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Terminology used
Definition

Vin ————————- Input Voltage

Vout ————————- Output Voltage
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Iout - ———————-— Output Current

Pin - ———————— Input Power

Ta —————————- Ambient Temperature
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1. Evaluation method

1.1 Circuit used for determination

Circuit 1 used for determination

B Steady state data
B Over current protection (OCP)characteristics
I Over voltage protection (OVP)characteristics

I Output rise characteristics
I Output fall characteristics
I Hold up time characteristics

AC Power
supply

I

Digital power meter

AAA

Circuit 2 used for determination

Controlled temp. chamber

B Dynamic load response characteristics

supply

{
AC Power

Digital power meter

Shunt res.

load

@ J&mLZL_rL

| Load

Output current waveform
Iout 50% <==> 100%

Shunt res.

77T 100%
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Circuit 3 used for determination

B Inrush current waveform

/ Digital power meter
Fressssese L
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Circuit 4 used for determination

B Lcakage current characteristics
Digital power meter
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supply
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Circuit 5 use for determination

I Output ripple and noise waveform

Digital power meter

Osiloscope
Bandwidth: 20 MHz

O
SWI
|
AC POWER | i
SUPPLY 1 -, — Probe :
! Lecory 500MHz 10:1
|

C1
> PPOO6A 10M ohm/12pF
Lo —==3 2> | oad

< C1 : O.1uF Fim Cap.
150mm  C2 : 100uF Elec Cap.
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Configuration used for determination
Electromagnetic interference characteristics

(a) Conducted emission

D.U.T.(Earthed . (2m x 2m)
Aluminum plate Vertical ground

M‘ D=80em e Dettem || seference plane

s H=80cm
Power cable Stand

EMI Test receiver
spectrum analyzer

o AT AL T AL L REL L LR L2,

RN ' o

AC Power supply

PZZTTZZ,

Earth Horizontal ground plane

(b)Radiated emission

§ . D=3m

v

3 b barkes Aluminum plate
EMI Test receiver E
spectrum analyzer [ r -
pre amp. E N

.

E Antenna  Power cable

b

] .

N Stand H=80¢m

3 Turn table

N

N v

— =r —

N o =

N AC Power supply

5 Earth Horizontal ground plane
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1.2 List of equipment used

MWSG65

EQUIPMENT USED MANUFACTURER MODEL NO.
1 |DIGITAL STORAGE OSCILLOSCOPE [LeCroy LT354
2 |DIGITAL MULTMETER HP 3401A
3 |DIGITAL POWER MULTMETER YOKOGAWA ELECT WT210
4 |CURRENT PROBE TEKTRONIX TPC 312
5 |CURRENT PROBE/AMP TEKTRONIX TPC A300
6 |DYANMIC DUMMY LOAD Chroma 63030
7 |DUMMY LOAD Chroma 63030
8 |LEAKAGE CURRENT METER EXTECH 7611
9 |CONTROLLED TEMP.CHAMBER KSON THS-B4L
10 ill\\gi 5SZ’£II:ECEIVER/SPECTRUM R&S ESCS 30
11 JANTENNA Schaffer Chase CBL6112B
12 |HARMONIC/FLICKER ANALYZER Schaffer NSG 1007
13 |[COAXIAL CABLE Huber+Suhner RG 214
14 |LISN R&S ENV4200
15 |LISN R&S ENV216
16 |PULSE LIMITER R&S ESH3-Z2
17 |COAXIAL CABLE Huber+Suhner RG 400

TDK-Lambda
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MWSG65

2. Characteristics

2.1 Steady state data
(1) Regulation- line and load, Temperature drift/ Start up voltage and Drop out voltage

1. Regulation: line and load Condition Ta: 25°C
JTout\Vin | 85VAC | 115VAC ] 230VAC | 265VAC Line regulation
0% 5.009V ] 5.009V | 5.009V | 5.009V | 0.0mV 0.00%
50% 5.007V ] 5.007V ] 5.005V | 5003V | 4.0mV 0.08%
100% 5.000V ] 5.000V | 5.000V | 4998V | 2.0mV 0.04%
Load 9.0mV 9.0mV 9.0mV 11.0mV
regulation] 0.18% 0.18% 0.18% 0.22%

2.Temperature drift Condition Vin:115VAC
Iout:100%

Ta -10°C +25°C +50°C | Temperature stability
Vout 5.005V | 5.000V | 5.003V 5.0mV | 0.10%

