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User's Guide
SLUU109B–December 2001–Revised February 2009

Using the UCC3895 in a Direct Control Driven
Synchronous Rectifier Applications

The UCC3895EVM-001 evaluation module (EVM) is an isolated 48-V input phase-shifted full-bridge
converter providing an output of 3.3 V at 15 A. The AB outputs of the UCC3895, in this application are
used for direct control driven synchronous rectification. No demodulation of the AB phase shift clock
signals is necessary to produce fully operational synchronous rectification gate drive signals yielding a
significant overall efficiency increase.

Operating in peak current-mode control, this EVM highlights the many benefits of using the UCC3895
advanced phase-shift PWM controller for direct control of synchronous rectification. This user's guide
provides the schematic, component list, assembly drawing, artwork and test setup necessary to evaluate
the UCC3895 in a typical control-driven synchronous rectification application.

• 48-V typical input (36 V < VIN < 72 V), 2:1 input range

• 3.3-V output at 15 ADC

• Control driven synchronous rectifier current doubler output

• 1500-V input to output isolation

• Compact size, low profile (3.5" x 2.5" x 0.5")

• Peak current-mode control

• 400-kHz oscillator frequency (200-kHz operating frequency)

• Fixed-frequency operation

• 87% efficiency

• Single side OTS surface-mount components

• Short circuit protection
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3 Description

www.ti.com Description

The UCC3895EVM-001 EVM highlights the benefits of using the UCC3895 to implement direct control of a
synchronous rectifier current-doubler output in a phase-shifted full bridge topology. The UCC3895
provides four 100-mA complementary outputs, labeled OUTA-OUTD, optimized to drive FET driver
circuits. Two of the complementary outputs, OUTA and OUTB, are used to generate the drive signals
necessary to switch the synchronous rectifiers. Since the UCC3895 controller is referenced to primary side
ground, the OUTA and OUTB signals must first transition through a signal transformer before being fed
into the secondary-side referenced UCC27424 dual 4-A MOSFET driver. This technique provides the
proper gating and timing signals necessary to accurately synchronize the output switching to the
primary-side bridge switching.

In addition to implementing synchronous rectification, designing a highly efficient phase shifted full bridge
power converter is greatly dependant upon understanding the parasitic elements within the converter. This
is necessary to optimize the resonant circuit responsible for achieving ZVS. The UCC3895 offers the
added feature of adaptive delay set (ADS) and delay programming between complementary outputs. The
ADS function serves to vary the delay time necessary, during the resonant transition period, as a function
of load current. When more current is available to fully charge the equivalent resonant capacitance, less
delay time is required, resulting in a longer effective duty cycle available for power transfer.

Further information regarding the details of ZVS resonant requirements and optimizing the UCC3895
PWM in a current doubler phase-shifted full-bridge topology are fully explained in references [1] - [3] and
are not repeated here. As such, the scope of the following documentation shall focus primarily on
configuring the UCC3895 for direct control driven synchronous rectification applications.
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3.1 Schematic

Description www.ti.com

A schematic of the UCC3895EVM-001 board is shown in Figure 1. Terminal block J2 is the DC input
voltage source connector. Terminal block J3 is the DC primary-side bias voltage, while terminal block J1 is
the secondary output and return for the 3.3-V output.

The primary-side full-bridge power section is comprised of MOSFET's Q1-Q4. Because the converter
switches at zero voltage, 8-pin SOIC packages were selected forgoing the use of large heatsinks typically
found at this power level. Control of the full bridge is provided by U1, the UCC3895 and its accompanying
circuitry. The four outputs of the UCC3895 are fed into two Texas Instruments UCC27200. The
UCC27200 is a 3-A, 120-V high frequency high-diode/low-side driver which was chosen primarily because
of the low impedance drive of 4 Ω. Primary power is efficiently transferred to the secondary across T1, a
low profile planar transformer available from Payton.

