HA723

PRECISION VOLTAGE REGULATORS

SLVS057D — AUGUST 1972 — REVISED JULY 1999

Power Transistor

description

150-mA Load Current Without External

Adjustable Current-Limiting Capability
Input Voltages up to 40 V

Output Adjustable From2 Vto 37V
Direct Replacement for Fairchild uA723C

The pA723 is a precision integrated-circuit
voltage regulator, featuring high ripple rejection,
excellentinput and load regulation, excellent temperature stability, and low standby current. The circuit consists
of a temperature-compensated reference-voltage amplifier, an error amplifier, a 150-mA output transistor, and
an adjustable-output current limiter.
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The pA723 is designed for use in positive or negative power supplies as a series, shunt, switching, or floating
regulator. For output currents exceeding 150 mA, additional pass elements can be connected as shown in
Figures 4 and 5.

The pA723C is characterized for operation from 0°C to 70°C.
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HA723
PRECISION VOLTAGE REGULATORS

SLVS057D — AUGUST 1972 — REVISED JULY 1999

schematic
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Resistor and capacitor values shown are nominal.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Peak voltage from Voo, to Voo (lw <50 mMs) ..o 50V
Continuous voltage from Voo 10 Voo - 40V
Input-to-output voltage differential ... ... 40V
Differential input voltage to error amplifier . ....... .. 5V
Voltage between noninverting input and Voo— v 8V
CUMeNt frOM Vz o 25 mA
Current from REF . ... o 15 mA
Package thermal impedance, 65 (see Notes 1 and 2): Dpackage ............................ 86°C/W

Npackage .............ccciiiiiii... 101°C/W
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ................ 260°C
Storage temperature range, Tgtg ... v vv it —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Maximum power dissipation is a function of T j(max), 8ja, and Ta. The maximum allowable power dissipation at any allowable

ambient temperature is Pp = (Tj(max) — Ta)/6JA. Operating at the absolute maximum T of 150°C can impact reliability.
2. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace
length of zero.
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HA723

PRECISION VOLTAGE REGULATORS

SLVS057D — AUGUST 1972 — REVISED JULY 1999

recommended operating conditions

MIN MAX | UNIT
Input voltage, V| 9.5 40 Vv
Output voltage, Vo 2 37 Vv
Input-to-output voltage differential, Vg — Vo 3 38 Vv
Output current, 1o 150 mA
Operating free-air temperature range, Ta | pA723C 0 70 °C
electrical characteristics at specified free-air temperature (see Notes 3 and 4)
HA723C
PARAMETER TEST CONDITIONS TA UNIT
MIN TYP MAX
Vi=12Vto V=15V 25°C 0.1 1
Input regulation Vi=12Vto V=40V 25°C 1 mV/V
Vi=12Vto V=15V 0°C to 70°C
. o f=50 Hz to 10 kHz, Cref=0 25°C 74
Ripple rejection dB
f=50 Hz to 10 kHz, Cref =5 UF 25°C 86
) 25°C -0.3 -2
Output regulation mV/V
0°C to 70°C -6
Reference voltage, Vyef 25°C 6.8 7.15 7.5 \
Standby current V=30V, Io=0 25°C 2.3 41 mA
Temperature coefficient of output voltage 0°C to 70°C 0.003 0.015| %/°C
Short-circuit output current Rgc=10Q, Vo=0 25°C 65 mA
) BW =100 Hzto 10 kHz, Cygf=0 25°C 20
Output noise voltage uv
BW =100 Hz to 10 kHz, Cygf=5uF 25°C 25

NOTES: 3.

For all values in this table, the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier
< 10 kQ. Unless otherwise specified, V| = Voo =Vg =12V, Vgc-=0,Vo =5V, lp =1 mA, Rgg =0, and Cef = 0.

4. Pulse-testing techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.

electrical characteristics, Tp = 25°C (see Notes 3 and 4)

HA723Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
) Vi=12Vto V=15V 0.1
Input regulation mV/V
Vi=12Vto V=40V 1
) o f=50 Hz to 10 kHz, Cref=0 74
Ripple rejection dB
f=50 Hz to 10 kHz, Cref =5 pF 86
Output regulation -0.3 mV/V
Reference voltage, Vyef 7.15 Vv
Standby current V=30V, lo=0 2.3 mA
Short-circuit output current Rsc=10Q, Vo=0 65 mA
) BW =100 Hz to 10 kHz, Cref=0 20
Output noise voltage pv
BW =100 Hz to 10 kHz, Cref =5 pF 25

NOTES: 3.

