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LOAD SHARE CONTROLLER
FEATURES DESCRIPTION
® 2.7-Vto 20-V Operation The UC3902 load share controller is an 8-pin
® 8-Pin Package device that balances the current drawn from
® Requires Minimum Number of External independent, paralleled power supplies. Load
Components sharing is accomplished by adjusting each
@ Compatible with Existing Power Supply supplies’ output current to a level proportional to
. . the voltage on a share bus.
Designs Incorporating Remote Output
Voltage Sensin The master power supply, which is automatically
® Differential Share Bus designated as the supply that regulates to the
® Precision Current Sense Amplifier (40 Gain) highest voltage_, drives _the share bus with a
L voltage proportional to its output current. The
® UVLO (Undervoltage Lockout) Circuitry UC3902 trims the output voltage of the other
® User Programmable Share Loop paralleled supplies so that they each support their
Compensation share of the load current. Typically, each supply is
designed for the same current level although that
APPLICATIONS is not necessary for use with the UC3902. By
e Paralelled Power Supplies appropriately scaling the current sense resistor,

supplies with different output current capability
can be paralleled with each supply providing the
same percentage of their output current capability
for a particular load.
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DESCRIPTION (continued)

A differential line is used for the share bus to maximize noise immunity and accommodate different voltage drops
in each power converter’s ground return line. Trimming of each converter’s output voltage is accomplished by
injecting a small current into the output voltage sense line, which requires a small resistance (typically 20 Q to

100 Q) to be inserted.

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

‘% 4 during storage or handling to prevent electrostatic damage to the MOS gates.

ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range unless otherwise noted(!)

Ucaso? uNIT

VCC, ADJ -0.3t0 20

SENSE -5t05
Input voltage range, V, ADJR. COMP 0304 \%

SHARE-, SHARE+ -0.3t0 10

SHARE+ -100 mA to 10 mA mA
Output current, lo ADJ “1mAto 30 mA mA
Operating free-air temperature range, Ta -40to 100
Junction temperature range, T, -551t0 105 .
Storage temperature, Tgtq -65to 150 ©
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 300

(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. Voltages are with respect to
GND. Currents are positive into, and negative out of the specified terminal.
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ELECTRICAL CHARACTERISTICS
Ty =—40°C to 105°C, (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
Power SUPPLY SUPPLY CURRENT
s SHARE+ =1V, SENSE=0V
| I t A
cc upply curren Voo =20V ol m
UNDERVOLTAGE LOCKOUT
Vee Startup voltage SHARE+=0.2V, SENSE=0V, COMP =1V 2.3 25 2.7 \
Hysteresis SHARE+=0.2V, SENSE=0V, COMP =1V 60 100 140 mV
CURRENT SENSE AMPLIFIER
Vio Input offset voltage 0.1V <V(gHarey < 1.1V -2.5 -0.5 15 mV
SENSE to SHARE gain 0.1V< V(SHARE+) <11V -41 -40 -39 \Y
RiN Input resistance 0.6 1 15 V
SHARE DRIVE AMPLIFIER
Vec=25V V(sensg) = -50 mV 19 14
I(sHARE+) = -1 MA
High-level output voltage, Ve =12V V(seNsE) = —250 mV
. 10. 10.4
Von SHARE+ lsHARE+) = -1 MA 96 00 0 v
Vec=20V V(SENSE) =-250 mV 96 10.0 104
I(sHARE+) = -1 MA
Vec=25V V(sensg) = 10 mV 20 50
I(sHARE+) = -1 MA
Vcc =12V V(SENSE) =10 mV
VoL Low-level output voltage, SHARE+ | SHARE+) = ~1 MA 20 50 ,
m
Vec=20V V(SENSE) =10 mV
20 50
I(sHARE+) = -1 MA
Vo Output voltage, SHARE+ éﬁg@;? (’;}l/b) R(sHARE+) = 200 Q 20 40
_— . 0V<Vsuare) <1V,
CMRR Common mode rejection ratio SENSE used as input to amplifier 50 90 dB
Load regulation Load on SHARE+, 1 mA <l oap <-20 mA 0 20 mv
V(sensE) = 25 mV
Isc Short circuit current V(sHare+) =0V, V(sensg) = -25 mV -85 -50 -20 mA
V(sensg) = 10 mV to -90 mV step
RsHAREs) = 200 Q (SHARE+ to GND) 012 026 038
Slew rate V/us
V(sensg) = -90 mV to 10 mV step 012 0.26 0.38 I
R(sHARE+) = 200 Q (SHARE+ to GND) ' ’ '
i
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FLECTRICAL CHARACTERISTICS

Ty = —40°C to 105°C, (unless otherwise noted)

(continued)

