE-AIR TEMPERATURE
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PRODUCT DATABOO0K 1996/19

LX6431/LX6431A/1.X6431B

PRECISION PROGRAMMABLE REFERENCES

PrRopuction DATA SHEET

’ CTERISTIC CURVES

FIGURE 5. — RATIO OF DELTA REFERENCE VOLTAGE TO DELTA FIGURE 6. — EQUIVAI

97

LENT INPUT NOISE YOLTAGE

CATHODE VOLTAGE vs. FREE-AIR TEMPERATURE vs. FREQUENCY
0 260
N 11
K 240 o= 10mA
0.1 - T, =25°C
E: 220
>
g 02 z \
(3 ' 200
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PRODUCT

DATABOOK 1996/1997
LX6431/LX6431A/1LX6431B

PRECISION PROGRAMMABLE REFERENCES

PrRoDuUCTION DATA SHEET

APPLICATION INFORMATION

Application Hints

The reference input current of the LX6431 series voltage refer-
ences is much lower than other similar precision parts. This helps
to design programmable voltage references that can use much
higher value programming resistors while maintaining the same
accuracy as the other precision parts. Figure 7 below shows a 5V,
1% shunt regulator using the LX6431B and a shunt regulator using
the TL1431 (Also available from Linfinity). Figure 8 shows 0.5%
shunt regulators. Noteworthy are the values of the reference
resistors used in the two circuits. With the LX6431B it is possible
to use 25k resistors for setting the output voltage with 1%
precision as opposed to Sk programming resistors when the same
precision needs to be achieved with a TL1431.

e vV OZ\“/‘ 1%
25k
RiSons
LX64318
25k
R2< 0%
—=GND
q)
(e p 0‘5/:; 1%
5k
RIS 0%
1431
5k
R2< 012
== GND
b)

FIGURE 7 — Comparison of reference resistor values between an
LX6431B and an TL1431, resistors used with the
LX64318 are 5 times higher in value.

M 8253830 0OO4OLS La2 mm

v
YnO—vw O & 0%
tk
Ri<ons
LX64318
1k
R2S01%
= GND
al
o . v,
Va ’ O 5. 0.5%
240
RS0
L1431
240
R2< 002
— GND
b)

FIGURE 8 — Comparison of reference resistor values between an
LX6431B and a TL1431, when used as 0.5%, 5V shunt regulators.

The output voltage of the reference can be programmed by using
the formula below:

R1
VKA = 2.5% (]+E)

If more accuracy is required then the effects of the input bias
current (I} must be taken into account. The formula below
accounts for the error this current produces.

Via = 2.5 [1 + %J + lge* R1

Smaller values of programming resistors tend to minimize bias
current errors. In this respect the low input current characteristics
of the LX6431B helps to reduce the power dissipation on the
programming resistors by a factor of five compared to other
references like the TL1431 and TL431.

The 1X6431 series of voltage references have an enhanced
circuit design that can tolerate any value of cathode to anode
capacitance.

Copyright © 1995
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LX6431/1X6431A/1L.X6431B

PreECISION PROGRAMMABLE REFERENCES

PRODUCTION Data SHEET

’ PARAMETER MEASUREMENT INFORMATION

input AN Via Input ANN— Via

v
A

Vig R, kalf
FIGURE9 — TEST CIRCUIT FORY,, =V, ’ FIGURE 10 — TEST CIRCUIT FORV,, >V,

Input 2avA% Via

OFF

[
A

FIGURE 11 — TEST CIRCUIT FOR I

BN 2253880 000406k 519 HE
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PRODUCT DATABOOK 199¢/1997

LX6431/LX6431A/1LX6431B

PRECISION PROGRAMMABLE REFERENCES

PrRoDucTtioN DaTA SHEET

} TYPICAL CHARACTERISTICS

é T
5 f=0.110 10Hz
. i = 10mA
Y T, =25°C
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FIGURE 12. — EQUIVALENT INPUT NOISE YOLTAGE OVER A 10-SECOND PERIOD

19.1v

VCC
VCC
1pF
TLE2027 L
+\ A, = 10V/mV
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AAA e |
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Test Circuit for 0.1Hz to 10Hz Equivalent Input Noise Voltage

B 8253880 00040L7? 455 I

Copyright © 1995
Rev. 1.3 3/95




PRODUCT DATABOOK

LX6431/LX6431A/1.X6431B

PrReECISION PROGRAMMABLE REFERENCES

Probpucrion Data SHEET

) TYPICAL CHARACTERISTICS

FIGURE 13. — SMALL-SIGNAL VOLTAGE AMPLIFICATION
vs. FREQUENCY
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FIGURE 14. — REFERENCE IMPEDANCE vs. FREQUENCY

100

= 1mA o 100mA A : Output
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- L 4 4 GND
=
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PRODUCT DATABOOK 1996/1997

LX6431/1.X6431A/LX6431B

Precision PRoGRAMMABLE REFERENCES

PrRoDUCTION DATA SHEET

} TYPICAL CHARACTERISTICS

FIGURE 15. — PULSE RESPONSE
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FIGURE 16. — DIFFERENTIAL VOLTAGE AMPLIFICATION
vs. FREQUENCY
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