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Surface Mount - Tape & Reel

Tape-and-Reel is one of the primary methods for shipping surface mount devices. This system simplifies
the handling of semiconductors for automated circuit board assembly systems. Tape-and-Reel holds
hundreds-to-thousands of surface mount devices so that pick-and-place machines have to be reloaded
less frequently.
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www.ti.com General Description

1 General Description

Tape-and-Reel is one of the primary methods for shipping surface mount devices. This system simplifies
the handling of semiconductors for automated circuit board assembly systems. Tape-and-Reel holds
hundreds-to-thousands of surface mount devices so that pick-and-place machines have to be reloaded
less frequently.

2 Features
* The reel is made of polystyrene (PS) plastic material and topically coated with antistatic solution.
» The carrier tape is made of standard polycarbonate or polystyrene materials.
» The cover tape is made of polyester material.
« The cover tape uses pressure sensitive or heat activated adhesive.

e Fully compliant to EIA-481 electronics industry standard except for 128Ld and 144Ld QFP package
types.

» Meets European standard IEC 60286-3 PACKAGING OF COMPONENTS FOR AUTOMATIC
HANDLING PART 3: PACKAGING OF SURFACE MOUNT COMPONENTS ON CONTINUOUS
TAPES.

e Product is shipped in either 7-inch or 13-inch reels, depending on package/product types.
NOTE: Please check with your National local representative for details specific to your product needs.

3 Cover Tape Peel Strength

The force required to peel off the cover tape from the carrier tape will fall within the range of 0.1 Newton to
1.3 Newton (10 grams to 130 grams) at a peeling speed to 300 mm per minute. This complies with the
EIA standard.

4 Electrostatic Charges

National Semiconductor uses only static dissipative tape-and-reel materials (surface resistivity of 10° to
10*? Q to avoid damaging static charges building up during the peeling off of the cover tape prior to pick
and place. National Semiconductor ran extensive evaluations on cover tape materials and found that static
charge build up was very low (less than 200 volts) on static dissipative cover tapes. In comparison,
commonly used insulative cover tapes had readings consistently in excess of 3000 volts.

5 For All Package Types

For all Package Types

Overall Hub Length (mm) Overall Leader Length (mm)
300 minimum | 740 maximum 500 minimum ‘ 1200 maximum
Q1 | Q2
Q3 | Q4

Figure 1. Pin 1 Orientation
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6 MINI SOIC, SOIC, SSOP, TSSOP and PSOP
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Package Type | MKT- Outline Tape Size Pocket Pitch QuPallgr;nt Units per Reel Reel Size Reel Width
Lead Count Drawing W1 (mm) P(mm) Figure 1 P A (inches) W2 (mm)
MINI SOIC
MUAOS8A
8 Ld 12 8 Q1 VP/1000/3500 7/13 18/18.4
MUYO08A
MUB10A
10 Ld 12 8 Q1 VP/1000/3500 7/13 18/18.4
MUC10A
Ordering Instruction for 1000 units/reel: no Suffix, Example: LMH6612MM
Ordering Instruction for 3500 units/reel: use Suffix ‘X’. Example: LMH6612MMX
For smaller Value Pack (VP) please contact your local NSC representative
SOIC
8 Ld (Narrow) MO8A 12 Q1 VP/2500 7/13 18/18.4
14 Ld (Narrow) M14A 16 Q1 VP/2500 7/13 22.4
16 Ld (Narrow) M16A 16 Q1 VP/2500 7/13 22.4
14 Ld (Wide) M14B 16 12 Q1 1000 13 22.4
16 Ld (Wide) M16B 16 12 Q1 1000 13 22.4
20 Ld (Wide) M20B 24 12 Q1 1000 13 304
24 Ld (Wide) M24B 24 12 Q1 1000 13 304
28 Ld (Wide) M28B 24 12 Q1 1000 13 304
Note: Standard Packing Option is Rail.
Wide Ordering Instruction for 1000 units/reel: use Suffix “X". Example: ADC0831CCWMX
Narrow Ordering Instruction for 2500 units/reel: use Suffix ‘X’. Example: LMP2231BMAX
For smaller Value Pack (VP) please contact your local NSC representative
TSSOP
MTC14
14 Ld 12 8 Q1 VP/2500 7/13 18/18.4
MXAL14A
MTC16
16 Ld 12 8 Q1 VP/2500 7/13 18/18.4
MXA16A
6  Surface Mount - Tape & Reel SNOA403|-May 2004 —Revised June 2011
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. . . Pin 1 . )
Package Type | MKT- Outline Tape Size Pocket Pitch . Reel Size Reel Width
Lead Count Drawing W1 (mm) P(mm) %?;S:;T Units per Reel A (inches) W2 (mm)
MTC20
20 Ld XAZOA 16 8 Q1 VP/2500 7113 22.4
24 Ld MTC24 16 8 Q1 VP/2500 7113 22.4
MTC28
28 Ld NAXAZBA 16 8 Q1 VP/2500 7113 22.4
48 Ld MTDA48 24 12 Q1 1000 13 30.4
56 Ld MTD56 24 12 Q1 1000 13 30.4
64 Ld MXD64A 24 12 Q1 1000 13 30.4

