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1. RIEH Evaluation Method
1.1 BIZEER Measurement Circuits

(1) BietE, HAY v TNl A XY

Steady state characteristics and Output ripple noise waveform

Controlled temp. chamber

PFE500-*
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e ACE) (Bottom View) v Gl 1 -
LYV T e aa AC (N v T
©BASE-PLATE v
Osciloscope
: Bandwidth: 100MHz
[ i 15m 50Q Cablel
(2) BERE. REBEE. TOM
Dynamic, protection and other characteristics
- cs
TFR1 - H o
]
F1 LL L2 Fpee [®1
AAS AAS R +BC -BC ENA M
15A _]_CZ TRIM _]_c9
e lcs L ¢ +§ Jetjezjas g
ca B r] | PFESO(_) -$ "D: c10 -fz T4 S
ACL) (Bottom View) W
Y T Y'Y AC(N) RY T
©BASEPLATE @
i Current
probe
14 )
hr
Inrush current characteristics Leakage current characteristics
Slide Reg. Slide Reg. —e——
Application
Dynamic Application Circuit
AC DIP (=) Circuit 2‘30CV (Input filter)
200v Simulator (Input filter)
¥G
Current Probe Leakage
Current meter 77
C1,C4,C5: 1uF Film Capacitor C11, C13: 12V-1000uF Electrolytic Capacitor
C2,C3:  4700pF Ceramic Capacitor 28V- 470uF Electrolytic Capacitor
C6,C7:  1uF Film Capacitor 48V- 220uF Electrolytic Capacitor
Cs: 390uF x2parallel Electrolytic Capacitor R1: 2W 470k Q
C9,C10: 0.033uF R2: 50Q
Ci12: 2.2uF Ceramic Capacitor L1,L2: 6mH
Cl4: 4700pF Ceramic Capacitor £ 50mm

TFRI: 100 more 139°C
==== Note ====
*1: If the ambient temperature is less than -20°C,
use twice of the recommended capacitor above.
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(3) EMI4#/% Electro-Magnetic Interference characteristics

(a) HEFWRTFEE (8 /A X) Conducted Emission Noise

HraERE (Beith)
LI BRI R D.U.T.(Earth)
LISN 50Q/50uH > X
Spectrum Analyzer g
EMI Test Receiver
RF Relay Matrix
- W= — N
o
AC Cord =
Stand H = 80cm
——— T v
_L_ t T T o
g_ﬂg B R HITE e e | i
Metal Ground Plain Filter .
Earth Input Line

(b) MEETBRIMEGFESF /A X) Radiated Emission Noise

D=3m
- >R ()
Spectrum Analyzer D.U.T.(Earth)
EMI Test Receiver NRLazmpn 7Tr7F / N
RF Relay Matrix Biconical Antenna [4 / Stand
‘ L i
Y
H = 80cm BT =T
/ Turn Table
Y [ L4 l
= '
s SRAHME 74»5? ADHERE
B Metal Ground Plain Filter Input Line

* Shielded cable used to input and output cable.

VCClclass ARG T Y r—va VAT A

VCCI class A application system — R c
TFR1 3%'! L e
94 |
Pl Lt L2 {yce
_'———J\P_W VAAS R +BC -BC
P C ml Pl
L e L cs +s cii{ciz|ci3
0 - T /ST PFES00 s q‘ I 7 =
c3 . Ciof | 1 "1 3
AC(L) (Bottom View) v i T
YL T VY ACQ) RY
@BASE-PLATE
7T
C1,C4,C5: 1uF Film Capacitor C11,C13: 12V-1000uF Electrolytic Capacitor
C2,C3:  4700pF Ceramic Capacitor 28V- 470uF Electrolytic Capacitor
C6,C7: 1uF Film Capacitor 48V- 220uF Electrolytic Capacitor
C8: 390uF x2parallel Electrolytic Capacitor R1: 2W 470k Q
C9,C10: 0.033uF L1,L2: 6mH
C12: 2.2uF Ceramic Capacitor TFR1: 100 more 139°C
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1.2 fE RIS

