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5W/5V/1A AC/DC Adapter
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<EVM one line description>



1 Introduction

This reference design is a 5W USB charger driver using UCC28700. The design works with AC mains
from 90Vrms to 264Vrms and provides a 5V/1A output.

The PCB dimensions: 22.5mm(L) x 20mm(W) x 20mm(H, with PCB 0.6mm), PCB material: FR406 or
compatible, two layers and 2-0z copper.

1.1.1 Photograph

2 Electrical Performance Specifications
PARAMETER TEST CONDITIONS | miN | TYP | MAX | UNITS
Input Characteristics
Voltage range 90 264 | Vrms
Frequency a7 63 | Hz
Start up time 1700 | ms

Output Characteristics

Output voltage, Vout 4.75 5 525 | V
Output load current, lout 1A
Output Power 5.25 | Watt
Output voltage ripple/noise 80 | mVpp
Output rise time 15 | ms

Protection Characteristics

Over voltage protection 5.9 \%

Over current protection 1.2 | A

Systems Characteristics

Efficiency Test in board end ‘ 77 | | 78 | %
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4.1

4.2
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Instrument Manufacturer Model No.
AC Source Chroma 61502
Power Analyzer Chroma 66202
Multimeter Fluke 187 Multimeter
Electronic Load Chroma 63103A
Oscilloscope Tektronix TDS3054B
Differential Probe Tektronix P5205
Current Amplifier Tektronix TCPA300 + 12-1605
Voltage Probe Tektronix P6139A
Efficiency
4.2.1 TestBoard End
Vac Pi(W) lin(mA) Vo(V) lo(A) Load Eff Average Eff
1.646 37.34 5.102 0.25 25% 77.49%
0, 0,
115 3.225 62.57 5.101 0.50 50% 79.08% 28.44%
4.873 86.36 5.109 0.75 75% 78.64%
6.522 108.66 5.124 1.00 100% 78.56%
1.735 28.55 5.097 0.25 25% 73.44%
0, 0,
230 3.263 44.21 5.101 0.50 50% 78.16% 77 64%
4.834 58.78 5.105 0.75 75% 79.21%
6.416 72.55 5.117 1.00 100% 79.75%
4.2.2  Output No-Load Condition
Vac Input Power Vo
115 20.55mW 5.156V
230 26.27TmW 5.136V
WPI 5 Hsien Chu &&&
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4.3

Output V-l Characteristics

Measure the output of constant voltage (CV) curve and constant current (CC) curve.

4.3.1 Test Waveform
90Vac 115Vac
Tek Stop | Tek Stop |
€ <
5.25V 5.25V :
4.75V 4.75V
Sl S
= =
= =
< <
9 o : S
2 Z R .
B B e > B B o SRR
lout (0.25A/Div) 1.15A 1.25A lout (0.25A/Div) 1.15A '1.25A
Ch1|_250mA=Q Ch 2] 700V \M\10.=0m5| A Chz % 6.06 v

chil 250mA<: |8 1.00V

M[10.0ms A Ch2 \ 6.06 V]

WPI

30 )ul 2012 30Jul 2012
1150.40 % 18:12:20 1150.40 % 18:14:41
230Vac 264Vac
Tek_Sto_p | Tek_Sto_p | i
. . . PE
5.25V 5.25V 1
4,75V 4.75V
< <
o S
= =
g g
2 = -
B e . > P T s R >
lout (0.25A/Di¥) 1.15A 1.25A lout (0.25A/Div) 1.15A :1.25A
cin\ I50mA o \|' T.o0V \Mhb.o:ﬁé\ A] chz 3606 v ch1| “50mA o \|' o0V \.r\f.l\10.0m§| A] hz v 6..06.V|
30jul 2012 30)jul 2012
150.40 % 18:16:19 150.40 % 18:17:53
6 Hsien Chu <& &
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4.4

Output Transient Response (Dynamic Loading)

The output voltage will remain within their regulation limits specified for the load steps. The load slew rate
will not exceed 2.5A/uS. Frequency of the dynamic load will be 100Hz and 1KHz with a duty cycle of

