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ABSTRACT

This application note includes details to design a 12 V at 120 mA, 5 V at 100 mA, and 7.5 V at 40 mA
output power supply using the UCC28880 with a 700-V integrated MOSFET from TI.

This design shows the high power density and simplicity that is possible because of the high level of
integration while still providing exceptional performance. The document contains the power supply
specification, schematic, bill of materials, transformer design, printed circuit board, performance data, and
component selection.
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Electrical Requirements

1 Electrical Requirements

Table 1 lists the electrical requirements.

Table 1. Electrical Requirements

Description MIN TYP MAX Unit
Vinwrus) Input voltage 20 240 480 VAC
Fine Frequency 47 50 64 Hz
OUTPUT
Vour1 Output voltage 1 0 5 5.02 \%
loutt Output current 1 8 100 mA
Vourz Output voltage 2 0 12 14 \%
lout2 Output current 2 5 120 mA
Vours Output voltage 3 0 7.5 8 \%
louts Output current 3 0 40 mA
Pour Total output power (90 V to 480 V) 0 2.25 25 w
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Figure 1. UCC28880 Schematic
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3 Component Selection and Design Explanation

3.1 MOV (R2)

A 510-VAC MOV is used at the input. A 3-phase input in India can go as high as 500-VAC in rural areas.
As a result, the input of the MOV is rated up to 510-VAC (B72214P2511K101 is the part used for MOV).

The MOV is used to pass the IEC 61000-4-5 specification. Users must rate the MOV such that it has a
standoff voltage equal to voltage that can be continuous expected at the input of the circuit. Any voltage
transient above this rating shall be clamped by this MOV.

3.2 Input Filter (L2 and C1)

A CMC of 33 mH is used in this design, and the leakage inductance of the CMC is around 1%. The
leakage inductance of this CMC acts as a differential filter along with C1. This introduces an inductance of
0.33 mH to the input circuit. C1 is used in this design to act as an LC filter to attenuate differential noise.
This LC combination helps to meet conducted emissions standard CISPR 14.

3.3 Series Fuse (R1)

A failure of the input circuitry can result in a complete short of the AC main supply, which might result in
fire hazard and damage to the board beyond repair. This design uses a 10-Q fusible resistor. The fusible
resistor has two purposes: in case of a short circuit of the input MOSFET, the input resistor fuses and
breaks the circuit, preventing any further damage. The resistor also limits the input current to the circuit in
case of transient or inrush current peak.

The maximum peak current at the primary side is approximately 200 mA, hence a 10-Q resistor will have a
maximum peak heating of 0.4 W. This design uses a 2-W, fusible, 10-Q resistor in the circuit.
3.4 Input Bulk Capacitor (C2 and C3)

After the full bridge rectification, the AC is rectified into pulsating DC. The peak of this pulsating DC can go
up to Veys % 1.414 . Figure 2 shows the waveforms of the input pulsating DC.

Figure 2. AC Rectified Waveform

Bulk capacitors are attached at Vbulk node to provide the peak current during the ON time of the
MOSFET. Also, these bulk capacitors act as filters for the pulsating DC coming from the full bridge
rectifier, enabling the primary of the circuit to set up near DC voltage.

Because the input AC voltage (input to the circuit) is rated up to 480-VAC RMS, the Vbulk voltage can go
up to 480 x 1.414 = 680 V. As a result, the capacitors connected on these nodes must be rated for up to
800 to 900 V, considering the derating with temperature and time.

Because a single capacitor with such a high voltage rating is of high form factor, this design uses two
series capacitor of equal value such that the voltage stress on each of them becomes half.
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3.5

Every watt of power on the output requires approximately 1 pF to 2 uF on the Vbulk. The output power
rating is 2.25 W, so a 2.2-pF capacitor is required on the Vbulk. Use 2 x 4.7 pF of 450 V on the input; this
results in a net capacitance of around 2.35 pF capable of handling DC voltages up to 900 V.

MOSFET Voltage Rating (Q1)

The voltage stress in a flyback configuration on the primary MOSFET = Vg« + Vour X Np/ Ns +
overshoot (due to parasitics).