List of equipment used

PFES00-*

EQUIPMENT USED MANUFACTURER MODEL NO.
1 | DIGITAL PHOSPHOR OSCILLOSCOPE TEKTRONIX TDS3012
2 | DIGITAL STORAGE OSCILLOSCOPE IWATSU-LECROY LT364L
3 | DIGITAL POWER METER YOKOGAWA ELECT. WT110
4 | DATA ACQUISITION / SWITCH UNIT AGILENT 34970A
5 | CURRENT PROBE AMPFILIER TEKTRONIX TMS502A
6 | CURRENT PROBE TEKTRONIX A6303
7 | SHUNT RESISTER YOKOGAWA ELECT. 2215
8 | CONTROLLED TEMP. CHAMBER ESPEC CORP. SU-261
9 | SPECTRUM ANALYZER ROHDE & SCHWARZ ESA
10 | EMITEST RECEIVER ROHDE & SCHWARZ ESHS10
11 | EMITEST RECEIVER ROHDE & SCHWARZ ESVS10
12 | RF RELAY MATRIX ROHDE & SCHWARZ PSU
13 | AMN KYORITU DENSHI KNW-242
14 | ANTENNA(BICONICAL ANTENNA) SCHWARZBECK BBA9106
15 | DYNAMIC DUMMY LOAD TAKASAGO FK-1000L
16 | AC POWER SUPPLY TAKASAGO AA-2000XG
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2. 5 —2& Characteristics

2.1 ##RFME Steady state data
(1) A7 - AT - IBEZE) Regulation - line and load, Temperature drift

PFES500-*

12V |
1. Regulation - line and load Condition Tbp :25C
Tout\ Vin 85VAC 100VAC | 200VAC | 265VAC line regulation
0% 12.015V 12.015V 12.016V 12.015V ImV 0.008%
50% 12.008V 12.008V 12.008V 12.008V OmV 0.000%
100% 12.001V 12.002V 12.002V 12.002V ImV 0.008%
load 14mV 13mV 14mV 13mV
regulation| 0.117% 0.108% 0.117% 0.108%
2. Temperature drift Conditions Vin=100VAC
Tout=100%
Tbp -40°C +25°C +85°C temperature stability
Vout 11.937V 12.002V 11.990V 65mV l 0.542%
28V
1. Regulation - line and load Condition Tbp: 25C
Tout\ Vin 85VAC 100VAC | 200VAC | 265VAC line regulation
0% 28.163V | 28.164V | 28.163V | 28.164V 1mV 0.004%
50% 28.148V | 28.149V | 28.148V | 28.149V 1mV 0.004%
100% 28.145V | 28.145V | 28.145V | 28.145V OmV 0.000%
load 18mV 19mV 18mV 19mV
regulation| 0.064% 0.068% 0.064% 0.068%
2. Temperature drift Conditions Vin=100VAC
Tout=100%
Tbp -40°C +25°C +100°C temperature stability
Vout 28.062V | 28.145V | 28.022V 123mV ! 0.439%
{ 48V |
1. Regulation - line and load Condition Tbp: 25°C
Iout\ Vin 85VAC 100VAC | 200VAC | 265VAC line regulation
0% 48.018V | 48.018V | 48.019V | 48.020V 2mV 0.004%
50% 48.004V | 48.002V | 48.003V | 48.005V 3mV 0.006%
100% 48.001V | 48.002V | 48.002V | 48.003V 2mV 0.004%
load 17mV 16mV 17mV 17mV
regulation| 0.035% 0.033% 0.035% 0.035%
2. Temperature drift Conditions Vin=100VAC
Tout=100%
Tbp -40°C +25°C +100°C temperature stability
Vout 47.778V | 48.002V | 48.032V 254mV l 0.529%
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(2 2w HAIER

Efficiency vs. Output current

PFES00-*

Conditions Vin : 85 VAC ------
: 100 VAC —-—-—
: 200 VAC ——
: 265 VAC ———~—
Tbp : 25°C
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(3) AHEW - R K ASEBE

Input current and Efficiency vs. Output current

PFES500-*

Conditions Io : 50 %

50 100 150 200

Input voltage (V)

