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1. EVALUATION METHOD

1.1 Test/Measurement Circuits
1.1.1  Steady State Test Measurement Circuit
Controlled temp, chamber
s 9 = % g
3 2 E 8 =
E 5 & 2 & L=50 mm
i PMBus Interface RS (4)
r L1 L2 H C13 C14 C15C16 C17 CI18
Vac F1 1 [ N e Vo(+) l lli l 5
7 -7 R2 Voi+) o
C" &1 .l_ // T // Rl% CST ds —~ GD §
LN . ACRN) Yo 1 T T—[ T
pEme _L 5 Vo) 1 '
c2 o e T:I:c.- PFH500 = ”
Earth GND + p Case Trim g
PG
ON/OFF
Aux Power }
SGND
Inrush
Control -VBUS +VBUS
—
é rIb T co
-———-—}— clo
1.1.2 Dynamic, Protection and Output Ripple and Noise Measurement Circuit
z 8 ER-
: = S =
\ é g é 255_ L=50 mm
ELa PMBus Interface RS (+) CV_
v FI Ll ey L2 . C13 €14 C1s C16C1T
i @ N i L AC(L) Vol+)
~ _L — R2 Vo(+) J_l J_
Q 6 =l -I— i T ik s -l_ el T™ G@ Current
2 a s Y ACON) Voi-) Frobe
i i _L = Vo(-) Al
cz U{:s cs T :f cr PFHS500 e
o . | I 4
Earth GND 77]77' / e Trim Oscilloscope
PG (Output Noise)
ON/OFF
Aux Power
SGND
Inrush
Control -VBUS +VBUS
% RLb ) o
cio
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1.1.3  Inrush Current Measurement Circuit

Switch
"o AC (L)
Oscilloscope
AC Soiirea = AppllCE!thl‘l Circuit
using PFH
© AC (Ny
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.UT
LISN 50ohms
Spectrum Analyzer D=80cm .
EMI Test Receiver 4
AC Cord o
: . Q Stafid H=80cm
] : 4
e I I tLi
Earth Ground Ll s

Filter
Metal Ground Plain
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1.1.5.2 Radiated EMI

D=10m
D.U.T and Load
Biconical Antenna (Shielded with metal box)
Spectrum Analyzer
EMI Test Receiver '_|:|_‘
Stand
= H=80cm
"1
T = .
Earth Ground = : .
Metal Ground Plain Shielded Input Line
31 material ferrite beads
3 o L L=50 nun
| A ===
PMBus lnterface
Vae(L) F1 Ll Lz |-E|L|—| 1:3:_: —| ci3 cis
— /\,Trv'v'\ N’_Y\ uva AC(L) '_“ > J Vo(+)
EL 1 754 'L ./ % R1 “ cs R J‘ J‘ L —_
. T ﬁ'\ T AN\ T ACON) Vet 4 T T J Vo()
Vac(N) Tor | J"— C3 _l_ Voi-) — -l _Lc-14 Cl6
sl CEm=== 7 PFHS y
j=) TT¢ ___ EEES00 mg .
Earth GND Trim =
PG |
ON/OFF |—o
Input EMI Filter Aux Power [—o
for CISPR-32 Class A/B — serp |—o
Inrush ; )
Control -VBUS + VBUS
R,_hé »ﬂ :j ce
‘*—'ﬁ c1o
Circuit Code Description Circuit Code Description
C1,C4 1uF Film Capacitor C5 2.2uF Film Capacitor
C2,C3 3300pF Ceramic Capacitor ce, C7 470pF Ceramic Capacitor
L1, L2 6.3mH R2 22 Ohms
R1 470kOhms C13 0.1uF Ceramic Capacitor
C15,C16 ™ 470uF Electrolytic Capacitor Cl14 40uF Ceramic Capacitor
C11,C12 470pF Ceramic Capacitor C9, C10 470pF Electrolytic Capacitor
1 Form A relay with 10A,
277VAC, power rating: 12VDC,
RLa,RLb 16.7mA, 200mW, High F1 10A, 250V, Fast Blow
Sensitivity

