TL431 Programmable Precision References

Semicondnctor

The TL431 integrated circuits are three-terminal excellent replacements for zener diodes in many
programmable shunt regulator diodes. These monolithic applications such as digital voltmeters, power supplies,
IC voltage references operate as a low temperatyireand op amp circuitry. The 2.5 volt reference makes it
coefficient zener which is programmable from Vref tp convenient to obtain a stable reference from 5.0 volt
36 volts with two external resistors. These devicgs logic supplies, and since the TL431 operates as a shunt
exhibit a wide operating current range of 1.0 to 100n]A regulator, it can be used as either a positive or negative
with a typical dynamic impedance of 0.Z2 The voltage reference.
characteristics of these references make them

(FEATURES ' (PINARRANGEMENT '

® Programmable Output Voltage to 36 \olts TO-92 DIP-8
® Low Dynamic Output Impedance, 0.Z2 Typical
® Sink Current Capability of 1.0 to 100 mA
® Equivalent Full-Range Temperature Coefficient of 8
50 ppm?C Typical 1, 1
3 Pin: 1. Cathode
® Temperature Compensated for operation over Pin: 1. Reference 6. Anode
) 2. Anode 8. Reference
Full Rated Operating Temperature Range 3. Cathode Other Pins: NC
® |ow Output Noise Voltage SOP-8
(CIRCUIT SCHEMATIC )
Cathode - Pin: 1. Cathode 5. NC
G [roomn [ | gt 2. Anode 6. Anode
Reference O | 3. Reference 7. Anode
R | | 4. NC 8. Reference
ATR;’G | — This SOP-8 is an internally modified SOP-8 Packfge.
© frode 8 Pins 2, 3, 6 and 7 are electrically common to the die
SYMBOL FUNCTIONAL BLOCK DIAGRAM attach flag. This internal lead frame modification
decreases package thermal resistance and increases
Cathode (K) power dissipation capability when appropriatgly
_ _ _ mounted on a printed circuit board. This SOP-8
a0 a0 conforms to all external dimensions of the standard
Reference SOP-8 package.
(R) 20pFR
(ORDERING INFORMATION '
150 i Temperature
10k Device Range Package
0 i TL431CT TO-92
10k TL431CD O0tot+70°C DIP-8
% TL431CS SOP-8
g " TLA3LIT TO-92
Anode (A) TLA31ID -40to +83C DIP-8
TLA31IS SOP-8
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MAXIMUM RATINGS

(Full operating ambient temperature range applies unless otherwise noted.)

Rating Symbol Value Unit
Cathode to Anode Voltage o 37 \
Cathode Current Range, Continuous « | -100 to +150 mA
Reference Input Current Range, Continuous ot | -0.05 to +10 mA
Operating Junction Temperature , T 150 °C
Operating Ambient Temperature Range AT °C
TL431l, TL431Al, TL431BI -40 to +85
TL431C, TL431AC, TL431BC 0 to +70
Storage Temperature Range SlgT -65 to +150 °C
Total Power Dissipation @ ,T= 25C P, W
Derate above T= 28C Ambient Temperature
T, S Suffix Packages 0.70
D Suffix Package 1.10
Total Power Dissipation @ .T= 25C P, W
Derate above ,T= 28C Case Temperature
T, S Suffix Packages 1.5
D Suffix Package 3.0
(THERMAL CHARACTERISTICS
Characteristic Symbol T, S Suffix | D Suffix Unit
Thermal Resistance, Junction to Ambient 00aR 178 114 °C/W
Thermal Resistance, Junction to Case oicR 83 41 °C/W
(RECOMMENDED OPERATING CONDITIONS
Condition / Value Symbol Min Max Unit
Thermal Resistance, Junction to Ambient w v Vref 36 \%
Thermal Resistance, Junction to Case K| 1.0 100 mA
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(ELECTRICAL CHARACTERISTICS (Ambient temperature at 25 unless otherwise noted) )

TL431I TL431C
Characteristic Symbol Min | Typ |[Max | Min | Typ [Max Unit

Reference Input Voltage (Fig. 1) o \%
VKA = Vief, Ik = 10mA
Ta =25°C 2.44 2.495 2.55 2.44 2.495 2.55

Ta = Tiow t0 Thigh (Note 1) 2.41 2.58 2.423 2.567

Reference Input Voltage Deviation Over AV et 7.0 30 --- 3.0 17 mV
Temperature Range (Fig. 1, Note 1, 2, 4)
Vka = Vref, Ik = 10mA

Ratio of Change in Reference Input Voltage AV et Y%
to Change in Cathode to Anode Voltage AViga
Ik = 10mA (Fig. 2),
AVika = 10V t0 Vief -1.4 -2.7 -1.4 -2.7
AVia =36V to 10V -1.0 -2.0 -1.0 -2.0