Note: Standard Packing Option is Rail.
Ordering Instruction for 1000 units/reel: use Suffix “X”. Example: LM8207MTX
Ordering Instruction for 2500 units/reel: use Suffix ‘X’. Example: LMP2234BMTX
For smaller Value Pack (VP) please contact your local NSC representative

10 Ld MXF10A 12 8 Q1 VP/1000/3500 7/13 18/18.4
0

Ordering Instruction for 1000 units/reel: no Suffix, Example: LM4990MH
Ordering Instruction for 3500 units/reel: use Suffix “X”. Example: LM4990MHX
For smaller Value Pack (VP) please contact your local NSC representative

SSOP-JEDEC
16 Ld MQA16 16 8 Q1 2500 13 224
24 Ld MQA24 16 8 Q1 2500 13 224
48 Ld MS48A 32 16 Q1 1000 13 384
Note: Standard Packing Option is Rail.
For Tape & Reel Packing use Suffix 'X'. Example: LM82CIMQAX
SSOP-EIAJ
20 Ld MSA20 16 12 Q1 2000 13 22.4
24 1d MSA24 16 12 Q1 2000 13 22.4
28 Ld MSA28 16 12 Q1 2000 13 22.4
Note: Standard Packing Option is Rail.
For Tape & Reel Packing use Suffix 'X'. Example: DSP92LV1212AMSAX
PSOP
MRAOSA
8 Ld 12 8 Q1 VP/2500 7/13 18/18.4
MRA08B
Note: Standard Packing Option is Rail.
Ordering Instruction for 2500 units/reel: use Suffix ‘X’. Example: LP2998MRX
Ordering Instruction for 250 units/reel: use Suffix ‘E’. Example: LP2998MRE
For smaller Value Pack (VP) please contact your local NSC representative
7 PLCC
(] sj=(y 0| e u!
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Feed Direction
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Package Type | MKT- Outline Tape Size Pocket Pitch QuPallgr;nt Units per Reel Reel Size Reel Width
Lead Count Drawing W1 (mm) P(mm) Figure 1 P A (inches) W2 (mm)
PLCC
20 Ld V20A 16 12 Q1/Q2 1000 13 22.4
28 Ld V28A 24 16 Q1/Q2 750 13 304
44 Ld V44A 32 24 Q1/Q2 500 13 38.4
68 Ld V68A 44 32 Q1/Q2 250 13 50.4
84 Ld V84A 44 36 Q1/Q2 250 13 50.4
Standard Packing Option is Rail.
For Tape & Reel Packing please contact your local NSC representative.

