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DESCRIPTION PIN CONFIGURATIONS
The TL431 and TL431A are 3-terminal adjustable shunt regulators
with specified thennal stability over applicable automotive and M, D Package
commercial temperature ranges. The output voltage may be set to TOP VIEW
any value belween Vper (approximately 2.5V) and 36V with two CATHODE [1] s 5] ReF
extemal resistors (see Figure 4). These devices have a typical
. . i . ANODE [ 2] [ 7] ANODE
output impedance of 0.2Q. Active output civcuitry provides a very
sharp turn-on characteristic, making these devices excellent ANODE [3] 6] ANODE
replacements for zener diodes in many applications like on-board NC [4] 5] NC
regulation, adjustable power supplies and switching power supplies. pp—
The TL431C and TL431AC are characterized for operation from
0°C to +70°C: the TL431] and TL431Al are characterized for N, P Package
operation from —40°C to +85°C. TOP VIEW
CATHODE [ 1] ~ 5] REF
FEATURES NG [2] [7] N
® [Cquivalent full-range temperature coefficient: 30ppm/~C NG [3] [ 6] ANODE
8 (.2Q typical output impedance NG [4] 5] NG
SOTE7-1

® Sink current capability: TmA to 100mA

® | ow output noise
Z,LP, U Package
® Adjustable output voltage: VRgp to 36V

CATHODE
ANCQDE
30764 REF

SLotTé7

ORDERING INFORMATION

Figure 1.

Pin Configuration

DESCRIPTION TEM;::;EURE IND:i;?LﬁLABNEDRARD ORDER CODE DWG #
3-Pin Plastic TOg2 2 0°Cto+70°C TL431CLP TL431CLPU S0T54
3-Pin Plastic TO92 2 0°C to +70°G TL431ACLP TL431ACLPU S0T54
3-Pin Plastic TO92 2 —40°C o +85°C TL431ILP TL431ILPU S0T54
3-Pin Plastic TO92 2 —40°C to +85°C TL431AILP TL431AILPU 50754
3-Pin Plaslic TOg2 2 0°C to +70°C LM431ACZ LM431ACZU 50754
8-Pin Plastic Small Qutline (SO) package 0°C to +70°C TLA31CD TL431CD S0T96-1
8-Pin Plastic Small Qutline (SO) package —40°C to +85°C TL4311D TL4311D SOT96-1
8-Pin Plastic Small Qutline (SO) package 0°C to+70°C TL431ACD TL431ACD SOT96-1
8-Pin Plastic Small Outline (SO) package —A0°C to +85°C TL431AID TL431AID 80T96-1
8-Pin Plastic Small Outline (SO) package 0°Cto +70°C LM431ACM LM431ACMD 80T96-1
8-Pin Plastic Dual In-Line package (DIP) 0°C to+70°C TL431CP TL431CPN S0T97-1
8-Pin Plastic Dual In-Line package (DIP) —A40°C to +85°C TL431IP TL431IPN S0T971
8-Pin Plastic Dual In-Line package (DIP) 0°C to +70°C TL431ACP TL431ACPN S0T971
8-Pin Plastic Dual In-Line package (DIP) —40°C 1o +85°C TL431AIP TL431AIPN SOT97-1

NOTE:

1. SYMBOL INFORMATION: Parts will be marked with product name including temperature and electrical grade desginators, but not the
package identifier.

