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1. EVALUATION METHOD

1.1 Test/ Measurement Circuits

1.1.1  Steady State Test Measurement Circuit
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1.1.2 Dynamic, Protection and Output Ripple and Noise Measurement Circuit
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1.1.3 Inrush Current Measurement Circuit

Switch
"o AC (L)
Oscilloscope o o
AC Source S Appllcgtlon Circuit
using PFH
©), AC (N)
Current
Probe
1.1.4 Leakage Current Measurement Circuit
Variac AC (L)
Vac ) Application Circuit
using PFH
AC (N) FG
Current
Meter
1.1.5 Electro-Magnetic Interference Test Set-Up
1.1.5.1 Conducted EMI
D.U.T
LISN 500hms
Spectrum Analyzer D=80cm 2
EMI Test Receiver t
\ AC Cord .
" Stand H=80cm
! ] y
> ) Input Line

Earth Ground
Filter
Metal Ground Plain
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1.1.5.2 Radiated EMI

B D=10m R
D.U.T and Load
Biconical Antenna (Shielded with metal box)
Spectrum Analyzer I ' |
EMI Test Receiver t
Stand
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Circuit Code Description Circuit Code Description
C1,C4 1.0uF Film Capacitor Ci14 40uF Ceramic Capacitor
C2,C3 3300pF Ceramic Capacitor C15,C16 () 470uF Electrolytic Capacitor
C5 2.2uF Film Capacitor F1 10A, 250V, Fast Blow
C6,C7®@ 800pF Ceramic Capacitor L1,L2 6.3mH
C9, C10 470pF Electrolytic Capacitor R1 470kOhms
C11,C12 2200pF Ceramic Capacitor R2 22 Ohms
1 Form A relay with 10A,
. . 277VAC, power rating: 12VDC,
C13 0.1uF Ceramic Capacitor RL 16.7mA, 200mW, High
Sensitivity

(1): Higher Capacitance Value (~2X total cap value recommended) for Ta < -20 °C operation.
(2): 1pcs 470pF and 1 pc 330pF.
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List of Equipment

EQUIPMENT USED MANUFACTURER MODEL NO.
1 OSCILLOSCOPE LECROY WaveSurfer 454
2 OSCILLOSCOPE LECROY WaveRunner 6050
3 DIGITAL MULTIMETER KEITHLEY 2110
4 DIGITAL MULTIMETER KEITHLEY 2110
5 DIFFERENTIAL AMPLIFIER LECROY DA1855A
6 DIFFERENTIAL AMPLIFIER LECROY DA1855A
7 SHUNT RESISTER EMPRO SHUNT HA20-100
8 TEMP CHAMBER TENNEY JUNIOR ENVIRONMENTAL TJR
9 DIFFERENTIAL PROBE LECROY A101
10 DIFFERENTIAL PROBE LECROY DXG100A
11 DIGITAL POWER METER YOKOGAWA WT310
12 SURGE TESTER THERMO SCIENTIFIC EMCPRO PLUS
13 DC ELECTRONIC LOAD CHROMA 63201
14 FREQUENCY ANALYZER AP INSTRUMENT 300
15 AC POWER SOURCE CHROMA 6530
16 INJECTION ISOLATOR RIDLEY ENGINEERING 0.1Hz TO 30MHz
17 WAVEFORM GENERATOR AGILENT 33120A
18 DC ELECTRONIC LOAD CHROMA 6334
19 AC CONTROL SORENSEN DCS150-20
20 THERMOSTREAM TEEMPTRONIC CORPORATION ATS-810-M-4
21 CURRENT PROBE LECROY APO15
22 CURRENT PROBE LECROY CP150
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2. CHARACTERISTIC