DENSEI-LAMBDA
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(4) AANFEW - R 3 HAER

Input current and Power factor vs. Output current Conditions Vin : 85 VAC ---—--
: 100 VAC —-—-—
: 200 VAC ——
: 265 VAC ————

Tbp: 25°C
12v |
T RS- ....ﬁ... ------------------ --------- 1.0
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o z
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22 BERY 7 MFE

Warm up voltage drift characteristics Conditions Vin : 100VAC
Io :100%
Ta :25°C
12V |
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2.3 WEIIRERE

Over current protection (OCP) characteristics

AN BERTFE

Input voltage dependence

Conditions  Vin

: 100 VAC

PFES00-*

N— 27 L — MRERTE

Baseplate temperature dependence

200 VAC ——

Tbp : 25 °C

12V |

Output voltage (V)

15

Output voltage (V)

0 20 40 60 80

Output voltage (V)

100 120 140
Output current (%)

| S
E O
E &
; =
-
: 5
: 1=y
H =
: o

O i i i ! ! i i

0 20 40 60 80 100 120 140

Output current (%)

Output voltage (V)

Output voltage (V)

0 20 40 60 80
Qutput current (%)

100 120 140

DENSEI-LAMBDA

Conditions

Vin :100 VAC

Tbp : -40 °C
25 C
85 C@u2v)
100 °C(28,48V)

20 40 60 80 100 120 140
Output current (%)

20 40 60 80 100 120 140
Output current (%)

--------------------------------

20 40 60 80 100 120 140
Output current (%)
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24 EETEIRERE

Over voltage protection (OVP) characteristics Conditions Vin :100VAC
Io :0%
Tbp :25C
12V
OVP point —
Vo —
GND — =
Vo:5V/DIV | 20s/DIV
28V |
OVP point —
Vo —|

\
GND —
Vo:10V/DIV__ | 20s/DIV
48V |

OVP point — [ ':

Vo — | \

GND — \
Vo:20V/DIV | 20s/DIV

DENSEI-LAMBDA T-10
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25 AN B ERY . SEB TV R

Output rise and fall characteristics Conditions Vin :100VAC
Io :0%
Tbp :25C
| 12V
Vo — J L
Vin — i ‘1' ‘;j}“"lil" ||t” i W\WWMM% - -
Vin:200V/DIV | Vo:5V/DIV Vin:200V/DIV | Vo:5V/DIV
200ms/DIV 10s/DIV
28V
Vo — (' 4
| ~—
Vo GND — . T v
=
Vin:200V/DIV__ | Vo:10V/DIV Vin:200V/DIV__ |  Vo:10V/DIV
200ms/DIV 10s/DIV
| 48V
Vo —
Vo GND — 0 Py et
Vin:200V/DIV | Vo:20V/DIV Vin:200V/DIV | Vo0:20V/DIV
200ms/DIV 10s/DIV
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25 HASLH ER D LB T Y Rtk

Output rise and fall characteristics Conditions Vin :100VAC
Io :100%
Tbp :25C
| 12v |
Vo —» . B ek

Vo GND —}—

Viﬂ — ‘ lll: % E’||I|I! ]]I: ﬁ X ‘; |i||['| |I'§: /\ ‘ [\ T
Vin:200V/DIV |  Vo:5V/DIV Vin:200V/DIV. | Vo:5V/DIV
200ms/DIV 20ms/DIV
| 28V
Vo o
Vin — ; .IIIII‘ I | Alilillfllllljlg”'s“ 3‘11 il .'|||'-- /\ /\
Vin:200V/DIV |  Vo:10V/DIV Vin:200V/DIV. | Vo:10V/DIV
200ms/DIV 20ms/DIV
48V
Vo : -
Vo GND — A TR SO | FUUUN T S : \ .
| ’ |
Vin:200V/DIV |  Vo0:20V/DIV Vin:200V/DIV. [ Vo:20V/DIV
' 200ms/DIV 20ms/DIV
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PFE500-*