2. T0O92 is nomally shipped in bulk, i.e., in plastic bags (containing 1,000 parts), 5 bags per box. Tape and reel (or ammao box) is an option.
See page 15 for information.
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Product specification

Adjustable precision shunt regulators

TL431C, TL431AC, TL4311,

TL431Al, LM431AC
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Via Cathode voltage (see Note 1) 37 \
Continuous cathode current range —100 to +150 mA
Reference input cument range 0.051to 10 mA
Operating free-air temperature range
Tamb C suffix 0 to +70 G
| suffix —40to +85 oG
Tgrg Temperature storage range -6510 150 oG
Lead temperature 1.6mm (1/16in.) from case for 10 sec: D or P pkgs 260 °G
Lead temperature 1.6mm (1/16in.) from case for 60 sec: LP pkg 300 °G
NOTE:
1. Voltage values are with respect to the anode terminal unless otherwise noted.
RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN MAX UNITS
Vka Cathode voltage VREF 36 \4
Ik Cathode cument 1 100 mA
Table 1. Dissipation Rating Table — Free-Air Temperature
Package Derating Factor Above Ty Tamp = 25°C Tamp = 70°C Tamp = 85°C
= 25°C Power Rating Power Rating Power Rating
D 58mWrC 725mwW 464mW 429mW
LP 6.2mWrC 775mw 496mW 403mW
P 8.0mWrC 1000mW 840mW 520mW
< _CATHODE > + 4
R4 R3
800 goo M
== C1
u 2%
[ REF>»——1 ~—|: Qs Q4 Q3
? ; b Qz
QDs |—m—¢~—|: at
Rz
ar 150
RS ::
328K 3 4
R7 > R
320 & 10K Qqt
R & R0 & I
24K :: 72K E:
Q9
atf Q1o M@s Qbe
RS
1000
R9 I
800
<__ANODE *
SLom1 88
Figure 2. Equivalent Schematic
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Product specification

TL431C, TL431AC, TL4311,

Adjustable precision shunt regulators TL431Al LM431AC

DC ELECTRICAL CHARACTERISTICS

25°C free-air temperature, unless otherwise stated.

LIMITS
SYMBOL PARAMETER 1;>EKS1T TEST CONDITIONS TL431AC TL431C/LMA431AC UNIT
MIN TYP | MAX | MIN TYP | MAX
VREF Reference input voltage Fig. 3 | Vka = VReR Ik = T0mA 2470 | 2495 | 2520 | 2440 | 2495 | 2550 mVy
Deviation of reference input
VREF(ey) | voltage over full Fig. 3 .\I{KA igF‘”EE e ;meA‘ 4 15 4 17 mv
temperature range? amb = fUll rang
AV Ratio of change in reference AV = 10V — VREer 14 | 27 -14 | 27
REF linput voltage to the change | Fig. 4 | Ik = 10mA mV/V
AVia  |in cathode voltage AViga = 36V — 10V -1 -2 -1 -2
IREF Reference input current Fig. 4 | lk=10mA, B{ = 10k, Bp = 2 4 2 4 pA
Deviation of reference input
s lk=10mA, Ry =10k, Rp = =,
IREF(dev) (r::r:ggét over full temperature | Fig. 4 Tonp = full range? 0.8 1.2 04 1.2 pA
Minimum cathode cuwent "
IMlN for regulation Flg. 3 VKA = VHEF 04 0.6 04 1 mA
loFF Oft-state cathode current Fig. 5 | Vka =36V, VRep=0 0.1 0.5 0.1 1 pA
| Zka| | Dynamic impedance® Fig. 3 yﬁ ;H\;REF‘ lk = 1mA to 100mA, 0.2 0.5 0.2 0.5 Q
25°C free-air temperature, unless otherwise stated.
LIMITS
SYMBOL PARAMETER 1;2EKS1T TEST CONDITIONS TL431Al TL4311 UNIT
MIN TYP | MAX | MIN TYP | MAX
VREF Reference input voltage Fig. 3 | Vka = VRER Ik = 1T0mA 2470 | 2495 | 2520 | 2440 | 2495 | 2550 mV
Deviation of reference input
VREF(ev) | voltage over full Fig. 3 '\I{KA =_\£R”EE Ik =eZ1OmA, 5 25 5 30 mv
temperature range’? amb = TUll rang
AV Ratio of change in reference AVka = 10V — VREF 14 | 27 -14 | 27
REF  linpul vollage to the change | Fig. 4 |1k = 10mA mv/v
AVia  |in cathode voltage AVa = 36V - 10V -1 -2 -1 -2
IREF Reference input current Fig. 4 | lk=10mA, Ry = 10k2, Rp = = 2 4 2 4 pA
Deviation of reference input
| Ik =10mA, R = 10kQ, Ry = «,
IREF(dev) tr:;r:;igt over full temperature | Fig. 4 Tomb = full range? 0.8 25 0.8 25 pA
Minimum cathode cuwent )
Ihain for regulation Fig.3 | Vka = VRerF 0.4 0.7 0.4 1 pA
loFF Off-state cathode cument Fig. 5 | Vka =38V, VRep=10 0.1 0.5 0.1 1 pA
| Zga| | Dynamic impedance# Fig. 3 ?/ﬁ ;H\;REF lk = 1mA to 100mA, 0.2 0.5 0.2 0.5 Q
NOTES:

2. Full temperature range is <40°C to +85°C for the TL4311 and TL431Al, and 0°C to +70°C for the TL431C and TL431AC.
3. The deviation parameters VREFgey) and |REF5dev) are defined as the differences between the maximum and minimum values obtained over

the rated termperature range. The average fu

| Ver | (deg c

VREF(dev) ).108

ppm) - (VHEFEIQEOC
ATamb
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|-range temperature coefficient of the reference input voltage, aVRer, is defined as:

Max VRer —

MinVrerp —1

| ATamb

where AT, qp is the rated operating free-air temperature range of the device.
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Adjustable precision shunt regulators

aVRrer can be positive or negative depending on whether minimum Vi ep of maximum Viep respectively, occurs at the lower temperature.
Example: Max VRgr = 2496mV at 30°C, Min VRep = 2492mV at 0°C, VRgF = 2495mV at 25°C, DTA = 70°C for TL431C.

(zjgng;v) - 108

| aVper | = 2000 = 23ppm/°C
Because minimum Vier occurs at the lower temperature, the coefficient is positive.
4. The dynamic impedance is defined as Zen | = AVia
Al

When the device is operating with two extemal resistors, (see Figure xx), the total dynamic impedance of the circuit is given by:

' = & = &
z =AY~z (1 + B)
PARAMETER MEASUREMENT INFORMATION
INPUT O—NWW—8——0C v INPUT Vica
L k L lof
Vref
Vv
8LOTI77 SL0T179
Figure 3. Test Circuit for Vs = Vg Figure 5. Test Circuit for lgpp

INPUT O—VWN—%———0 vy
1 vl

Ver | Viea = vre1(1 + ﬁ) + lgg % R1

VYV

I

my)
Ra

AAA, g AAA
VW

SLoTI7E

Figure 4. Test Circuit for Viga » Vyet
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TL431C, TL431AC, TL4311,
TL431Al, LM431AC

SE‘ 2800 » \‘J | ‘ 30 "
E | Vica = Vi a R1 = 10ka
TOE580F T tomA P 3 RE =0
D 2560 il 125 [ lc=10mA
I‘E =
o 2540 L & 20
Z 2520 g -
il
T Vof = 2495mV 2 T —
Z 2500 ——————— 2 15
= - il o
W 2480 z T ———
& 5 10
D 2480 Vit = 2440mV 2
w L
T 2440 i
05
T p4p0 — th
| o
T 2400 'y
> —50 —25 0 25 50 75 100 128 ® 35 0 25 o 25 50 75 100 125
Tamb—TEMPERATUHE—("C) Tamb—TEMPEHATURE—("C)
SLOTT 70 SL0TT 68
Figure 5. Reference Input Voltage vs. Temperature Figure 9. Reference Input Currentvs. Temperature
160 " z 9 ‘
Viea = Vit £ | Vica = 38V
_1B5 | =250 LT V= ov
< 10 2 70
il z |
= 75 T &0
]
% 50 W sg I
o 8 l
3 25 £ 4
c 2 /
(] Q 30
o] { w
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S 50 @ /
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_100 ' o S —
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CATHODE VOLTAGE — (V) Tamp — TEMPERATURE — (°C)
SLOTI 77 SLOTT62
Figure 7. Cathode Current vs. Cathode Voltage Figure 10. Off-State Cathode Current vs. Temperature
800 0 T T
Vi = Vgt _aq L Vea=3vTO38Y
= Tamb = 25°C :
2 500 -0.2
| | —
[ min Z 03
=z = e
w
T 400 £ o4 T —
c | ]
o g s
B 200 = —
D o8
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& 5 -07
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I -08
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Figure 8. Cathode Current vs. Cathode Voltage Figure 11. Ratio of Delta Reference Voltage to
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Figure 12,
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Figure 13. Equivalentinput Noise Voltage vs. Frequency
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TL431C, TL431AC, TL4311,
TL431Al, LM431AC

