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Introduction

The UCC28180EVM-573 evaluation module (EVM) is a 360-W off-line power factor correction (PFC) boost
converter providing a nominal output voltage of 390-V regulated output at 0.923 A of load current. The
PFC converter accommodates an input voltage range of 85 V,. to 265 V,c and uses average current
mode control at a fixed programmable switching frequency of 120 kHz. The UCC28180 incorporates a
wide range of protection features to ensure safe system operation.

Description

The UCC28180EVM-573 highlights the many benefits of using the UCC28180 Continuous Current Mode
Boost PFC Controller (TI Literature Number SLUSBQS5). The controller operates under average current
mode control at a fixed programmable switching frequency of 120 kHz. Simple external current and
voltage loop compensation, along with advanced protection features, make this controller ideal for server
and desktop power supplies, industrial power supplies, and white goods.

This user’s guide provides the schematic, component list, assembly drawing for a single-sided printed
circuit board application, and test set up necessary to evaluate the UCC28180 in a typical PFC
application.

Typical Applications

The UCC28180EVM-573 is suited for use in high-power off-line systems that require high-efficiency and
advanced fault protection features, applications including, but not limited to:

» Server and Desktop Power Supplies
* Industrial Power Supplies (DIN Rail)
*  White Goods

— AJC Units

— Refrigerators

— etc.

2

UCC28180EVM-573 360-W Power Factor Correction Module SLUUAT3B-October 2013—Revised December 2013

Submit Documentation Feedback
Copyright © 2013, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUAT3B

13 TEXAS
INSTRUMENTS

www.ti.com Description

2.2 Features

The UCC28180EVM-573 features include:

e AC Input Range 85 V,. to 265 V¢

e 360-W, 390-V Output

* Average Current Mode PWM Control

* No AC Line Sensing Needed

» Fixed 120-kHz Oscillator frequency, Programmable With a Single External Resistor
» Soft Over Current and Cycle-by-Cycle Peak Current Limiting
e VCC Under Voltage Lockout With Low Start-Up Current

» Voltage Regulation Open Loop Detection

» Output Over-Voltage Protection With Hysteresis Recovery

* Enhanced Dynamic Response

» Soft-Start

CAUTION

High voltage levels are present on the evaluation module whenever it is
energized. Proper precautions must be taken when working with the EVM. The
large bulk capacitor across the output terminals must be completely discharged
before the EVM can be handled. Serious injury can occur if proper safety
precautions are not followed.
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3 Electrical Performance Specifications
Table 1. UCC28180EVM-573 Performance Summary
PARAMETER ‘ TEST CONDITION ‘ MIN TYP MAX UNIT
Input Characteristics
Vin Input voltage 85 265 Vac
fune Input frequency 47 63 Hz
Vin = Vinmaxys
Iingmo-oaey | NO load input current fune = 50 Hz, 71 mA
lout = lour(min
Vin = Vingminys
Iingpeak) Peak input current fune = 60 Hz, 6.8 A
lout = lour(max
Output Characteristics
VIN(min) < VIN < VIN(max)r
Vour Output voltage funeming S funeS fungmax: 379 390 402| VDC
IOUT(min) = IOUT = IOUT(rﬂax)
Line Regulation V'””"E" < Vins Vinmax 5%
lout = OUT(max)
V,y = 115 VAC,
fune = 60 Hz, 5%
I Slour =1
Load Regulation out(min) = louT = louT(max)
V,y = 230 VAC,
fune = 60 Hz, 5%
IOUT(mln)S lour = IOUT(max)
lout Output Load Current Vinmin S<V'N = X'N(max) 0 0.923 A
fLINE(mm) = ILINE = fLINE(max)
Posr | Output Power Vingrin) = Vin = Vinman 0 360 W
fLINE(mln) Sfines fLINE(max)
V,y = 115 VAC,
fune = 60 Hz 3.9
VepeLes | High frequency lout = lout(max) v
w) Output voltage ripple V,y = 230 VAC, PP
fune = 50 Hz 3.9
lour = IOUT(max)
V,y = 115 VAC,
fune = 60 Hz, 19.5
Vepeieg | Line frequency lout = lout(max) v
LINE) Output voltage ripple V,y = 230 VAC, P-P
fune = 50 Hz, 19.5
lour = IOUT(max)
Output over voltage
Vourove) protection 425 v
Output under voltage
Voutwve) protection 370
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Electrical Performance Specifications

Table 1. UCC28180EVM-573 Performance Summary (continued)