Reference Input Current (Fig. 2) refl HA
Ik = 10mA, R1 = 10k, R2 =
Ta =25°C 18 4.0 1.8 4.0

Ta = Tiow t0 Thigh (Note 1) --- - 6.5 --- --- 52

Reference Input Current Deviation Over Alyef 0.8 25 - 0.4 1.2 HA
Temperature Range (Fig. 2, Note 1, 4)
Ik = 10mA, R1 = 10k, R2 =

Minimum Cathode Current for Regulation mih 0.5 1.0 - 0.5 1.0 mA
Vka = Vref (Fig. 1)
Off - State Cathode Current (Fig. 3) offl 260 1000 26 1000 nA
VKA =36V, Vief = OV

Dynamic Impedance (Fig. 1, Note 3) | k& | 0.22 0.5 0.22 0.5 Q
VKA = Vyer, Al = 1.0mA to 100mA,
f< 1.0 kHz

(ELECTRICAL CHARACTERISTICS sAmbient temBerature at 5 unless otherwise notedz |

TL431Al TL431AC TL431B
Characteristic Symbol| Min | Typ | Max | Min | Typ |Max [Min |Typ [Max [Unit

Reference Input Voltage (Fig. 1) o \
Vka = Vief, Ik = 10mA
Ta =25°C 2.47 2.495 2.52 2.47 2.495 2.52 2.48 2.495 2.507

Ta = Tiow 10 Thigh (Note 1) 2.44 255 2.453) 2.537] 2.474 2.4% 2505

Reference Input Voltage Deviation Over | AVef --- 7.0 30 --- 3.0 17 3.0 17 mV
Temperature Range (Fig. 1, Note 1, 2, 4)
VkA = Vref, Ik = 10mA

Ratio of Change in Reference Input Voltage AV et mVv/V
to Change in Cathode to Anode Voltagel AVka
Ik = 10mA (Fig. 2),
AVia = 10V t0 Vef -1.4 2.7 1.4 2.7 -1.4 2.7
AVia =36V to 10V -1.0 2.0 -1.0 -2.0 -1.0 -2.0

Reference Input Current (Fig. 2) refl HA
Ik = 10mA, R1 = 10k, R2 =
Ta =25°C - 1.8 4.0 --- 1.8 4.0 --- 11 2.0

Ta = Tiow t0 Thigh (Note 1) --- --- 6.5 --- - 5.2 - - 4.0

Reference Input Current Deviation Over | Alef --- 0.8 25 0.4 12 --- 0.4 12 HA
Temperature Range (Fig. 2, Note 1, 4)
Ik = 10mA, R1 =10k, R2 =

Minimum Cathode Current for Regulation mih --- 0.5 1.0 0.5 1.0 --- 0.5 1.0 mA
Vka = Vret (Fig. 1)
Off - State Cathode Current (Fig. 3) offl - 260 1000 260 1000 230 500/ nA
Vka =36V, Vief = OV

Dynamic Impedance (Fig. 1, Note 3) | «kZ| --- 0.22 0.5 - 0.22 0.5 - 0.14 0.3 Q
Via = Vref, Al = 1.0mA to 100mA,
f< 1.0 kHz
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The deviation parameter AV, is defined as the
differences between the maximum and minimum values
obtained over the full operating ambient temperature range
the applies.

________ & Vref=Vrefaz
Vret Max ‘» Vrai=Vra
. TasT2-T1

Vret Min
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The average temperature coefficient of the reference
input voltage, & Vi, is defined as :

A vnf
(—— ) X10°
ppm Vet @25C & VX108
aVref = =
T ATA A TA(Vref@25°C)

Ve Can be positive of negative depending on whether
Vor Min of V,¢ Max occurs at the lower ambient
temperature. (Refer to Figure 6)

Example: A Ve = 8.0 mV and slope is positive, Vs @
25¢Cc =2.495V, ATA=70<
0.008 x 10°
& Ve =—————— = 45.8 ppm/C
70(2.495)

The dynamic impedance Z,, is defined as:
A Vxa
| Zka | =
Alg
When the device is programmed with two external
resistors, R1 and R2, (refer to Figure 2) the total dynamic
impedance of the circuit is defined as:

Rl
| Zka | =| Zka | (1 +.

)

This test is not applicable to surface mount (D suffix)
devices.

FIGURE 1 -- TEST CIRCUIT FOR Via = Vrer

1nput-—/vv\q—-’ VKA
+ 1k

&l

FIGURE 2 -- TEST CIRCUIT FOR Vxa > Vrer

lnput AAA Vka
‘ P
R1 Iref
7
h
R2 Vre!