2.1 Steady State Data (Refer to Section 1.1.1 for Test Setup)

2.1.1 Regulation — Line, Load and Temperature

a. Low Line Regulation - Line and Load Conditions: Ta=25°C
IO\ VIN 100VAC 115VAC | 120VAC 130VAC Line Regulation
10% 48.0447 48.0518 | 48.0515 48.0446 0.0072 0.02%
50% 48.0585 48.0688 | 48.0635 48.0564 0.0124 0.03%
100% 48.0822 48.0789 | 48.0836 48.0753 0.0083 0.02%
Load 0.0375 0.0271 0.0321 0.0307
Regulation 0.08% 0.06% 0.07% 0.06%
b. Low Line Regulation — No Load Conditions: Ta=25°C
IO\ VIN 100VAC 115VAC | 120VAC 130VAC Line Regulation
0% 48.0562 48.0652 48.066 48.0574 0.0098 0.02%
c. Temperature Regulation Conditions: Vin=115 VAC
lo = 100%
Ta -40 °C +25 °C +55 °C Temperature Stability
Vo 47.9028 48.0789 48.1924 0.2896 0.60%
d. High Line Regulation - Line and Load Conditions: Ta=25°C
lo\ Vin 200VAC 220VAC | 230VAC 265VAC Line Regulation
10% 48.0742 48.0456 | 48.0705 48.0755 0.0299 0.06%
50% 48.0759 48.0551 48.0663 48.0927 0.0376 0.08%
100% 48.078 48.0727 | 48.0791 48.0703 0.0088 0.02%
Load 0.0038 0.0271 0.0128 0.0224
Regulation 0.01% 0.06% 0.03% 0.05%
e. High Line Regulation — No Load Conditions: Ta=25°C
lo\Vin 200VAC 220VAC | 230VAC 265VAC Line Regulation
0% 48.2177 48.0562 | 48.0732 48.0502 0.1675 0.35%
f. Temperature Regulation Conditions: Vin =230 VAC
lo = 100%
Ta -40 °C +25 °C +55 °C Temperature Stability
Vo 47.9183 48.0791 48.1832 0.2649 0.55%
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2.1.2  Efficiency vs. Output Current

PFH500F-48-100-R Efficiency
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2.1.3 Input Current vs. Input Voltage

Low Line
PFH500F-48-100-R Start Up (Input Current)
Ta=25DegC.
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2.1.4  Power Factor (PF) vs. Output Current

PFH500F-48-100-R Power Factor
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2.1.5 Output behavior with input line sweep

Low Line (Line Sweep from 0 — 135 —0 VAC)
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High Line (Line Sweep from 180 — 265 — 180 VAC)

PFH500F-48-100-R Start Up (Output Voltage)

Ta=25DegC.
48.4

48.3

48.2
48.1 — — - —— NN
——— e - - —a— 151 = = = =S S =—a—

48 _uﬂﬁmi’

479 +

Output Voltage (V)

47.8 +

477 £

47.6 F
180 190 200 210 220 230 240 250 260

Input Voltage (V)

—+—lo_min=0A —s—lo_mid=5.2A lo_max = 10.5A

REV 1.1 (August 10, 2020) 1



TDK-Lambda
PFH500F-48 SERIES

EVALUATION REPORT

2.2  Over Current Protection (OCP) Characteristics (Refer to section 1.1.2 for Test Setup)
LOW LINE CONDITIONS HIGH LINE CONDITIONS
PFH500F-48-100-R Current Limit
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2.3 Over Voltage Protection (OVP) Characteristics (Refer to Section 1.1.2 for Test Setup)

Conditions:

lo=0.1A

Ta=25°C

Vin = 115V
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2.4 Output Rise and Fall Characteristic with AC Turn On / Turn-Off

115 VAC No Load Start Up
CH1: Vo; CH2: lo; CH3: Vin

115 VAC No Load Shut Down

CH1: Vo; CH2: lo; CH3: Vin
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2.5 Hold Up Time Characteristic

VN = 230 VAC; Vo =48 VDC

ViN =115 VAC; Vo =48 VDC
C9=C10=470uF/450V, C15=C16=470uF/100V

C9=C10=470uF/450V, C15=C16=470uF/100V

115V Input 230V Input
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2.6 Dynamic Line Response

ViN=105 - 130 VAC;lo=1A

Vin=105 < 130 VAC; lo =105 A
CH1: Vo; CHS: Iin; CH4: Vin

CH1: Vo; CHS: Iin; CH4: Vin
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2.7 Dynamic Load Response