Output rise and fall characteristics Conditions Vin :200VAC
Io :0%
Tbp :25°C
| 12V
Vo — r .
e
Vo GND — i
Vin — j I“ E ;!|||||' [ 1 I[t l
1 j I:l ! { uii i
Vin:200V/DIV | Vo:5V/DIV Vin:200V/DIV | Vo:5V/DIV
200ms/DIV 10s/DIV
| 28V
Vo —» {
Vo GND —|~ R R
. il l“ | H || il
Vin | i l"ll
i ! ki ; ; ! | i
Vin:200V/DIV [ Vo: 10V/DIV Vin:200V/DIV | Vo:10V/DIV
200ms/DIV 10s/DIV
| 48V |
Vo o ./f e
[ ~
Vo GND — - “ oy
. “ | i il | i { i
Vin — h ! i "Ili |«;| | li‘ ll’|l| |Il*‘ | ||]||a|]|ll,‘ [
: i
|
i S L | N
Vin:200V/DIV |  Vo:20V/DIV Vin:200V/DIV | Vo:20V/DIV
200ms/DIV 10s/DIV

DENSEI-LAMBDA
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25 HASLHL LY SLBL T Y Rtk

Output rise and fall characteristics Conditions Vin :200VAC
Io :100%
Tbp :25C
12V
Vo — . o
Vo GND — / i
l TAVITAY
i ! §
Vin — ) i @ 1|I||lhf”|“|l|ill ||| ‘ ”nli | \ / \
Vin:200V/DIV | Vo:SV/DIV Vin:200V/DIV |  Vo:5V/DIV
200ms/DIV 20ms/DIV

| 28V
Vo s / .
Vo GND —|~ /
| |/
. i I' |
Vin — ':n I ||” IIIIIHI I“ 'I( \/ \
; i | ! ViV i
Vin:200V/DIV | ‘Vo:IOV/DIV ' Vin:200V/DIV |  Vo:10V/DIV
200ms/DIV 20ms/DIV
48V
Vo > -
Vo GND | L
N
Vin — ] a :! '|’,|l ‘||f"||l]'h ll |‘? lly\lllltl{h I lllnlli“f]ilf \ , \ -
’ il Vi :
Vin:200V/DIV | Vor20V/DIV Vin:200V/DIV | Vo:20V/DIV
200ms/DIV 20ms/DIV
DENSEI-LAMBDA
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2.6 M PRFrip AR

Hold up time characteristics

12V |

PFES00-*

Conditions Vin : 100 VAC ------
200 VAC ——

Tbp : 25 °C

1000

100

Hold up time (ms)

[ 28v |

40 60 80 100
Output current (%)

1000

100

Hold up time (ms)

40 60 80 100
(18A)
Output current (%)

1000

100

Hold up time (ms)

10

40 60 80 100
(10.5A)
Output current (%)
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2.7 BEE (ANBE) FiE

Dynamic line response characteristics Conditions Io :100%

Tbp :25C

Vin:85VAC <=> 130VAC Vin:170VAC <=>265VAC

| 12v |

Vin —| M

Vin:500V/DIV | Vo:50mV/DIV

Vin:500V/DIV | Vo:50mV/DIV
500ms/DIV 500ms/DIV
28V
Vo —|iv A A v‘ A '_JP A A___L N JL'.JF

Vin —| K

Vin:500V/DIV |

Vin:500V/DIV |  Vo:50mV/DIV Vo0:50mV/DIV
500ms/DIV 500ms/DIV
48V
A N '_j'V ~ A A NL;‘ A n vJ-w -

. eyt RN T RTS (U ATHI T A3 114} ,.”..“_‘ IR ER Yy Y
Vin — | NGNS N T BT TR ThE

Vin:500V/DIV | Vo:50mV/DIV

Vin:500V/DIV

Vo:50mV/DIV

500ms/DIV

500ms/DIV
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2.8 BEHE (AMRE) FkE

