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BE NV 7 MR Warm up voltage drift characteristics

H R FFRFREIAE Hold up time characteristics
HAI5E 6 B D #-E Output rise characteristics
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EEG AR Over current protection (OCP) characteristics

@E

WEIEE (ANNBE) FE
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ANSEIEBHERE  Response to brown out characteristics
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EFRM RSy Input current harmonics
AJIBVEHE Input current waveform
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WAV 7T, A4 RKE
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lout
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HWS15A

A%k Evaluation Method
1.1 HElEEE Circuit used for determination

JAIFEEIF&1 Circuit 1 used for determination
-E84%%  Steady state data
-BERFUTMEMSE Warm up voltage drift characteristics
A REEBEE Hold up time characteristics
HATE EAVEEME  Output rise characteristics
HAIZETAYEME  Output fall characteristics
SBERREREM  Over current protection (OCP) characteristics
GBEEREEME  Over voltage protection (OVP) characteristics
GBERE(ANARZ)4EME Dynamic line response characteristics
ANEEREEEME  Response to brown out characteristics
s ANERER  Input current waveform

Digital power meter
1

AC Power
supply
O—

Shunt res.

Current probe

Controlled temp. chamber

HAIEBEER2 Circuit 2 used for determination
SEBESE (ARAZ) 1 Dynamic load response characteristics

Digital power meter
——————— 1

Dynamic dummy

Load | 1
Il

Load

1

C |
AC Power |
|

1

supply

Shunt res.

50%
Min

TDK-Lambda T-1



HWS15A

;AlE [ #&3 Circuit 3 used for determination
AN —UFER (EAEGR) KR Inrush current waveform

Digital power meter
1

I

Slide Reg.
Dynamic

dip
simulator

Current probe

Shunt res.

JAIFEEIF&4 Circuit 4 used for determination
)—HFFREEM Leakage current characteristics

Isolation

)_
AC Power
supply
D_

Leakage
current

dac ACO
Shunt res.

TDK-Lambda T-2



HWS15A

SIFEEIEES Circuit 5 used for determination

AT IV JAXER

Digital power meter

AC Power

C

9

supply

Output ripple and noise waveform

Oscilloscope
Bandwith : 100MHz

Coaxial Cable
1.5m 50Q

R :50Q
C1: 4700pF Ceramic cap.

BIFEHE B Configuration used for determination

-EMISE4E

Electro-Magnetic Interference characteristics

() EWHFEE (IFE/(1X)

Conducted Emission

AC Power supply

(B (HEHE) I
D.U.T.(Earthed) TV IR (an:x fm) i
Aluminum plate Vertical ground
Y INED 15 4
mﬁsﬁzﬂ%ﬁ D=80cm 4 D=40cm reference plane
EMI Test receiver u '
spectrum analyzer
Y wmyr— 0| A H=80cm
Power cable Stand
>
I [‘ L I 1 [‘
= O AR
JKEK Hiv AC Power supply
b Horizontal ground plane
(b) HEERBEE (MEH/1X)
Radiated Emission

D=3m BERRAERR (e

8 D.U.T.(Earthed) ZI” Ik ot
EMI Test receiver uminum prate
spectrum analyzer | o

E 2y —
—\ § 7T IR —7 v

&

8 g T =T Stand H=80cm

2 Turn table

i _T_ (&

] L O =y

g = AALER T

3 KA M ov

TDK-Lambda

Horizontal ground plane
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HWS15A