Vin = 115 VAC; Load Step: 0% (0A) <> 50% (5.25A), 1KHz
CH4: Vo (AC Couple); CH2: lo; Slew rate: 0.1A/us

Vin = 230 VAC; Load Step: 0% (0A) < 50% (5.25A), 1KHz
CH4: Vo (AC Couple); CH2: lo; Slew rate: 0.1A/us

-10.000 Al
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Vin = 115 VAC; Load Step: 50% (5.25A) < 100% (10.5A), 1KHz
CH4: Vo (AC Couple); CH2: lo; Slew rate: 0.1A/us

Vin = 230 VAC; Load Step: 50% (5.25A) < 100% (10.5A), 1KHz
CH4: Vo (AC Couple); CH2: lo; Slew rate: 0.1A/us
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2.8 Brownout

Ta=25°C
Vin =115 VAC / 60Hz; lo = 7 A; Brownout Time = TmS Vin =115 VAC / 60Hz; lo = 7 A; Brownout Time = 1.6mS
CH1: Vin; CH3: lout; CH4: Vo CH1: Vin; CHS: lout; CH4: Vo
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2.9 Inrush Current (Refer to Section 1.1.3 for Test Setup)

Condition: lo=100%

Ta=25°C

C9=C10=470uF/450V

Vin =115 VAC; @ = 0° (Switch On Phase Angle)
CH1: Vo; CH3:Vin; CH4: Iin

Vin =115 VAC; @ = 90° (Switch On Phase Angle)
CH1: Vo; CH3:Vin; CH4: Iin
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CH1: Vo; CH3:ViN; CH4: Iin
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2.10 Input Current Waveform

Condition: lo=100%

Ta=25°C
Vin =115 VAC; lo = 10.5A Vin =230 VAC; lo = 10.5A
CH3: Vin; CH4: in; CH3: Vin; CH4: iy
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200V 100 MG : i 200 Vidiy A i
0000v| 20000 Af i 25KS 500KSs o0v| 20000 A] i
TELEDYNE LECROY 72010 1238 00PN TELEDYNE LECROY

1172019 123306 P

2.11 Input Current Harmonics

Condition: Vin = 230 Vac

lo=10.5%

Ta=25°C

IEC 61000-3-2 Class A

10
<
= 1 \
[=
g \
3 01 - —
L8]
[=
IS}
E o001 -
[1°]
b =
0.001 -
3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic order
I Vin=230Vac, Vo=48V, 10=10.4A e |EC 61000-3-2 ClassA
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PFH500F-48 SERIES
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2.12 Output Ripple and Noise

Ta=25°C

Vin=115VAC;lo=1A; Vo =48 VDC
CH1: Vo /20.0mS/div

Vin=115VAC; lo=10.5A; Vo =48 VDC
CH1: Vo / 20.0mS/div

File \ertical Timel Trigger  Display

Measure Math  An: s Help es  Help
I |
Measure F1pkpk(C3) P2rms(C3) P3Imin(C2) P4--- P5--- Pa--- Measure F1ipkpk(C3) P2rms(C3) P3min(C2) P4--- P5-- P
walue W W walue W W
status v v

status v v

LeCroy

1118/2019 11:29:24 A 1118/2019 11:50:44 A

Vin=115VAC;lo =1 A; Vo =48 VDC

Vin=115VAC; lo=10.5A; Vo =48 VDC
CH1: Vo / 2.0uS/div

CH1: Vo / 2.0uS/div

Help

es Help

Measure P1Rkpk(C3) P2rms(C3 PIMIn(C2) Pa:--- P§--- PE--- Measure P1Rkpk(C3) P2rms(c3 PIMIn(C2) Pa:--- P5-- PE:
value a3my 17.9my value 236 My 8.4 MY
status v v status

LeCroy

118/2018 11:29:02 AM LeCroy

118/2019 11:50:29 A
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Vin =230 VAC; lo =1 A; Vo =48 VDC Vin =230 VAC; lo=10.5A; Vo =48 VDC
CH1: Vo / 20.0mS/div CH1: Vo /20.0mS/div