For all values in this table, the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier
< 10 kQ. Unless otherwise specified, V| = Voo =Vg =12V, Vgc-=0,Vo =5V, lp =1 mA, Rgc =0, and Cef = 0.

4. Pulse-testing techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.
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HA723
PRECISION VOLTAGE REGULATORS

SLVS057D — AUGUST 1972 — REVISED JULY 1999

APPLICATION INFORMATION

Table 1. Resistor Values (kQ) for Standard Output Voltages

FIXED OUTPUT | OUTPUT ADJUSTABLE
OUTPUT APPLICABLE +5% £10%
VOLTAGE FIGURES (SEE NOTE 6)
(V) (SEE NOTE 5) R1 R2 R1 P1 P2
(kQ) (kQ) k) | ®Q) | ko)
3.0 1,5,6,9,11,12(4) | 4.12 3.01 1.8 0.5 1.2
3.6 1,5,6,9,11,12(4) | 357 3.65 1.5 0.5 1.5
5.0 1,5,6,9,11,12(4) | 2.15 4.99 0.75 0.5 2.2
6.0 1,5,6,9,11,12(4) | 1.15 6.04 05 0.5 2.7
9.0 2,4,(5,6,9, 12) 1.87 7.15 0.75 1.0 2.7
12 2,4,(5,6,9,12) 4.87 7.15 2.0 1.0 3.0
15 2,4,(5,6,9, 12) 7.87 7.15 3.3 1.0 3.0
28 2,4,(5,6,9,12) 21.0 7.15 5.6 1.0 2.0
45 7 3.57 48.7 2.2 10 39
75 7 3.57 78.7 2.2 10 68
100 7 3.57 105 2.2 10 91
250 7 3.57 255 2.2 10 240
(see ;fz)te 7) 3,10 3.57 2.43 1.2 0.5 0.75
-9 3,10 3.48 5.36 1.2 0.5 2.0
-12 3,10 3.57 8.45 1.2 0.5 3.3
-15 3,10 3.57 11.5 1.2 0.5 43
—28 3,10 357 243 1.2 0.5 10
—45 8 3.57 412 2.2 10 33
-100 8 3.57 95.3 2.2 10 91
—250 8 3.57 249 2.2 10 240

NOTES: 5. The R1/R2divider can be across either Vg or V(yef). If the divider is across
V(ref), use the figure numbers without parentheses. If the divider is across
VQ, use the figure numbers in parentheses.
6. Tomake the voltage adjustable, the R1/R2 divider shown in the figures must
be replaced by the divider shown below.

R1
P1

R2

Adjustable Output Circuit

7. ForFigures3,8,and 10, the devicerequiresaminimumof9Vbetween Voo
and Vgc— when V(o is equal to or more positive than -9 V.
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PRECISION

HA723
VOLTAGE REGULATORS

SLVS057D — AUGUST 1972 — REVISED JULY 1999

APPLICATION INFORMATION

Table 2. Formulas for Intermediate Output Voltages

OUTPUTS FROM2VTO 7V

OUTPUTS FROM 4V TO 250 V

CURRENT LIMITING

SEE F'Guiﬁsnkg’.r% :’ 1,12(4) SEE FIGURE 7 AND NOTE 5
Vo = Ve X mi2es Vg = V(Zre” x B2 = R1 Ly = 988V
) * R1+ R2 R3 - Ao R1 Rsc
OUTPUTS FROM —6 V'TO 250 V FOLDBACK CURRENT LIMITING
SEE FIGURE 6

OUTPUTS FROM7VTO 37V

SEE FIGURES 3, 8, 10

SEE FIGURES 2, 4, (5, 6,9, 11, 12)
AND NOTE 5 AND NOTES 5 AND 7
Vo R ro VoR3 + (R3 + R4) 0.65 V
V.=__teh o R1+R2 (knee) ~ R.-R4
Vo = Ve x BLER2 o 2 R sc
R3 = R4 | 065V . R3+R4
08 = "Rgg R4

NOTES: 5. The R1/R2divider can be across either Vo or V(yef). If the divider is across V(ref), use figure numbers without parentheses. If the

divider is across V(Q, use the figure numbers in parentheses.
7. ForFigures 3, 8, and 10, the device requires a minimum of 9 V between Vg and Voc—when Vg is equal to or more positive than

-9V.