Q5 and Q6 are the secondary-side synchronous rectifier MOSFET's shown with associated local gate
discharge circuitry made up of D16, Q9, and D17, Q8. As mentioned previously, the control signals for Q5
and Q6 are derived directly from OUTA and OUTB of the UCC3895, greatly simplifying any timing issues
typically met when designing isolated control driven synchronous power converters. To maintain isolation,
OUTA and OUTB are fed through T3, a signal transformer. The output of T3 is then used as the input to
U4, a UCC27424 dual 4-A MOSFET driver that directly drives the gates of Q5 and Q6. Passing OUTA and
OUTB through T3 before U4 minimizes any leakage inductance current spike based on the fact that very
little power is actually transferred through T3. In addition, a secondary side referenced bias voltage is
generated from T3 and used to power U4, pin 6 (VDD).

The secondary to primary feedback path of the UCC3895EVM-001 is optically isolated via U3. The
compensation network is located on the secondary side and is built around U5, a TL431 adjustable shunt
regulator. This provides a low cost, simplified secondary referenced feedback solution with good noise
immunity. Designing the UCC3895 for peak current mode control, allows a single pole (R33, C10), single
zero (R33, C11) compensation network to be used. R41 and C14 are present to compensate for the
inherent pole of the optocoupler. The feedback divider circuitry is set by R32 and R34, while the UCC3895
error amp (U1, pins 1 and 2) is set up in a voltage follower configuration.
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www.ti.com Description

Figure 1. UCC3985EVM-001 Schematic
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3.2 Circuit Performance

3.3 UCC3895EVM-001 ZVS Measured Data

Description www.ti.com

The schematic shown in Figure 1 was built and tested upon the printed circuit board (PCB) design shown
in Figure 10 through Figure 14. For a detailed description of the list of materials used, refer to Table 1.

In addition to a significant increase in overall efficiency, one of the primary benefits of using synchronous
rectifiers in a phase-shifted full bridge topology is to extend the useful load range for ZVS operation. While
there is always the argument that ZVS may not be a concern at light load, due to the reduction in power
dissipation, the objective of this design is to extend ZVS operation down to some minimum load less than
that of the DM3895. One benefit of doing so would perhaps become more apparent from a systems point
of view where electromagnetic interference (EMI) would be a concern. At the point where the converter
crosses over from ZVS to traditional hard switching, a noticeable change in the EMI signature would be
expected, which in the worst case might possibly result in a noncompliant system.

Figure 2 and Figure 3 show the MOSFET drain-to-source and gate-to-source waveforms of Q2 and Q4 for
an input voltage of 48 V. Since Q2 and Q4 each have primary ground-referenced sources, they are
convenient test points for obtaining ZVS waveforms. Q2 is the bottom MOSFET of the AB leg while Q4
corresponds to the CD leg. At an output load of 15 A, the drain voltage of each MOSFET completely falls
to zero before the gate voltage starts to rise, clearly illustrating that each leg is switching at zero voltage.

Figure 2. Q2 (AB Leg) at 15-A Load Figure 3. Q4 (CD Leg) at 15-A Load
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www.ti.com Description

More importantly, Figure 4 and Figure 5 show the same waveforms of Q2 and Q4, switching during an
output load of 5.5 A. Figure 4 shows that the drain voltage of Q2 still falls to zero, prior to the gate voltage
starting to rise. However, the upward cusp shown on the drain voltage signal suggests that the stored
resonant inductive energy is almost insufficient to drive the total resonant capacitance. ZVS is retained
down to a minimum output load of 5.5 A in the AB leg, where the start of hard switching begins.
Conversely, Figure 5 illustrates that the CD leg is still switching at zero voltage at the same output load
where ZVS is nearly lost in the AB leg.

Figure 4. Q2 (AB Leg) at 5.5-A Load Figure 5. Q4 (CD Leg) at 5.5-A Load

At output loads less than 5.5 A, the UCC3895EVM-001 loses the benefits of ZVS in the AB leg, as the
converter moves deeper into hard switching. The worst case of this is shown below in Figure 6 where the
gate of Q2 moves beyond VGS(th) while there is still significant voltage present on the drain when
operating with no output load current. From Figure 7 however, notice that the ZVS of the CD leg is
retained all the way down to zero output load current. The switching details of how this is possible are fully
explained in reference [1].

Figure 6. Q2 (AB Leg) at 0-A Load Figure 7. Q4 (CD Leg) at 0-A Load
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Description www.ti.com

At an output load current of 15 A, the UCC3895EVM-001 has an efficiency of approximately 85%, while
the peak efficiency of just over 87% occurs between a load current of 7 A to 10 A. A plot of efficiency
versus output power for an input voltage of 48 V is shown below in Figure 8.