File Measure Math Analysis Uliliies Help i Help

Measure P1:pkpk(C3) P2ms(Cy) PIMIN(C2) Pa--- PS--- PB--- Measure F1:pkpk(C3) F2rms(C3) PIMIn(C2) Pe--- P&--- P6---
value 18 my 204 my value W W
status v v status v v

LeCroy 10182018 11:30:53 AW

Vin =230 VAC; lo =1 A; Vo =48 VDC Vin =230 VAC; lo=10.5A; Vo =48 VDC
CH1: Vo /2.0uS/div CH1: Vo / 2.0uS/div

VV V V V V

Measure P1pkpk(C3) PIrmMS(C3) PImMIn(C2) Pd--- P5--- PE--- Measure P1Rkpk(C3) P2Ims(C3) PEMIN(C2) [ [ PE---
value 82mv 19.4mv value 223y 628 mv
status v v status

LeCroy 141812018 11:30:39 AM

118/2019 11:51:43 Al
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2.13 Electro-Magnetic Interference Characteristics

Certified Laboratory | Element Materials Technology Group Limited

Test Location Plano, TX

Test Board Test performed with the PFH500 module mounted on
PFHO5W-001-EVK-S0 Evaluation test Board (Rev 02)

Test Setup:
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Test Result

115V /60Hz, Line

CONDUCTED EMISSIONS

element
i, a1 0 s 30000 10
Work Order: TDKL0025 Date: 4-Oct-2019
Project: None Temperature: 22°C FOR REFERENCE ONLY
Job Site: TX01 Humidity: 55.2% RH
Serial Number: None Barometric Pres.: 1024 mbar Tested by:[Marty Martin
EUT: |PFH 500F-48Y-100-R Module
Configuration: |Unknown
Customer: | TDK-Lambda Americas Inc.
Attend Michael
EUT Power: | 115VAC/60Hz
Operating Mode: 10iA Load
Deviations: hofs
Heatsink tied to EGND
Comments:
Test Specifi Class B Test Method |
EN 55032:2012/AC:2013 CISPR 32:2015
Run#] 19 ] Line:[High Line [ ExtA [ o | Results] Pass
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
00 100
90 80
80 80
70 70
60 x—'——
> >
8 ® 8 ‘x
e =l
40
30 30
20 hd . 20
®
10 10
0 o
o1 140 10.0 100.0 0 10 100 100.0
MHz MHz
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
Compared to Compared te
Freq Amplitude Factor Arjusted Speo. Limit Spec. Freq Amplitude Factar Adjusted Spec. Limit Spec.
{MHz) (dBui) (cB) idBuV) idBuV) (dB} (MHz) (dBuv) {dB) {dBuv) {dBuV) (B}
20,159 312 22.0 53.2 60.0 88 0.164 343 20.3 55.1 55.2 01
0.164 35.4 20.3 5.7 65.2 -85 29.159 26.9 220 489 50.0 11
20.844 254 221 475 60.0 125 29.844 19.4 221 415 50.0 -85
0.796 3.3 202 235 56.0 325 4.159 24 20.2 178 46.0 -28.2
4,159 2.8 20.2 23.0 56.0 -33.0 0.796 37 20.2 185 46.0 -29.5
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115V / 60Hz, Neutral

CONDUCTED EMISSIONS

element

EmiAs 20190601 PELESCI20180510

Work Order:

TDKLO025

Date:

4-Oct-2019

Project:

None

Temperature:

22°C

Job Site:

TX01

Humidity:

55.2% RH

FOR REFERENCE ONLY

Serial Number:

None

Barometric Pres.:

1024 mbar

Tested by:[Marty Martin

EUT:

PFH 500F-48V-100-R Module

Unknown

TDK-Lambda Americas Inc
Michael

115VAC/60HZ

10 A Load

Configuration:
Customer:

EUT Power:
Operating Mode:

Deviations: Nore

Heatsink tied to EGND
Comments:

Class B Test Method |

CISPR 32:2015

Test Specifications |
EN 55032:2012/AC:2013

Run#] 20 ] Line: [Neutral [ Ext. At tion:| 0 [ Results] Pass
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit

100 100

80 80

80 B0

70 7

60 \—'— 60
> >
@ ) \—‘7
° o

40 40 .