50%.
4.4.1 100Hz Test Result with transient load 0 ~ 0.5A
Voat0~0.5A
AC Input ;
max min
90 5.22 494
115 5.22 492
230 5.22 4.90
264 5.22 492
4.4.2 100Hz Test Waveform
CHZ1: Output current, CH2: Output voltage
90Vac 115Vac
Tekstop | e Tekstop | e
; > ; >
Ch2 Max Ch2 Max
5.22V - 5.22V
EQI. . Ch2 Min EQI. Ch2 Min
- I O v : 4 402V
e 0O Y o O i W O o 290 O O s O N
(.2hl| :1.00AQ M@ Z00mv  M[10.0ms A] Ch2 \ 4.94 (.2hl| :1.00AQ M@ Z00mv  M[10.0ms A] Ch2 \ 4.94
30 jul 2012 30 jul 2012
01[50.40 % | 16:21:42 01[50.40 % | 16:22:31
230Vac 264Vac
Tekstop | Tekstop |
AR e T v
Ch2 Max Ch2 Max
5.22 5.22
Bl chz Min Bl chz Min
4 400V 4 4.02v
o 0 P 0 O O 0 W o g O O e O e O
Chil“T00 A D B 200my— MT0.0ms A Cho A 4.64V Chil“T00 A D B 200my— MT0.0ms A Cho A 4.64V
30 Jul 2012 30 jul 2012
01[50.40 % | 16:23:13 01[50.40 % | 16:23:47
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4.4.3 100Hz Test Result with transient load 0 ~ 1A
Voat0~ 1A
AC Input ;
max min
90 5.20 4.67
115 5.20 4.70
230 5.20 4.60
264 5.20 4.61
4.4.4 100Hz Test Waveform
CH1: Output current, CH2: Output voltage
90Vac 115Vac
Tek Prevu | —1 — Tek Stop | —1 —
! :
Ch2 Pk-Pk Ch2 Pk-Pk
2t - 532mv 2t - 500mv
Ch2 Max - Ch2 Max
5.20v + 5.20v
Ch2 Min Ch2 Min
4.67 V 4.70 v
[Chi] T00A G Ch2[ 2o0mv  M[10.0ms| A Ch2 L 4.67 V) [Chi] T00A G Ch2[ 2oomv  M[10.0ms| A Chz L 4.73V
ii+~[0.000005 | ii+~[0.000005 |
230Vac 264Vac
Tekstop_| — — Tekstop_| — —
: :
- Ch2 Pk—Pk : Ch2 Pk—Pk
Z4 - 600mv 2zt - S88mvV
Ch2 Max Ch2 Max
520V 520V
- - Ch2 Min - - Ch2 Min
S 1.00AQ Cha| 200mV  M[10.0ms A Ch2 % 4.60V| S 1.00AQ Cha| 200mV  M[10.0ms Al Ch2 % 4.62V
Wi+~ [0,00000 s Wi+~ [0,00000 s
WPI 8 Hsien Chu <& &
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4.4.5

1kHz Test Result with transient load 0 ~ 0.5A

Vo at 0 ~ 0.5A, 1kHz
max min

AC Input

90 5.22 5.05

115 5.22 5.05

230 5.21 5.04

264 5.22 5.04

4.4.6 1kHz Test Waveform
CH1: Output current, CH2: Output voltage
90Vac/60Hz 115Vac/60H
TekStop | - TekStop | -
u u
Ch2 Max Ch2 Max
5.22V 5.22V
B ch2 Min P ch2 Min
5.05V 5.05V
2L O O o O O W W W W 21 O O O o O O W O W W
chi| T00A G [@i¥ 200mv_ M1.00ms A Ch2 v 507V chi| 00 AO [@i¥ 200mv_ M1.00ms A Ch2 v 507V
30 Jul 2012 30 Jul 2012
0[50.40 % | 16:26:00 0[50.40 % | 16:26:39
230Vac/60Hz 264Vac/60Hz
TekStop_| e —— TekStop_| e ——
u u
Ch2 Max Ch2 Max
5.21Vv 5.22V
P ch2 Min Pl : ch2 Min
5.04V 5.04V
210 O O O O O O O W W o W UL
Chil 1.00 A% [@1F 200mv  MT.00ms A Ch2 L 5.07V Chil 1.00 A% [@1F 200mv  MT.00ms A Ch2 L 5.07V
30 jul 2012 30 jul 2012
0150.40 % 16:27:17 0150.40 % 16:27:54
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4.4.7