[NP = number of turns primary; NS = number of turns secondary]

There are two ways to snub the overshoot in the primary side MOSFET:

* Zener + diode

* RC + diode

This design uses a less efficient, more cost-optimized approach of using a Zener clamp (D8 and D4).
Now with Zener clamp being used the Peak voltage stress on the MOSFET shall be equal to Vg« +

Vzenerclamp-

However, care must be taken so:
Zener clamp voltage > (Output voltage x Np / Ns) 1)

Failure to follow Equation 1 results in loss of power transfer during the off time.

In this case, the output is 5 V and the turns ratio is 15. As a result, the Zener clamp voltage must be at
least greater than 75 V.

Assuming a 100-V Zener clamp is used, input stress voltage on the MOSFET is:
480 x 1.414 + 137 =820 V 2)

(The 100-V clamping voltage of the Zener clamp can go as high as 137 V, hence using 137 V in
Equation 2.)

Now the UCC28880 has only a 700-V MOSFET integrated in it, so this design uses a cascoded MOSFET
based architecture. In a cascoded MOSFET architecture there are two MOSFETS in the series path of the

primary side (see Figure 3).
[ )
%
QexT 9
& Cexr
(r

Qi 3
From ICJ
Driving

Signal

VBULK

Z1

Figure 3. Cascode Architecture

At bulk voltages below the Z1 voltages the Cgy; is always diode connected, meaning that it is always on
as its gate is tied to the drain. Hence, the MOSFET is diode shorted and will always have a voltage on the
source = Vg« — Vth (provided Vg« < Z1).

As soon as the Vg « goes above the Z1 clamp voltage, the gate of this MOSFET gets clamped to Z1
voltage, ensuring that under no condition shall the source be allowed to go above V,, — Vth. Hence, the
MOSFET acts like an LDO (source follower) at Vg« > V7, voltage. Any additional voltage on Vg « beyond
V., is dropped across the external MOSFET.

The UCC28880 has a 700-V MOSFET, hence users must ensure that the MOSFET inside the UCC28880
is not exposed to a voltage of more than 700 V at any condition.
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A Zener of 480-V (P6KE480A [D10]) is used. From the data sheet, users can see the PEKE480A can go
to a maximum of up to 658 V. Hence, the source of the external MOSFET can go up to a maximum of 655
V. (The threshold voltage of the external MOSFET is taken as 3 V here.)

Now any additional voltage of the drain of the external MOSFET above 655 V is dropped across the upper
external MOSFET (Q1).

Based on Equation 2, the maximum stress can go up to 820 V. Theoretically, a 200-V MOSFET is
required.

As the voltage across the external MOSFET can go up to 820 V — 655 V = 165 V.

MOSFETSs are very inexpensive in the voltage range of 700 V, so a 700-V MOSFET was chosen
(FQPF2N70: Qgx)-

Now with a 700-V MOSFET the design of the Snubber is more relaxed because the net voltage handling
capability of the cascaded configuration = 700 V + 700 V = 1400 V .

P6KE200 (D8) was used for the snubber because there is now more margin.

With a 200-V Zener used in the snubber, the net voltage on the cascoded MOSFET can go as high as
480 % 1.414 + 274 = 950 V (a 200-V Zener can clamp at a voltage as high as 274 V).

Because an external MOSFET with a voltage rating of 700 V was used, there is a sufficient margin to
accommodate the increases in voltage stress level on the primary MOSFET.

The maximum stress on external MOSFET = 950 V — 480 V = 470 V, which much below its rating.
The maximum stress on the UCC28880 internal MOSFET = clamping voltage of Z1 = 658 V.
The above optimization helps to decrease the losses at the snubber, which improves efficiency.

3.6 Secondary Diodes (D5, D6, D7)
The reverse voltage stress on the secondary side diode = V iy yax X Ns / Np + V¢
Vin_wax = 480 x 1.414 = 680 V
Hence the reverse peak voltage on the secondary diode = 680/ 15 + 5 = 60 V. A 150-V, 1-A Schottky
diode was used (STPS1150). This is the highest stress on the O/P side, hence rating a diode to this can
be sufficient and the same diode can be used on all other rails.
Schottky diodes are used for lower power losses on the diode.