Figure 8.
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4 Test Set Up
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4.1 Output Load (LOAD1)

4.2 VCC DC Bias Supply (VCC)

4.3 DC Input Source (VIN)

4.4 Fan

www.ti.com Test Set Up

Shown below in Figure 9 is the basic test setup needed to evaluate the UCC3895EVM-001. Please note
the secondary ground (J1) is isolated from primary ground (J2, J3).

Figure 9. Recomended EVM Test Configuration

For the output load to VOUT, a programmable electronic load set to constant current mode and capable of
sinking 0 -15 ADC, is used. The UCC3895EVM-001 is ground isolated between the input and output. VIN
and VCC are referenced to the primary side while VOUT is secondary side referenced. Refer to the EVM
schematic of Figure 1 and the test setup of Figure 9. Using a DC voltmeter, V1, it is also advised to make
all output voltage measurements directly at J1 terminals in order to minimize any voltage error
experienced due to drops between J1 and the electronic load.

The bias voltage supply is a variable DC source capable of supplying between 0 VDC and 12 VDC at no
less than 0.25 ADC and connected to J3 as shown in Figure 9.

The input voltage should be a variable DC source capable of supplying between 0 VDC and 72 VDC at no
less than 2 ADC, and connected to J2 as shown in Figure 9. For fault protection to the EVM, good common
practice is to limit the source current to no more then 1.75 ADC. A DC ammeter, A1 should also be
inserted between VIN and J2 as shown in Figure 9.

Most power converters include components that can get hot to the touch when approaching temperatures
of 60°C. Because this EVM is not enclosed to allow probing of circuit nodes, a small fan capable of 20-30
cfm is recommended to reduce component temperatures when operating at full output load.

SLUU109B–December 2001–Revised February 2009Using the UCC3895 in a Direct Control Driven Synchronous Rectifier Applications 9

Submit Documentation Feedback

http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU109B


5 Power Up/Down Test Procedure

Power Up/Down Test Procedure www.ti.com

The following test procedure is recommended primarily for power up and shutting down the EVM.
Whenever the EVM is running above an output load of 10 A, the fan should be turned on. Also, never walk
away from a powered EVM for extended periods of time.

1. Working at an ESD workstation, make sure that any wrist straps, boot straps or mats are connected
referencing the user to earth ground before power is applied to the EVM. Electrostatic smock and
safety glasses should also be worn.

2. Connect VCC to J3 as shown in Figure 9. Make sure that VCC is initially set to 0 V.

3. Prior to connecting the DC input source, VIN, it is advisable to limit the source current from VIN to 1.75
A maximum. Connect the ammeter A1 (0-1.5 A range) between VIN and J2 as shown in Figure 9.
Make sure VIN is initially set to 0 V.

4. Connect LOAD1 and the voltmeter, V1 to J1 as shown in Figure 9. Set LOAD1 to constant current
mode to sink 0 ADC before VIN and VCC are applied.

5. Increase VCC from 0 VDC to 12 VDC (overcome UVLO threshold) and then set to 10.5 VDC. With VCC
applied, the control and switching circuitry can now be checked from the UCC3895 outputs to the
gates of the bridge MOSFETS, Q1-Q4 and synchronous MOSFETS, Q5 and Q6.

6. Increase VIN from 0 V to 48 VDC, while monitoring the output voltage on V1.

7. Vary LOAD1 anywhere between 0 A to 15 ADC, making sure to turn on fan blowing air directly on the
EVM for loads above 10 A.

8. Vary the input voltage between 36 V and 72 V.

9. Shut down the electronic load.

10. Shut down VIN.

11. Shut down VCC.
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6 EVM Assembly Drawing and Layout

www.ti.com EVM Assembly Drawing and Layout

Figure 10 shows the top-side component placement for the EVM, as well as pin numbers and component
polarity where necessary. A four layer PCB was designed using the top and bottom layers for signal traces
and an internal split ground plane tied to a single point at C22. The PCB dimensions are 3.5" x 2.5" with a
design goal of maintaining all components to less than 0.5" high measured from the top layer surface. All
components are standard OTS surface-mount components placed on the top side of the PCB only. The
copper etch, looking through the top of the PCB, for each layer is also shown in Figure 11 through
Figure 14.