AC Input

Vo at 0 ~ 0.5A, 1kHz
max min
90 5.19 4.89
115 5.19 4.89
230 5.19 4.87
264 5.19 4.88

1kHz Test Result with transient load 0 ~ 1A

& 1.00AQ Cha 200mV

M1.00ms| Al Ch2 . 4.87V
1+ ~10.00000s

& 1.00AQ Cha 200mV

M1.00ms| Al Ch2 . 4.88V

1+ ~10.00000s

4.4.8 1kHz Test Waveform
CH1: Output current, CH2: Output voltage
90Vac/60Hz 115Vac/60H
TekStop | s TekStop | s
- -
Ch2 Pk-Pk Ch2 Pk-Pk
2 . . . . SN 8 T 300my 2y - g 300mv
« 4
- Ch2 mMax - Ch2 mMax
519V 519V
ch2 Min ch2 Min
480V 480V
- -
@il 100 A O [Cha| 200mv - M1.00ms A Chi v 4.00V @il 100 A O [Cha| 200mv - M1.00ms A Chi v 4.80V
i++[0.00000 5 i++[0.00000 5
230Vac/60Hz 264Vac/60Hz
TeK5Stop | e — TeK Prevu | e —
- :
Ch2 Pk-Pk - Ch2 Pk-Pk
L . . . . AU T aiemy 2 g 31emy
« : <
- Ch2 mMax - Ch2 mMax
519V 519V
ch2 Min ch2 Min
487V 4.38
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4.5 Output Ripple/Noise
Measurements will be made with an oscilloscope set to 20MHz bandwidth limit. Output will be tested with
10uF aluminum electrolytic capacitor and 0.1uF ceramic capacitor in parallel.

45.1 Test Result

AC Input Vout (mVp-p)
115 76
230 72
45.2 Test Waveform
CH1: Output current, CH2: Output voltage
115Vac, 5V@1A 230Vac, 5V@1A
Tek Stop | S — — Tekstop | — —
ch2 Pk-Pk : : : : s : : : : i ch2 Pk-Pk
76.0mv 72.0mv
(24 B
o+ “
Tt T
Chi[ 1,00 A< [6F 100mv &M10.0ms A Ch2 % 507V chi T00 A Toomv M\m.'ums .A| Cha ST
30 Jul 2012 30 jul 2012
W[50.40% | 16:57:02 5040 % | 16:57:48

WPI 11 Hsien Chu %%
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4.6 Output Rise Time

The output load set at maximum loading and no loading. Measure the time interval between 10% to 90%

output voltage during startup.

4.6.1 Test Result
ACInput | NoLoad | Max. Load
115 3.89ms 9.44ms
230 3.85ms 9.82ms
4.6.2 Test Waveform
CH2: Output voltage
115Vac/No load 115Vac/Maximum load
Tek Stop_| —T — Tek Stop_| e
Ch2 Rise Ch2 Rise
3.896ms 9.447ms
: ¥ ooV mMTo.oms Al Chz & 120mv, : ¥ ooV mMTo.oms Al Chz & 120mv,
30 )ul 2012 30 )ul 2012
0[50.40 % | 15:28:44 0[50.40 % | 15:30:00
230Vac/No load 230Vac/Maximum load
Tek Stop | %@—] Tek Stop | %@—]
Baaas 1 Baaas 1
Ch2 Rise Ch2 Rise
3.850ms 9.829ms
DII . ] DI . ]
™50 v WT0.0m8 A Cha o/ T20mV ™50 v WT0.0m8 A Cha o/ T20mV
30 Jul 2012 30 Jul 2012
01[50.40 % | 15:30:51 01[50.40 % | 15:31:47
WPI 12 Hsien Chu <& &
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4.7 Start Up Time
The output load set at maximum loading. Measure the time interval between 90VAC power up and stable

of output voltage.