(1): Higher Capacitance Value (~2X total cap value recommended) for Ta < -20 C operation.
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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 TEMPTRONIC 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
lo\ Vin 85VAC 100VAC 115VAC 130VAC Line Regulation
0% 28.099V 28.062V 28.071V 28.071V 0.037V 0.132%
50% 28.096V 28.059V 28.061V 28.061V 0.037V 0.132%
100% 28.075V 28.056V 28.046V 28.052V 0.029V 0.104%
Load 0.024V 0.005V 0.024V 0.019V
Regulation 0.086% 0.018% 0.086% 0.068%
b. Temperature Regulation Conditions: Vin=115VAC
lo = 100%
Ta -40 °C +25 °C +75 °C Temperature Stability
Vo 28.186V 28.046V 27.914V -272mV -0.971%
c. High line Regulation - Line and Load Conditions: Ta=25°C
lo\ Vin 200VAC 220VAC 230VAC 265VAC Line Regulation
0% 28.064V 28.065V 28.052V 28.062V 0.014V 0.050%
50% 28.062V 28.062V 28.059V 28.058V 0.005V 0.018%
100% 28.052V 28.051V 28.044V 28.058V 0.014V 0.050%
Load 0.012v 0.014V 0.014V 0.005V
Regulation 0.043% 0.050% 0.050% 0.018%
d. Temperature Regulation Conditions:  Vin=230 VAC
lo = 100%
Ta -40 °C +25 °C +75 °C Temperature Stability
Vo 28.217V 28.044V 27.921V -296mV -1.057%
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2.1.2  Efficiency vs. Output Current

PFH500F-28 Efficiency

Ta=25DegC.
95 -
90 -
i 85 + —
%) N = |
§ 80 o~
75 r
; //
70 + V4u———
0 2 4 6 8 10 12 14
Output Current (A)
—+—Vin=85V —=—Vin =90V Vin =95V
PFH500F-28 Efficiency
Ta=25DegC.
95 T
=07 e T Y
x L '._.—.-ﬂ‘
£ 85 /
> [
S [
S 80 +
b=
w [
75 + /
70 e
0 2 4 6 8 10 12 14 16 18
Output Current (A)
—+—Vin=100V  —&—Vin =115V Vin =130V  ——Vin =120V
PFH500F-28 Efficiency
Ta=25DegC.
95
90
S
< 85 g
> /
2
2 80 e
w
75 /
70 S
0 2 4 6 8 10 12 14 16 18
Output Current (A)
—+—Vin=200V —s=—Vin=230V Vin =265V  ——Vin =220V
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2.1.3 Input Current vs. Input Voltage

Low Line
PFH500F-28 Start Up (Input Current)
Ta=25DegC.
°1 |
5
<a
= ol
c
Q
s / lf B b
g /|
1
L
— /: N
I e D
60 67 74 81 88 95 102 109 116 123 130
Input Voltage (V)
—s—lo_mid =9A lo_max =13.5A
High Line
PFH500F-28 Start Up (Input Current)
Ta=25DegC.
3.5 T
3 =
—~ 25 N
<
5 2
S 15 i haen == P
2
£ 1
05 +
0
162 172 182 192 202 212 222 232 242 252 262
Input Voltage (V)
—a— |lo_mid =9A lo_max = 18A
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2.1.4  Input Current vs. Input Voltage (No Load)

Low Line

PFH500F-28 Start Up (Input Current)
Ta=25DegC.

0.4 r

0.25 + / I ) 7
02 | [ ]
i

0.15 + —

Input Current (A)

01 +

0.05 +

60 65 70 75 80 85 90 95 100 105 110 115 120 125 130
Input Voltage (V)

—+—lo_min =0A
High Line

PFH500F-28 Start Up (Input Current)
Ta=25DegC.

0.5 +

0.45 +
: ~
04 L

E =
035 + 2D e

0.3 +

0.25 +

0.2 +

Input Current (A)

0.15 +
0.1 +

0.05 -+

162 172 182 192 202 212 222 232 242 252 262
Input Voltage (V)

—+—lo_min =0A
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2.1.5 Power Factor (PF) vs. Output Current

Power Factor vs. Output Current

1
0.95 /ﬁ
0.9 — 35\/
S
S 0.85 =100V
= 115V
(]
0.8
g — ] 30V
[a W
230V
0.7
—) 65V
0.65
20% 40% 60% 80% 100%
Output Current (%)
2.1.6  Output behavior with input line sweep
Low Line (Line Sweep from 0 — 135 —0 VAC)
PFH500F-28 Start Up (Output Voltage)
30 Ta=25DegC.
: /J‘W"""""L"':'m'l“‘"‘_"‘_l_" - See-an-a-—-0—-0— ","""f‘,",L"". - .'l' -0 R0 TR
25 | J
g |
> 20 + i
o F ‘
& r / J
£ 15 £ :
> + / |
5 L |
210 + :
51 / |
5 J
: / |
\

60 65 70 75 80 85 90 95 100 105 110 115 120 125 130
Input Voltage (VAC)