R1

. _ R1 xR2
NOTES: A. R3 = Ri + R2

Vi
Vee+ Ve
OUTPUT
A72
rer MATZ — | Rec
Regulated
CURR LIM Output, Vo
CURR SENS
IN+ IN-
Vcc- FREQ COMP R3 (see Notes A and B)

j\ 100 pF

for a minimum a,,
o

B. R3 can be eliminated for minimum component count. Use direct connection (i.e., R3 = 0).

Figure 1. Basic Low-Voltage Regulator (Vo =2V to 7 V)
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HA723
PRECISION VOLTAGE REGULATORS

SLVS057D — AUGUST 1972 — REVISED JULY 1999

APPLICATION INFORMATION

Vi

h

Vee+ Ve
OUTPUT
Rer MWAT23 |

Rsc Regulated Output,

R3 CURR LIM Vo

(see Notes A and B)
CURR SENS

IN+ IN-

l L
. _ R1 xR2 .
NOTES: A. R3 = R1 + R2 for a minimum ocvo
B. R3 can be eliminated for minimum component count. Use direct connection (i.e., R3 = 0).

R1

100 pF R2

Figure 2. Basic High-Voltage Regulator (Vg =7 V to 37 V)

Vi
R2 2kQ
Vee+ Ve

OUTPUT [~

rer MATB 2N5001
CURRLIM |-

R4 = 3kQ
CURR SENS |-
®—| IN+ IN- e— Regulated Output,
Vce— FREQ COMP Vo

R1 —l—/[ 100 pF

Figure 3. Negative-Voltage Regulator
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HA723
PRECISION VOLTAGE REGULATORS

SLVS057D — AUGUST 1972 — REVISED JULY 1999

APPLICATION INFORMATION

Vi

Vce+ Ve
REF MAT23 |

CURR LIM
CURR SENS Rsc

IN IN-

¥ Regulated Output,
Vce- FREQ COMP Vo

1

500 pF

R1

R2

Figure 4. Positive-Voltage Regulator (External npn Pass Transistor)

Vi
2N5001
Vee+ Ve
OUTPUT
Rer MBS
CURRLIM
Ri CURR SENS Rsc
IN+ IN- Regulated Output,
Vce— FREQ COMP Vo
R2 T

1000 pF

Figure 5. Positive-Voltage Regulator (External pnp Pass Transistor)
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HA723

PRECISION VOLTAGE REGULATORS

SLVS057D — AUGUST 1972 — REVISED JULY 1999

APPLICATION INFORMATION

\J

h

R1

Vee+ Ve

REF

IN+

HA723

] %100

OUTPUT v
o
Vz |—
CURR LIM
CURR SENS '?S }
IN- lknee
lo
0 pF

Regulated Output,

Figure 6. Foldback Current Limiting

i 1N1826

R4 =

—

Vce+ Ve
OUTPUT |-
Rer PATB
CURR LIM
CURR SENS
IN- |—
Voo FREQ COoMP

IN+

L /I\ 500 pF

2N2580

Rgc=1Q

Regulated Output,

Vo

Figure 7. Positive Floating Regulator
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HA723
PRECISION VOLTAGE REGULATORS

SLVS057D — AUGUST 1972 — REVISED JULY 1999

APPLICATION INFORMATION

\J
10 kQ

T ? |
VCC+ VC 10 kQ
1N759 OUTPUT [
REF WAT23 Vz 2N5287
R3 =

CURRLIM |—

R2¢  |3ka
CURR SENS |-
IN+ IN-

R4 =
500 pF
ska J /I\ P o— Regulated Output,
. Vo

Figure 8. Negative Floating Regulator

Vi

2N5153
2N5005

Vece+ Ve
OUTPUT L=1.2mH
MAT723 (see Note A)
VZI— | 510
CURR LIM Regulated Output,
Vo

1kQ CURR SENS

IN+ IN-
Vce- FREQ COMP 1N4005

0.1 uF I ‘

REF

R1

NOTE A: Lis 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 potted core, or equivalent, with a 0.009-inch air gap.

Figure 9. Positive Switching Regulator
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HA723
PRECISION VOLTAGE REGULATORS

SLVS057D — AUGUST 1972 — REVISED JULY 1999

APPLICATION INFORMATION

Vi
(see Note A)
R3 =
T | ko 2N3997
Vee+ Ve
OUTPUT |[—
A723
REF H V7 N 2N5004
CURRLIM |—
CURR SENS |[—
IN+ IN-
Vcc- FREQ COMP R4 =
BN 3kQ
15 pF
l I S
L=12mH
1N4005 ‘ (see Note B)
i Regulated Output,

Vo

100 UF I

NOTES: A. The device requires a minimum of 9 V between Vgc and Vgc— when Vg is equal to or more positive than -9 V.

B. L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 potted core, or equivalent, with a 0.009-inch
air gap.

Figure 10. Negative Switching Regulator

Vi

.