PARAMETER TEST CONDITION ‘ MIN TYP MAX UNIT
Control Loop Characteristics
faw Switching frequency T,=25°C 114 120 126 kHz
. V,y =162 VDC,
fico) Voltage Loop Bandwidth oy = 0.466 A 8 Hz
.| V,y =162 VDC, °
Voltage Loop Phase Margin oy = 0.466 A 68
PF Power Factor Vin :_115 VAC, 0.99
IOUT - IOUT(max)
V,y =115 VAC,
fune = 60 Hz, 4.1% 10%
lour = |
THD Total harmonic distortion OUT — "ouTimex)
VIN = 230 VAC,
fune = 50 Hz 4% 10%
lout = lour(max
V,y =115 VAC,
n Full load efficiency fune = 60 Hz, 94.5%
lout = lour(max
Ambient temperature 25 °C
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Figure 1. UCC28180EVM-573 Schematic
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lokwei
Sticky Note
Select tube body typed so that user can replace it easily when blown.
F1: GSA 7-R
Derating at 70 deg. C: 5.25 A

lokwei
Sticky Note
VAR1: B72210S2271K101 (similar specifications but new MPN for S10K275E2)

lokwei
Sticky Note
ECQ-U2A474ML obsolete.
C1, C5: R46KN347000N0M

lokwei
Sticky Note
CS11-E2GA222MYNS obsolete.
C2, C4: VY1222M47Y5UQ6UV0

lokwei
Sticky Note
C10: ECWFD2W274KQ (0.27 uF, 450 V)

lokwei
Sticky Note
L2: 197C15 (1.35 mH, max. DC current 15 A)
Inductance and ripple factor at inductor current 10.664 A (when output current 3.419 A): 1.5 mH, 0.052.
Inductance and ripple factor at inductor current 6.399 A (when output current 2.051 A): 1.7 mH, 0.076.
Inductance and ripple factor at inductor current 4.266 A (when output current 1.368 A): 1.8 mH, 0.108.
Inductance and ripple factor at inductor current 1.706 A (when output current 0.547 A): 2 mH, 0.243 --> Starts to exceed 0.2 (20 %) peak-peak ripple spelled in the specifications.
DCM occurs when output current < 0.067 A.

lokwei
Sticky Note
C16, C19 - C22: ALH82A241DF550 (240 uF, 550 VDC)
C17, C18: R49AI310040A2K (0.1 uF, 800 VDC)

lokwei
Sticky Note
LINE INPUT VOLTAGE: 190 VRMS - 254 VRMS, 48 Hz - 62 Hz
NOMINAL INPUT CURRENT (MAX.): 7.541 Arms
PEAK INPUT CURRENT (MAX.): 10.664 Apk

OUTPUT VOLTAGE: 390 VDC NOMINAL
MAXIMUM OUTPUT CURRENT: 3.419 A
MAXIMUM OUTPUT POWER: 1333.333 W

lokwei
Sticky Note
BR1: KBJ3008 (max. current 30 A)

lokwei
Sticky Note
D3: FFSP2065A (max. current 20 A)
Silicon carbide typed to eliminate reverse recovery losses for less power dissipation.

lokwei
Sticky Note
Q1: IXFH18N60P

lokwei
Sticky Note
R5: RC2010JK-074R7L (4.7 Ohm)

lokwei
Sticky Note
R8 + R9 + R10 + R11 + R12: CRCW25121M00FKEG (1 MOhm)

lokwei
Sticky Note
R13: ERJ-PA3F1302V (13 kOhm)

lokwei
Sticky Note
OUTPUT: 389.615 VDC NOMINAL, 3.422 A MAX

lokwei
Sticky Note
C15: 0805N821J101CT (820 pF)

lokwei
Sticky Note
R6: ERJ-PB3B1962V (19.6 kOhm)
C13: C1210C186K4PACTU (18 uF)
Good stability for output current 4 A, 10 A, 15 A and 25 A with phase margin > 50 deg.

lokwei
Sticky Note
C8: 0805N821J101CT (820 pF)

lokwei
Sticky Note
C7: 06035C182JAT2A (1800 pF)

lokwei
Sticky Note
RT1: SL22 10009 (10 Ohm @ 25 deg. C)
Iderated: sqrt(1.1425 - 0.0057 x 70) x 9 @ 25 deg. C = 7.76 A
CIN (C10): 0.27 uF --> Smaller than max. allowed 1736 uF.

lokwei
Sticky Note
R4: WSLP1206R0100FEA (0.01 Ohm)
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5 Test Setup
Figure 2 shows the basic test set up recommended in order to evaluate the UCC28180EVM-573
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Figure 2. UCC28180EVM-573 Recommended Test Set Up