4.7.1 Test Result

ACInput | Delay Time
90 1670ms

4.7.2 Test Waveform

CH1: AC input, CH2: Output voltage

90Vac/No load

Tekstop | ——— —

-

£ SO IO S 4 S TS TSRO

Bill 40.0V < |Ch2 2.00v  M400ms| A Ch2 - 320mvV|
30 Jul 2012
17:41:12

WPI 13 Hsien Chu &&8%
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4.8 Hold Up Time

The output load set at maximum loading. Measure the time interval between 115VAC turn off at zero
degree and the output voltage falling to out of regulation.

4.8.1 Test Result

ACInput | Hold up Time
115 17.8ms
4.8.2 Test Waveform
CH1: AC input, CH2: Output voltage
115ac/Maximum load
Tek stop | [ ——i ]
.'ﬁ AL 0,00V
| ! j@ 4,96V
! . A 17.8ms
i@ —800us
{;
Chil 100V @ [8i8] 2.00V  M10.0ms A Chz \ 4.52V
30 Jul 2012
30,40 % 17:45:46

WPI 14 Hsien Chu %%
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Over Current Protection

The output current ramp starts from full load. Measure the maximum output current when the output
voltage going to hiccup mode.

49.1 Test Result

Vac OCP
90 1.52A
264 1.54A
49.2 Test Waveform
CH1: Output Current, CH2: Vds voltage
90Vac 264Vac
TekStop_| — TekStop | —
o .. 24 LT e B T a 1san
) . @ 1.52 A ) . @ 1.54 A
TN "
«
4+
[F2 S 21
| :1.00AQ Ch2[ 2.00V M[400ms A\ Ch2 L. 2.60 V| | :1.00AQ Ch2[ 2.00V M[400ms A\ Ch2 L 1.84 V|
30 )jul 2012 30 )jul 2012
15:59:34 16:01:14

Short Circuit Protection

A short circuit, which is defined as an impedance of 0.1 ohms or less, applied to any output start-up or
while running will not cause any damage to the power supply. The output voltage will be restart when the
short circuit is removed.

4,10.1 Test Waveform

CHZ1: Output Current, CH2: Vds voltage
90Vac 264Vac
Tek Prevu | — TekStop | ——
e . o A T RE —————— a 1s4A
- . @:  320mA - . @ 1.34 A
P i Il |
A5 “
Zf- 2t
Ml T.00A% Cha| 2.00v M 400ms A Ch2 v 1,92V Ml T.00A% Cha| 2.00v M 400ms A Ch2 % 1.84V
30 jul 2012 30 jul 2012
16:07:03 16:02:42

WPI 15 Hsien Chu %%
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411

Over Voltage Protection

The output load set at minimum loading. Measure the maximum output voltage. After over voltage
protection, the output voltage will go to non-latch mode.

4.11.1 Test Result

AC Input | No Load

90 5.92V

2064 5.88V

4,11.2 Test Waveform

CH2: Output voltage

90Vac 264Vac
Tekstop_| S Tekstop_| S
Ch2 Max - . Ch2 Max
592V SRR S5.88V
Cch2 Min S Cch2 Min
530V 5.46V
P P
“ “
"BEE 100V M 1.008] A Chz X 4.53V : : "BEE 100V M 1.008] A Chz X 4.53V
30 Jul 2012 30 Jul 2012
17:57:09 17:57:57

WPI 16 Hsien Chu &&8%
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4.12

Key Component Stress

4,12.1 Test Result
Item 264Vac

Ql 576V
Ql@SCP 572V

4.12.2 Q1 (PO165A) Voltage Stress

CH2: Vds voltage

264Vac
TekStop_ | %@—] Tel(Stop_ | 55—
" T v " T
a
Ch2 Max Ch2 Max
566 V 576V
: “BEE 100V Md.00ms A Ch2 F 576V "BEE 100V M10.0u8 A Ch2 F 564 V)
30 jul 2012 30 Jul 2012
1[50.40 % | 17:07:12 1[50.40 % | 17:26:02
4.12.3 Q1 (P0165A) Voltage Stress when SCP
CH21: Output Current, CH2: Vds voltage
264Vac
Tekstop | %14] TekPrevu | —— ———
" T ¥ v " T
(T
. U || e
| P
@.‘- : @"- :
@ 1.00AQ [Ch2[ 100V M1.00ms A Chl F  1.40 A @ 1.00AQ [Ch2[ 100V M 400us] Al Ch1 & 1.40 A
30 Jul 2012 30 Jul 2012
0[50.40 % | 17:12:47 0[50.40 % | 17:14:06
WPI 17 Hsien Chu & &
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4.13 EMI Conduction Test without Y-Cap