1.2 I ERESs  List of equipment used
EQUIPMENT USED MANUFACTURER MODEL NO.
1 | DIGITAL STORAGE OSCILLOSCOPE YOKOGAWA ELECT. DL9040L / DLM2054
2 | DIGITAL MULTIMETER AGILENT 34970A
3 | DIGITAL POWER METER HIOKI 3334
4 | DIGITAL POWER METER YOKOGAWA ELECT. WT110 / WT210
5 | CURRENT PROBE YOKOGAWA ELECT. 701928 / 701930
6 | DYNAMIC DUMMY LOAD TAKASAGO FK-400L / FK-600L
7 | DYNAMIC DUMMY LOAD KIKUSUI PLZ1004W / PLZ150U
8 | DUMMY LOAD PCN PHF250 SERIES
9 [ ISOLATION TRANS MATSUNAGA 3WTC-50K
10 [ CVCF TAKASAGO AA2000XG
11 | CVCF KIKUSUI PCR4000L
12 | CVCF NF ES10000S
13 | LEAKAGE CURRENT METER HIOKI 3156
14 [ DYNAMIC DIP SIMULATOR TAKAMISAWA PSA-210
15 | CONTROLLED TEMP. CHAMBER ESPEC SU-261/ SH-240
16 | EMI TEST RECEIVER / SPECTRUM ANALYZER [ ROHDE & SCHWARZ ESCI
17 | PRE AMP. SONOMA 310N
18 [ AMN SCHWARZBECK NNLK8121
19 [ ANTENNA SCHWARZBECK CBL6111D
20 | HARMONIC / FLICKER ANALYZER KIKUSUI KHA1000
21 | SINGLE-PHASE MASTER NF 4420
22 | REFERENCE IMPEDANCE NETWORK 20A NF 4150
23 | MULTI OUTLET UNIT KIKUSUI OTO01-KHA
TDK-Lambda T-4




2. FetET — %
2.1 EprE

() ATy - Aff - IBEEZEED, I E) - R

Characteristics

Steady state data

HWS15A

Regulation - line and load, Temperature drift / Start up voltage and Drop out voltage

| 5V | 1. Regulation - line and load Condition Ta: 25°C
lout\Vin | 85VAC | 100VAC | 200VAC | 265VAC line regulation
0% 5.010V | 5.010V | 5.010V | 5.010V omV 0.000%
50% 5.008V | 5.008V [ 5.008V | 5.008V omV 0.000%
100% 5.006V | 5.006V [ 5.006V | 5.006V omV 0.000%
load 4mV 4mV 4mV 4mV
regulation | 0.080% | 0.080% | 0.080% | 0.080%
2. Temperature drift Conditions Vin : 100 VAC
lout : 100 %
Ta -10C +25C +50°C | temperature stability
Vout 5.006V | 5.006V | 5.002V 4mV | 0.080%
3. Start up voltage and Drop out voltage Conditions Ta: 25C
lout : 100 %
Start up voltage (Vin) 76VAC
Drop out voltage (Vin) | 51VAC
[ 12V | 1. Regulation - line and load Condition Ta: 25°C
lout\Vin | 85VAC | 100VAC | 200VAC | 265VAC line regulation
0% 12.006V | 12.006V | 12.006V [ 12.006V omV 0.000%
50% 12.004V | 12.004V | 12.004V [ 12.004V omV 0.000%
100% 12.003V | 12.003V | 12.003V [ 12.003V omV 0.000%
load 3mV 3mV 3mV 3mV
regulation | 0.025% | 0.025% | 0.025% | 0.025%
2. Temperature drift Conditions Vin : 100 VAC
lout : 100 %
Ta -10C +25C +50°C | temperature stability
Vout 12.004V | 12.003V | 12.000V 4mV | 0.033%
3. Start up voltage and Drop out voltage Conditions Ta: 25C
lout : 100 %
Start up voltage (Vin) 76VAC
Drop out voltage (Vin) | 53VAC
[ 24V | 1. Regulation - line and load Condition Ta: 25°C
lout\Vin | 85VAC | 100VAC | 200VAC | 265VAC line regulation
0% 24.007V | 24.007V | 24.007V | 24.007V omV 0.000%
50% 24.004V [ 24.004V | 24.004V | 24.004V omV 0.000%
100% 24.003V [ 24.003V | 24.002V | 24.003V 1mV 0.004%
load 4mV 4mV 5mV 4mV
regulation | 0.017% | 0.017% | 0.021% | 0.017%
2. Temperature drift Conditions Vin : 100 VAC
lout : 100 %
Ta -10C +25C +50°C | temperature stability
Vout 24.054V | 24.003V | 23977V | 77mV | 0.321%
3. Start up voltage and Drop out voltage Conditions Ta: 25C
lout : 100 %