WARNING

High voltages that may cause injury exist on this evaluation
module (EVM). Please ensure all safety procedures are followed
when working on this EVM. Never leave a powered EVM
unattended.
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5.1 Test Equipment
AC Voltage Source: The AC input source shall be capable of supplying between 85 V,. and 265 V¢ at
no less than 8 A peak. Connect the AC source to the L and N terminals of J1 on the EVM as shown in
Figure 2. For accurate efficiency calculations, a power meter should be inserted between the neutral line
of the AC source and the neutral terminal of the EVM. For highest accuracy, connect the voltage terminals
of the power meter directly across the line and neutral terminals of the EVM.
12-V Bias Supply: The bias supply to the device shall be capable of supplying up to 12 V. at no less
than 10 mA. Connect the bias supply to the — and + terminals of J2, UCC28180 12-V VCC bias, as shown
in Figure 2.
Output Load: A programmable electronic load set to constant current mode and capable of sinking 0 to 1
A at 390 V. shall be used. Connect the load to J3, as shown in Figure 2.
Power Meter: For highest accuracy, power analyzer shall be used to measure the input power, THD, and
power factor. An example of such an analyzer is the Voltech PM100 Single Phase Power Analyzer.
Multimeters: For highest accuracy, the output voltage of the UCC28180EVM-573 shall be monitored by
connecting a digital voltmeter, V1, directly across TP11 and TP12 with the positive terminal at TP11 and
the negative terminal at TP12. A DC current meter, Al, should be placed in series with the electronic load
for accurate output current measurements.
Oscilloscope: A digital or analog oscilloscope with 500-MHz scope probes is recommended.
Fan: A fan, capable of 200 LFM to 400 LFM, should be used to maintain component temperatures within
safe operating ranges at all times during operation of the UCC28180EVM-573. Position the fan so as to
blow along the length of the heatsink as shown in Figure 2.
Recommended Wire Gauge: The recommended wire size is AWG #16 with the total length of wire less
than 8 feet (4 feet input, 4 feet return). The connection between the EVM output terminals (J3) and the
electronic load can carry as much as 1 A. The minimum recommended wire size is AWG #20, with the
total length of wire less than 8 feet (4 feet output, 4 feet return).
5.2 List of Test Points
Table 2. Test Point Functional Description
TEST POINT NAME DESCRIPTION
TP1 PGND Power ground
TP2 ICOMP UCC28180 pin 2
TP3 ISENSE UCC28180 pin 3
TP4 vce UCC28180 pin 7
TP5 GATE UCC28180 pin 8
TP6 VSENSE UCC28180 pin 6
TP7 SW Switch node, MOSFET drain
TP8 VCOMP UCC28180 pin 5
TP9 + LOOP Loop injection point, EVM output
TP10 - LOOP Loop injection point
TP11 +VOUT Positive output terminal of the EVM to the load
TP12 -VOUT Return connection of the EVM output to the load
8 UCC28180EVM-573 360-W Power Factor Correction Module SLUUAT3B-October 2013-Revised December 2013

Submit Documentation Feedback
Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUAT3B

13 TEXAS
INSTRUMENTS

www.ti.com Test Setup

5.3 Power-Up/Power-Down Procedure

The following test procedure is recommended primarily for power up and shutting down the evaluation
module. Never leave a powered EVM unattended for any length of time. Also, the unit should never be
handled while power is applied to it or the output voltage is greater than 50 V.

WARNING

There are very high voltages present on the EVM. Some
components reach temperatures above 50°C. Precautions must be
taken when handling the board. Never operate the UCC28180EVM-
573 without the fan running. Always make certain the bulk
capacitors have completely discharged prior to handling the EVM.

1. Working at an ESD workstation, make sure that the ionizer is on before the EVM is removed from the
protective packaging and power is applied. Electrostatic smock and safety glasses should also be
worn. Because voltages in excess of 400 V may be present on the EVM, do not connect the ground
strap from the smock to the bench. If testing with a load, set the electronic load to constant resistance
mode.

2. Power-Up
(a) Connect the equipment as shown in Figure 2.
(b) Turn on the fan.
(c) Set the AC source voltage between 85 V,c and 265 V.
(d) Turn on the 12-V bias supply and verify that the output of the module is within regulation.
(e) Increase the load from O A up to 0.923 A.

5.4 Line/Load Regulation and Efficiency Measurement Procedure

1. For load regulation, use the test set up shown in Figure 2.
(a) Set the AC source to a constant voltage between 85 V,c and 265 V.
(b) Vary the load so that the output current varies from 0 A up to 0.923 A, as measured on DMM Al.
(c) Observe that the output voltage on DMM V1 remains within 5% of the full load regulation value.

2. For line regulation, use the test set up shown in Figure 2.
(a) Set the load to sink the full-load current, 0.923 A.
(b) Vary the AC source from 85 V¢ 10 265 V¢
(c) Observe that the output voltage on DMM V1 stays within 5% of the output voltage regulation value.

5.5 Output Voltage Ripple

1. Expose the ground barrel of the scope probe and place the tip of the probe on TP11, +VOUT, and rest
the exposed ground barrel of the probe on TP12, -VOUT, for output voltage ripple measurements.

5.6 Equipment Shutdown
1. To quickly discharge the output capacitors, make sure there is a load greater than 0 A on the EVM.
2. Turn off the AC source.
3. Turn off the Bias source.
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6

6.1

6.2

Performance Data and Typical Characteristic Curves

Figure 3 through Figure 21 present typical performance curves for UCC28180EVM-573.