TYPICAL CHARACTERISTICS

CL — LOAD CAPACITANCE — {uF)

Test Circuit for Curves B, C, and D

7 " ; m
> . . 5
u|_| B . r—'-”_"‘_""_'_ ................ 2200
2 : : QUTPUT
'j 51 . P
0
Z . PULSE X
5 GENERATOR S soo
i f=100kHz >
5 sl
: L]
[}
GND
2 z|o o o
= R
E .
z ! o
a : e o] Test Circuit
0 2 3 4 5 5 7
1-TIME —ps
Pulse Response SLovraz
Figure 14. Pulse Response
108 1500
Tamp = 25°C ‘ . AAA
| A Via=Vra UNSTABLE B
W B va=sv Via <5 l Ik
C Wga=10V +
go | D Vea=15V = ] # VBATT
z / \
£ 7 N
L ' UNSTABLE
£ STABLE Viea < 10 STABLE
E 80
[an
mw
8 I \ \A i i
2 s Test Circuit for Curve A
]
i
L 40
N
- I / ‘ \ 500
20 \
o / / o \ \ Vearr
UNSTABLE Vs < 15V \
0 D UNSTABLE Vica
0.001 0.01 a1 1 10

SL01176
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100 T
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Figure 16. Reference Impedance vs. Frequency
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Figure 17. Small-Signal Voltage Am plification vs. Frequency
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TL431Al, LM431AC

TYPICAL APPLICATIONS

o—s O
Ve © AN T O Vot Vi ‘: VouT
<
S A T :E R
< <
& =
1: ’r\ .
S R2 | <
< R2
+ o 4
e - o 0
_ R Vo =(1+Bly
Vour = (1 + Ro Ve out Re/ " el
stor1e3 Vout Min = Vief + Vbe SL07186
Figure 18. ShuntRegulator Figure 21. Series Pass Regulator
Vi
cL
v+ O WA O oyt
$ Sf —
T Gal
Vour ] K|
v Vin Vour v
N
<V, V+ — “ref
ref IOUT =
> Vi =20V CL
VTH = Vrat
SLOTT &4 sLoT187
Figure 19. Single-Supply Comparator with Figure 22. ConstantCurrent Source
Temperature-Compensated Threshold
Vi ——0 Vo7 Y+ |%NK
‘D
» A1
g )
I _ Vre1
. SINK —
4 8
< R
< ‘=
L
o . o S fs
_ R1
Vour = (1 + 5o Vel v
sLoT185 SLoTTag