4.13.1 110Vac Line

80.0 dBuY
QP —_
AVG: —_—
\ 3 |}
r lllr»‘%ﬁ']h:ﬁm 4 5
40 2
f
oo
0150 (1} [MHz] h 30000
No. | Frequency | QuasiPeak | Average | Correction | QuasiPeak | Average | QuasiPeak | Average | QuasiPeak | Average | Remark
reading reading factor result result limit limit margin margin
(MHz) (dBuV) (dBuV) (dB) (dBuV) (dBuVv) (dBuV) (dBuV) (dB) (dB)
1 0.1664 48.58 48.58 0.09 48.67 43.67 65.14 55.14 -16.47 -6.47 Pass
2 0.4724 32.05 22.19 0.10 32.15 22.29 56.47 46.47 -24.32 -24.18 Pass
3 3.9223 44,13 36.02 0.20 4433 36.22 56.00 46.00 -11.67 -9.78 Pass
4 7.7087 37.99 2842 0.33 38.32 28.75 60.00 50.00 -21.68 -21.25 Pass
5 18.2377 35.70 28.34 0.78 36.48 29.12 60.00 50.00 -23.52 -20.88 Pass
6 29.9982 41.72 34.25 1.04 42.76 35.29 60.00 50.00 -17.24 -14.71 Pass
WPI 18 Hsien Chu <& &
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4.13.2 110Vac Neutral

800 dBu¥Y

\

QP:
AVG:

40
0.0

0.150 05 [MHz] L] 30.000

No. | Frequency | QuasiPeak | Average | Correction | QuasiPeak | Average | QuasiPeak | Average | QuasiPeak | Average | Remark
reading reading factor result result limit limit margin margin
(MHz) (dBuV) (dBuV) (dB) (dBuV) (dBuVv) (dBuV) (dBuV) (dB) (dB)
1 4.1589 44.56 36.30 0.17 44.73 36.47 56.00 46.00 -11.27 -9.53 Pass
2 6.1561 41.27 33.66 0.22 41.49 33.88 60.00 50.00 -18.51 -16.12 Pass
3 7.2363 43.32 32.40 0.25 43,57 32.65 60.00 50.00 -16.43 -17.35 Pass
4 10.1692 37.33 26.14 0.32 37.65 26.46 60.00 50.00 -22.35 -23.54 Pass
5 14.0157 39.52 29.73 0.44 39.96 30.17 60.00 50.00 -20.04 -19.83 Pass
6 18.1282 36.51 28.53 0.56 37.07 29.09 60.00 50.00 -22.93 -2091 Pass
WPI 19 Hsien Chu <& &
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4.13.3 230Vac Line

80.0 dBuVY

\
\

aF:
AVG:

[+

40
oo
0150 (1} [MHz] h 30000
No. | Frequency | QuasiPeak | Average | Correction | QuasiPeak | Average | QuasiPeak | Average | QuasiPeak | Average | Remark
reading reading factor result result limit limit margin margin
(MHz) (dBuV) (dBuV) (dB) (dBuV) (dBuV) (dBuV) (dBuV) (dB) (dB)
1 0.1542 41.33 24.12 0.09 4142 24.21 65.77 55.77 -24.35 -31.56 Pass
2 4.4351 40.23 32.81 0.22 40.45 33.03 56.00 46.00 -15.55 -12.97 Pass
3 7.5956 41.20 33.05 0.33 41.53 33.38 60.00 50.00 -18.47 -16.62 Pass
4 9.3197 41.93 33.87 0.39 42.32 34.26 60.00 50.00 -17.68 -15.74 Pass
5 19.9141 37.65 30.58 0.86 38.51 31.44 60.00 50.00 -21.49 -18.56 Pass
6 29.6326 4429 36.99 1.03 45.32 38.02 60.00 50.00 -14.68 -11.98 Pass
WPI 20 Hsien Chu && %
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4.13.4 230Vac Neutral