——lo_min=0A —s—lo_mid =9A lo_max = 13.5A

Note: At no load condition, Bulk capacitor will discharge slowly and output voltage will turn off until input voltage drop to 66V.
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High Line (Line Sweep from 180 — 265 — 180 VAC)

PFH500F-28 Start Up (Output Voltage)

Ta=25DegC.
28.06 T
28.06
O 28.05 + ] | l i
S ]
= 2805 | B e S NP
[y F AT e TN — SV PG
£ 2804 | satFeasegsatt i PRBSESRS=S
g : s Aﬁﬁwww
5 28.04 + —t—
s E
3 28.03 -
28.03 +
28.02 i e b .
175 185 195 205 215 225 235 245 255 265
Input Voltage (VAC)
—+—lo_min=0A —s—lo_mid=9A lo_max = 18A
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2.2 Over Current Protection (OCP) Characteristics (Refer to section 1.1.2 for Test Setup)

LOW LINE CONDITIONS HIGH LINE CONDITIONS
PFH500F-28-000 Current Limit PFH500F-28-000 Current Limit
Ta=25DegC. Ta=25DegC.
30 . : 30 o
% 25
= 2
g 20 - 1~ T g =
s s
] 15 - 215
3210 2104 2
5 5
v E S ot
0 ) 1 MR . N S —— 0O &< . ! . — e .
0 5 10 15 20 25 0 5 10 15 20 25
Output Current (A) Output Current (A)
Vin =100V —=—Vin=115V Vin =200V —— Vin=230V
Vin =130 Vin=120v — Vin =265V Vin=220/
PFH500F-28-000 Current Limit PFH500F-28-000 Current Limit
Ta=-40DegC. Ta=-40DegC.
30 T 30 ' T
. ' [
5 25 § T 1 — = 25 - -
2 | - 2 -
& 2 + - 82 -
= | £ +
23 | S 1
31 ' 3 10 -
5 | 5
0 s VJI 0 s -
0 ] l 0 ;'_.'.._._.___._ N ———" PE (PRSI S G
0 5 10 15 20 25 30 0 5 10 15 20 L 30
Output Current [A) Output Current (A)
——Vin =100V ——Vin=115/ ——Vin =200V —e— Vin=230V
Vin=130v —e—Vin =120/ — Vin =265V ——Vin =220/
PFH500F-28-000 Current Limit PFH500F-28-000 Current Limit
Ta=75DegC. Ta=75DegC.
0 T g " 30 T T
g5 S
8= - .
g 15 815 =
3 10 LR ~
= 5
O 5+ - (o] o
0 + 0 i L A : -
[+] 5 10 15 20 il 0 5 10 15 20 2%
Output Current (A) Output Current (A)
——Vin =100V —e— Vin=115V Vin =200/ ——Vin=230V
Vin =130/ Vin=120/ —Vin =265V Vin =220/
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2.3 Over Voltage Protection (OVP) Characteristics (Refer to Section 1.1.2 for Test Setup)

Conditions: lo =0%
Ta=25°C
Vin = 115 VAC
R OVP Point
3
i
Measwe PLma(C3) P2a-- P3: P4: PSa - PE- -
value 358y
status v
’ﬁ
LeCroy 1/23/2017 12:08:35 FM
Conditions: lo =0%
Ta=25°C
Vin = 230 VAC
Trigger
OVP Point
I ——————
\?ﬂ
i
Measwe PAima(C3) P2a-- P3: P4: P PEi- -
value 358y
status v
EF e
LeCroy /232017 12:03:10 P
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2.4 Output Rise and Fall Characteristic with AC Turn On / Turn-Off

115 VAC No Load Start Up
CH3: Vo; CH4: Vin

Measure Pima(Cy) PImanC4)
value 198V nv
slatus v v

LeCroy

PIms(C3

i
P4min(C4)

PEms(C4) Pé:--

812202018 5:24:47 PM

115 VAC No Load Shut Down

CHS3: Vo; CH4: Vin

11

Measure Plman(C3) P2man(C4) P4min(C4) PEms(Cd Pé--
value EIRRY 08y
slatus v v

LeCroy

[
PIms(C3

Etlg yative
018 5:33.45PM

115 VAC Full Load Start Up
CH3: Vo; CH4: Vin

Measure Pima(Cy) PImanC4)
value 198V 08y
slatus v v

PIms(C3

i
P4min(C4)

PEms(C4) Pé:--

812202018 5:26.03PM

115 VAC Full Load Shut Down

CHS3: Vo; CH4: Vin

Measure Pima(Cy) PImanC4)
value 198V 199v
slatus v v

LeCroy

i
PIms(C3 Pdmin(C4)

PEms(C4) Pé:--
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Output Rise and Fall Characteristic (continued)