V(sensg) = 10 mV,

V(shaRres) =1V

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
SHARE SENSE AMPLIFIER
V(sHARE+) =1V, V(sHaRe-) = GND
8 15
R Input i d Vigense = 10 mV kQ
nput impedance
IN putimp R(sHAREs) = 200 Q (SHARE+ to GND) o s
V(sHARE) =1V,  V(sensg) =10mV
V(SHARE) Threshold voltage V(sensg) =0V 41 70 100 mV
CMRR Common mode rejection ratio 0V <V(sHare-) <1V, V(sensg) = -2.5 mV 50 60
V(seENsE) = -2.5 mV,
5 nF capacitor from COMP to GND, 50 68
AVOL DESCRIPTION from SHARE+ to 1 kQ resistor from ADJR to GND dB
ADJR V(SENSE) =-25mV,
5 nF capacitor from COMP to GND, 50 66
150 Q resistor from ADJR to GND
V(sHaRE+) = 0 mV to 10 V step through a 200-Q
Slew rate resistor, Rcomp) = 500 L, 0.2 0.5 0.8 | V/us
V(SENSE) =10mV,Vgc =10V
ERROR AMPLIFIER
au Transconductance, SHARE+ 10| 5y ) egistor SHARE+ to GND 3.0 45 60| ms
COMP
V = 15V, SHARE+>300mV
| High-level output current (COMP) ‘ -450  -325  -200
oH 9 P V(sensg) = -10 mV WA
200-Q resistor SHARE+ to GND
| Low-level output current ; 80 150 250
oL P Vicomp) = 1.5V,  V(sensg) =10 mV
Vio Input offset voltage 15 35 65 mV
AVo/ 1-kQ resistor ADJR to GND
-6 0 6| mv/\V
AV(SENSE) -2.5mV < V(gensg) < -25 mV
ADJ AMPLIFIER
ADJR low voltage 200-Q resistor SHARE+ to GND, 1 0 1 mv
V(SENSE) =10 mV
ADJR high voltage V(sensg) = 10 mV, V(syarey =1V 1.4 1.8 2.1 \%
laDJR) = -0.5 MA, Vapy) =25V,
0.96 0.99 1.02
V(sensg) = 10 mV, V(sHares) =1V
laDJR) = -0.5 MA, V(apy) =20V,
0.96 0.99 1.02
) V(sensg) =10 mV, V(sHares) =1V
Current gain ADJR to ADJ A/A
lapuR) = 10 MA, = Viapy) =25V, 0.96 0.99 1.02
V(sensg) = 10 mV, V(sHares) =1V
laDuR) = —10 MA, = Viapy) =20 V. 0.96 0.99 1.02
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ORDERING INFORMATION

. PACKAGE® PART NUMBER
- SOIC (D) UC2902D
-40°C10 85°C Plastic DIP (N) UC2902N
] ] SOIC (D) UC3902D
0°Cto70°C Plastic DIP (N) UC3902N

(2 The D package is also available taped and reeled. Add an R suffix to the device type (i.e., bq24901DR) for quantities of 3,000 devices per reel.

D PACKAGE N PACKAGE
(TOP VIEW) (TOP VIEW)
GND[T]+® e[TJvce GND CITJ10 8 [IOvce
SENSEEE 2 7 :|:|SHARE+ SENSE [1]2 7 T SHARE+
ADJ[T]3 6 [ ] SHARE- ADJ I3 6 [T SHARE-
ADR[T]4  s[T]comp ADJR CTH4 5 FTI1COMP
TERMINAL FUNCTIONS
TERMINAL
NAME NO. /0 DESCRIPTION
ADJ 3 | Current output of the adjust amplifier circuit (NPN collector)
ADJR 4 O Current adjust amplifier range set (NPN emitter)
COMP 5 I/0 Output of the error amplifier, input of the adjust amplifier
GND 1 - Local power supply return and signal ground
SENSE 2 | Inverting input of the current sense amplifier
SHARE+ 7 I/0 Positive input from share bus or drive-to-share bus
SHARE- 6 | Reference for SHARE+ pin
VCC 8 | Local power supply (positive)

{'f TEXAS
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APPLICATION INFORMATION

The values of five passive components must be determined to configure the UC3902 load share controller. The
output and return lines of each converter are connected together at the load, with current sense resistor Rgensg
inserted in each negative return line. Another resistor, Rapy, is also inserted in each positive remote sense line.
The differential share bus terminals (SHARE+ and SHARE-) of each UC3902 are connected together
respectively, and the SHARE- node is also connected to the system ground. A typical application is illustrated
in Figure 1.

The load share controller design can be executed by following the next few steps:
Step 1.