8  PQFP, LQFP and TQFP
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Table 1. @
. . . Pin 1 . .
e ™™ | W P | quadran s per | Fe0 005 | Rog
PQFP
80 Ld VIESOA ] 32 | 24 \ Q2 500 ] 13 \ 38.4
Standard Packing Option is Tray.
For Tape & Reel Packing please contact your local NSC representative.
LQFP
32 Ld VBE32A 16 12 Q2 1000 13 22.4
44 Ld VEJ44A 24 16 Q2 1000 13 30.4
48 Ld VBHASA 16 12 Q2 1000 13 22.4
VXH48A
64 Ld VEH64A 24 16 Q2 1000 13 30.4
80 Ld VHG80A 24 16 Q2 1000 13 30.4
100 Ld VJIG100A 32 24 Q2 1000 13 38.4
128 Ld VLB128A 44 24 Q1 500 13 50.4
144 Ld VNG144A 44 32 Q1 500 13 50.4
144 Ld VNG144C 44 32 Q2 500 13 50.4
Note: Standard Packing Option is Tray.
For Tape & Reel Packing use Suffix ‘X’. Example: ADC12040CIVYX
TQFP
48 Ld VBC48A 16 12 Q2 1000 13 22.4
64 Ld VECG64A 24 16 Q2 1000 13 30.4
80 Ld VHB80A 24 20 Q2 1000 13 30.4
100 Ld VJID100A 32 24 Q2 1000 13 38.4
Note: Standard Packing Option is Tray.
For Tape & Reel Packing use Suffix ‘X'. Example: DS90CF388VJDX

@ Exposed Heatsink

9 TO-263, TO-263 THIN, TO-PMOD and TO-252
Figure 2. TO-263, TO-263 THIN, TO-PMOD
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Package Type | MKT- Outline Tape Size Pocket Pitch . Reel Size Reel Width
Lead Count Drawing W1 (mm) P(mm) %’;S::T Units per Reel A (inches) W2 (mm)
TO-263
3Ld TS3B 24 16 Q2 500 13 304
5Ld TS5B 24 16 Q2 500 13 304
7 Ld TS7B 24 16 Q2 500 13 304
9Ld TS9A 24 16 Q2 500 13 304

Note: Standard Packing Option is Rail.
For Tape & Reel Packing use Suffix 'X'. Example: LP2954AISX

TO-263 THIN
3Ld TJ3A 24 12 Q2 1000 13 30.4
5Ld TJ5A 24 12 Q2 1000 13 30.4
7 Ld TJ7A 24 12 Q2 VP/1000 7113 30.4
9Ld TJ9A 24 12 Q2 1000 13 30.4
Ordering Instruction for 1000 units/reel: no Suffix, Example: LM22670TJ-5.0
For smaller Value Pack (VP) please contact your local NSC representative
TO-252
3Ld ] TDO3B ] 16 | 8 \ Q2 ] 2500 ] 13 \ 22.4
Note: Standard Packing Option is Rail.
For Tape & Reel Packing use Suffix 'X'. Example: LM1117DTX-ADJ
TO-PMOD
7Ld \ TZAO7A ] 24 | 16 \ Q2 ] 250/500 ] 13 \ 30.4

Ordering Instruction for 250 units/reel: no Suffix, Example: LMZ10504TZ-ADJ
Ordering Instruction for 500 units/reel: use Suffix “X”. Example: LMZ10504TZX-ADJ

11 Ld ] TZAL1A ] 32 | 20 \ Q2 ] 250 ] 13 \ 39.2
Ordering Instruction for 250 units/reel: use Suffix “E”, Example: LMZ12008TZE
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SOT-23, SOT-223, SC-70 and TSOT