30 Y

20 20

10 10

a 0
01 1.0 100 100.0 01 10 10.0 100.0
MHz MHz
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
Compared to Compared to

Freg Amplitude Factor Adjusted Spec. Limit Spec. Freq Amplitude Factor Adjusted Spec. Limit Spec
(MHz) {dBuv) (dB) (dBuv) [(dBuvV) (dB} (MHz) (dBuv) {dB) (dBuv) {dBuv) {dB}
0.821 285 202 487 56.0 73 0.163 347 20.3 55.0 55.3 0.3
0.163 354 20.3 557 65.3 96 0.821 216 20.2 418 46.0 4.2
4758 1.0 20.2 312 56.0 24.8 4.758 46 20.2 248 46.0 212
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230V / 50Hz, Line

CONDUCTED EMISSIONS

element
FEneso nteDs 10
Work Order: TDKL0O25 Date: 4-Cct-2019
Project: Neone Temperature: 22°C FOR REFERENCE ONLY
Job Site: TX01 Humidity: 55.2% RH
Serial Number: None Barometric Pres.: 1024 mbar Tested by: [Marty Martin
EUT: |PFH 500F-48V-100-R Module
Configuration: | Unknown
C :| TDK-Lambda Americas Inc.
Attendees: | Michael
EUT Power: | 230VAC/50Hz
Operating Mode: 10.44oad
Deviations: Nane
Heatsink tied to EGND
Comments:
Test Specifications | Class B Test Method [
EN 55032:2012/AC:2013 CISPR 32:2015
Runf] 18 ] Line:[High Line | Ext ion:] o | Results] Pass
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
100 100
20 20
80 B0
7o 0
\____I 0
=3 3
F 3 %
-l T
40
30 30
20 20
10 10
o 0
01 10 100 100.0 01 10 10.0 1000
MHz MHz
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
Compared to Comparad to
Freq Amplitude Factor Adjusted Spac. Limit Spec. Freq Amplitude Factor Adjusted Spac. Limit Spec.
{MHz) [dBuV} (6B) I&BuV} {dBuv) (8] (MHz) [dBu) (dB) [dBuV} IHBuV) (B}
20772 32.0 221 54.1 60.0 59 29772 278 22.1 49.9 50.0 0.1
28.456 314 220 53.4 60.0 66 28.456 276 22.0 49.6 50.0 04
0.185 34.3 203 546 85.2 -10.6 0.185 34.4 203 547 55.2 05
4751 6.3 202 26.5 56.0 -29.5 4751 0.3 20.2 19.9 46.0 -26.1
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230V / 50Hz, Neutral

CONDUCTED EMISSIONS

element
s enope ot
Work Order: TDKL0025 Date: 4-Oct-2019
Project: None Temperature: 22°C FOR REFERENCE ONLY
Job Site: TX01 Humidi 55.2% RH
Serial : None Barometric Pres.: 1024 mbar Tested by:[Marty Martin
EUT: |PFH 500F-48V-100-R Module
Configuration: | Unknown
Customer: | TDK-Lambda Americas Inc.
Attendees: | Michael
EUT Power: | 230VAC/50Hz
Operating Mode: 10 A Load
Deviations:| o™
Heatsink tied to EGND
Comments:
Test Specifications | Class B Test Method |
EN 55032:2012/AC:2013 CISPR 32:2015
Run#] 17 ] Line:[Neutral [ ExtA ion: [ o [ Results] Pass
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
100 100
%0 a0
80 &0 -
70 70
& \_r-—-—-—w—-—- 60
= =
g = & = \—'—
-l T
40 40
30 a0
20 20
10 10
o a
a1 10 10.0 100.0 01 140 10.0 100.0
MHz MHz
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
CGamparad to Comparod to
Freq Amplitude Factor Adjusted Spec. Limit Spec. Freq Amplitude Factor Adjusted Spec. Limit Spoc
{MHz) (dBuv) (dB) (HBuV) {dBuv) (B} {MHz) (dBuv) (dB) (dBuv) {dBuv) (dB)
0.820 26.8 202 47.0 56.0 9.0 0.164 345 20.3 548 55.2 0.4
4770 26.4 20.2 46.6 56.0 a4 4770 212 20.2 414 46.0 4.6
0.164 34.4 20.3 54.7 65.2 -10.5 4111 20.3 20.2 40.5 46.0 5.5
4111 25.2 20.2 454 56.0 106 0.820 19.6 20.2 398 46.0 6.2
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2.14 Leakage Current (Refer to Section 1.1.4 for Test Setup)