230 VAC No Load Start Up
CH3: Vo; CH4: Vin

Measure PImaK(C3) PLmaKCd) PImMs(CY P4mIn(C4) PEIMs(C4)
walue 298V ey
status 4 v

LeCroy

230 VAC No Load Shut Down
CH3: Vo; CH4: Vin

Measure PImaK(C3) PLmaKCH)
walue 298V gy
status 4 v

LeCroy

PIMms(C3

PAINC4) PSIMS(C4) PE:--

BI22/2018 5:31:11 PM

230 VAC Full Load Start Up
CH3: Vo; CH4: Vin

N

ik, i

\
4
‘ i }I | \ ‘
“ ‘
I
” I\ |
H\“\\Hl“\\ HI\M I
I
|
Measure P1max(C3) PZmax(C4) P3rmsiCHh P4min(C4) Parms(C4) PBi---
valug 301V 376V
status v v

230 VAC Full Load Shut Down
CHS3: Vo; CH4: Vin

4
[
o)
Measure PImaK(C3) PLmaKCH) P3ms(Cy PoMINCA) PaIms(C4) PE---
walue 298V gy
status 4 v

BI22/2018 5:30:07 PM
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2.5 Hold Up Time Characteristic
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2.6 Dynamic Line Response
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2.7 Dynamic Load Response

Vin = 115 VAC; Load Step: 0% (0A) < 50% (9A), 1kHz Vin = 230 VAC; Load Step: 0% (0A) < 50% (9A), 1kHz
CH1: Vo (AC Couple); CH2: lo; Slew rate: 0.1A/us CH1: Vo (AC Couple); CH2: lo; Slew rate: 0.1A/us

figger Display Cursors beasure Math Analys Filg Vetcal Timebsse Trnger Display Cumsors Messue Wain Anabsis Ubiibes He

Moasuro Pma(ol) P2minie1) P3pli(C1) PamaCy PSmin(C2) [
walue 24my 42 v 87 my 1028 EETY - - : - - - =
v v v v Heasure Prmascl) PIminCl)  PEpkGHCH PamanC2 PEMNCE) PEre
walue 51 - 813my 1024 1TA
shatus v 1% v v

5
¥2= 240005 ms 1 200002 Kz
MAT017 S06:35 PH

Vin = 115 VAC; Load Step: 50% (9A) < 100% (18A), 1TkHz | Vin = 230 VAC; Load Step: 50% (9A) « 100% (18A), 1kHz
CH1: Vo (AC Couple); CH2: lo; Slew rate: 0.1A/us CH1: Vo (AC Couple); CH2: lo, Slew rate: 0.1A/us

Help

o | o M
SO VO s O Y s s OO o 0 e W <

Measure Prmax(C1) P2min(C1) P3:pkpk(C1) Pamax(c2) PEminiC2) PEms(CH Measure

Plomax(cl) P2min(C1) P3:pkpk(C1) Pamax(c2) PEminiC2) PEms(CH
value 507 my -545my 105V 1944 value azamy -536 My 103V 1944
stalus v v v v stalus v v v v

LeCroy

1202202016 3:40:47 PM LeCroy

1212202016 4:52:28 PM
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2.8 Brownout

Ta=25°C
Vin =115 VAC / 50Hz; lo = 18 A; Brownout Time = 1ms Vin =115 VAC / 50Hz; lo = 18 A; Brownout Time = 2ms
CH1: Vo; CH3: Iin; CH4: Vin CH1: Vo; CH3: Iin; CH4: Vin

File Verical Timebase Trigger Display Cu Measure Math Analysis Utilities  Help

mm\\HwHmmmw\wmwwmnwwwmMmm\mm.mm\uLmH\».\mmuwmwmwm
| w"uu?'w‘n'm il ww'wu“n

MM.HH‘H\lHW\HW\H\\MHJ\NLHMMH\HHHMHHMJHHMHMH\m\HMMULMMHMMH\\H\HMH'\HM\‘IHWHM\MH‘WNHW!
H\‘”‘\HW“HH‘“‘\H\‘”‘HH"“HH‘\'\HWH\‘”‘\Hl‘”‘H\\‘”\‘HH‘WHw“‘H\M‘“\I\H‘\\H'M‘\HH"‘\HH”‘\H\‘”‘HH‘“‘HH““HH”'HH‘”HH‘\‘

m‘ il ‘IM | m\ li ‘ HH‘M’ ! MH\H‘\I\‘ ‘\ Hml m\ i \‘m\"m‘ H“ HH‘HM li \ \H‘ M‘H

B S A P M HM.. A T

Vin = 115 VAC / 60Hz; lo = 18 A; Brownout Time = 1ms Vin =115 VAC / 60Hz; lo = 18 A; Brownout Time = 2ms
CH1: Vo; CH3: Iin; CH4: Vin CH1: Vo; CH3: Iin; CH4: Vin