Vces Ve
Rsc
OUTPUT Regulated Output,

v
REF MA723 | o

R1 CURR LIM
CURR SENS

IN-

Vce- FREQ COMP

IN+

R2 2N4422

2KkQ

Input From
Series 54/74 Logic

NOTE A: A current-limiting transistor can be used for shutdown if current limiting is not required.

Figure 11. Remote Shutdown Regulator With Current Limiting
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PRECISION VOLTAGE REGULATORS
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APPLICATION INFORMATION

Vi

I

1kQ
Rep  MA723

R1

Vcec- FREQ COMP

Ve
OUTPUT [—
Vz
CURRLIM [—

CURR SENS |— =

IN-

‘ R2
== 5000 pF

T 1

2N3997

Figure 12. Shunt Regulator

Regulated Output,
Vo
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- PACKAGE OPTION ADDENDUM
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
(1) Drawing Qty @ (6) @®) 455)
UA723CD ACTIVE SoIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 UA723C -
& no Sb/Br) Samples
UA723CDE4 ACTIVE SOIC D 14 50 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 UA723C Samnles
& no Sb/Br) ple
UA723CDR ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 UA723C Samnles
& no Sb/Br) ple
UA723CDRE4 ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 UA723C T
& no Sb/Br) ple
UA723CDRG4 ACTIVE SOIC D 14 2500 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 UA723C E e
& no Sb/Br) ple
UA723CN ACTIVE PDIP N 14 25 Green (RoHS NIPDAU N/ A for Pkg Type 0to 70 UA723CN o
& no Sb/Br) .JaIerles
UA723CNE4 ACTIVE PDIP N 14 25 Green (RoHS NIPDAU N/ A for Pkg Type 0to 70 UA723CN o
& no Sb/Br) .:amples
UA723CNSR ACTIVE SO NS 14 2000 Green (RoHS NIPDAU Level-1-260C-UNLIM 0to 70 UA723 Samples
& no Sb/Br) ]

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

Addendum-Page 1
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® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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i3 Texas PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
+ —> Kl e— 1 —
7 ( I
i’
O & & || e
x | J
A 1 {
Cavity (€ AQ»|
AQ | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
P1 Pitch between successive cavity centers
E w1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
UA723CDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
UA723CNSR SO NS 14 2000 330.0 16.4 8.2 10.5 2.5 12.0 | 16.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
A
4
~_ s
™~ e
- //' "\.\ 7
T s
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UA723CDR SOIC D 14 2500 367.0 367.0 38.0
UA723CNSR SO NS 14 2000 367.0 367.0 38.0

Pack Materials-Page 2



MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

ST
1AAAAT

0,15 NOM

|
r

Gage Plane

O
INERERE

A

15
| | [ o
y \ | Seating Plane $
— 2,00 MAX 20,10

PINS *x
DIM

A MAX

A MIN

4040062,/C 03,03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE

0.344 (8,75)
‘ 0.337 (8,55)
&
14 W 8
0.244 (6,20)
0.228 (5,80)
i < - - T 0157 (4,00)
\ 0.150 (3,80) A
| |
aln I ﬁ sl
1 7
Pin 1 0.020 (0,51)
Index Area m
[-6-]0.010 (0,25) W]
/ \ A\ \
v . v \ J\ ; /k
0.010 ( \ e
— 0.069 (1,75) Max 0004
0010 (0.25) / ﬁ
0.005 (0,13)1 )/
/ ‘ \
. 1 | // | []0.004 (0,10)
Gauge Plane - !
%D — x Seating Plane
0.010 (0,25) 08" N o7
~_] L __—
0.050 (1,27)
0.016 (0,40)
4040047-5/M  06/11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

B e

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.

wi3 TExas
INSTRUMENTS
www.ti.com



LAND PATTERN DATA

D (R—PDSO—G14)

PLASTIC SMALL OUTLINE

Sten(cil Openings

ExqmpI?NI?)g:rg)quout Note D
—— =—12x1,27 O
‘ ‘ — 12427
Ol 14x1 50 OO [0
HNEREREREREEE * OO0t r
5,40 5,40
| |
SO aan ol
I\ |_|/,'|_||_||_||_||_| Uuuubuyud
N
Example

Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

Example
Solder Mask Opening
(See Note E)

—l=—0.0/ ;

4211283-3/E 08/12

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—-IN—-LINE PACKAGE
16 PINS SHOWN
A oM PINS ™1 44 16 18 20
16 9
e s e e ) A MAX (?'97,;3) (?97,53) (g'sgé% (;6022)
0.745 | 0745 | 0.850 | 0.940
D) %&2?8; A MN (18,92) | (18,92) | (21,59) | (23,88)
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- 20 Pin vendor option
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NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.
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IMPORTANT NOTICE AND DISCLAIMER
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reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.
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