Figure 4. SOT-23, SC-70 and TSOT
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Package Type | MKT- Outline Tape Size Pocket Pitch Qupallgrgnt Units per Reel Reel Size Reel Width
Lead Count Drawing W1 (mm) P(mm) Figure 1 P A (inches) W2 (mm)
SOT-23
3Ld MFO3A 8 4 Q3 1000/3000 7 14.4
5Ld MFO5A 8 4 Q3 VP/1000/3000 7 14.4
6 Ld MFO6A 8 4 Q3 VP/1000/3000 7 14.4
8 Ld MFO8A 8 4 Q3 1000/3500 7/13 18/18.4
Ordering Instruction for 1000 units/reel: no Suffix “X". Example: DS90LV011AQMF
Ordering Instruction for 3000 units/reel: use Suffix “X”. Example: DS90LV011AQMFX
For smaller Value Pack (VP) please contact your local NSC representative
SC-70
5Ld MAAO5A 8 4 Q3 VP/1000/3000 14.4
6 Ld MAAO6A 8 4 Q3 1000/3000 14.4
Ordering Instruction for 1000 units/reel: no Suffix “X". Example: LMV851MG
Ordering Instruction for 3000 units/reel: use Suffix “X”. Example: LMV851MGX
For smaller Value Pack (VP) please contact your local NSC representative
SOT-223
4Ld MPO4A 16 12 Q3 1000/2000 13 224
5Ld MPO5A 16 12 Q3 1000/2000 13 224
Ordering Instruction for 1000 units/reel: no Suffix 'X'. Example: LM317AEMP
For 2000 units/reel use Suffix 'X'. Example: LM317AEMPX
TSOT
6 Ld MKOBA 8 4 Q3 VP/1000/3000 7 144
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. . . Pin 1 . )
Package Type | MKT- Outline Tape Size Pocket Pitch . Reel Size Reel Width
Lead Count Drawing W1 (mm) P(mm) ?:?;Srrsqt Units per Reel A (inches) W2 (mm)

Ordering Instruction for 1000 units/reel: no Suffix “X”. Example: LM2734XQMK
Ordering Instruction for 3000 units/reel: use Suffix “X”. Example: LM2734XQMKE
For smaller Value Pack (VP) please contact your local NSC representative

11  Micro SMD, Micro SMDxt, Micro Array and POS
O O O Oft
B 6 T | ™
/ y
» /
P Index Area
Feed Direction
> [ew2
x
A 4
Figure 6. Package on Substrate (POS)
O O O O]t
i R | M
/ y
> /
P Pin 1
>
Feed Direction
Package Type | MKT- Outline Tape Size Pocket Pitch Qupalgr;nt Units per Reel Size Reel Width
Lead Count Drawing W1 (mm) P(mm) Figure 1 Reel A (inches) W2 (mm)
Micro SMD
All Micro SMD 8 4 Q1 250/3000 7 14.4
<36 bumps
Ordering Instruction for 250 units/reel: No Suffix ‘X’. Example: LM3206TL
For 3000 units/reel use Suffix ‘X’. Example: LM3206TLX
Micro SMDxt
All Micro SMDxt 12 8 Q1 250/1000 7 18
Ordering Instruction for 250 units/reel: No Suffix ‘X’. Example: LM4934RL
For 1000 units/reel use Suffix ‘X’. Example: LM4934RLX
Micro Array
25 bumps GRA25A 12 8 01 VP! 1%%0’350 713 18/18.4
36 bumps GRA36A 12 8 Q1 1000/3500 7/13 18/18.4
12 Surface Mount - Tape & Reel SNOA403|-May 2004 —Revised June 2011
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FBGA, TFBGA, UFBGA, LBGA and LTCC