Efficiency

Power Factor

EFFICIENCY
000000000000 00000000
00 00 00 00 00 00 00 00 00 00 O (O (O OO O WV WV W WV O
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85 VAC, 60 Hz

115 VAC, 60 Hz
— 230 VAC, 50 HZ

265 VAC, 50 Hz

00 01 02 03 04 05 06 07 08 09

LOAD (A)

Figure 3. UCC28180EVM-573 Efficiency
(as a function of line voltage and load current)
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Figure 4. UCC28180EVM-573 Power Factor
(as a function of line voltage and load current)
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6.3 Total Harmonic Distortion

Figure 5 shows the measured total harmonic distortion (THD). This design allows the converter to enter
into discontinuous current mode (DCM) at the higher line voltages which impacts THD. The converter still
meets the design goal of less than 10% THD at full load over the entire input line range despite using a
relatively small inductor that allows 40% inductor ripple current.

UCC28180EVM-573 TOTAL HARMONIC DISTORTION, 120kHz, L=0.33 mH
30

AN

N

IR
TN

£
a 15
B \
\\
5 \
|
— et
\:____,__.—
0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
LOAD (A)
—265VAC, 50Hz —230VAC, 50Hz —115VAC, 60Hz —85VAC, 60Hz

Figure 5. UCC28180EVM-573 Total harmonic Distortion
(as a function of line voltage and load current)

Figure 6demonstrates improved THD by doubling inductance (20% ripple).

TOTAL HARMONIC DISTORTION, 120kHz, L= 2x0.33 mH
30
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

LOAD (A)
—265VAC, 50Hz —230VAC, 50Hz —115VAC, 60Hz —85VAC, 60Hz

Figure 6. Total Harmonic Distortion with 2x Inductance
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Using swinging inductors which exhibit higher inductance value at lower magnetization (lowest current)
can also help to achieve low THD.Figure 7 shows the total harmonic distortion resulting from using a
current of 6.4 A (switching frequency = 18 kHz). The total harmonic distortion measures less than 5% from
50% load to full load under these conditions.

30

25

20

iTHD (%)

10

TOTAL HARMONIC DISTORTION, 18kHz, L=3.4 mH

I

\

\
\
N

0.1

—265VAC, 50Hz

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
LOAD (&)
—230VAC, 50Hz

—115VAC, 60Hz —85VAC, 60Hz

Figure 7. Total harmonic distortion (as a function of line voltage and load current)

with L = 3.4 mH and fSW = 18 kHz

Figure 8 shows the total harmonic distortion resulting from a swinging choke that measured 530 puH at a
current of 6.4 A (switching frequency = 66 kHz). The total harmonic distortion measures less than 5% from
50% load to full load under these conditions.
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TOTAL HARMONIC DISTORTION, 66kHz, L=0.53mH
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Figure 8. Total harmonic distortion (as a function of line voltage and load current)

with L = 0.4 mH and fg,, = 66 kHz
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6.4 Current Harmonics

0.14
\ mmm PWR 573
0.12 \ e ENI61000-3-2 Class D max
__0.10 230 V., 50 Hz, Full Load
<
L 0.08
)
=
5 0.06
2
0.04
0.02
0.00
35 7 9111315171921232527293133353739
HARMONIC NUMBER
Figure 9. UCC28180EVM-573 Current Harmonics,
(230-V ¢, 50-Hz input, full load, without the fundamental)
0.14
\ s PWR 573
0.12 \ e ENI61000-3-2 Class D max
0.10 115 V¢, 60 Hz, Full Load
<
W 0.08
)
=
5 0.06
2
0.04
0.02
0.00
3 5 7 911131517192123252729 3133353739
HARMONIC NUMBER
Figure 10. UCC28180EVM-573 Current Harmonics,
(115-V,¢, 60-Hz input, full load, without the fundamental)
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6.5 Input Current

Tof o

thi— 700V W4 0oms Chi & 1.8mv
10.0mMVE

Figure 11. UCC28180EVM-573 Input Current and Input Voltage at the Output of the Bridge Ruectifier,
(115-V,, 60 Hz, full load. (CH 1 = rectified input voltage on BR1, 100 V/div., CH 3 = I,y 2 A/div.))

thi— 700V WMa.0oms Chi & 1.8mv
10.0mvQ

Figure 12. UCC28180EVM-573 Input Current and Input Voltage at the Output of the Bridge Rectifier,
(230 V,(, 50 Hz, full load. (CH 1 = rectified input voltage on BR1, 100 V/div., CH 3 =1,y 1 A/div.))
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6.6 Output Voltage Ripple

MGE 500 VRe W2.00ms Ch3 J  1.3mV

Figure 13. UCC28180EVM-573 Line Frequency Output Voltage Ripple
(115 V,¢, 60 Hz input, full load)

Figure 14. UCC28180EVM-573 Line Frequency Output Voltage Ripple
(230 V,c, 50 Hz input, full load)
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“EEE 2.00 Vih M4.000s CA2 & 7.76V

Figure 15. UCC28180EVM-573 Switching Frequency Output Voltage Ripple
(115 V¢, 60 Hz input, full load)

“WGE  2.00 ViR M4.00us Ch2 7 7.36V

Figure 16. UCC28180EVM-573 Switching Frequency Output Voltage Ripple
(230 V,c, 50 Hz input, full load)
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6.7 Start Up

3_. e .