\HHH'\“\“\WHMWl"\“\“\WHHH‘l"\ S 1 IWHHHH“\“\"UHHHH‘W \"HH\ HH“\“\”U‘HHHW\ fim

I il M i M Uil i MMI e
J i
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TDK-Lambda
PFH500F-28 SERIES

EVALUATION REPORT

2.9 Inrush Current (Refer to Section 1.1.3 for Test Setup)
Condition: lo =100%
Ta=25°C

Vin =115 VAC; @ = 0° (Switch On Phase Angle)

ile Vertical Timebas

W

i
_IWM‘M \H

WWHWW
M

CH1: Vo; CH2: Vin; CHS: Iin
WHHW}
1

&
P3max(C1)

Measure PlmaxC3 PZmin(C3) P4max(C2) P&min(C2)
value 1104 -107 A 300 188V -2118V
status v v v

LeCroy

[

20207123214 PM

ViN = 115 VAC; @ = 90° (Switch On Phase Angle)
CH1: Vo; CH2: Vin; CH3: Iin
HWWHIWWHMWW

WWM
N ——— lwh

P5min(C2) [

‘\l““"‘\|‘
L

I
P3masC1)

Measure Plmax(C3 PZmin(C3) Pdmax(C2)
value MIA -98A 300Y 206Y =210V
status v v v

LeCroy 17202017 12:3343 PM

ViNn = 230 VAC; @ = 0° (Switch On Phase Angle)
CH1: Vo; CH2: Vin; CHS: I

ViNn = 230 VAC; @ = 90° (Switch On Phase Angle)
CH1: Vo; CH2: Vin; CHS: I

I
| l‘\l\\ 'H
\'M \Mh.\

_ ‘[ IIIE“
ki

‘ 1

i u\\\ H‘HM M i

|
I
\
\
\
PAMICT)

Measure P1:mas(C3) PZMIAC3) — PSmIN(C)
value 924 114 00V 385V -36aY

status L4 v v v

100 m
LeCroy

11 2017121613FM

Measure PLmax(C3) P2MIn(C3) Pamacn)  PAmENCZ) PS:mIn(C2) P -
value 1014 1244 300V 385V 369
v v v ]
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EVALUATION REPORT

2.10 Input Current Waveform

Condition: lo=100%

Ta=25°C

Vin=115VAC; lo = 18A
CH2: Iin; CH3: Vi

Measure
value
status

PLman(Cl) PZman(c2) PImax(c3) PamIN(CA) P -

1134 190%
v v

/2412017 11.01:27 An

Vin =230 VAC; lo = 18A
CH2: Iin; CH3: ViN

Measure
value
status

PLman(Cl) PZman(C2) PImax(c3) Pamin(ca) P -
6. 368V
v v

3/24/2017 11:00:10 AM

2.11 Input Current Harmonics

3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39

Harmonic order

m—Vin=115Vac, Vo=28Y, l0=18A  =——IEC 61000-3-2 ClassA

Condition: lo=100%
Ta=25°C
Vin=115VAC Vin =230 VAC
10 10
7 -
: :
: 0. : 01
] 3
H|III RUTTTT RS H|III RUTTTM
0.001 I 0001 - I =
1 3 5 7 9

11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Harmonic order

m— Vin=115Vac, Vo=28V, l0=18A  =——IEC 61000-3-2 ClassA

REV 1.10 (September 10, 2019)
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2.12 Output Ripple and Noise

TDK-Lambda
PFH500F-28 SERIES

EVALUATION REPORT

Ta=25°C
Vin=115VAC; lo=0 A; Vo =28 VDC
CH1: Vo /10.0ms/div

Measire PlomanCl) PIminitl) PaphpkiC1) PamsiCTy SmafCd B
wale g a3 ET g
shatus v v v v

Vin=115VAC; lo =18 A; Vo =28 VDC
CH1: Vo / 10.0ms/div

PaniphiCTy Pems(C1)
Lmy 58 4
v v

PromanCl) Plminitt]
=0m 13w
v v

Vin =230 VAC; lo =0 A; Vo =28 VDC
CH1: Vo / 10.0ms/div

Vin =230 VAC; lo =18 A; Vo =28 VDC
CH1: Vo / 10.0ms/div

P1mant1) PImn{C1] PEppkct) PAmMSCT
aimy B W B
o v ’ v

PRIy L

Measwe P1mat) P2min{C1] Prppi(Ct) PAmMSCT) PEmns(Cg Phie--
ke I nrme L 84
o v ’ v

ey

BT B S0 IBPN

leCroy

23
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2.13 Electro-Magnetic Interference Characteristics