3.Start up voltage and Drop out voltage Condition Vin:115VAC
Tout:100%
Start up voltage(Vin) 72.6VAC
Drop out voltage(Vin) 71.4VAC
12V
1. Regulation- line and load Condition Ta: 25°C
Tout\Vin | 85VAC | 115VAC ]| 230VAC | 265VAC Line regulation
0% 12.023 V ]12.023 V ]112.023 V]12.023 V| 0.0mV 0.00%
50% 12.021 V]12.017V ]12.014V ]112.012V ] 9.0mV 0.08%
100% J12.020 V 112.019V |12.013 V]12.008 V] 12.0mV | 0.10%
Load 3.0mV 6.0mV 10.0mV | 15.0mV
regulation] 0.03% 0.05% 0.08% 0.13%
2. Temperature drift Condition Vin:115VAC
Tout:100%
Ta -10°C +25°C +50°C | Temperature stability
Vout 12.035 V] 12.019 V] 12.065 V] 46.0mV | 0.38%
3.Start up voltage and Drop out voltage Condition Vin:115VAC
Tout:100%
Start up voltage(Vin) 64.4VAC
Drop out voltage(Vin) 62.8VAC
24V
1.Regulation- line and load Condition Ta: 25°C

Tout\Vin | 85VAC | 115VAC | 230VAC | 265VAC Line regulation
0% 24.013V]24.011V]124.022V]24.020V ] 11.0mV | 0.05%
50% 24.015V]24.012V ]124.023V]24.017V] 11.0mV | 0.05%

100% 124.014V 124.018V]24.025V 124.019V ] 11.0mV | 0.05%
Load 2.0mV 7.0mV 3.0mV 3.0mV
regulation] 0.01% 0.03% 0.01% 0.01%

2. Temperature drift Condition Vin:115VAC
Iout:100%

Ta -10°C +25°C +50°C | Temperature stability
Vout 24.028 V]24.018 v]24.100 V] 82.0mV | 0.34%

3.Start up voltage and Drop out voltage Condition Vin:115VAC
Tout:100%
Start up voltage(Vin) 69.1VAC
Drop out voltage(Vin) 67.4VAC
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(2) Efficiency v.s Output current

MWSG65

Conditions: Vin : 85 VAC
. 115 VAC
. 230 VAC
1 265 VAC
Ta:25°C
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(3) Input current v.s Output current

MWSG65

Conditions: Vin : 85 VAC
1115 VAC
230 VAC
1265 VAC
Ta:25°C
Vin Input Current [ 85VAC ---118VAC ——230VAC ----- 265VAC |
10=0% - Input current vs Output current
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0 | | | |
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3
5
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5
o
£
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24V
Vin IHD‘I“ CO‘j);rem == 85VAC - - - 115VAC_——230VAC ----- 265VAC |
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(4) Input power v.s Output current
Conditions: Vin : 85 VAC

: 115 VAC
: 230 VAC
1 265 VAC
Ta:25°C
Input power [ 85VAC - - - 115VAC ——230VAC ----- 265VAC |
Vin 10=0% - Input Power vs Output current
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a
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24V
Input power [ e 85VAC - - -115VAC ——230VAC ----- 265VAC |
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115VAC 0.21W o ”
230VAC 0.28W = =
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o
5
E’ 20 |
Q
0% 20% 40% 60% 80% 100%
Output current (%)
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2.2 Over current protection (OCP)characteristics

Conditions: Vin : 85 VAC

: 115 VAC
: 230 VAC
: 265 VAC
Ta:25°C
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Conditior Vin : 115 VAC
1 Io=0%
Ta:25°C

2.3 Over Voltage protection (OVP)characteristics

eCroy
OVP Point- | ! ! .
Vout-> —-———/:. |
0V_>
2V/DIV | 10s/DIV
12V
isCroy i
OVP Point- L .
Vout-> |——— \ |7
P \\“x@-“ﬁ_
ov-> I+ttt Ly '_'——-——-
5V/DIV | 10s/DIV
24V
LeCroy T
OVP Point- - i 1 ! i
Vout- fle—do LV \ 5
10V/DIV | 10s/DIV
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2.4 Output rise characteristics
Conditions: Vin : 85 VAC