1=

244
Chlt 2.00V & Ch2 100V & M50.0ms Chl Jf 2.80
Ch3 10.0mvQ 2.00V &

Figure 17. UCC28180EVM-573 Start-Up Waveform
(115-V,¢, 60-Hz input, full load, CH 1 = Ve at 2 V/div, CH 2 = V; at 100 V/div., offset by 150 V, CH 3 =
Iy at 5 A/div., CH 4 = Ve at 2 V/div.)

Jobe eien Demw wiws vels WIS Tans v cadw pens v faun g ;

24)

Chi 200V & ChZ 50.0V & M50.0ms Chd 7 1.56V
Ch3 10.0mvVe 2.00V &

Figure 18. UCC28180EVM-573 Start-Up Waveform
(230-V¢, 50-Hz input, full load, CH 1 = Vs at 2 V/div, CH 2 = V7 at 50 V/div., offset by 300 V, CH 3 =1
at 5 A/div., CH 4 = Ve at 2 V/div.)
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6.8 Load Transient

Ch? 200V & M 500ms Ch2 7 403V
EEE! 2.00V &

Figure 19. Load Transient
(115 -V, 60-Hz, load step: 0% to 100%. Ch 2 = Vg ; at 20 V/div., offset by 386 V, Ch.4 = Voe at 2 V/div)
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6.9 Bode Plot

The gain, phase bode plots were measured with an AP Instruments Inc. Model 200 analog network
analyzer. The loop result was obtained by inserting a 1.77-V AC signal across TP9 and TP10. A DC input
equal to the peak of the RMS input was used.
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Figure 20. UCC28180EVM-573 Voltage Loop Response Gain and Phase,
(311-Vy, full load, fco = 10.7-Hz, phase margin = 68 degrees)
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Figure 21. UCC28180EVM-573 Voltage Loop Response Gain and Phase,
(162-Vy, full load, foo = 8.6-Hz, phase margin = 63 degrees)
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7 EVM Assembly Drawing and PCB Layout
The following figures (Figure 22 through Figure 25) show the design of the UCC28180EVM-573 printed
circuit board.
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PFC CONVERTER
UNIVERSAL AC NPUT 85-265 VAC -
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Figure 22. UCC28180EVM-573 Top Layer Assembly Drawing (top view)
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Figure 23. UCC28180EVM-573 Bottom Layer Assembly Drawing (bottom view)
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Figure 25. UCC28180EVM-573 Bottom Copper (bottom view)
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8 List of Materials

The EVM components list according to the schematic shown in Figure 1.