Figure 10. Top-Side Component Assembly
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EVM Assembly Drawing and Layout www.ti.com

Figure 11. Top Signal Trace Layer
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www.ti.com EVM Assembly Drawing and Layout

Figure 12. Internal Signal Trace Layer
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EVM Assembly Drawing and Layout www.ti.com

Figure 13. Internal Split Ground Plane
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www.ti.com EVM Assembly Drawing and Layout

Figure 14. Bottom Signal Trace Layer
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7 List of Materials

List of Materials www.ti.com

Table 1 below lists the EVM components as configured corresponding to the schematic shown in Figure 1.
Part types and manufacturers can be modified according to specific application requirements.

Table 1. List of Materials (1) (2) (3) (4)

REF DES COUNT DESCRIPTION MFR PART NUMBER

C1, C14 2 Capacitor, ceramic, 0.022 µF, 50 V, X7R, 10%, 0805 Std Std

C10 1 Capacitor, ceramic, 18 pF, 50 V, NPO, 10%, 0805 Std Std

C11 1 Capacitor, ceramic, 0.33 µF, 16 V, X7R, 10%, 0805 Std Std

C16, C17, C23, C24 4 Capacitor, tantalum, 470 µF, 6.3 V, 50.0 mΩ, 20%, AVX TPSE477M006R005
7343 (D) 0

C18, C25 2 Capacitor, ceramic, 1000 pF, 50 V, X7R, 10%, 0805 Std Std

C19 1 Capacitor, tantalum, 47 µF, 20 V, 125.0 mΩ, 10%, AVX TPSE476K020R012
7343 (D) 5

C2 1 Capacitor, ceramic, 560 pF, 50 V, X7R, 10%, 0805 Std Std

C20 1 Capacitor, ceramic, 0.1 µF, 50 V, X7R, 10%, 0603 Std Std

C21, C26, C28 3 Capacitor, ceramic, 0.22 µF, 25 V, X7R, 10%, 0805 Std Std

C22 1 Capacitor, aluminum, SM, 33 µF, 100 V, VS series, Panasonic EEE-2AA330P
10x12mm

C27 1 Capacitor, ceramic, 100 pF, 50 V, X7R, 10%, 0805 Std Std

C29 1 Capacitor, ceramic, 1 µF, 25 V, X5R, 10%, 0603 Std Std

C3 1 Capacitor, ceramic, 0.1 µF, 10 V, X5R, 10%, 0402 Std Std

C30 1 Capacitor, ceramic, 2200 pF, 50 V, X7R, 10%, 0805 Std Std

C4 1 Capacitor, ceramic, 330 pF, 50 V, X7R, 10%, 0805 Std Std

C5 1 Capacitor, ceramic, 820 pF, 50 V, X7R, 10%, 0805 Std Std

C6 1 Capacitor, ceramic, 0.1 µF, 50 V, X7R, 10%, 1210 Std Std

C7 1 Capacitor, ceramic, 0805 Std Std

C8, C9, C12 3 Capacitor, ceramic, 0.1 µF, 50 V, X7R, 10%, 0805 Std Std

D1, D14, D15 3 Diode, Schottky, 200 mA, 30 V, SOD123 On Semi STD

D12 1 Diode, Zener, 8.2 V, 25 mA, 225 mW, SOT23 Onsemi BZX84C8V2LT1G

D13 1 Diode, Zener, 13 V, 20 mA, 225 mW, SOT23 Onsemi BZX84C13LT1G

D4, D5, D6, D7, 8 Diode, 2.5 A, 25 ns, 100 V, powermite, 75 x 148 Microsemi UPR10E3/TR7
D10, D11, D16, D17