Start up voltage (Vin) 76VAC
Drop out voltage (Vin) | 49VAC
TDK-Lambda
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@ V7N AXEERFATIEE
Ripple noise voltage vs. Input voltage Conditions lout: 100 %
Ta: -10°C -----
25°C ——-
50 °C ——

5V |

100

80

60

40

=~
---------------

20

Ripple noise voltage (mV)

50 100 150 200 250
Input voltage (VAC)

12V |

100

80

60

40

20

Ripple noise voltage (mV)

50 100 150 200 250
Input voltage (VAC)

24V |

100

80

60

40

20

Ripple noise voltage (mV)

50 100 150 200 250
Input voltage (VAC)
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(3) Zh SRt th B

Efficiency and Power factor vs. Output current

5V |
90 0.7
85
I 0.6
- 80 ,,_‘71’. - bt B
S 75 7 == S
3 ’ /// 8 o
'S < 04
& 65 /7 5
TR / .
// 0.3
55 ]
50 0.2
0O 20 40 60 80 100
Output current (%)
12V |
90 0.7
85
B i 0.6
—~ 80 r//‘ ¢//
L5 A pEr S
5 70 % // E oo
c —
§00 5
2 65 / s 04
= // a
“eo [t
/ 0.3
55 /
50 0.2
0 20 40 60 80 100
Output current (%)
24V |
90 0.7
85 S ==
80 Vi el 0.6
~ i/ .
X !
S [El / 7 % 05
2 70 / / o
2 Q
S 65 / / % 0.4
5ol =
60 /
/ 0.3
55
50 0.2
0 20 40 60 80 100
Output current (%)
TDK-Lambda

Conditions Vin:

HWS15A

85 VAC ———~
100 VAC —— -
200 VAC —
265 VAC ———
Ta: 25°C

_____

AN
\

0 20

40 60 80 100
Output current (%)

N,
ALY

AR
\

0 20

40 60 80 100
Output current (%)

7l —_
/,_/"”’—-
-
/
0 20 40 60 80 100

Output current (%)
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(4) NJ3EE Tk ) fEiR

HWS15A

Input power vs. Output current Conditions Vin: 85 VAC ~=-~
100 VAC — =~
200 VAC —
265 VAC ———
Ta: 25°C
20
/
1 P2
6 S
S 7
vin Input power = 12 —~
lout : 0% g _z
85VAC 0.3W § 8 i
100VAC 0.3W §_ _Z
200VAC 0.5W = 24 > Zdl
265VAC 0.7W pd
O Y
0 20 40 60 80 100
Output current (%)
12V
20
16 Y
< P
7
Vin Input power % 12 7
lout : 0% g _#
85VAC 0.4W 3 g -
100VAC 0.5W = /;/
200VAC 0.6W = 4 _ Zdl
265VAC 0.8W P 7
0
0 20 40 60 80 100
Output current (%)
24V
20
16 prd
7
. Input power = 12 p g
vin lout : 0% g _ P
85VAC 0.5W 2 g S
100VAC 0.5W 2 _F
200VAC 0.6W = 4 7
265VAC 0.6W A
0
0 20 40 60 80 100
Output current (%)

TDK-Lambda T.8




(5) AJyEE i iR
Input current vs. Output current

Conditions Vin:

HWS15A

85 VAC —=—=~

100 VAC — =~
200 VAC —
265 VAC ———

Ta: 25 °C

0.5
0.4 ‘
. Input current = 0.3 i
Vin lout : 0% £ T
85VAC 0.01A 5 0.2 <
100VAC 0.01A 2 Pt ="
200VAC 0.01A = 01 . = = -
265VAC 0.02A - ==
0.0
20 40 60 80 100
Output current (%)
12V
0.5
0.4 ]
. Input current = 03 P
vin lout : 0% 3 Pt
85VAC 0.01A 3 02 -
100VAC 0.01A §_ // 4, -
200VAC 0.01A = 01 s e
265VAC 0.02A A==
0.0
20 40 60 80 100
Output current (%)
24V
0.5
0.4
. Input current = 03 e
vin lout : 0% o it
85VAC 0.02A 3 02 T
100VAC 0.02A §_ // 4, -
200VAC 0.02A = 01 e B =
265VAC 0.02A - ==
0.0
20 40 60 80 100
Output current (%)
TDK-Lambda T-9
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22BN Y 7 MR 2.3 ) PR FFIRE R AR
Warm up voltage drift characteristics Hold up time characteristics
Conditions Vin: 100 VAC Conditions Vin: 100 VAC ——
lout: 100 % 200 VAC ------
Ta: 25 °C Ta: 25 °C
0.4 1000
g 02 > T
£ E T
'E D B ~
L 00 — £ 100 ™~
] o
6 >
> k=
2 02 2
5
o
-0.4 10
0 1 2 3 4 5 6 7 8 20 40 60 80 100
Time (hours) Output current (%)
12V
0.4 1000
S 02 - ~
= E T~
© o P~
% 0.0 £ 100 N
S S
5 o0 5
g0 = =
o
-0.4 10
c 1 2 3 4 5 6 7 8 20 40 60 80 100
Time (hours) Output current (%)
24\
0.4 1000
g 02 _ ~
4= @ S~
£ £ R
o) 5 i~ -~
2 0.0 £ 100 ™
= o
o >
= -
2 -0.2 2 —
5
o
-04 10
c 1 2 3 4 5 6 7 8 20 40 60 80 100
Time (hours) Output current (%)
TDK-Lambda T-10
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{63

Output rise characteristics

lout : 0%

HWS15A

Conditions  Vin: 85 VAC (A)

— Vout —

100 VAC (B)
200 VAC (C)
265 VAC (D)
Ta: 25°C
lout : 100%
AIT|CD
;

[ <— Vin —

2V/DIV

| 200ms/DIV

| 12v |

2V/IDIV. | 200ms/DIV

lout : 0%

lout : 100%

(’ — Vout —
|

AB CD

| < Vin —

5V/IDIV

| 200ms/DIV

| 24v |

5V/IDIV. |  200ms/DIV

lout : 0%

lout : 100%

— Vout —

AB CD

10V/DIV

| 200ms/DIV

10V/DIV |  200ms/DIV

TDK-Lambda

T-11



HWS15A

2.5 3B F A8 0 Fit
Output fall characteristics Conditions  Vin: 85 VAC (A)
100 VAC (B)
200 VAC (C)
265 VAC (D)
Ta: 25°C
L 5v |
lout : 0% lout : 100%
AB C D AB C D
Iil | |  Veut | | |
L k k
k L — 0V —
— Vin —|
2V/IDIV |  10s/DIV 2V/IDIV | 50ms/DIV
| 12v |
lout : 0% lout : 100%
AB C D AB C D
kk <— Vout k \
k <oV -
— Vin —
5V/IDIV | 5s/DIV 5V/IDIV. | 50ms/DIV
| 24v |
lout : 0% lout : 100%
AB C D AB C D
[ Il | |
— Vout — K k k
— QV —
— Vin —|
10V/DIV | 5s/DIV 10V/DIV |  50ms/DIV

TDK-Lambda T-11
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2.6 W EE I IR AR
Over current protection (OCP) characteristics
Conditions Vin: 100 VAC Conditions Vin: 85 VAC-----
Ta: -10 C------ 100 VAC——
25 C——- 200 VAC—
50 C—— 265 VAC—— -
Ta: 25°C
6 6
5 D 5 N )
// — r;’f//
?/ 4 /,'7 \>./ 4 »/'//,’/
g P4 > e
£ 3 A £ 3 =
E d S #”"//
£ pd g g’ 7
= ‘4
o 1 » o 1 v
0 0
0 50 100 150 0 50 100 150
Output current (%) Output current (%)
12V
12 12 7
10 ’/' — 10 '/l/
S D yiozd
g 8 = ® 8 Z77
/ [@)] s
(%’ /, S /’- 7
= 6 L IS) 6 - ///
o 7 > 7,
> 7 2/
5 / 5 0
S 4 g 4 7
£ 3 7
o 2
0 0
0 50 100 150 0 50 100 150
Output current (%) Output current (%)
24V
25 25 =
/z’ ’z';/’/
-7 W74
= 20 e < 20 i
% 2 ,,f/'}/
P [<5] 7
2 15 g 15 4
S = W
> > /’/
5 10 7 Z 10 7
= S
© 5 7 O 5 #
0 0
0 50 100 150 0 50 100 150
Output current (%) Output current (%)

