MOTOROLA SC (TELECOM)

MOTOROLA

SEMICONDUCTOR I ——
TECHNICAL DATA

Programmable Precision References

The TL431, A, B integrated circuits are three-terminal programmable shunt
regulator diodes. These monolithic IC voltage references operate as a low
temperature coefficient zener which is programmable from Vef 1o 36 V with two
external resistors. These devices exhibit a wide operating currentrange of 1.0 mA
to 100 mA with a typical dynamic impedance of 0.22 Q. The characteristics of
these references make them excellent replacements for zener diodes in many
applications such as digital voltmeters, power supplies, and op amp circuitry. The
2.5 V reference makes it convenient to obtain a stable reference from 5.0 V logic
supplies, and since the TL431, A, B aperates as a shunt regulator, it can be used
as either a positive or negative voltage reference.

Programmable Output Voltage to 36 V

Voltage Reference Tolerance: + 0.4%, Typ @ 25°C (TL4318)

Low Dynamic Output Impedance, 0.22 Q Typical

Sink Current Capability of 1.0 mA to 100 mA

Equivalent Full-Range Temperature Coefficient of 50 ppm/°C Typical

Temperature Compensated for Operation over Full Rated Operating
Temperature Range
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ORDERING INFORMATION

Temperature

Device Range Package

TL431CLP, ACLP, BCLP
TL431CP, ACP, BCP

TO-92
Plastic

0°to + 70°C

TL431CD, ACD, BCD SOP-8

TL431CJG Ceramic

TL431ILP AILP, BILP T0-92

TL431IP, AIP, BIP Plastic

—40° to + 85°C

TL4311D, AID, BID SOP-8

TL431JG Ceramic

TL431MJG -55°to + 125°C| Ceramic
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MAXIMUM RATINGS (Full operating ambient temperature range applies, unless otherwise noted.)

Rating Symbo! Value Unit
Cathode to Anade Voitage VKA 37 \
Cathode Current Range, Continuous IK —100 to +150 mA
Reference Input Curent Range, Continuous Iref -0.05t0 +10 mA
Operating Junction Temperature Ty 150 °C
Operating Ambient Temperature Range TA °C
TL431M -551t0 +125
TL431], TL431Al, TL431BI —40 to +85
TL431C, TL431AC, TL431BC 0to +70
Storage Temperature Range Tstg —6510 +150 °C
Total Power Dissipation @ Tg = 25°C Pp W
Derate above 25°C Ambient Temperature
D, LP Suffix Plastic Package 0.70
P Suffix Plastic Package 1.10
JG Suffix Ceramic Package 1.25
Tota! Power Dissipation @ T¢ = 25°C Pp w
Derate above 25°C Case Temperature
D, LP Suffix Plastic Package 1.5
P Suffix Plastic Package 3.0
JG Suffix Ceramic Package 33
RECOMMENDED OPERATING CONDITIONS
Condition/Value Symbol Min Max Unit
Cathode to Anode Voitage VKA Vref 36 \4
Cathode Current Ik 1.0 100 mA
THERMAL CHARACTERISTICS
D, LP Suffix P Suffix JG Suffix
Characteristics Symbol Package Package Package Unit
Thermal Resistance, Junction to Ambient RgJA 178 114 100 °C/W
Thermai Resistance, Junction to Case RoJC 83 41 38 *CW
ELECTRICAL CHARACTERISTICS (Ambient temperature at 25°C, unless otherwise noted.)
| TL431M TL431I TL431C
Characteristics Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Reterence Input Voltage (Figure 1) Vref Vv
VKA = Vret, IK = 10 mA
Ta = +25°C 244 12485 255 | 244 | 2495 | 255 | 244 | 2495 | 255
TA = Tigw 10 Thigh (Note 1) 2306 | — |2594] 241 | — | 258 2423 — |2567
Reference Input Voltage Deviation Over AVyet — 15 44 -— 7.0 30 - 3.0 17 mv
Temperature Range (Figure 1, Notes 1, 2, 4)
VKA = Vref, [K=10 mA
Ratio of Change in Reference Input Voltage AViet mv/vV
to Change in Cathode to Anode Voltage AVKA
Ik = 10 mA (Figure 2), AVKA = 10 V {0 Vit — |14 |27 — | 14127 — | 14 | 27
AVKA=36Vio 10V - -1.0 | 2.0 — -1.0 | 2.0 — -1.0 | —2.0
Reference Input Current (Figure 2) fref uHA
Ik =10mA, R1 =10k, R2 = o0
TA = +25°C — 18 | 40 | — 1.8 | 40 | — 1.8 | 40
TA = Tiow 10 Thign (Note 1) - - |70 ] — — | 85| — | — | 52
Reference Input Current Deviation Over Alref — 1.0 3.0 — 08 25 — 04 1.2 uA
Temperature Range (Figure 2, Note 1, 4)
Ik=10mA, R1 =10k, R2 ===
Minimum Cathode Current For Regulation Imin — 0.5 1.0 — 0.5 1.0 — 0.5 1.0 mA
VKA = Vret (Figure 1)
Off-State Cathode Current (Figure 3) loff — 26 | 1000 [ — 26 {1000 | — 26 | 1000 | nA
VKA =36V, Vief=0V
Dynamic Impedance (Figure 1, Note 3) Zkal — | 022 05 — | o022 05 — (022 05 Q
VKA = Vret, AlK = 1.0 MA ta 100 mA
f<1.0kHz
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1 ELECTRICAL CHARACTERISTICS (Ambient temperature at 25°C, unless otherwise noted.)