Rl
)+Iref‘ R1

Via = Ve ( 1+
FIGURE 3 -- TEST CIRCUIT FOR Ion.

Input %— VKA
‘ lort

=]
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FIGURE 4- CATHODE CURRENT

versus CATHODE VOLTAGE
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FIGURE 6 - REFERENCE INPUT

VOLTAG versus AMBIENT
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FIGURE 8 - CHANGE IN REFERENCE
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2.0
g 25
n.
£ 3T 20 [
[ERCY R
CE —
Z Z 15
& i
2k
@ x=10mA
£ D 10 fx=10m
© o INPUT Vad
ﬁ; 1K
v os Iref
=
° . N
55 -25 0 26 50 75 100 125

Ta.AMBIENT TEMPERATURE('C)

Vref REFERENCE INPUT

TL431 Programmable Precision References

FIGURE 5 -CATHODE CURRENT

versus CATHODE VOLTAGE
800
z [ !
= VA= Vref
E 800 ra=25°C
INPUT- I
= %IK N
& 400|— /
S I |
E 200
2 >
S oo
©
x
-200
-1.0 o 1.0 2.0 3.0

Vka .CATHODE VOLTAGE(V)
FIGURE 7- REFERENCE INPUT
CURRENT versvs AMBIENT
TEMPERATURE

3.0 [7

|

1]

2-5 l '
g 20
S ~1 [ |
3
£
5o ] B
&
g . 1xm 10704 !
1. ”
INPUT =4
© " ]
O-SY iraf ! j
o . N I
_ss -25 0 25 S0 75 100 128

Ta.AMBIENT TEMPERATURE('C)

FIGURE 9 - OFF. STATE CATHODE
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FIGURE 10 - DYNAMIC IMPEDANCE
versvs FREQUENCY
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FIGURE 12 - OPEN LOOP VOLTAGE
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FIGURE 11 - DYNAMIC IMPEDANCE
versus AMBIENT TEMPERATURE
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FIGURE 13 - SPECTRAL NOISE
DENSITY
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FIGURE 15 - STABILITY BOUNDARY

CONDITIONS
140 T ‘ I
A VaeVret H
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FIGURE 16-TEST CIRCUIT FOR CURVE
A OF STABILITY BOUNDARY
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FIGURE 17-TEST CIRCUIT FOR CURVES
B.C. ARD D OF STABILITY BOUNDARY

CONDITIORS CONDITIONS
150 150
1
111( _}_ . hix 10K _:_
v’ 1~ CL v y - CL

| |
| |

— l

TYPICAL APPLICATIONS

FIGURE 18-SHUKT REGULATOR

V FommmAAA—1 Vout
!
R1
1
4 ™
e |
)|
R1
Voutr=(]+——) Vref
R2

FIGURE 20-OUTPUT CONTROL OF A
THREE-TERMINAL FIXED REGULATOR

7805
ouT

COMMON

v+ IN Vout

R1

R2 .

R1
Vout=(1+—) Vref
R2

Vouty,=Vref+5.0V

FIGURE 19-HIGH CURRENT SHUNT
REGULATOR

VTo—AAA~ Vout
R1
R2
R1
Vout=(1+——) Vref
R2

FIGURE 21-SERIES PASS REGULATOR .

v+ Vout

R1

R2
RI.
Vout=(1+——) Vref
R2

Vout,,=Vref+Vge
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FIGURE 22-CONSTANT CURRENT
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FIGURE 24-TRIAC CROWBAR
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FIGURE 26-VOLTAGE MONITOR
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FIGURE 28-LINER OHMMETER
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FIGURE 23-CONSTANT CURRENT
v. SINK,
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FIGURE 27-SINGLE-SUPPLY
COMPARATOR WITH
TEMPERATURE-COMPENSATED
THRESHOLD
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FIGURE 29-SIMPLE 400mW PHONO
AMPLIFIER
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FIGURE 30-HIGH EFFICIENCY STEP-DOWN

SWITCHING CONVERTER
Vin=10 to 20V Tipl15 | 1504H8 2.04
. Vout=5.0V
¢ lout=1.0A
- o.o1ur|
’ 100K
22000F | + 5623 | '%l .
T 470KF
51K
TEST CONDITIONS RESULTS
Line Regulation Vin=10V to 20V, Io=1.0A 53mV (1.1%)
Load Regulation Vin=15V, Io=0A to 1.0A 25mV (0.5%)
QOutput Ripple Vin=10V,Io=1.0A 50mVp-p P.ARD.
Qutput Ripple Vin=20V, lo=1.0A 100mVp-p P.ARD.
Efficiency : Vin=15V, Io=1.0A 82%
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