Condition: Vin = 265 VAC
lo=0% (0 A)

ILeakage LIMIT: 1 mA

Measured lLeakAGE: 0.62 mA
PASS

3. TERMINOLOGIES

Vin Input Voltage
Iin Input Current
Ta Ambient Temperature
F Frequency
Vo Output Voltage
lo Output Current
Tep Baseplate Temperature

STDK

401 Mile Cars Way, Suite 125
National City, CA 91950

Information furnished by TDK Lambda is believed to be accurate and reliable. However, TDK Lambda assumes no responsibility

Phone (800) 526'2324 TO” Free for its use, nor for any infringement of patents or other rights of third parties, which may result from its use. No license is granted
by implication or otherwise under any patent or patent rights of TDK Lambda. TDK components are not designed to be used in

Lambda_TeCh Suppo rt@us td k-lam bda_com applications, such as life support systems, wherein failure or malfunction could result in injury or death. All sales are subject to TDK

WWW.US.tdk'lambda.Com/lp/ Lambda’s Terms and Conditions of Sale, which are available upon request. Specifications are subject to change without notice.
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1 TDK-Lambda France SAS TDK-Lambda Americas

Tel: +33160127165 Tel: +1 800-LAMBDA-4 or 1-800-526-2324
l] = = france@fr.tdk-lambda.com powersolutions@us.tdk-lambda.com
www.us.lambda.tdk.com

www.emea.lambda.tdk.com/fr

l] Italy Sales Office

Tel: +3902 6129 38 63

info.talia@it tdk-lambda.com 7Sy TOK Electronics do Brasil Ltda
www.emea.lambda.tdk.com/it - Tel: +55 11 3289-9599

sales.br@tdk-electronics.tdk.com

Netherlands www.tdk-electronics.tdk.com/en

info@nl.tdk-lambda.com
www.emea.lambda.tdk.com/nl

1

TDK-Lambda Germany GmbH E TDK-Lambda Corporation
Tel: +49 7841666 0 Tel: +81-3-6778-1113
info.germany@de.tdk-lambda.com www.jp.lambda.tdk.com

www.emea.lambda.tdk.com/de

TDK-Lambda (China) Electronics Co. Ltd.

Tel: +86 21 6485-0777
powersolutions@cn.tdk-lambda.com
www.lambda.tdk.com.cn

ull llITE

M TDK-Lambda Singapore Pte Ltd.
Tel: +65 6251 7211

Austria Sales Office tls.mkt@sg.tdk-lambda.com

Tel: +43 2256 655 84 www.sg.lambda.tdk.com

info@at.tdk-lambda.com

. emea.fambosa.tdk.com/at E TDK India Private Limited, Power Supply Division
Switzerland Sales Office Tel: +91 80 4039-0660

Tel: +41 44 850 53 53 mathew.philip@in.tdk-lambda.com

info@ch.tdk-lambda.com www.sg.lambda.tdk.com

www.emea.lambda.tdk.com/ch

Nordic Sales Office

Tel: +45 8853 8086
info@dk.tdk-lambda.com
www.emea.lambda.tdk.com/dk
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TDK-Lambda UK Ltd.

Tel: +44 (0) 1271 85 66 66
s pOWersolutions@uk.tdk-lambda.com
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www.emea.lambda.tdk.com/uk
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TDK-Lambda Ltd.

Tel: +9 723 902 4333
info@tdk-lambda.co.il
www.emea.lambda.tdk.com/il

C.IS.

Commercial Support:

Tel: +7 (495) 665 2627
Technical Support:

Tel: +7 (812) 658 0463
info@tdk-lambda.ru
www.emea.lambda.tdk.com/ru
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For Additional Information, please visit
https://product.tdk.com/en/power/