: 115 VAC
£ 230 VAC
1 265 VAC
Ta:25°C
Load=100%
85VAC 115VAC
- leCroy
LeCroy
<Vout> || ||| | e ——————
oo |ttt bttt <-OV-> ey T+ -
2V/DIV | 500ms/DIV 2V/DIV | 500ms/DIV
230VAC 265VAC
leCroy 1 iaCroy
g ! . | . . | |<-Vout->
<-0V->
<-Vin->
2V/DIV | 500ms/DIV 2V/DIV | 500ms/DIV
Load=0%
85VAC 115VAC
LeCroy 1 ieCroy I
! <-Vout-> _ _ | [
2V/DIV | 500ms/DIV 2V/DIV | 500ms/DIV
230VAC 265VAC
LeCroy ] leCroy I |
LT[ <von —— —
_____________________________ | <ovs _ _ N ———
<-Vin->
2V/DIV | 500ms/DIV 2V/DIV | 500ms/DIV
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2.4 Output rise characteristics
Conditions: Vin : 85 VAC

2 115 VAC
12V 1 230 VAC
1265 VAC
Ta:25°C
Load=100%
85VAC 115VAC
| <-Vout-> !
| | 3
j | b | <ov-> ! ‘
5V/DIV | 500ms/DIV 5V/DIV | 500ms/DIV
230VAC 265VAC
LeCroy [ ] | | Lecroy [ I
[ [ I i i || <-Vout-> _ ™
|
<-0V->
<-Vin->
5V/DIV | 500ms/DIV 5V/DIV | 500ms/DIV
Load=0%
85VAC 115VAC
LeCroy| I T troy - - -
._.,.... — |l <-Vout->
.................. <-0V->
5V/DIV | 500ms/DIV 5V/DIV | 500ms/DIV
230VAC 265VAC
LeCroy| I [ I LeCroy| [ I T
: <-Vout-> | _ | | —:“- i i i R Wl
._._._._._._._._._.__._._._| ittt bttt ] <-OV->
| <-Vin->
5V/DIV | 500ms/DIV 5V/DIV | 500ms/DIV
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2.4 Output rise characteristics
Conditions: Vin : 85 VAC

: 115 VAC
YTy 1 230 VAC
1 265 VAC
Ta:25°C
Load=100%
85VAC 115VAC
LeCroy T tetray
CTTTTTTTTTT T < Vout>
‘ <-0V->
10V/DIV | 500ms/DIV 10V/DIV | 500ms/DIV
230VAC 265VAC
LeCroy | f [ lecroy
<-Vin->
10V/DIV | 500ms/DIV 10V/DIV | 500ms/DIV
Load=0%
85VAC 115VAC
Lecroyl I I [ LeCroy |
<-Vout-> [
E
10V/DIV | 500ms/DIV 10V/DIV | 500ms/DIV
230VAC 265VAC
leCroy| T I T [ T LeCroy| [ ] [
<-Vout-> 5
<-0V->
<-Vin->
10V/DIV | 500ms/DIV 10V/DIV | 500ms/DIV
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2.5 Output fall characteristics

85VAC
L=Croy|
|
Avavavs
2V/DIV | 20ms/DIV
230VAC
LeCroy I |
\
!
n
2V/DIV | 20ms/DIV
85VAC
LaCroy
|
2V/DIV | 10s/DIV
230VAC
LeCroy 1
W
2V/DIV | 10s/DIV

|| <-Vout->

<-QV->

<-Vin->

<-Vout->

<-QV->

<-Vin->

| <-Vout->

<-QV->

<-Vin->

_ <-Vout->

<-QV->

<-Vin->

Conditions: Vin : 85 VAC

: 115 VAC
: 230 VAC
1 265 VAC
Ta:25°C
Load=100%
115VAC
AN L
/\/ VAV
2V/DIV | 20ms/DIV
265VAC
LeCroy f
1|| 4
III !
jm
2V/DIV | 20ms/DIV
Load=0%
115VAC
I '\‘ }
2V/DIV | 20s/DIV
265VAC
LleCroy
-II
%
2V/DIV | 20s/DIV
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2.5 Output fall characteristics

12V
85VAC
LeCroy
1 1 | "\I
\
5V/DIV | 20ms/DIV
230VAC
LeCraoy
!
\
| /ﬂ_ AA L - |
AR
A=
5V/DIV | 20ms/DIV
85VAC
leCroy
5V/DIV | 10s/DIV
230VAC
leCroy
%
5V/DIV | 10s/DIV