Dynamic load response characteristics Conditions Vin : 100VAC
Tbp :25°C

12V |

Load current tr = tf = 100us
Tout 50% <—— 100% f=1kHz
Vool e e
\ \
Io—=i—7 L
IoGND —
10:20A/DIV | Vo0:100mV/DIV
200 u s/DIV
28V
Load current tr = tf = 100us
Tout 50% «—> 100% f=1kHz
e e
IoGND —
To:10A/DIV | Vo:100mV/DIV
200 1 s/DIV
48V
Load current tr = tf = 100us
Tout 50% <—— 100% f=1kHz
\[/
Io — /
JIoGND —
TIo:5A/DIV [ Vo:100mV/DIV
200 1 s/DIV

DENSEI-LAMBDA T-17



2.9 ASBEBHERE

PFES00-*

Response to brownout characteristics Conditions Io :100%
Tbp :25°C
- in : in :
Vo — A 1\ B B ,
V0 GND —{ i \ / - \/ _
- I
Vin:200V/DIV | Vo:5V/DIV \}in:ZOOV/DIV | Vo:5V/DIV
50ms/DIV 50ms/DIV
A:26ms B:27ms C:28ms A:45ms B:48ms C:49ms
| 28v |
o 1 VA\};/\V/\ \ /\v/\f\vl\vﬁvl\vl\ AR IU\ | v!\ Uf \/H \/“\ W W fMUH\ \VH Uf \V\ | VH \/f
Vin:éOOV/DIV :: Vo:lOV)DIV Vin:200V/DIV I Vo:10V/DIV
50ms/DIV 50ms/DIV
A:16ms B:17ms C:18ms A:32ms B:45ms C:46ms
48V |
B TN R rYvry v T M\mm"wur“\mm
AR ALY Iy T A
Vin:ZOOV/DIZO '|./DIVV0:20V/DIV V1n.200V/DI\5/0 i/DIVVo.ZOV/DIV
A:17ms B:?;Ssms C:19ms A:33ms B:E;Sms C:47ms
DENSEI-LAMBDA T-18



2.10 ASH—BPE (BEAER) Rk

Inrush current characteristics

Switch on phase angle
of input AC voltage ¢ =0°

PFES00-*

Vin :100VAC
Io :100%
Tbp :25C

Conditions

Switch on phase angle
of input AC voltage ¢ =90°

| 12v |
o AR AR
Vin:200V/DIV | [in:20A/DIV Vin:200V/DIV | Tin:20A/DIV
200ms/DIV 200ms/DIV

48V

fpvecd A ‘v'-‘-':(&WﬁW

,II ‘.!lllig [l‘; I

Vin:200V/DIV |  Lin:20A/DIV

Vin:200V/DIV |  Ein:20A/DIV

200ms/DIV

200ms/DIV

Note : 28V is same as characteristics of 48V
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210 AAY—VER (BAER) FiE

Inrush current characteristics Conditions Vin :200VAC
Io :100%
Tbp :25C
Switch on phase angle Switch on phase angle
of input AC voltage ¢ =0° of input AC voltage ¢ =90°

| 12V

fin — ot

.

Vin:500V/DIV |  Iin:20A/DIV Vin:500V/DIV | Iin:20A/DIV
200ms/DIV 200ms/DIV
|  48v |

{in —

Vin:500V/DIV | Iin:20A/DIV Vin:500V/DIV | [in:20A/DIV
200ms/DIV 200ms/DIV

Vin —

Note : 28V is same as characteristics of 48V

DENSEI-LAMBDA T-20



2.11 BHeRFR AE TR

Inrush current characteristics

PFES00-*

Conditions Io 50%  ------
100 %
Top: 25°C
Vin:100VAC Vin:200VAC
| 12v |
50 50
40 40
< <
E 30 E 30
g g
3] (5]
= =
E E
10 10
0 0
0.01 0.1 1 10 100 0.01 0.1 1 10 100
Brown out time (sec) Brown out time (sec)
| 48V
50 50
40 40
< <
§ 30 E 30
= )
% 20 5120
E E
10 10
0 0
0.01 0.1 1 10 100 0.01 0.1 1 10 100

Brown out time (sec)

Brown out time (sec)

Note : Above data includes secondary inrush current.