Table 3. UCC28180EVM-573 List of Materials

QTY REEDE DESCRIPTION MFR PART NUMBER
1 BR1 Diode, Switching-Bridge, 420 V, 8 A, TH Micro Commercial GBU8J-BP
Components
2 C1, C5 |Capacitor, film, 0.47 uF, 275 V, +20%, radial, 25 x 8.5 x | Panasonic ECQ-U2A474ML
18.5 mm
2 C2, C4 | Capacitor, ceramic, 2200 pF, 250 V, £+20%, E, radial disc | TDK CS11-E2GA222MYNS
D10.5 x 7 mm
1 C3 Capacitor, aluminum, 47 pF, 35V, £20%, radial, 5 x Panasonic ECA-1VM470
1mm
0 C6 Capacitor, ceramic, 0.1 pF, 50 V, £10%, X7R, 0603 AVX 06035C104KAT2A
1 Cc7 Capacitor, ceramic, 2700 pF, 50 V, +10%, X7R, 0603 MuRata GRM188R71H272KA01D
1 c8 Capacitor, ceramic, 1000 pF, 100 V, +10%, X7R, 0603 | AVX 06031C102KAT2A
0 C9 Capacitor, ceramic, 0.68 pF, 10 V, £10%, X5R, 0603 Kemet C0603C684K8PAC
1 C10 Capacitor, FILM, 0.33 pF, 275V, +20%, radial, 17.5 x Panasonic ECQ-U2A334ML
17.5x 9.5 mm
1 Cl1 Capacitor, ceramic, 1 pyF, 50 V, £10%, X7R, 1210 MuRata GRM32RR71H105KA01L
1 C12 Capacitor, ceramic, 0.1 pF, 50 V, +10%, X7R, 1206 AVX 12065C104KAT2A
1 C13 Capacitor, ceramic, 4.7 pF, 10 V, +10%, X7R, 0805 MuRata GRM21BR71A475KA73L
1 Cl4 Capacitor, ceramic, 0.47 pF, 16 V, £10%, X7R, 0603 Kemet C0603C474K4RACTU
1 C15 Capacitor, ceramic, 820 pF, 50 V, £10%, X7R, 0603 Kemet C0603C821K5RACTU
1 C16 Capacitor, aluminum, 270 pF, 450 V, +20%, 0.737 Q, Panasonic EETUQ2W271DA
radial, 30 x 30 mm
2 C17, Capacitor, ceramic, 0.1 pF, 630 V, £10%, X7R, 1812 MuRata GRM43DR72J104KWO01L
Cc18
D1 Diode, Schottky, 40 V, 1 A, SOD-123FL ON Semiconductor MBR140SFT1G
D2 Diode, Switching, 600 V, 3 A, DO-201AD Vishay- 1N5406
Semiconductor
D3 Diode, Schottky, 600 V, 4 A, TO-220-F2 Cree C3D04060A
F1 Fuse, 8 A, 250 V, 20 x 5.2 mm Littelfuse 0216008.MXESPP
3 H9, H10, | Max clip Aavid Thermalloy MAXO01ING
H11
1 HS1 Heatsink vertical max clip, black, 4.25 inches Aavid 782653B04250G
1 J1 Terminal block, 5.08 mm, vertical 3 pos On-Shore Technology | ED120/3DS
1 J2 Terminal block, 5.08 mm, vertical, 2 pos On-Shore Technology | ED120/2DS
1 J3 Terminal block, 5.08 mm, vertical, 4 pos, TH On-Shore Technology | ED120/4DS
1 JP1 Jumper wire, 200 mil spacing, red 3M 923345-02-C
1 L1 Coupled inductor, 5 mH, 0.022 A, 0.022 Q, 1450 x 1500 | Bourns 8113-RC
x 800 mil
1 L2 Inductor, toroid, ferrite, 327 uH, 0.065 Q, 1380 x 1310 x | Nova Magnetics 7840-09-0014
880 mil
1 Q1 MOSFET, N-channel, 650 V, 20.7 A, TO-220AB Infineon Technologies | SPP20N60C3
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Revision History

Table 3. UCC28180EVM-573 List of Materials (continued)

QTY REEDE DESCRIPTION MFR PART NUMBER
0 R1 Resistor, 100 Q, +1%, 0.1 W, 0603 Vishay-Dale CRCWO0603100RFKEA
1 R2 Resistor, 221 Q, 1%, 0.1 W, 0603 Vishay-Dale CRCWO0603221RFKEA
1 R3 Resistor, 17.8 kQ, +1%, 0.1 W, 0603 Vishay-Dale CRCWO060317K8FKEA
1 R4 Resistor, 0.032 Q, +1%, 2 W, 2512 Vishay-Dale WSL2512R0320FEA18
1 R5 Resistor, 3.3 Q, 5%, 0.5 W, 1210 Panasonic ERJ-P14J3R3U
1 R6 Resistor, 22.6 kQ, +1%, 0.1 W, 0603 Vishay-Dale CRCWO060322K6FKEA
1 R7 Resistor, 10.0 kQ, +1%, 0.1 W, 0603 Vishay-Dale CRCWO060310KOFKEA
1 R8 Resistor, 49.9 Q, +1%, 0.25 W, 1206 Vishay-Dale CRCW120649R9FKEA
2 R9, R10 | Resistor, 332 kQ, +1%, 0.125 W, 0805 Vishay-Dale CRCWO0805332KFKEA
1 R11 Resistor, 340 kQ, +1%, 0.125 W, 0805 Vishay-Dale CRCWO0805340KFKEA
1 R12 Resistor, 0 Q, 5%, 0.25 W, 1206 Vishay-Dale CRCW12060000Z0EA
1 R13 Resistor, 13.0 kQ, +1%, 0.1 W, 0603 Vishay-Dale CRCWO060313K3FKEA
1 RT1 Thermistor NTC, 5 Q, +25%, Disc, 220 x 770 mil GE Sensing CL-40
2 SIL1, Silcon thermal pad Bergquist Company Q3-0.005-00-58
SIL2
SIL3 Silcon thermal pad Bergquist Company | SP900S-0.009-00-114
TP1, Test point, multipurpose, black, TH Keystone 5011
TP12
8 TP2, Test point, multipurpose, white, TH Keystone 5012
TP3,
TPS5,
TP6,
TP7,
TP8,
TP9,
TP10
2 TP4, Test point, multipurpose, red, TH Keystone 5010
TP11
1 Ul 8-Pin Continuous Conduction Mode (CCM) PFC Texas Instruments UCC28180D
Controller, SOIC-8
1 VAR1 Varistor, 275 Vgys, 10 mm, radial, 10 mm EPCOS Inc S10K275E2
Revision History
Changes from Original (October 2013) to A Revision Page
¢ Changed 39-V regulated output t0 390-V regulated OUIPUL. ....neeeeiiiiee s s s e s e rs e e s saane s saaneesannnneess 2
Lo [0 (=0 T T = 12
LI o [0 [= T B T 1= 3 S 12
L 4 = g Vo T= o B @ D (o N5 14
L O =T g T 1o [ o D (o T O 14
¢ Changed R13 resistor value from 13.3 KQ 10 13.0 KO, ...uuiiiiiiiieiiiiiesiiantesssannressannressaannressannnessasnnesssnnnness 23
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from A Revision (November 2013) to B Revision Page
e Changed Performance data and typical characteristiC CUrVe iMagES. ...vueirirsirntreiierrsirii e 10
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
SLUUAT3B-October 2013—-Revised December 2013 Revision History 23
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EVALUATION BOARD/KIT/MODULE (EVM) ADDITIONAL TERMS