<-Vout->

<-QV->

<-Vin->

<-Vout->

<-QV->

1 <-Vin->

<-Vout->

<-QV->

<-Vin->

1<-Vout->

<-QV->

<-Vin->

Conditions: Vin : 85 VAC

: 115 VAC
: 230 VAC
1 265 VAC
Ta:25°C
Load=100%
230VAC
| \...
bt —
NNAN
A
5V/DIV | 20ms/DIV
265VAC
LeCroy
L
II
5V/DIV | 20ms/DIV
Load=0%
115VAC
G

]

T T

VDIV |

20s/DIV

265VAC

LleCroy

NS

5V/DIV |

20s/DIV
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2.5 Output fall characteristics
Conditions: Vin : 85 VAC

: 115 VAC
: 230 VAC
24V : 265 VAC
Ta:25°C
Load=100%
85VAC 115VAC
Lecroy | [ leCroy I
=T |+ | || | j|<Vout> |smmfommspomtoy
AY \
1 Lol | <-0V-> PPN PRI LIPS I
VA" A" EEE [ <vos (VAL
10V/DIV | 20ms/DIV 10V/DIV | 20ms/DIV
230VAC 265VAC

<-Vout->

.................. D A e e ——— <_0V_> 4 —
i i T <-Vin-> i e

10V/DIV | 20ms/DIV 10V/DIV | 20ms/DIV
Load=0%
85VAC 115VAC
LeCroy LeCroy
1 \ . _ <-Vout-> | \\
T e _ N _
| PP I BRG i rer ——2 SEE WAE S | <-0V-> | et ‘__"—-—-—--—w-—-—.-..—-—
10V/DIV | 10s/DIV 10V/DIV | 20s/DIV
230VAC 265VAC
LeCroy I LeCroy
| | <-Vout-> { '
----- <-0V-> ; i \——_..
<-Vin->
10V/DIV | 10s/DIV 10V/DIV | 20s/DIV
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2.6 Hold up time characteristics

Hold up time [15Vac

MWSG65

Conditions: Vin : 115VAC
1 230VAC
Ta:25°C

Held up time 230Vac

100000 100000
10000 10000 \\
£1000 21000
" o
2100 » = 100 3
2 =
= \p 2
10 T T T T 10 T T T
0% 20% 40% 60% 80% 1005 0% 20% 40% 60% 80% 100%
Cutput current (%) Cutput current (%)
12v
Hold up time 115Vac Hold up time 230Vac
100000 100000
10000 "\\ 10000 \
£1000 21000
5100 2 100 —e
10 . : i ! BT ; : ;
0% 20% 40% 60% B0% 100% (% 20% 40% 60% 0% 100%
Output current (%) Output current (%)
24V
Hold up time 115Vac Hold up time 230Vac
100000 100000
-
10000 10000
£1000 £1000 \\\*\
5100 5100 -
10 T T T 10 T T -
0% 206 40% 60% 80% 1004 0% 20% 40% 60% 50% 100%
Cutput current (%) Output current (%)
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2.7 Dynamic load response characteristics

100Hz

LE'EI'D'j-

——

MWSG65

Conditions: Vin : 115VAC
Tout : 50%~100%
Tr=Tf=75us
Ta:25°C

1<-Vout->

LeCroy|

1kHz

e

<-lout->
<-lo OA->
200mV/DIV 2ms/DIV 200mV/DIV 200us/DIV
4.72% -4.52% 4.98% -4.66%
12V
100Hz 1kHz
LeCroy R eCroy

<-Vout->

<-lout-
<-lo 0A->

200mV/DIV 2ms/DIV 200mV/DIV 200us/DIV

1.73% -1.76% 1.68% -1.76%
24V
100Hz 1kHz
isCroy LeCroy | | | |

<-Vout->| W

200mV/DIV 2ms/DIV

0.61% -0.66%

<-lout-

<-lo OA-q

200mV/DIV

200us/DIV

0.48%

-0.48%
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2.8 Response to brown out characteristics

A=18ms

5(’\’\
_J_\

”\/\"\f‘ﬂﬂ\\“

"\/v\.