Package Type | MKT- Outline Tape Size Pocket Pitch Qupalgr;nt Units per Reel Size Reel Width
Lead Count Drawing W1 (mm) P(mm) Figure 1 Reel A (inches) W2 (mm)
49 bumps GRA49A 12 8 Q1 1000/3500 7/13 18/18.4
Ordering Instruction for 1000 units/reel: no Suffix “X”. Example: LMHO307GR
Ordering Instruction for 3000 units/reel: use Suffix “X”. Example: LMH0307GRX
For smaller Value Pack (VP) please contact your local NSC representative
Package on Substrate (POS)
8 Ld | sSEosA | 12 | 8 Q1 250/3000 713 18/18.4
Ordering Instruction for 250 units/reel: use Suffix “E”. Example: LM3218SEE
Ordering Instruction for 3000 units/reel: use Suffix “X”. Example: LM3218SEX
12 FBGA, TFBGA, UFBGA, LBGA and LTCC
n T n
w1
/
< > Index Area
P >
Feed Direction
> [ W2
x
A 4
. . . Pin 1 . .
Package Type | MKT- Outline Tape Size Pocket Pitch . Reel Size Reel Width
Lead Count Drawing W1 (mm) P(mm) %?;Srr:qt Units per Reel A (inches) W2 (mm)
FBGA
49 Bumps SLC49A 16 12 Q1 2000 13 22.4
64 Bumps SLC64A 16 12 Q1 2000 13 22.4
81 Bumps SLC81A 16 12 Q1 2000 13 22.4
100 Bumps SLC100A 24 16 Q1 1000 13 30.4
Standard Packing Option is Tray.
For Tape & Reel Packing use Suffix ‘X’. Example: SCANSTA111SMX
TFBGA
60 Bumps | SLF60A | 16 | 8 | Q2 | 2500 | 13 | 224
Standard Packing Option is Tray.
For Tape & Reel Packing use Suffix ‘X’. Example: LMX9830SMX
UFBGA
49 Bumps \ SLH49A \ 12 | 8 \ 01 \ 1000/4500 ] 7/13 \ 18/18.4
Ordering Instruction for 1000 units/reel: No Suffix ‘X’. Example: LM2502SM
For 4500 units/reel use Suffix ‘X’. Example: LM2502SMX
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. . . Pin 1 . )
Package Type | MKT- Outline Tape Size Pocket Pitch . Reel Size Reel Width
Lead Count Drawing W1 (mm) P(mm) %?;S::T Units per Reel A (inches) W2 (mm)
LBGA
196 Bumps | UJB196A | 24 | 20 | Q1 | 1000 | 13 | 304

Standard Packing Option is Tray.
For Tape & Reel Packing use Suffix ‘X’. Example: SCAN926260TUFX

LTCC
70 Bumps \ SB70A \ 32 | 16 \ 01 \ 1000 ] 13 \ 38.4

Standard Packing Option is Tray.
For Tape & Reel Packing use Suffix ‘X'. Example: LMX9838SBX

13 Laminated CSP, Laminate TCSP and LLP

O OOO0OO0O0
=l P2 IF= W1

Feed Direction
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A 4
Package Type . . . Pin 1 . )
Lead Cc_)unt MKD-I;;‘VO\I:J;gne wgirﬁzf Pocpk(ﬁzri')mh andrant Units per Reel E%ilcilezse) RV?;;I (\An/q'r?]t)h
(Lead Pitch) Figure 1
Laminate CSP
16 Ld SLB16A 12 8 Q1 2500 13 18.4
24 Ld SLB24A 12 8 Q1 2500 13 18.4
28 Ld SLB28A 12 8 Q1 250/2500 7113 18/18.4
48 Ld SLB48A 16 12 Q1 250/2500 7113 22.4

Standard Packing Option is Tape & Reel with Suffix ‘X'.
Example: LMV2401SLBX

Laminate TCSP

20 Ld SLE20A 12 8 Q1 2500 13 18.4

24 Ld SLD24A 12 8 Q1 2500 13 18.4
SLE24A

32 Ld SLD32A 12 8 Q1 1000/2500 7/13 18/18.4

Ordering Instruction for smaller quantities: no Suffix ‘X’. Example: LP3936SL
For larger quantities use Suffix ‘X’. Example: LP3936SLX

Pullback LLP-Dual
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Package Type . . . Pin 1 . )
Lead Count MKD'I;;‘VC\)Iiur:Ime 1\-/3?(3(”?:721;9 PO%k(fT:nF:')tCh Quadrant Units per Reel ,E?iilcilezse) RV?/(ZI (Vr:/]'rit)h
(Lead Pitch) 9 Figure 1

LDBO6A
LDEOGA

6 Ld 12 8 Q1 VP/1000/4500 7/13 18/18.4
LDCO06D
LEBOGA
LDAOBSA
LDCO8A

8 Ld LDA08B 12 8 Q1 VP/1000/4500 7113 18/18.4
LDAO8C
YDAOSA
LDA10A

10 Ld 12 8 Q1 VP/1000/4500 7/13 18/18.4
LDA10B
LDA14A

14 Ld 12 8 Q1 VP/1000/4500 7/13 18/18.4
LEE14A

16 Ld LDA16A 12 8 Q1 VP/1000/4500 7113 18/18.4

Ordering Instruction for 1000 units/reel: no Suffix “X”. Example: LMH6554LE
Ordering Instruction for 4500 units/reel: use Suffix “X”. Example: LMH6554LEX
For smaller Value Pack (VP) please contact your local NSC representative