3.7 Secondary Side Regulation
ATL432 (U4) was used as an error amplifier to transfer the feedback signal through an opto from the
secondary side to primary side.
Because the wireless module is likely to be powered directly from the 5-V supply, good load regulation on
this rail is required. Hence a secondary side regulation (SSR) based controller is recommended.
The opto coupler U3 (FOD817) used is 5 kVyys isolated.
In Table 4 and Table 5, users can see the voltage variation due to load is less than a couple of mV from
no load to full load .
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3.8 Output Capacitor (C17 and C18)
The output capacitors are designed to handle the transient load and the reduce the ripple voltage. As a
DCM operation with less than 50% duty cycle there is no right half plane zero, hence the initial transient
load is provided by the output capacitors before the loop bandwidth kicks in to provide the additional
current.
There are a number of important factors when specifying the output capacitors:
e Capacitance value
* Ripple current
e LowESR
» Temperature of operation (85°C or 105°C)
» Lifetime
e Voltage rating
3.9 Transformer (T1) Specification Sheet and Calculations
391 Step 1: Calculate the Turns Ratio
Vi = 90 VAC x 1.414 = 128 VDC ?)
Assuming the maximum duty cycle to be 45%:
Ton! Tore = 0.45/0.55 (4)
Vi X Ton = Np /NS X (Vour + Vi) X Toee
(Applying Volt-Second) (5)
Because the 5-V rail will be regulated, Vq,r =5V, and Np / Ns = 19.
However, a turns ratio of 15 is used because this helps reduce the maximum voltage stress on the
primary switching MOSFET.
NOTE: Using a lower Nps than ideal may result in deeper DCM operation at maximum load and
may result in lower efficiency. The UCC28880 might not reach its maximum allowable duty
cycle and will always be working in deep DCM.
3.9.2 Step 2: Choose the Core and Core Size
The chosen core size is EE20 for the power requirement of 2.5 W. In this case a much smaller core size
can be used. However, an Iron Powdered core, which is mainly available in EE20 size, was used.
The meter power supply in India must be immune to magnetic tamper; as a test of this condition, metering
manufacturers usually install a hall effect sensor to detect magnetic tamper. However, just detection of
magnetic tamper is not sufficient. The power supply must withstand and deliver the rated output under an
influence of 500-mT permanent magnet. The powdered iron core has an operating flux of 800 mT to 1.2
mT (this proves to be important in case of magnetic field intervention).
The permeabilty Bs,r and the L of an inductor drops as soon as a magnet is brought in proximity. A typical
ferrite core with a Bg,r value of 0.3 T shall saturate in this condition when a 500-mT magnet is brought
close to the core. However, a powdered iron core with a Bg,r value of 1.2 T is able to sustain despite the
magnet in its vicinity because 0.8 T( Bg,r Of powdered iron core) — 0.5 T (the flux density of magnet) is still
is able to result in an available operating flux of 0.3 T, saving the core from getting saturated.
A KE20-52A core was used. Users can find the data sheet at KDM. The AL value of this core is 73. With
this AL in mind, the number of turns was chosen in accordance with the required inductance value (see
Equation 6).
AL =nH / (turns?)
* see Equation 9 to calculate L (6)
8 Magnetic Immune SMPS for Single-Phase LPRF Smart Meter SLUAB859-February 2018
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3.93

Transformer Design Calculation

The peak current flowing through the MOSFET is limited internally to 170 mA at 25°C and the maximum
switching frequency allowed for the UCC28880 is 52 kHz, these constraints help to decide the value of the
inductor.

For a Poyr = 2.315 W, first calculate the required g, ON the primary side:

P = Pour / Efficiency = 2.9 W (7)
Because the device is operated in DCM with a 50% duty cycle as the maximum, the input peak can be
calculated using .

IPEAK = 2 x F>IN7MAX / (VDC7MIN x DMAX)

(2x2.9)/(128 x0.4) = 0.113 A

where

* 80% efficiency is assumed (8)

A peak of 0.113 A is approximately enough peak current, which is available at UCC28880 700-V, 100-mA
Low Quiescent Current Off-Line Converter.

An inductor with at least 260 mA of allowed peak current at the least on time is required.