Figure 20. High CurrentShunt Regulator
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$08: plastic small outline package; 8 leads; body width 3.9mm S0TY96-1
- [ ——— E @
YN
+ 1/ \
L LSS )\ S
= Cr <
| ~—.
o] | He =
- 7
HHH H
1
1 T \ Q 1
Az
T T 1T [~ NP et
pin 1index ! ' +
/- f =
1 ™ LP
ol
Q 2.0 S mm
[ TS N S S TR |
scale
DIMENSIONS (inch dimensicens are derived from the original mm dimensions)
A
UNIT | | A1 | A2 | A | bp ¢ p | E@ | o He L Lp o v w ¥ zW| s
0.25 | 1.45 0.49 | 0.25 5.0 4.0 6.2 1.0 0.7 0.7
mm 175 0.10 1.25 0.25 0.36 0.19 4.8 3.8 127 58 1.05 0.4 0.6 025 025 01 0.3 ac
o]
\ 0.0098| 0.057 0.01910.0098| 0.20 | 0.16 0.24 0.039 | 0.028 0.028 0
inches | 0.06% 1 g03e| a.049 | 20" | 0.014 [0.0075| 0.19 | 0.5 | 20| n2a | %041 | o016 | nn2g | 001 | 001 | 0004 Fh s
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
REFERENCES
VERSION PROJECTION | ISSUE DATE
IEC JEDEC ElAJ
S+
SOTe6-1 076E03S MS-D12AA =} @ o oy

1997 Feb 25
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DIP8: plastic dual in-line package; 8 leads (300 mil) S0T97-1
- D - [ ME |
<]
c
£
[=%
g
£ f |
5 .
g T
' e I
o | |
| |
| |
| |
L i
il
(e
MH -
b bo
NM iy
pin 1 index
Yy Jr I E
1
1 4
0 5 10 mm
| I T T S N N TR R B R |
scale
DIMENSICNS (inch dimensions are derived from the ariginal mm dimensions)
A A | Az (1) i zM
UNIT | o | min. | max -] - -2 [ D E e ey L Mg My w rhax.
1.73 0.53 1.07 0.38 9.8 548 3.60 8.25 10.0
mm 42 051 32 1.14 0.38 0.88 0.23 9.2 620 254 762 3.05 7.80 6.3 0.254 115
f 0.068 | 0.021 | 0.042 | 0.014 0.32 0.26 Q.14 0.32 0.39
inches
0.17 0.020 013 0.045 | 0.015 | 0.035 | 0.009 0.36 0.24 010 030 Q.12 0.31 0.33 oo 0.043
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
CUTLINE REFERENCES EURCPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC ElAJ
St
S0TE7-1 Q50G01 MO-001AN -E— @ 95,0901

1997 Feb 25
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SOTS54
1 ] 040
_{ min.
[+ 5.2max 127 min
L b
[ TF 040
48 B ‘
max [ —
|
J M— 2 0max (1)
Dimensions in mm.
(1) Terminal dimensions within this zone are uncontrolled to allow for flow of plastic and terminal irregularities.
sL07197
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TO-92 transistors on tape TO-92
[ T
- Aq e I k) Ahﬂ‘ 1% Ah
r | |
A | I
v ||| |
AN N AT i
*
Hy { Wy
Ho M o i IR
IL?LLL ILLLLLLz‘I’iOW1
VN N N |
{ N[/ L/ ‘\J
F1: i :_FQ _'I Do L_ :jl‘L_—T11
. p,sl
47)304&
SLorrez

Table 2. Tape specification (TO-92 leaded types)

SPECIFICATIONS

SYMBOL DIMENSION ™y TR ToL. NI REMARKS
Aq Body width 4 - 4.8 - mm
A Body height 4.8 52 - mm

Body thickness 35 3.9 - mm
P Pitch of component - 12.7 - 11 mm
Pa Feed hole pitch - 12.7 - +0.3 mm

Cumulative pitch eror - - - +0.1 mm Note 1
P2 Feed hole center to component center - 6.35 - 0.4 mm to be measured at bottom of clinch
F Distance between cuter leads - 5.08 - +0.6/-0.2 mm
Ah Component alignment - 0 1 - mm
w Tape width - 18 - +0.5 mm
Wy Hold-down tape width - 6 - 0.2 mm
Wy Hole position - 9 - +0.7/-0.5 mm
Wo Hold-down tape position - 0.5 - 0.2 mm
Hg Lead wire clinch height - 16.5 - 0.5 mm
Hy Component height - - 23.25 - mm
L Length of snipped leads - - 11 - mm
Dy Feed hole diameter - 4 - 0.2 mm
t Total tape thickness - - 1.2 - mm
Fi. F2 Lead-to-lead distance - - - +0.4/~02 | mm
Ha Clinch height — — — — mm
{p) Pull-out force 8 - - - N

NOTE:

1. Measured over 20 devices.

1997 Feb 25 14
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Tape splicing
Splice the camier tape on the back and/or front so that the feed hole
pitch (Pg) is maintained.