Conducted EMI:

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

REV 1.10 (September 10, 2019) 24
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110V High line

CONDUCTED EMISSIONS

element
Emmifts 308,00, 28 PEAESC] 201003 26
Work Order: TDKLD022 Date: 1-May-2019
Project: None Tem re: 221°C
Job Site: TX01 Humidity: 53.4% RH
Serial Number: None Barometric Pres.: 1017 mbar Tested by:[Marty Martin
EUT:|PFH 500F-28V-100-R Module
Configuration:|Unknown
Customer:| TDK-Lambda Americas Inc.
Attendees:|Shuhui and Michael
EUT Power:|110VAC/60Hz
Operating Mode: 16.9 amp Load
Deviations:|°"®
Heatsink tied to EGND
Comments:
Test Specificati | Class B Test Method |
EN 55032:2012/AC:2013 CISPR 32:2015
Run# 20 | Line:|High Line [ Ext Attenuation:] o [ Results] Pass
Quasi Peak Data = vs = Quasi Peak Limit Average Data = vs = Average Limit
100 100
50 90
80 80
70 70
60 \—j— 60
2 3
m 50 @ 50
° k-]
40 40
30 30
20 20
10 10
o 0
0.1 10 10.0 100,0 a1 0 100 1000
MHz MHz
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
Compared to Compared ta
Freq Amplitude Factor Adjusted | Spec. Limit c Freq amplituge Factor Adjusted | Spec, Limt Spec,
(MHz) CEI] (dB) 0 0 (98) (MHz) (dBuV) (dB) 0 0 (@)
16,994 27.2 20.9 48,1 0.0 -11.9 16,804 23,1 209 440 50,0 5.0
0.153 27.9 20.3 48.2 65.9 7.7 0.153 26.1 203 46.4 55.9 8.5
1.595 218 20.1 4.7 56.0 -14.3 1.595 17.0 20,1 ara 48.0 -9
1.306 21.0 20.1 41.1 56.0 148 1.306 16.1 20.1 36.2 46,0 8.8
28,997 17.7 219 396 60.0 204 28,997 12.1 219 340 50.0 -16.0
9,997 159 20,5 36.4 60,0 236 9,997 107 20,5 3.2 50,0 -18,8

REV 1.10 (September 10, 2019)
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110V Neutral

CONDUCTED EMISSIONS

element
EmiRs }014.00,26 P 26
Work Order: TDKLO022 Date: 1-May-2019
Project: None Temperature: 221°C
Job Site: TX01 Humidity: 53.4% RH
Serial Number: None Barometric Pres.: 1017 mbar Tested by:|Marty Martin
EUT:|PFH 500F-28V-100-R Module
Configuration:|Unknown
Customer:| TDK-Lambda Americas Inc.
Attendees:|Shuhui and Michael
EUT Power:|110VAC/60Hz
et Modk: 16.9 amp Load
Deviations:|°"®
Heatsink tied to EGND
Comments:
Test Specifications | Class B Test Method [
EN 55032:2012/AC:2013 CISPR 32:2015
Run# 21 | Line:|Neutral Ext. Attenuation: 0 Results Pass
Quasi Peak Data = vs = Quasi Peak Limit Average Data - vs = Average Limit
100 100
80 |
BO
70 70
60 | \_‘___r—-——-——- 60 |
3 3
o 50 @ 50
h-} b=}
40 40
an 0
°
20 . 20
10 10
1] 1]
0.1 1.0 10.0 1000 o1 10 10.0 100.0
MHz MHz
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
Compared to Compared to
Freq Amplitude Factor Adjusted | Spec, Limit Spec. Freq Amplitude Factor Adjusted | Spec, Limit Spec,
(MHz) (dBuV) {aB) (d3uv) {aBuV) (8) (MHz) (dBuv) (dB) (@BuV) (dBuv) (aB)
0.153 25.1 203 45.4 65.9 -20.5 0.153 22,2 20.3 42,5 55.9 -13.4
27.991 15.8 21.8 376 60.0 224 27.991 111 218 329 50.0 =471
9,091 12.4 205 32,9 60.0 =27.1 9.091 7.3 20.5 278 50.0 -22.2
0.251 18.1 20,2 38.3 B1.7 234 1.590 5.1 20,1 252 46,0 -20.8
1.590 9.5 20.1 296 56.0 26.4 0.251 55 202 25,7 51.7 -26.0
4,495 1.2 20,2 214 56.0 =346 4,495 3.6 20,2 16,6 46,0 -29.4
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230V Line