The on time is least at the highest switching frequency, 75 kHz (maximum limit).
V=Lxdi/dt
L = VDCfMIN X DMAX / (IPEAK X FSW)
L=29mH ©)]

The L value found in Equation 9 is the maximum allowed L for the UCC28880 to be in discontinuous mode
of operation.

An L of approximately 2.4 mH is chosen to make sure the winding fits in an EE20 core transformer (the
most popular core in the metering industry).

4 Transformer Construction Details
Table 2. Core and Bobbin Details
. . . . Primary
Core Type Core Material Bobbin Isolation Voltage Quantity T oA
KE20-26 (EE 20) Iron powdered core | 10 pin (horizontal) 3000 VAC 1 2400 pH 5%
Table 3. Winding Details
Winding Number of Turns Wire Gauge Start Pin End Pin Inductance
wi 90 33 AWG 3 2
w3 12 30 AWG 7 6
w4 18 30 AWG 8 7
w2 90 33 AWG 2 1
w5 18 32 AWG 10 9
4.1 Insulation Requirements
The primary inductance shall be 2400 pH £5% (between Pin 3 and Pin 1).
« Insulation voltage: between [W1, W2] and [W3, W4] — 1000 V for one minute.
» Insulation voltage: between [W1, W2 (shorted together)] and W5 — 3000 VAC for one minute.
* Insulation voltage: between [W3, W4 and W5] — 3000 VAC for one minute.
SLUA859-February 2018 Magnetic Imnmune SMPS for Single-Phase LPRF Smart Meter 9

Submit Documentation Feedback

Copyright © 2018, Texas Instruments Incorporated



http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA859
http://www.ti.com/lit/pdf/SLUSC05
http://www.ti.com/lit/pdf/SLUSC05

13 TEXAS
INSTRUMENTS

Winding Procedure www.ti.com

5 Winding Procedure

Start with half primary 90 turns (W1) starting at Pin 3 and end at Pin 2.

Supplementary insulation.

Secondary 1 (W3) 12 turns spreading uniformly across bobbin width, start at Pin 7 and end at Pin 6.
Basic insulation.

Secondary 2 (W4) 18 turns spreading uniformly across bobbin width, start at Pin 8 and end at Pin 7
Basic insulation.

Wind rest of half primary 90 turns (W2) start at Pin 2 and end at Pin 1.

Reinforced insulation.

Wind bias (W5) 18 turns starting at Pin 10 and ending at Pin 9 in one layer spreading uniformly across
the bobbin.

10. Reinforced insulation.
11. Put core and measure the primary inductance between Pin 1 and Pin 3.
12. Vacuum impregnate with varnish

© o NN

6 Load Efficiency, Line Regulation, and Thermal Performance
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Figure 4. Full Load Efficiency vs Line Voltage

Table 4. Line Regulation (Full Load)

AC Input DC Vbulk (V) | O/P Voltat |lgyrat12Vin | O/P Voltat5 | Igyrat5Vin Output Rload on 7.5
Voltage (V) 12v Amps V in Volts Amps Voltage on V in Ohms
75V
90.5 128 13.3 0.128 4.95 0.1 8 200
127.3 180 13.3 0.128 4.94 0.1 8 200
183.9 260 13.3 0.128 4.94 0.1 8 200
232.0 328 13.3 0.128 4.94 0.1 7.9 200
300.6 425 13.2 0.128 4.93 0.1 7.9 200
374.8 530 13.2 0.128 4.93 0.1 7.9 200
438.5 620 13.2 0.128 4.93 0.1 7.9 200
480.9 680 13.1 0.128 4.92 0.1 7.9 200
10 Magnetic Immune SMPS for Single-Phase LPRF Smart Meter SLUAB859-February 2018
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Load Efficiency, Line Regulation, and Thermal Performance

Output Voltage (V)

14
12
10
8
6
4
— 125V
2 — 75V
5V
0
50 100 150 200 250 300 350 400 450 500

Input Voltage (V)

Figure 5. Line Regulation (Full Load)

Table 5. Full Load on 5V and 5 mA on 12.5 V (Line Regulation)