TDK-Lambda T-13
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2.7 LR R
Over voltage protection (OVP) characteristics

Conditions Vin : 100 VAC

lout : 0%
Ta: 25°C
5V |
OVP Point
Vout—
oV—
2V/DIV 1s/DIV
12V |
OVP Point
Vout—
ovV—
5V/DIV 2s/DIV
24V |
_OvpPpoint
Vout—
oV—
10V/DIV — 2sIDIV

TDK-Lambda T-14



2.8 WPEINE (NRZE) Rtk
Dynamic line response characteristics

5V |

Vout (A)—

Vout (B)—

Vin— |

12V |

Vout (A)—

Vout (B)—

vin— [

24V |

Vout (A)—

Vout (B)—

Vin—

HWS15A

Conditions Vin : 85 VAC——132VAC (A)
170 VAC——265VAC (B)

lout : 100 %
Ta : 25°C

50mV/DIV 500ms/DIV

i ,

50mV/DIV 500ms/DIV

50mV/DIV 500ms/DIV

TDK-Lambda

T-15



2.9 W IEISE (RMEZL) Rt
Dynamic load response characteristics

" < Vout—

L oy L] <« lout —
<— lout:0% —
200mvV/DIV 2ms/DIV
+1.48% -1.44%
| 12V
f=100Hz
—T/v———-ﬁ_“\w———*ﬁ— ~— Vout —
I Ly o — Jout —
<~ lout:0% —
200mV/DIV 2ms/DIV
+0.65% -0.65%
| 24V
f=100Hz

HWS15A

Conditions  Vin: 100 VAC
lout: 50 %<—>100%
(tr = tf = 50us)
Ta: 25°C
f=1kHz
200mV/DIV 200us/DIV
+1.47% -1.42%
f=1kHz
V’\/\/\/’\/"\/\
m
200mV/DIV 200us/DIV
+0.57% -0.60%
f=1kHz

TN e T TN e T T

oy \_,% \_f ~— |lout — m
<— lout:0% —
200mvV/DIV 2ms/DIV 200mV/DIV 200us/DIV
+0.19% -0.20% +0.20% -0.20%
TDK-Lambda T-16
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2.10 N J)EEEB#ERr i
Response to brown out characteristics Conditions lout: 100 %
Ta: 25°C
Wf5=BFR  Interruption time
A HHEEIME T2l Output voltage does not drop.
B : HIBIEDIX F230VE T2V Output voltage drop down not reaching 0V.
C: HEENOVETIL T Output voltage drops until OV.

Vin : 100VAC Vin : 200VAC
A =23ms, B=28ms, C =33ms A =132ms, B =137ms, C = 143ms
i i
Jlé — Vout — \f
A=W - vae -
2Vv/IDIV___ [ 50ms/DIV 2VIDIV___ | 50ms/DIV
12V
Vin : 100VAC Vin : 200VAC
A =25ms, B=29ms, C = 36ms A =135ms, B =139ms, C = 146ms
i i
\f < Vout — T
t — vV — :
AW - v
<~ Vin —
5V/DIV | 50ms/DIV. 5V/DIV | 50ms/DIV.
24\
Vin : 100VAC Vin : 200VAC
A =28ms, B=32ms, C =45ms A =138ms, B =143ms, C = 158ms
T TRr
\\// — Vout — /\//ﬁ
— Qv —
WA - vio ~ W
10V/DIV__ | 50ms/DIV 10V/DIV__ | 50ms/DIV

TDK-Lambda T-17
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211 A — R (SRAER) HE
Inrush current waveform