Pullback LLP-Quad

8 Ld LQBOSA 12 8 Q1 VP/1000/4500 7/13 18/18.4

16 Ld LQA16A 12 8 Q1 VP/1000/4500 7/13 18/18.4

20 Ld LQA20A 12 8 Q1 VP/1000/4500 7/13 18/18.4
LQA24A

24 Ld 12 8 Q1 VP/1000/4500 7/13 18/18.4
YQA24A

28 Ld LQA28A 12 8 Q1 VP/1000/4500 7/13 18/18.4

32 Ld LQA32A 16 12 Q1 250/2500 7/13 22.4

36 Ld LQA36A 16 12 Q1 250/2500 7/13 22.4

44 Ld LQA44A 16 12 Q1 250/2500 7/13 22.4

Ordering Instruction for smaller quantities: no Suffix ‘X’. Example: LM2647LQ
For larger quantities use Suffix ‘X’. Example: LM2647LQX
For smaller Value Pack (VP) please contact your local NSC representative

56 Ld LQAS6A 16 | 12 \ Q1 2000 13 22.4

Standard Packing Option is Tray.
For Tape & Reel Packing please contact your local NSC representative.

No Pullback LLP

LCA06B

6 Ld SDBO6A 12 8 Q1 VP/1000/4500 7/13 18/18.4
SDEO6A
SDAO8A
SDA08B

8 Ld SDA08C 12 8 Q1 VP/1000/4500 7/13 18/18.4
SDCO8A
SDC08B

10 Ld SDAI0A 12 8 Q1 VP/1000/4500 7/13 18/18.4
SDC10A

12 Ld SDF12A 12 8 Q1 VP/1000/4500 7/13 18/18.4

14 Ld SDALIA 12 8 Q1 VP/1000/4500 7/13 18/18.4
SDA14B

14 Ld SRC14A 16 12 Q1 250/2500 7/13 22.4
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13 TEXAS

INSTRUMENTS
Laminated CSP, Laminate TCSP and LLP www.ti.com
Package Type . . . Pin 1 . )
Lead C(_)unt MKD'I;;‘VC\)Iiur:gne -{-/‘\EIIE(:EH?II'TZ]‘)? Poc;’:,k(i:nﬁ')mh Ql_Jadrant Units per Reel ,E?iilcilezse) RV?/(ZI (Vr:/]'rit)h
(Lead Pitch) Figure 1
SDA16A
SDA16B
16 Ld 12 8 Q1 VP/1000/4500 7/13 18/18.4
SQA16A
SQB16A
20 Ld SPF20A 12 8 Q1 VP/1000/4500 7/13 18/18.4
SQA24A
24 Ld SQA24B 12 8 Q1 VP/1000/4500 7113 18/18.4
SQA24C
SPA28A
28 Ld 12 8 Q1 VP/1000/4500 7/13 18/18.4
SQA28A
32 Ld SQA32A 12 8 Q1 VP/1000/4500 7/13 18/18.4
36 Ld SQA36A 16 12 Q1 250/2500 7/13 22.4
SQF40A 12 8 Q1 1000/4500 7/13 18/18.4
40 Ld SNA40A 16 12 Q1 250/2500 7113 22.4
SQA40A 16 12 Q1 250/2500 7113 22.4
SQA40B 16 12 Q1 250/2500 7113 22.4
SPA48A
SQA48A
48 Ld 16 12 Q1 250/2500 7/13 22.4
SQA48D
SQF48A
60 Ld SQAG0A 16 12 Q1 VP/1000/2500 7113 14.4/22.4
64 Ld SQAGB4A 16 12 Q1 250/2500 7113 22.4
Ordering Instruction for smaller quantities: no Suffix ‘X’. Example: LM71CISD
For larger quantities use Suffix ‘X’. Example: LM71CISDX
For smaller Value Pack (VP) please contact your local NSC representative
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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