AC Input Vbulk DC (V) Output lour ON 12 V Output lourat 5Vin OQutput Rload on 7.5
Voltage (V) Voltage 12 V in Amps Voltage (5 V) Amps Voltage on Vin Ohms
75V
90.5 128 14.4 0.005 4.95 0.1 8 200
127.3 180 14.4 0.005 4.94 0.1 8 200
183.9 260 145 0.005 4.94 0.1 8 200
232.0 328 14.5 0.005 4.94 0.1 7.9 200
300.6 425 145 0.005 4.93 0.1 7.9 200
374.8 530 145 0.005 4.93 0.1 7.9 200
438.5 620 145 0.005 4.93 0.1 7.9 200
480.9 680 145 0.005 4.92 0.1 7.9 200
16
14
12
>
o 10
g
S 8
5
g 6
>
o
4
— 125V
2 — 75V
5V
0
50 100 150 200 250 300 350 400 450 500
Input Voltage (V)
Figure 6. Full Load on 5V and 5 mA on 12.5 V (Line Regulation)
Table 6. No Load on 5V and 5 mA on 12.5V (Line Regulation)
AC Input DC Vbulk (V) Output loyr ON 12 V Output lour @t 5Vin Output Rload on 7.8
Voltage (V) Voltage 12 V in Amps Voltage on 5 Amps Voltage (7.5 in Ohms
v V)
90.5 128 10.1 0.005 4.95 6 200
127.3 180 9.4 0.005 4.94 5.6 200
183.9 260 9.1 0.005 4.94 5.3 200
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Table 6. No Load on 5V and 5 mA on 12.5V (Line Regulation) (continued)

AC Input DC Vbulk (V) Output loyr ON 12 V Output lour@at 5Vin Output Rload on 7.8
Voltage (V) Voltage 12 V in Amps Voltage on 5 Amps Voltage (7.5 in Ohms
Y, V)

232.0 328 8.9 0.005 4.94 0 5.2 200
300.6 425 8.6 0.005 4.93 0 51 200
374.8 530 8.5 0.005 4.93 0 4.9 200
438.5 620 8.2 0.005 4.93 0 47 200
480.9 680 8 0.005 4.92 0 4.5 200

12

10

—

Output Voltage (V)
[¢2]

—
I ——
4
2 — 125V
— 75V
5V
0

50 100 150 200 250 300 350 400 450 500
Input Voltage (V)

Figure 7. No Load on 5V and 5 mA on 12.5V (Line Regulation)

Auto

/0.0

BG 22.9 E : B BG=22.9
4/07/12 4/07/12 10:15:07 PM
Figure 8. Thermal Performance: 240-VAC Full Load Figure 9. Thermal Performance: 240-VAC Full Load
(Top) (Bottom)
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7 Layout

Figure 12. Layout (3 of 3)
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8 Transient Loading

1-kQ resistor added on 12 V and 5 V each; No load =1 kQ on 12 V and 5 V; Violet = 5 V (output); Green
=12 V (output); Yellow = transient drive waveform

Pk-Pk{=}: 1 #31
PK-P3 ) 16
Tap(” - 15.0Y
Base(” ) 131V

() 11V p(2): 14.8V Base(2): 136V Save o fil
Measure i Clear Meas Statistics Quick Print
Base ~i- ~ ~ ~ ~
Figure 13. 90 VAC: No Load on 12-V Output, 5-V Load Figure 14. 480 VAC: No Load on 12 V, 5-V Load
Transient Transient

EIRARESY Pk-PK(Z ). 6.3V Pk-Pk( J: 2.50V [Top(2 J: 13:3V SaselZ). 8.0V

Clear Meas Statistics 4 7 Measure Clear Meas Statistics
~ ~ 2 Base ~ ~ ~

Figure 15. 90 VAC: Full Load on 12-V Output, 5-V Load Figure 16. 480 VAC: Full Load on 12-V Output, 5-V Load
Transient Transient
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1-kQ resistor added on 12 V and 5 V each; No load = 1 kQ on 12 V and 5 V; Violet = 5 V (output); Green
=12 V (output); Yellow = transient drive waveform

Baselil 0.0V PK-PK[Z ) 5.0V PR-PE( ) 1.13V Top(Z): 13.3Y
H‘%doff : Measure Clear Meas Statistics
= 2 Base ~- ~5 ~

Figure 17. 90 VAC: No Load on 5-V Output, 12-V Load Figure 18. 480 VAC: No Load on 5-V Output, 12-V Load
Transient Transient