J1 1 Terminal block, 4 pin, 15 A, 5.1 mm, 0.80 x 0.35"" OST ED2227

J2, J3 2 Terminal block, 2 pin, 15 A, 5.1 mm, 0.40 x 0.35"" OST ED1609

L1 1 Inductor, SMT, 1 µH, 4.0 A, 25 mΩ, 0.510 x 0.370 Coilcraft DT3316P-102

L2, L3 2 Inductor, 2.5 µH, 11.4 A smd, 500 x 500 Coilcraft MLC1550-252ML

Q1, Q2, Q3, Q4 4 MOSFET, N-channel, 100 V, 7.3 A, 22 mΩ, SO8 IR IRF7495

Q5, Q6 2 Transistor, NFET, 80 A, 60 V, 35 mΩ, TO-263AB Fairchild FDB035AN06A0

Q7 1 Bipolar, NPN, 80 V, 600 mA, SOT23 Diodes Inc MMBTA06-7-F

Q8, Q9 2 Bipolar, PNP, 60 V, 600 mA, SOT23 Diodes Inc MMBT2907ALT1G

R1, R13, R35 3 Resistor, chip, 510 Ω, 1/10 W, 1%, 0805 Std Std

R12 1 Resistor, chip, 51.1 Ω, 1/10 W, 1%, 0805 Std Std

R14, R15, R16, 7 Resistor, chip, 4.99 kΩ, 1/10 W, 1%, 0805 Std Std
R17, R23, R24, R40

R18, R19, R20, 5 Resistor, chip, 21 Ω, 1/10 W, 1%, 0805 Std Std
R21, R22

R2, R3 2 Resistor, chip, 2 kΩ, 1/10 W, 1%, 0805 Std Std

(1) These assemblies are ESD sensitive, ESD precautions shall be observed.
(2) These assemblies must be clean and free from flux and all contaminants. Use of no clean flux is not acceptable.
(3) These assemblies must comply with workmanship standards IPC-A-610 Class 2.
(4) Ref designators marked with an asterisk ('**') cannot be substituted. All other components can be substituted with equivalent

MFG's components.
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Table 1. List of Materials (continued)

REF DES COUNT DESCRIPTION MFR PART NUMBER

R39 1 Resistor, chip, 51.1 Ω, 1/10 W, 1%, 0805 Std Std

R27, R28 2 Resistor, chip, 100 Ω, 1/10 W, 1%, 0805 Std Std

R29, R30 2 Resistor, chip, 1.5 kΩ, 1/10 W, 1%, 0805 Std Std

R32 1 Resistor, chip, 3.32 kΩ, 1/10 W, 1%, 0805 Std Std

R33 1 Resistor, chip, 2.74 kΩ, 1/10 W, 1%, 0805 Std Std

R34 1 Resistor, chip, 10.7 kΩ, 1/10 W, 1%, 0805 Std Std

R36 1 Resistor, chip, 270 Ω, 1/10 W, 1%, 0805 Std Std

R4 1 Resistor, chip, 69.8 kΩ, 1/10 W, 1%, 0805 Std Std

R41 1 Resistor, chip, 20 Ω, 1/10 W, 1%, 0805 Std Std

R5 1 Resistor, chip, 549 Ω, 1/10 W, 1%, 0805 Std Std

R6 1 Resistor, chip, 2.43 kΩ, 1/10 W, 1%, 0805 Std Std

R7, R8 2 Resistor, chip, 10 Ω, 1/10 W, 1%, 0805 Std Std

R9 1 Resistor, chip, 1/16 W, 0.1%, 0603 Std Std

T1 1 Xfmr, planer,100 W, 6:2, smd, 760x850 Payton 9225, RevC

T2 1 XFMR, current sense, 20 A, 1:70, 0.284 x 0.330 inch Pulse PA1005.070

T3 1 Transformer, dDriver, 330 µH Ip, 1500 V isolation, Pulse P0926
0.210 x 0.210

U1 1 BiCMOS Advanced Phase Shift PWM Controller, Texas Instruments UCC3895
TSSOP 20 pin

U2, U6 2 120-V Boot, 2.5-A Peak, High-Freq. High-Side Texas Instruments UCC27200
Low-Side Driver, SO8[DDA]

U3 1 Opto coupler, 6-pin DIP, modified Isocom CNY17-2SM

U4 1 Dual 3 A MOSFET driver, SOIC-8 Texas Instruments UCC27424D

U5 1 Adjustable precision shunt regulator, SOT-89 Texas Instruments TL431CPKR

1. Balogh, L. Design Review: 100-W, 400-kHz, DC/DC Converter With Current Doubler Synchronous
Rectification Achieves 92% Efficiency, Topic 2, SEM-1100 Power Supply Design Seminar Manual,
Unitrode Corporation