Texas Instruments (TI) provides the enclosed Evaluation Board/Kit/Module (EVM) under the following conditions:

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.

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 LIMITED 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. 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.

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 visit www.ti.com/esh or contact TI.

No license is granted under any patent right or other intellectual property right of Tl covering or relating to any machine, process, or
combination in which such TI products or services might be or are used. Tl currently deals with a variety of customers for products, and
therefore our arrangement with the user is not exclusive. Tl assumes no liability for applications assistance, customer product design,
software performance, or infringement of patents or services described herein.

REGULATORY COMPLIANCE INFORMATION

As noted in the EVM User’s Guide and/or EVM itself, this EVM and/or accompanying hardware may or may not be subject to the Federal
Communications Commission (FCC) and Industry Canada (IC) rules.

For EVMs not subject to the above rules, this evaluation board/kit/module 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 or ICES-003 rules, which are designed to provide reasonable protection against radio frequency
interference. Operation of the equipment 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.

General Statement for EVMs including a radio

User Power/Frequency Use Obligations: This radio is intended for development/professional use only in legally allocated frequency and
power limits. Any use of radio frequencies and/or power availability of this EVM and its development application(s) must comply with local
laws governing radio spectrum allocation and power limits for this evaluation module. It is the user’s sole responsibility to only operate this
radio in legally acceptable frequency space and within legally mandated power limitations. Any exceptions to this are strictly prohibited and
unauthorized by Texas Instruments unless user has obtained appropriate experimental/development licenses from local regulatory
authorities, which is responsibility of user including its acceptable authorization.

For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant

Caution

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not cause
harmful interference, and (2) this device must accept any interference received, including interference that may cause undesired operation.

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to operate the
equipment.

FCC Interference Statement for Class A EVM devices

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful interference when the equipment is operated in a commercial
environment. This equipment generates, uses, and can radiate radio frequency energy and, if not installed and used in accordance with the
instruction manual, may cause harmful interference to radio communications. Operation of this equipment in a residential area is likely to
cause harmful interference in which case the user will be required to correct the interference at his own expense.


http://www.ti.com/corp/docs/csr/environment/ESHPolicyandPrinciples.shtml

FCC Interference Statement for Class B EVM devices

This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful interference in a residential installation. This equipment
generates, uses and can radiate radio frequency energy and, if not installed and used in accordance with the instructions, may cause
harmful interference to radio communications. However, there is no guarantee that interference will not occur in a particular installation. If
this equipment does cause harmful interference to radio or television reception, which can be determined by turning the equipment off and
on, the user is encouraged to try to correct the interference by one or more of the following measures:

« Reorient or relocate the receiving antenna.

* Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.

« Consult the dealer or an experienced radio/TV technician for help.

For EVMs annotated as IC — INDUSTRY CANADA Compliant

This Class A or B digital apparatus complies with Canadian ICES-003.

Changes or modifications not expressly approved by the party responsible for compliance could void the user’s authority to operate the
equipment.

Concerning EVMs including radio transmitters

This device complies with Industry Canada licence-exempt RSS standard(s). Operation is subject to the following two conditions: (1) this
device may not cause interference, and (2) this device must accept any interference, including interference that may cause undesired
operation of the device.

Concerning EVMs including detachable antennas

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser) gain
approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type and its gain should
be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for successful communication.

This radio transmitter has been approved by Industry Canada to operate with the antenna types listed in the user guide with the maximum
permissible gain and required antenna impedance for each antenna type indicated. Antenna types not included in this list, having a gain
greater than the maximum gain indicated for that type, are strictly prohibited for use with this device.

Cet appareil numérique de la classe A ou B est conforme a la norme NMB-003 du Canada.

Les changements ou les modifications pas expressément approuvés par la partie responsable de la conformité ont pu vider I'autorité de
I'utilisateur pour actionner I'équipement.