Pk-Pk{ J: 560mV Top(2 |: 16.0V Base(Z |- 13.2V _ k-Pk(): 1.38V TopiZ). 15.3V Base(Z]. 1.3V
Measure Clear Meas ‘Statistics kS ;i : Measure ey Cleari-i\leas Stffi.s'tics
Figure 19. 90 VAC: Full Load on 5-V Output, 12-V Load Figure 20. 480 VAC: Full Load at 5V, 12-V Load
Transient Transient
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9 Output Voltage During Start Up
Violet = 7.5 V (output); Yellow =5 V (output); Green = 12 V (output)

Mop(1); 5.00V _' op({ ) 78V A1 #-2 £ 0.0 [Topi(1]: 5.00V Top(Z): 13.2V
ca Persist Clear C i ca Persist Clear
Jif ©o Persist L] D Ji o0 Persist

Fall Fall
Figure 23. 480 VAC: Full Load Start Up
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10 Switch Node Waveforms

1A

1 J«\‘.w A

= 10.000kHz AY(1 ) = 166250V

M « Source
Manual 1

B AVAVAY .V 7 .- -\-f--,.ﬂ-:-—c:'
A VIV s
; "Bk V = Pk-PK( ) 300V
i
Save Recall Default Press to Quick Print
~- ~5 Setup Save il |

Figure 24. 90-VAC Input: 90 No Load (Wide)

+ Source -0 Select: Measure Settings Clear Meas Statistics
1 ~- ~ ~5-

Freq Freq

Figure 26. 90-VAC Input: 90 Full Load (Zoom)

Figure 25. 90-VAC Input: 90 No Load (Zoom)

525V

+ Source D Select: Measure Settings Clear Meas Statistics
1 Freg Freg ~ ~ ~

Figure 27. 240-VAC Input: 230 No Load (Wide)
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“ L ‘.-:‘ Ll

Pk-Pk(1 ): 534V z
Measure i Clear Meas Statistics  Select: Setti Clear Meas Statistics
Freg ~- ~ ~~ 1 F ~ ~ ~
Figure 28. 240-VAC Input: 230 No Load (Zoom) Figure 29. 240-VAC Input: 230 Full Load (Wide)

i ”'ﬁ Hi
;\l <H L

4 7 7 ¢ ¢ .
(Freq(l ]: 182Hz Pk-Pkil ): 888V
5] Snﬁln:e D SE::?: MeF?es:re Setlngs Cleir‘i‘\leas Stil:st—ics 0 Sm]m:e D 5;::?1 Mgar;;fe Se‘i:'"'?s 5'=$335 SIEEE‘SEW
Figure 30. 240-VAC Input: 230 Full Load (Zoom) Figure 31. 480-VAC Input: 480 No Load (Wide)

i .‘"L"U

i)

Figure 32. 480-VAC Input: 480 No Load (Zoom) Figure 33. 480-VAC Input: 480 Full Load (Wide)

|| Clear Meas Statistics
~- ~B

Clear Meas Statistics
~B- ~3-
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Output Ripple Waveforms

Clear Meas Statistics
~ ~

Freq

Figure 34. 480-VAC Input: 480 Full Load (Zoom)

11  Output Ripple Waveforms
Green = 12 V (output); Yellow = 5 V (output)

Freq F'Eﬂ

~ ~5- 1 Freq Freg

Figure 35. 90-V Full Load Output Ripple

Figure 36. 230-V Full Load Output Ripple

Freg req

Figure 37. 480-V Full Load Output Ripple
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Figure 38. Magnet Immunity (1 of 6) Figure 39. Magnet Immunity (2 of 6)

Figure 40. Magnet Immunity (3 of 6) Figure 41. Magnet Immunity (4 of 6)
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Output Ripple Waveforms

W cv4g« 4518+
23770 4997F =

Figure 42. Magnet Immunity (5 of 6) Figure 43. Magnet Immunity (6 of 6)
dBp
a0
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\ B0
40
% .]||
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- £ ! -a0
150 k 1h 10 M 30 b
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[MHz]  |[MHz] R R start 4
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rLirnitz;
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Figure 44. Conducted EMI Results
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Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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