: 28V is same as characteristics of 48V

DENSEI-LAMBDA
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2.12 AJTERER

Input current waveform Conditions Io :100%
Tbp :25C
Vin:100AC Vin:200AC
12V

fin — / f\ : el ,

Vin:200V/DIV | Iin:10A/DIV Vin:200V/DIV |  Tin:10A/DIV

Sms/DIV Sms/DIV

48V
lin — ‘ / / < \ g
;f NI

Vin —] . - | \\ | \\ | \\
Vin:200V/DIV |  Tin:10A/DIV Vin:200V/DIV |  Iin:10A/DIV

Sms/DIV S5ms/DIV

Note : 28V is same as characteristics of 48V
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Bk y

Input current harmonics

i

2.13

: 100%
Tbp : 25°C

To

Conditions

12V

IEC61000-3-2 Limit (class A) —]

[ow]
—

—

(V) 19219 sruouLIery

Vin:100VAC

0.001

15 19 23 27 31 35 39

Harmonic Number

11

IEC61000-3-2 Limit (class A) —

10

Vin:230VAC

15 19 23 27 31 35 39

11

Harmonic Number

| 48V

2 Limit (class A)

-3

IEC61000

(V) 3ua1mo sruouey]

Vin:100VAC

0.001

15 19 23 27 31 35 39

Harmonic Number

11

IEC61000-3-2 Limit (class A)

[}
—

Vin:230VAC

15 19 23 27 31 35 39

11

Harmonic Number

Note : 28V is same as characteristics of 48V
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Leakage current characteristics

PFES00-*

Conditions Io
100 % —_—
Tbp : 25°C
f : 50Hz
Equipment used : MODEL 229-2
(Simpson)

12V |
1.0 ;
~ 08 :
< ;
E E
% 0.6
g :
3 ;
o 04 -
g 5
K s
g 02 :
0.0 E i : i i
80 120 160 240 280
Input voltage (VAC)
48V |
1.0 i
—~ 08
< :
g |
g 0.6
B :
3 :
o 04 .
& @
El :
8 02 :.
0.0 ' ' 5
80 120 160 240 280
Input voltage (VAC)

Note : 28V is same as characteristics of 48V
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215 HAY v 7N, 7 A4 X
Output ripple and noise waveform Conditions Vin : 100VAC
Io : 100%
Tbp :25C

12V

50mV/DIV | 1 us/DIV

28V

.....................................................

PPN IPSTEVETIE SPUPUPIIE SPEPEE NPT AP irslemirmimiroirmaiorberioried

100mV/D [ 1usDIV

48V

........................................
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2.16 EMIFE
Electro-Magnetic Interference characteristics

() HEWMFEE (RE/ A X)

Conducted Emission Conditions Vin : 100VAC
To :100%
[»)
Tbp :25C
Phase:N Phase:L
[CEY)] [4B(y W)}
Ha 110
100
5a
80
10
= . 5o
& :
H % 5o
40
30
20
' o ! H
0 i i :
o R 1 bogtitd ;
. ais asn 1.00 500 1000 120,00
Frequancy MHz Frequeney. MHz
{d8(u VI [dB(u V]
110 1o
100 100
90 50
50 50
0 7
_ 5 00
H H
= 50 3 5o
40 40
0 a0
20 20
10 10 : ' :
o o IR IR I R T | i
n1s ais aso 1.0 500 GO0 a0.00
Fraguency {MHZ Frequency [MHz]
WCETRZ WEERG)
1o "o H
100 oo —
" a0 —
- L
=
[ e e e e
f N IR
H BT T
|~ % 50 ff)
< ]”l IR
| 20 ]:U A o ihsifinm
3 20 b ; 5
SRRt 10 R
a P i Piih o : : ;
ais as0 1.00 500 100 30.00) n1s a50 1.00 500 1000 30,00
Frequency {MHz]] Frequency IMHzZ]
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2.16 EMI&F%E

Vin : 100VAC

Conditions

(b) MEFBRBE EBH/ 12
Radiated Emission

Electro-Magnetic Interference characteristics

To : 100%
Tbp :25C

VERTICAL
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