TLA31AI TL431AC TL431B
Characteristics Symbol | Min | Typ | Max | Min | Typ | Max | Min Typ | Max | Unit
Reference Input Voltage (Figure 1) Vref A
VKA = Vret, Ik =10 mA
Ta = +25°C 247 |2.495| 252 | 2.47 |2.495 | 2.52 —_ — —
TA = Tiow t@ Thigh 244 | — 255 |2453 | — 2537 (2475|2495 |2.515
Reference Input Voltage Deviation Over AViref — 7.0 30 — 3.0 17 — 3 17 mv
Temperature Range (Figure 1, Notes 1, 2, 4)
VKA = Vyef: K =10 MA
Ratio of Change in Reference input Voltage AVret mv/v
to Change in Cathode to Anode Voltage AVKA
Ik = 10 MA (Figure 2), AVKA = 10 V 1o Vref — a4l 27] — | -t4 | 27| — | 14|27
AVKA=36V1010V — -0 |20)| - |10 {-20] — | -0 |20
Reference Input Current (Figure 2) href MA
Ik =10 mA, R1 =10k, R2 =00
Tp = +25°C — |18 |40 | — [ 18 |40 | — | 16 | 30
Ta = Tiow 10 Thigh (Note 1) - | — (e8| — | — |82} — | — |40
Reference Input Current Deviation Over Alref b 08 25 — 04 1.2 — 04 12 uA
Temperature Range (Figure 2, Note 1)
IK=10mA, R1 =10k, R2 =00
Minimum Cathode Current For Regulation Imin — 0.5 1.0 — 0.5 1.0 — 0.5 1.0 mA
VKA = Vret (Figure 1)
Off-State Cathode Current (Figure 3) loff — 26 |1000 | — 26 (1000 | — 023 | 05 nA
VKA =36V, Vigi=0V
Dynamic Impedance (Figure 1, Note 3) Pyal — 022 | 05 — 0.22 | 05 — 014 | 03 Q
VKA = Vref, AlK = 1.0 mA to 100 mA
t<1.0kHz
Note 1:
Tiow = -55°C for TLA3IMG Thigh = +125°C for TLA31MJG
= —40°C for TL431AIP TL431AILP, TL431{P, TLA31ILP, = +85°C for TL431AIP, TL431AILP, TL431IP, TL431ILP,
TL4A3TNG TLA31UG
= 0°C for TL431ACP, TL431ACLP, TL431CP, TL431CLP, = +70°C for TL431ACP, TL431ACLP, TL431CP,
TL431CJG, TL431CD, TL431ACD TL431CLP, TL431CJG, TL431CD, TL431ACD
Note 2:
Thedeviation parameter AV gjis defined as the difference between . o
the maximum and minimum values obtained over the full operatingam- Figure 1. Test Circuit for VKA = Vref
bient temperature range that applies. Input O—vA—9——0 Vo
P!, |
Vrgtmax 1= — ~ AVygf = Vygf max + K
L Viet min (]
Vret min | ATA=T2-Tq Vref
T2 —!— =