\!
2V/DIV | 20mS/DIV
C=28ms
Ry
} AR n A
\ / \/ /
\
\/ \,f J \h \ / l‘
2V/DIV | 20ms/DIV
12V
A=14ms
LaCroy; |
‘ .: ﬂ 'F
w
v U \/ \; _ |
5V/DIV 20mS/DIV
C= 29ms
5V/DIV | 20ms/DIV
24V
A=15ms
f\
f‘ A f f \

Wiy

u u \f \\/- UU- v

10V/DIV

20ms/DIV

C=20ms

10V/DIV

500ms/DIV

<-Vout->

<-0V->

<-Vin->

| <-Vout

<-Vin

| <-Vout->

<-0V->

<-Vin->

<-Vout

<-0V

<-Vin

| <-Vout->

<-0V->

<-Vin->

- | <-Vout
o IR0

‘ ' <-Vin

MWSG65

Conditions: Vin : 115 VAC

B=19ms

T

AN

Y

\'a’\'

A

2V/DIV

| 20ms/DIV

T \/{\ e

“/\ l
CATATATRSITAYAviY w

5V/DIV

| 20ms/DIV

B=19ms

f\ ; /\/\

lOV/DIV

20ms/DIV

TDK-Lambda
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2.9 Inrush current waveform

Switch on phase angle of input AC voltage y=0

LeCroy|

5A/DIV l 5ms/DIV

12V

Switch on phase angle of input AC voltage y=0
LeCroy '

5A/DIV l 5ms/DIV

24V

Switch on phase angle of input AC voltage y=0
e : : . - : : : .

N

Sms/DIV

SA/DIV |

<-lin->

<-Vin->

<-lin->

<-Vin->

<-lin-

<-Vin->

MWSG65

Conditions:

Ta:25°C

Switch on phase angle of input AC voltage y=90

LECI"D'j.

20A/DIV l 5ms/DIV

Switch on phase angle of input AC voltage y=90
LeCroy :

20A/DIV l 5ms/DIV

Switch on phase angle of input AC voltage y=90

LeCroy

20A/DIV l 5ms/DIV

TDK-Lambda

Vin : 230 VAC
Io : 100%
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2.10 Current harmonics

Conditions: o : 100%

Ta:25°C
Red=150% Limit
Blue=100%Limit
Bar chart= Actual
Vin : 115VAC Vin : 230VAC
_ 35 = A i 35 =
2 30-E = P 7 30 =
E o5 /|| |IEC61000-3-2Limit (class A) Elat Nl /IEC61000/3-2 Limit (class A)
B 00 - e l
= 20 = g 2.0
T 15 - | T 15 / A
§ 1.0 i 5 1.0 f A A
3 05 . 3 05— ¥ YA
2 0.0 £ s _LIT.,_ : — = oo - N _.,,I‘Mﬁfﬁt——-ﬁ e ———— l
4 8 12 16 20 24 28 32 36 40 4 8 12 18 20 24 28 32 36 40
Harmonic # Harmonic #
12V
Vin : 115VAC Vin : 230VAC
35F I 35
2 30 - 2 30 - —
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2.11 Input current waveform
Conditions: Vin : 115 VAC

: 230 VAC
Io : 100%
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2.12 Leakage current characteristics

MWSG65

Conditions: Vin : 85/115/230/265 VAC
Tout : 0%,100%
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2.13 Output ripple and noise Waveform
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Conditions Vin ; 115 VAC
To : 100%
Ta:25°C
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2.14 Electronagnetic interference characteristics

Conducted emission
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Conditions: Vin : 115 VAC
Tout : 100%
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Limit EN5501-B, EN55022-B are same as its VCCI class B
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2.14 Electronagnetic interference characteristics

Conducted emission
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Conditions: Vin : 115 VAC
Tout : 100%
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TDK-Lambda

T-27



MWSG65

2.14 Electronagnetic interference characteristics

Conducted emission Conditions: Vin : 115 VAC

Tout : 100%
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2.14 Electronagnetic interference characteristics

Conditions: Vin : 115 VAC

Radiated emission
Tout : 100%
Ta:25°C
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Conditions Vin : 230 VAC
Vertical Tout : 100%
Ta:25°C

<+— QP Limit

Horizontal
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Limit EN5501-B, EN55022-B are same as its VCCI class B
Indication is QP values
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2.14 Electronagnetic interference characteristics

Radiated emission Conditions: Vin : 115 VAC

Tout : 100%
12V Ta:25°C
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Limit EN5501-B, EN55022-B are same as its VCCI class B
Indication is QP values
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2.14 Electronagnetic interference characteristics

Radiated emission Conditions: Vin : 115 VAC
Tout : 100%
24V Ta:25°C
Vertical
1] ]
| 1 1 < QP Limit
ol J ' |

Horizontal

<«— QP Limit

Conditions: Vin : 230 VAC
Vertical Tout : 100%
Ta:25°C
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Horizontal

I < QP Limit

Limit EN5501-B, EN55022-B are same as its VCCI class B
Indication is QP values
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