80.0 dBuY
QP —_—
AVG: —_—
\ ) 1 e
\ B
40
oo
0150 (1} [MHz] h 30000
No. | Frequency | QuasiPeak | Average | Correction | QuasiPeak | Average | QuasiPeak | Average | QuasiPeak | Average | Remark
reading reading factor result result limit limit margin margin
(MHz) (dBuV) (dBuV) (dB) (dBuV) (dBuV) (dBuV) (dBuV) (dB) (dB)
1 3.6591 45.12 36.88 0.16 45.28 37.04 56.00 46.00 -10.72 -8.96 Pass
2 3.9719 49.68 40.46 0.17 49.85 40.63 56.00 46.00 -6.15 -5.37 Pass
3 6.0584 46.49 36.79 0.22 46.71 37.01 60.00 50.00 -13.29 -12.99 Pass
4 7.7890 45.66 34.98 0.26 45.92 35.24 60.00 50.00 -14.08 -14.76 Pass
5 8.4398 47.33 35.53 0.28 47.61 35.81 60.00 50.00 -12.39 -14.19 Pass
6 19.2540 40.59 31.84 0.59 41.18 3243 60.00 50.00 -18.82 -17.57 Pass
WPI 21 Hsien Chu <& &




r

5.

P uas a:_
-'-M,!_«!!.,!/' World Peace Industrial Group

A Member of WPG Holdings

BOM List
I[tem
Number Part Number Value Description Quantity
BD1,BD2,
1 BD3,BD4 CGRM4005-G 1A/600V SUB SMA 4
2 D2 BAV2IW 0.2A7200V SOD-123 1
VS1045L-HF
3 D4 SBR10U45SP5 10A/45V 1
4 D5 CURMI105-G 1A/600V SUB SMA 1
MMSZ5258B
5 D6 BZT52B36 36V Zener SOD-123 1
6 L1 470uH 1
7 FB1,R3A RTTO50000FTP OR 0805 1% 2
8 C1,C2 KM6R&M400F115A 6.8uF/400V 8 D *12 2
9 C3 105/50V 0805 Y5V 1
10 C4,C5,C5A 6TPE330MIL SANYO 330uF D3L 3
11 C6 CL21B102KBANNNC 102/50V 0805 X7R 1
12 C7 CL31B102KHFNNNE 102/630V 1206 X7R 1
13 R2,R3 RTTO61005FTP 10M 1206 1% 2
14 R4 RTTO51203FTP 120K 0805 1% 1
15 RS RTTO052552FTP 25.5K 0805 1% 1
16 R6 RTTO54R70FTP 4R7 0805 1% 1
17 R8 RTTO533ROFTP 33R 0805 1% 1
18 R9 RTTO032001FTP 2K 0603 1% 1
19 R10 RTTO61R80FTP 1R8 1206 1% 1
20 R11 RTTO539ROFTP 39R 0805 1% 1
21 R12 RTTO053651FTP 3.65K 0805 1% 1
22 R13 RTTO062203FTP 220K 1206 1% 1
23 R14 RTTO50000FTP OR 0805 1% 1
PO165A NIKO-SEM 1A/650V
24 Q1 AOUIN60 AO-SEM 1A/600V 1
25 Ul UCC28700 SOD-23 6PIN 1
26 T1 EPC-13 1.5mH 1
27 Fl1 250V/2A 1
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6.

ql A Member of WPG Holdings
_,&’l?!/ World Peace Industrial Group

Contact Window

Taiwan

#$Z3E / Ryan Lin

Tel : 886-2-2788-5200 # 85359
Taiwan Mobile : 0978263508
Email 1: ryan.lin@wpi-group.com
Email 2: Tl.tw@wpi-group.com

China

fgi=%22 | Edison Chen

Tel : 86-755-2671-1655 # 37065
China Mobile : 18603053297

Email 1: edison.chen@wpi-group.com
Email 2: Tl.cn@wpi-group.com

7.

$99 / Board in Taiwan and China area .

Contact WPI window for EVM order .
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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, 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 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 (https: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.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