V SHARE (max)

R R —
SENSE  Agga X lo(max) )

® where Agga is 40, the gain of the current sense amplifier

At full load, the voltage drop across the Rsenseg resistor is loimax) X Rsense. Taking into account the gain of the
current sense amplifier, the voltage at full load on the current share bus,

Acsa X lomax)

V =
Rsense )

SHARE(max)

This voltage must stay 1.5-V below V¢ or below 10 V whichever is smaller. Vsyare represents an upper limit
but the designer should select the full scale share bus voltage keeping in mind that every volt on the load share
bus increases the master controller’s supply current by approximately 100 pA times the number of slave units
connected parallel.

Step 2.

\
_ "ADJ(max)
Rg=+——

| ADJ(max) ©)

Care must be taken to ensure that |apymax) is low enough so that both the drive current and power dissipation
are within the device’s capability. For most applications, an Iapymax) current between 5 mA and 10 mA is
acceptable. In a typical application, a 360-Q Rg resistor from the ADJR pin to ground sets Iapymax) t0
approximately 5 mA.

Step 3.

R AVomax) ~ (IO(max) X RSENSE)

ADJ IAD\J(malx) (4)

Rapy must be low enough to not affect the normal operation of the converter’s voltage feedback loop. Typical
Rapy values are between 20 € t0100 Q depending on Vg, AVomax) and the selected Iapymax) value.

Step 4.

Im Raps  Rsense
C-~ = X X A X A f
C T 2uxf;  Rg RLoAD CSA PWR ( c) )

*ﬂ‘ TeEXAS
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The share loop compensation capacitor, C is calculated to produce the desired share loop unity gain crossover
frequency, fc. The share loop error amplifier’s transconductance, gy is nominally 4.5 ms. The values of the
resistors are already known. Typically, f¢ is set to at least one order of magnitude below the converter’s closed
loop bandwidth. The load share circuit is primarily intended to compensate for each converter’s initial output
voltage tolerance and temperature drift, not for differences in their transient response. The term ApwRtc) is the
gain of the power supply measured at the desired share loop crossover frequency, fc. This gain can be
measured by injecting the measurement signal between the positive output and the positive sense terminal of
the power supply.

Step 5.

Rg = 5———

C 2w X fC X CC (6)
A resistor in series with Cg is required to boost the phase margin of the load share loop. The zero is placed at
the load share loop crossover frequency, fc.

When the system is powered up, the converter with the highest output voltage tends to source the most current
and take control of the share bus. The other converters increase their output voltages until their output currents
are proportional to the share bus voltage minus 50 mV. The converter which in functioning as the master may
change due to warmup drift and differences in load and line transient response of each converter.

ADDITIONAL INFORMATION

Please refer to the following topic for additional application information.

1. Application Note U-163, (Tl Literature No. SLUA128) The UC3902 Load Share Controller and lts
Performance in Distributed Power Systems by Laszlo Balogh
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

UC2902D Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 85 uC2902D
UC2902D.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 85 UC2902D
UC2902DG4 Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40to 85 UC2902D
UC2902DTR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 uC2902D

UC2902DTR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 uC2902D

UC2902N Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 UC2902N
UC2902N.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 UC2902N

UC3902D Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM 0to 70 UC3902D
UC3902D.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM Oto 70 UC3902D
UC3902DG4 Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM Oto 70 UC3902D
UC3902DTR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 UC3902D

UC3902DTR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 UC3902D

UC3902N Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type Oto 70 UC3902N

UC3902N.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type 0to 70 UC3902N

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer:The information provided on this page represents TI'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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
UC2902DTR SoIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
UC3902DTR SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

UC2902DTR SoIC D 8 2500 353.0 353.0 32.0
UC3902DTR SoIC D 8 2500 353.0 353.0 32.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> V\£ dth
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
uC2902D SoIC 8 75 507 8 3940 4.32
UC2902D.A D SoIC 8 75 507 8 3940 4.32
UC2902DG4 D SoIC 8 75 507 8 3940 4.32
UC2902N P PDIP 8 50 506 13.97 11230 4.32
UC2902N.A P PDIP 8 50 506 13.97 11230 4.32
uUC3902D D SoIC 8 75 507 3940 4.32
UC3902D.A D SoIC 8 75 507 3940 4.32
UC3902DG4 D SoIC 8 75 507 3940 4.32
UC3902N P PDIP 8 50 506 13.97 11230 4.32
UC3902N.A P PDIP 8 50 506 13.97 11230 4.32

Pack Materials-Page 3



PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
035 (9,00) 7
5
[ ™M ;
0.260 (6,60)
0.240 (6,10)
° ‘
P8 S WS I Wy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T o 38)
\ 0.200 (5,08) MAX TGouge Plane
L Seating Plane
0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) O 430 (10, 92
MAX
0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other 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 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, TI's General Quality Guidelines, 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. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.
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