Conditions  Vin: 100 VAC
lout : 100 %
Ta: 25°C
Switch on phase angle of input AC voltage Switch on phase angle of input AC voltage
¢ =0° ¢ =90

|

AR e R

AMMH\M//\/\M ’ﬂ M WMP I ﬂ ﬂ {\ [\W\
5A/DIV | 100ms/DIV 5A/DIV | 100ms/DIV

Conditions  Vin: 200 VAC
lout : 100 %
Ta: 25°C
Switch on phase angle of input AC voltage Switch on phase angle of input AC voltage
¢ =0 ¢ =90

e |In = iy

I — e~

10A/DIV | 100ms/DIV 10A/DIV | 100ms/DIV

TDK-Lambda T-18



HWS15A
2.12 =l RSy

Input current harmonics Conditions lout : 100 %
Ta : 25°C
I 5V |
Vin : 100 VAC
10.000
‘\
SN
1,000 NL IEC61000-3-2 Limit (class A) |
< SN —
&
5 0.100
L
c
o
1S
< 0.010
T
0.001
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic order
Vin : 230 VAC
10.000
. 1.000 A —
< N IEC61000-3-2 Limit (class A) —————
= o
QL
5 0.100
L
c
o
1S
s 0.010
T
0.001

1 3 5 7 9 11 13 1517 19 21 23 25 27 29 31 33 35 37 39
Harmonic order

2.13 NJJEIREIE

Input current waveform Conditions lout : 100 %
Ta: 25°C
Vin : 100VAC Vin : 200VAC
N\ N\ ;
——\/ \/ \/——— —lin— —\/ Y, v
i LS
._.'f \\"-__ r
.__\\_//.r,; \‘\_//,. o
2A/IDIV |  5ms/DIV 2A/IDIV | 5ms/DIV

TDK-Lambda T-19
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2.14 U — 7 SRR

Leakage current characteristics Conditions lout: 0 %
100% -~
Ta: 25°C

Equipment used : 3156 (HIOKI)

f: 50 Hz

0.30
EE /’
1S
= 020 = —
o ——
& _—
< 0.10
<5 -
-

0.00

80 120 160 200 240 280
Input voltage (VAC)
f: 60 Hz

0.30 //
2 7
é ////
= 0.20
o
:.i) /
< 0.10 .
[«5]
-

0.00

80 120 160 200 240 280

Input voltage (VAC)

TDK-Lambda T-20



HWS15A
215NV v T A XY

Output ripple and noise waveform Conditions Vin : 100 VAC
lout : 100 %
Ta : 25°C
5V |
WWW
20mV/DIV | 5us/DIV
2V |

20mv/DIV___| 5us/DIV

24V |

i Sl Sl Sl

20mV/DIV | 5us/DIV
TDK-Lambda T-21




HWS15A

2.16 EM T it

230 VAC
100 %

Vin

Conditions

Electro-Magnetic Interference characteristics

lout :

25 °C

Ta :

Conducted Emission

M T E

sV

N

Phase :

VCCI Class B
QP Limit

VCCI Class B
AV Limit

.00

[MHz]

10,00

(6]
5 < |
Con)
~8 28| v | ©
AZnC(rO o
- T|=
S5
o o
T oEg 9@
ESl w| ™
L(\6 Lo
@
b >
[a
e
= O | <
o

Point B
(4MHz)
Limit
(dB)
56.0

Measure

(dB)
36.8

21.5

46.0

Ref.

Data
QP

AV

L

Phase :

VCCI Class B
QP Limit

i

VCCI Class B
AV Limit

.00

[MHz]

10.00

5.00

Point C
(190kHz)

Limit
(dB)
64.0

Measure

(dB)
55.4

39.2

54.0

Ref.

Data
QP

AV

Point D
(4MHz)
Limit
(dB)
56.0

Measure

(dB)
35.2

20.9

46.0

Ref.

Data
QP

AV

EN55011-B,EN55032-B,FCC-B D RS E iZVCCI class BOR S & [F] U

Limit of EN55011-B,EN55032-B,FCC-B are same as its VCCI class B.

T-22
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HWS15A

2.16 EM T it

230 VAC
100 %

Vin

Conditions

Electro-Magnetic Interference characteristics

lout :

25 °C
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