Concernant les EVMs avec appareils radio

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation est
autorisée aux deux conditions suivantes : (1) I'appareil ne doit pas produire de brouillage, et (2) I'utilisateur de I'appareil doit accepter tout
brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et d'un gain
maximal (ou inférieur) approuvé pour I'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage radioélectrique a
I'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope rayonnée équivalente
(p.i.r.e.) ne dépasse pas l'intensité nécessaire a I'établissement d'une communication satisfaisante.

Le présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le manuel
d’'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne non inclus dans
cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de I'émetteur.



[Important Notice for Users of EVMs for RF Products in Japan]
This development kit is NOT certified as Confirming to Technical Regulations of Radio Law of Japan

If you use this product in Japan, you are required by Radio Law of Japan to follow the instructions below with respect to this product:

1. Use this product in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal Affairs and
Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for Enforcement of Radio Law of
Japan,

2. Use this product only after you obtained the license of Test Radio Station as provided in Radio Law of Japan with respect to this
product, or

3. Use of this product only after you obtained the Technical Regulations Conformity Certification as provided in Radio Law of Japan with
respect to this product. Also, please do not transfer this product, unless you give the same notice above to the transferee. Please note
that if you could not follow the instructions above, you will be subject to penalties of Radio Law of Japan.

Texas Instruments Japan Limited
(address) 24-1, Nishi-Shinjuku 6 chome, Shinjuku-ku, Tokyo, Japan
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EVALUATION BOARD/KIT/MODULE (EVM)
WARNINGS, RESTRICTIONS AND DISCLAIMERS

For Feasibility Evaluation Only, in Laboratory/Development Environments. Unless otherwise indicated, this EVM is not a finished
electrical equipment and not intended for consumer use. It is intended solely for use for preliminary feasibility evaluation in
laboratory/development environments by technically qualified electronics experts who are familiar with the dangers and application risks
associated with handling electrical mechanical components, systems and subsystems. It should not be used as all or part of a finished end
product.

Your Sole Responsibility and Risk. You acknowledge, represent and agree that:

1. You have unique knowledge concerning Federal, State and local regulatory requirements (including but not limited to Food and Drug
Administration regulations, if applicable) which relate to your products and which relate to your use (and/or that of your employees,
affiliates, contractors or designees) of the EVM for evaluation, testing and other purposes.

2. You have full and exclusive responsibility to assure the safety and compliance of your products with all such laws and other applicable
regulatory requirements, and also to assure the safety of any activities to be conducted by you and/or your employees, affiliates,
contractors or designees, using the EVM. Further, you are responsible to assure that any interfaces (electronic and/or mechanical)
between the EVM and any human body are designed with suitable isolation and means to safely limit accessible leakage currents to
minimize the risk of electrical shock hazard.

3. Since the EVM is not a completed product, it may not meet all applicable regulatory and safety compliance standards (such as UL,
CSA, VDE, CE, RoHS and WEEE) which may normally be associated with similar items. You assume full responsibility to determine
and/or assure compliance with any such standards and related certifications as may be applicable. You will employ reasonable
safeguards to ensure that your use of the EVM will not result in any property damage, injury or death, even if the EVM should fail to
perform as described or expected.

4. You will take care of proper disposal and recycling of the EVM'’s electronic components and packing materials.

Certain Instructions. It is important to operate this EVM within TI's recommended specifications and environmental considerations per the
user guidelines. Exceeding the specified EVM ratings (including but not limited to input and output voltage, current, power, and
environmental ranges) may cause property damage, personal injury or death. If there are questions concerning these ratings please contact
a Tl field representative prior to connecting interface electronics including input power and intended loads. Any loads applied outside of the
specified output range may result in unintended and/or inaccurate operation and/or possible permanent damage to the EVM and/or
interface electronics. 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 Tl field representative. During normal operation, some circuit components may have case temperatures
greater than 60°C as long as the input and output are maintained at a normal ambient operating temperature. These components include
but are not limited to linear regulators, switching transistors, pass transistors, and current sense resistors which can be identified using the
EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during normal operation, please
be aware that these devices may be very warm to the touch. As with all electronic evaluation tools, only qualified personnel knowledgeable
in electronic measurement and diagnostics normally found in development environments should use these EVMs.

Agreement to Defend, Indemnify and Hold Harmless. You agree to defend, indemnify and hold T, its licensors and their representatives
harmless from and against any and all claims, damages, losses, expenses, costs and liabilities (collectively, "Claims") arising out of or in
connection with any use of the EVM that is not in accordance with the terms of the agreement. This obligation shall apply whether Claims
arise under law of tort or contract or any other legal theory, and even if the EVM fails to perform as described or expected.

Safety-Critical or Life-Critical Applications. If you intend to evaluate the components for possible use in safety critical applications (such
as life support) where a failure of the Tl product would reasonably be expected to cause severe personal injury or death, such as devices
which are classified as FDA Class Il or similar classification, then you must specifically notify Tl of such intent and enter into a separate
Assurance and Indemnity Agreement.
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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
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