CONDUCTED EMISSIONS

element

EmiRS 2018 .09.26 PSAESC] 2018.02.2¢
Work Order: TDKL0022 Date: 1-May-2019
Project: None Temperature: 22.1°C
Job Site: TX01 Humidity: 53.4% RH
Serial Number: None Barometric Pres.: 1017 mbar Tested by:|Marty Martin
EUT:|PFH 500F-28V-100-R Module
Configuration:|Unknown
Customer:|TDK-Lambda Americas Inc.
Attendees:| Shuhui and Michael
EUT Power:|230VAC/50Hz
Operating Mode: 16.9 amp Load
Deviations: None
Heatsink tied to EGND
Comments:
Test Specifications | Class B Test Method |
EN 55032:2012/AC:2013 CISPR 32:2015
Run#| 23 | Line:|High Line | Ext. Attenuation:| 0 Results Pass
Quasi Peak Data = vs = Quasi Peak Limit Average Data - vs = Average Limit
100 100
90 90
B8O B0
70 70
80 X—l_
3 2
o o
b=} -]
40 40 |
a0 30
20 0
10 10
o a
01 1.0 10,0 100,0 a1 1.0 10,0 100.0
MHz MHz
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
Compared to Compared to
Freq Amplitude Factor Adjusted Spec, Limt Spec, Freq Amplitude Factor Adjusted Spec, Limit Spec,
(MHz) (dBuV) {aB) {eBuV) (dBuV) (dB) (MHz) (dBuV) (dB) (dBuV) {dBuV) (dB)
1.296 21,1 20,0 41,1 56,0 -14,9 1.296 16.3 20,0 36.3 46,0 8.7
28.992 18.8 219 40.7 60.0 -19.3 28.992 13.3 218 35.2 50.0 -14.8
0.566 18.7 20.1 388 56.0 172 0.153 20,0 20,3 40.3 55.9 -156
0.153 21.2 20.3 415 65,9 24,4 14,997 8.6 20,7 29,3 50.0 207
14.997 13.9 20.7 348 60.0 -25.4 0.566 6.3 20.1 26.4 46.0 -19.6
9,995 1.1 20.5 316 60.0 -28.4 9,995 56 20.5 26.1 50.0 239
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230V Neutral

CONDUCTED EMISSIONS

element

Emifts JO0ta 08,00 PRAF BC| 2018,07,20
Work Order: TDKL0022 Date: 1-May-2019
ect: None T 2 221°C
Job Site: TX01 Humidity: 53.4% RH
Serial Number: None Barometric Pres.:| 1017 mbar Tested by:|Marty Martin
EUT:|PFH 500F-28V-100-R Module
Configuration:|Unknown
Customer:|TDK-Lambda Americas Inc.
Attendees:|Shuhu and Michael
EUT Power:|230VAC/50Hz
Operating Mode: 16.9 amp Load
Deviati :None
Heatsink tied to EGND
Comments:
Test Specifications | Class B Test Method |
EN 55032:2012/AC:2013 CISPR 32:2015
Run 22 | Line:|Neutra| [ Ext. Attenuation:] ¢ | Results] Pass
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
e 100 L S
80 80
80 B0

> >
3 5 2 50
@m 5]
-] °
40 40
0 30
20 L] 20
o 10
o o
4, 10 10.0 100.0 a1 1.0 oo 100.0
MHz MHz
Quasi Peak Data - vs - Quasi Peak Limit Average Data - vs - Average Limit
Compared to Compared to
Freq Ampltude Factor Adjusted Spec, Limit Spec, Freq Amplitude Factor Adpsted Spec, Limit Spec,
(MHz) (@Buv) (d8) (@Buv) (aBuV) (f8) (MHz) (dBuv) (B) {@Buv) (aBuv) (48)
0.709 20,0 203 40.3 56.0 -157 0,153 20.3 20,3 40,6 55,8 153
28,009 15,1 218 369 60,0 -23,1 28.009 10.0 218 318 50,0 -18.2
0,153 2.7 20,3 42,0 65,9 239 0,709 7.7 20,3 28,0 46,0 18,0
8,895 11,5 20,5 32,0 60,0 -28,0 9,895 63 20,5 26,8 50,0 232
0,429 17,0 201 37,1 57,3 -20,2 0429 5,5 20,1 256 473 217
0,808 0,7 20,2 20,9 56,0 -35,1 0,806 4.2 202 16,0 46,0 30,0
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Radiated EMI:

Certified Laboratory | Element Materials Technology Group Limited

Test Location Plano, TX

Test Board Test performed with the PFH500 module mounted on
PFH500F Evaluation test Board (ZB00510)

Test Setup:

REV 1.10 (September 10, 2019) 29
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Test Result:

120V

RADIATED EMISSIONS

TEUT: ACI/DC Power Supply Work Order: TDKLOO04
Serial Number: None Date: 00/14/2017
Customer: TDK-Lambda Americas Inc. Temperature: 23.9°C
Attendees: Michael Lawrence Relative Humidity: 48.1%
Customer Proj None _Bar. Pressure: 1014 mb
Tested By: Marty Martin Job Site: TX02
Power: 120VAC/80Hz Configuration: TDKLOOO4-1
TEST SPECIFICATIONS
Specification: Equi nt Class B Method:

EN 55032:2012/AC:2013 CISPR 32:2015

TEST PARAMETERS

Run #: | 10 | Test Distance (m): | 10 | Ant. Height(s) (m): | 1 to 4(m)
COMMENTS

This is eval data only. 120VAC, Full load [internal], 6T-31. Added grounding strap.
EUT OPERATING MODES

Typical Operating Mode
DEVIATIONS FROM TEST STANDARD

None

10 100 1,000
MHz

Run #: 10 HMPK e AV e@QP
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RADIATED EMISSIONS

RESULTS - Run #10

Ant Test £xt Polar. Dist. Spec.
Freq Amp. | Factor | Heignt | Azeuth | Dist | Aten | Trans. Adust. | AQ Margin.
(MHZ) @B | (08) (m) foea) | (m @) | Twe | Detect | (08 |oBuvim) | (@Buvim) | (a8}
30.116 520 -24.0 15 169.0 10.0 0.0 Vert a2 0.0 280 300 -20
79.437 57.1 322 1.0 180.0 10.0 0.0 Vert oo 0.0 245 300 =1
53816 548 325 15 351.0 10.0 0.0 ven oo 0.0 221 300 79
40248 510 290 20 73.0 100 0.0 Vert oP 0.0 20 300 30
133.99% 50.7 -30.4 20 50.0 10.0 0.0 Vert QP 0.0 20.3 30.0 9.7
216.904 a1 270 10 1520 100 0.0 Verl cP 0.0 20.1 30.0 53
CONCLUSION
Pass
FOR REFERENCE ONLY
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230V

RADIATED EMISSIONS

_EUT: AC/DC Power Supply Work Order: TDKLOO04
Serial Number: None Date: 09/14/2017
Customer: TDK-Lambda Amencas Inc. Temperature: 23.9°C
Attendees: Michael Lawrence Relative Humidity: 46.1%
Customer Proj None Bar. Pressure: 1014 mb
Tested By: Marty Martin Job Site: TX02
Power: 230VAC/50Hz ration: TDKLOOO4-1
TEST SPECIFICATIONS
Specification: Equipment Class B Method:

EN 55032:2012/AC:2013 CISPR 32:2015

TEST PARAMETERS

Run #: 2 | Test Distance (m): | 10 | Ant. Height(s) (m): [ 1to 4(m)
COMMENTS

This is eval data only. 230VAC. Full load [internal]. 8T-31. Added grounding strap.

EUT OPERATING MODES

Typical Operating Mode

DEVIATIONS FROM TEST STANDARD

None

dBuVim

MHz

Run#:9 HBPK ¢AYV e@eQP
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RADIATED EMISSIONS

RESULTS - Run #9
Ant. Test Ext Polar. Dist Spec.
Freq Amp. | Factor | Helont | Azmumn | Dist Atten. | Trans. Adust. Adl. umt | Margn
(MHz) (OBuV) {a8) (m) (deq.) (m) (@8) Type | Detect {08) | (@Buvim) | (aBuvim) | (dB)
79.519 570 -32.2 1.5 186.0 10.0 0.0 Vert QP 0.0 248 0.0 52
30.166 480 -24.0 1.0 2389 10.0 0.0 Vert P 0.0 240 300 5.0
195.561 S51.5 =27.7 1.0 270.0 10.0 0.0 Vert [ 0.0 23.8 30.0 £.2
40.003 51.4 -289 1.0 2730 10.0 0.0 Vert oP 0.0 25 0.0 75
131.219 512 -30.7 1.1 750 10.0 0.0 Vert aP 0.0 205 300 45
134.144 S0.6 -30.4 1.5 3180 10.0 0.0 Vert (> 0.0 202 30.0 -9.8
CONCLUSION
Pass
FOR REFERENCE ONLY
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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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