2. Andreycak, B. Phase Shifted, Zero Voltage Transition Design Considerations and the UC3875 PWM
Controller, Texas Instruments Literature No. SLUA107

3. Balogh, L. The Current Doubler Rectifier: An Alternative Rectification Technique For Push-Pull and
Bridge Converters, Texas Instruments Literature No. SLUA121

4. Dennis, M. UCC3895 Phase Shift PWM Controller EVM Kit Setup and Usage, Texas Instruments
Literature No. SLUU069A
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EVALUATION BOARD/KIT IMPORTANT NOTICE

Texas Instruments (TI) provides the enclosed product(s) under the following conditions:

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION PURPOSES
ONLY and is not considered by TI to be a finished end-product fit for general consumer use. Persons handling the product(s) must have
electronics training and observe good engineering practice standards. As such, the goods being provided are not intended to be complete
in terms of required design-, marketing-, and/or manufacturing-related protective considerations, including product safety and environmental
measures typically found in end products that incorporate such semiconductor components or circuit boards. This evaluation board/kit does
not fall within the scope of the European Union directives regarding electromagnetic compatibility, restricted substances (RoHS), recycling
(WEEE), FCC, CE or UL, and therefore may not meet the technical requirements of these directives or other related directives.

Should this evaluation board/kit not meet the specifications indicated in the User’s Guide, the board/kit may be returned within 30 days from
the date of delivery for a full refund. THE FOREGOING WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY SELLER TO BUYER
AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies TI from all claims
arising from the handling or use of the goods. Due to the open construction of the product, it is the user’s responsibility to take any and all
appropriate precautions with regard to electrostatic discharge.

EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH ABOVE, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR ANY
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

TI currently deals with a variety of customers for products, and therefore our arrangement with the user is not exclusive.

TI assumes no liability for applications assistance, customer product design, software performance, or infringement of patents or
services described herein.

Please read the User’s Guide and, specifically, the Warnings and Restrictions notice in the User’s Guide prior to handling the product. This
notice contains important safety information about temperatures and voltages. For additional information on TI’s environmental and/or
safety programs, please contact the TI application engineer or visit www.ti.com/esh.

No license is granted under any patent right or other intellectual property right of TI covering or relating to any machine, process, or
combination in which such TI products or services might be or are used.

FCC Warning

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION PURPOSES
ONLY and is not considered by TI to be a finished end-product fit for general consumer use. It generates, uses, and can radiate radio
frequency energy and has not been tested for compliance with the limits of computing devices pursuant to part 15 of FCC rules, which are
designed to provide reasonable protection against radio frequency interference. Operation of this equipment in other environments may
cause interference with radio communications, in which case the user at his own expense will be required to take whatever measures may
be required to correct this interference.

EVM WARNINGS AND RESTRICTIONS

It is important to operate this EVM within the input voltage range of 36 V to 72 V and the output voltage range of 0V to 3.3 V as supplied.

Exceeding the specified input range may cause unexpected operation and/or irreversible damage to the EVM. If there are questions
concerning the input range, please contact a TI field representative prior to connecting the input power.

Applying loads outside of the specified output range may result in unintended operation and/or possible permanent damage to the EVM.
Please consult the EVM User's Guide prior to connecting any load to the EVM output. If there is uncertainty as to the load specification,
please contact a TI field representative.

During normal operation, some circuit components may have case temperatures greater than 85°C. The EVM is designed to operate
properly with certain components above as long as the input and output ranges are maintained. These components include but are not
limited to linear regulators, switching transistors, pass transistors, and current sense resistors. These types of devices can be identified
using the EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during operation,
please be aware that these devices may be very warm to the touch.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

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

Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Amplifiers amplifier.ti.com Audio www.ti.com/audio
Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DLP® Products www.dlp.com Broadband www.ti.com/broadband
DSP dsp.ti.com Digital Control www.ti.com/digitalcontrol
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Military www.ti.com/military
Logic logic.ti.com Optical Networking www.ti.com/opticalnetwork
Power Mgmt power.ti.com Security www.ti.com/security
Microcontrollers microcontroller.ti.com Telephony www.ti.com/telephony
RFID www.ti-rfid.com Video & Imaging www.ti.com/video
RF/IF and ZigBee® Solutions www.ti.com/lprf Wireless www.ti.com/wireless
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