Bulk packing

In addition to TO-92 on tape, TO-92 can also be delivered in bulk.
Products are packed in boxes in foil and plastic bags with 1,000
pieces to a bag and 5 bags to a box.

LABEL LABEL
CARRIER STRIP CARRIER STRIP
RCUNDED
FLAT SIDE SIDE
ADHESIVE TAPE ADHESIVE TAPE
VRer
CATHCDE PIN
PIN
FEED L FEED
FLAT SIDE OF TRANSISTOR AND ADHESIVE TAPE VISIBLE ROUNDED SIDE OF TRANSISTOR AND ADHESIVE TAPE VISIBLE
SPC T (Note 1) SPCF (Note 1)
SL01193
Figure 24. TO-92 Reel Styles
ADHESIVE TAPE ON TOP SIDE /
CARRIER STRIP
| p
LABEL I FLAT SIDE OF TRANSISTOR
AND ADHESIVE TAPE VISIBLE

In Ammo Pack, the parts are put on the tape
the same as in SPC T. However, depending
on which end of the Ammo Pack is opened,
the VRrer OR Cathode pin may come first. If
opened from the end marked with a “+”, the
Cathode comes first. SPC A (Note 1)

SLO7794

Figure 25.

NOTE:
1. Order SPC F, T or A depending on what is required.

1997 Feb 25
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DEFINITION S

Data Sheet ldentification Product Status Definition

This data sheet containe the design target or goal specifications for product development. Specitications

Objective Specification Formative or in Design may ehange in any manner without nofice

This data sheetcontains preliminary data, and supplementary data willbe published at alater date. Philips
Prefiminary Specification Preproduction Produect Semiconductors reserves the right ta make changes at any time without notice in order 1o improve design
and supply the best possible product

This data sheet contains Final Specifications. Philips Semiconductors reserves the right to make changes

Product 8 ificati Full Producti
reduet Speciication ull Froduetion at any time without notice, in arder to improve design and supply the best possible product

Philips Semiconductors and Philips Electronics North America Corporation reserve the right to make changes, without notice, in the products,
including circuits, standard cells, and/or software, described or contained herein in order to improve design and/or performance.  Philips
Semiconductors assumes no responsibility or liability for the use of any of these products, conveys no license or title under any patent, copyright,
or mask work right to these products, and makes no representations or warranties that these products are free from patent, copyright, or mask
work rightinfringement, unless otherwise specified. Applications that are described herein for any of these products are for illustrative purposes
only. Philips Semiconductors makes no representation orwarranty that such applications will be suitable forthe specified use without further testing
or madification.

LIFE SUPPORT APPLICATIONS

Philips Semiconductors and Philips Electronics North America Corporation Products are not designed for use in life support appliances, devices,
or systems where malfunction of a Philips Semiconductors and Philips Electronics North America Corporation Product can reasonably be expected
to result in a personal injury. Philips Semiconductors and Philips Electronics North America Corporation customers using or selling Philips
Semiconductors and Philips Electronics North America Corporation Products forusein such applications do so at their own risk and agree to fully
indemnify Philips Semiconductors and Philips Electronics North America Corporation for any damages resulting from such improper use or sale.

Philips Semiconductors © Copyright Philips Electronics North America Corporation 1997
811 East Arques Avenue All vights reserved. Printed in U.S.A.
P.O.Box 3409

Sunnyvale, California 94088-3409
Telephone 800-234-7381
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