T
k Ambient Temperature

The average temperature coefficientof the reference input voltage,
o Vret, is defined as:

[ AVt 106 Input '—o VKA
Vi @ 050 |
ppm_ \Vre( @25 C) _ AVygf X 106 7 R1 Iref # K
°o¢ " ATA T ATA (Vret @ 25°C) — E]
R2%

Figure 2. Test Circuit for VKA > Vref

o Vet

a Vref can be positive or negative depending onwhether Vyet Minor
Vref Max occurs at the lower ambient temeperature. (Refer to
Figure 6.)

Example: A Vyef = 8.0 MV and slope is positive, Vret

Vipt @ 25°C =2.495 V, ATp = 70°C

0.008 x 10 .
L _45. o Figure 3. Test Circuit for |,
70 (@ags) ~ S8 PPMC 9 off

A1)
VKA = Vret | 1"?2) +lrgf e R1

\

ik

a Vigf =
Input O—vA—e—0 Vip

Note 3: AVKA
The dynamic impedance Zig is defined akZkal N ¥ loff

|
Whenthe device is programmedwith two external resistors, R 1 and ;‘
R2, (refer to Figure 2) the total dynamic impedance of the circuit is de-

fined as: R1
12! = 1Zeal {1400 ) 1
. R2 =
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Ve, REFERENCE INPUT VOLTAGE (V) Ik, CATHODE CURRENT (mA)

A Ygf, REFERENCE INPUT VOLTAGE (MV)

TL431, A, B Series

Figure 4. Cathode Current versus

Cathode Voltage
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Figure 5. Cathode Current versus
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Figure 10. Dynamic Impedance Figure 11. Dynamic Impedance
! versus Frequency versus Ambient Temperature
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Figure 12. Open-Loop Voltage Gain
versus Frequency Figure 13. Spectral Noise Density
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Figure 14. Pulse Response Figure 15. Stability Boundary Conditions
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MOTOROLA S TL431, A, B Series

Figure 16. Test Circuit for Curve A Figure-17. Test Circuit for Curves B, C, and D
of Stability Boundary Conditions of Stability Boundary Conditions
150
) | 0k |
7 BN
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V+ [ T CL [ T CL
I |
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TYPICAL APPLICATIONS
Figure 18. Shunt Regulator Figure 19. High Current Shunt Regulator
V+io—vw—— Vout V+ Vout
Rt |
L
R2 |
o Y

/ \
R1
Vout = ‘\‘ + ﬁ) Vret

Vour = ‘1+ ”H— Vret

Figure 20. Output Control for a Figure 21. Series Pass Regulator
Three-Terminal Fixed Regulator

Vic- O Vout
MC7805
V+O——1 In Out Vout
Common
E,

=y
»

R2 °
o— - -0
At Vout = ‘ 1+ 25 Vref
Vout= {1+ g5 | Viet
/ Vout min = V,ef +Vpe
Vout min = Vigf +5.0 V
Figure 22. Constant Current Source Figure 23. Constant Current Sink
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Vi & lout
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y laing = e
: - Sink Rg
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TL431, A, B Series

Figure 24. TRIAC Crowbar
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Figure 26. Voltage Monitor
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/ Y
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Figure 28. Linear Ohmmeter
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Figure 25. SCR Crowbar
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Figure 27. Single-Supply Comparator with
Temperature-Compensated Threshold
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Figure 29. Simple 400 mW Phono Amplifier
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Figure 30. High Efficiency Step-Down
Switching Converter

1504H @ 2.0A
Vin= 10c¥t° 20v TIP115 = ) o Vout = 5.0V
lout=1.0A
1N5823
=]
A
1 0.01uF 100k
T 2200uF T
> 470uF
51k
< > —O
Test Conditions Results
Line Regulation | Vip=10V 1020V, Ig=10A |53mV (1.1%)
Load Regulation |Vin=15V,lg=0A to1.0A 25mV  (0.5%)
Output Ripple Vin=10V,I5=10A 50 mVpp PARD.
Output Ripple Vin=20V, lop=1.0A 100 mVp_p PARD.
Efficiency Vin=18V, lp=1.0A 82%
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