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1.EVALUATION METHOD
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1-1.Circuits used for determination
(1) Steady state data

HFE1600
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230VAC
4—

AC Power
Supply

Digital power meter

Same

as item (1)

(b) (6) Output Rise & Fall Characteristics

(3) Over Voltage Protection (OVP) characteristics
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(4) Over Current Protection (OCP) characteristics

HFE1600
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(7) Dynamic fine response characteristics
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Dynamic load response characteristics

Output current waveform
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(9) Inrush current characteristics
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v ]
Shunt Res.
+

(10) Leakage current characteristics

Electronic
3 v load
230VAC %
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(b) Normal and common mode -Vo Terminal grounded

Oscilloscope
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(12) Standby current
Same as Steady state data
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1-2 List of equipment used

HFE1600

No |EQUIPMENT USED |MANUFACTURER MODEL No.

1 Storage oscilloscope YOKOGAWA DL7100

2 Storage oscilloscope YOKOGAWA DL1740

3 Digital muitimeter AGILENT 34401A

4 Digital power meter YOKOGAWA WT110

5 Autofransformer VOLTAC B15

6 Autotransformer METREL HSN 260/30

7 Electronic load H&H /256060 SC150

8 Electronic load H&H ZS7008

9 Electronic load H&H /87080

10 Electronic load CHROMA 63203

11 Electronic load CHROMA 63206

12 | Controlled temp. chamber THERMOTRON SM-16-3800

13 Controlled temp. chamber THERMOTRON SE-600-6-6

14 AC Source CHROMA 6590

15  |Analyzing AC power supply TAKASAGO AA2000XG

16 Inrush current tester TAKAMISAWA PSA-210

17 Leakage current tester HIOKI 3155

18 Current probe YOKOGAWA 701933
TDK-Lambda T-7




HFE1600

2. CHARACTERISTICS
2-1. Steady state data
(1). Regulation-Line and L.oad, Temperature drift

12V
1.1 Regulation - Line & Load CONDITIONS: Ta = 25°C
laux=0.5A
Vin (AC)
lo 85 100 132  [Line Regulation
0% 12.004 | 12.004 | 12.004 0 0
50% 12.002 | 12,002 | 12.002 0 0
100% | 12.008 | 12.007 | 12.006 | 0.002 0.017
Load 0.006 0.005 0.004 | AV(V) (%)
Regulation| 0 050 0.042 0.033 (%)

*Note:Load at 85Vac is derated according to specification

Vin (AC)
lo 170 200 230 265 [Line Regutation
0% 12.000 | 12.000 | 12.001 | 12.001 | 0.001 0.008
50% 11.999 | 11909 | 11.999 | 11.999 0 0
100% | 12.007 | 12.006 | 12.006 | 12.005 | 0002 | 0.017
Load 0.008 | 0.007 0.007 | 0.006 | AV(V) (%)
Regulation| 0,067 0.058 0.058 0.050 (%)
1.2 Temperature drift
Ta _ CONDITIONS: Vin=230VAC
Drift (V 0
qoc | 2sc | soec |tV | pRMiSe Vo=12V
[ vo(v) | 11998 | 11908 | 11983 | 0.015 21 lo=133A
laux=0.5A
TDK-Lambda T-8



2-1. Steady state data

(1). Regulation-Line and Load, Temperature drift

24V

1.1 Regulation - Line & Load

Vin (AC)
lo 85 100 132  |Line Regulation
0% 24005 | 24.003 | 24.003 0.002 0.008
50% 23983 | 23.983 | 23.984 0.001 0.004
100% 23.989 | 23.988 | 23.989 0.001 0.004
Load 0.022 0.020 0.019 AV(V) (%)
Regulation | (092 0.083 0.079 {%)

HFE1600

CONDITIONS: Ta = 25°C

*Note:Load at 85Vac is derated according to specification

CONDITIONS: Vin=230VAC

Vin (AC)
lo 170 200 230 265 |Line Regulation
0% 24,003 | 24.003 | 24.003 | 24.003 0 0
50% | 23.987 | 23988 | 23.988 | 23988 | 0.001 0.004

100% | 23.999 | 24.001 | 24.002 | 24.003 | 0004 | 0.017
Load 0016 | 0.015 | 0015 | 0015 | AV(V) (%)
Regulation| 0 0g7 0.063 0.063 0.063 (%)
1.2 Temperature drift
Ta ] o
q0c | 25c | seec | Dnrev) | prmi®e
| vo(v) | 23983 | 23971 | 23943 | 0.040 28

TDK-Lambda

laux=0.5A

Vo=24V
lo=67A
laux=0.5A
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2-1. Steady state data
(1). Regulation-Line and Load, Temperature drift

48V

1.1 Regulation - Line & Load

Vin {AC)
lo 85 100 132  |Line Regulation
0% 47.898 47.998 47 998 0 0
50% 48.011 | 48.011 48.01 0.001 0.002
100% 48.018 48.017 48.0156 0.003 0.006
Load 0.020 0.019 0.017 AV(V) (%)
Regulation | 0 042 0.040 0.035 (%)

HFE1600

CONDITIONS: Tg = 25°C

*Note:Load at 85Vac is derated according to specification

laux=0.5A

CONDITIONS: Vin=230VAC

Vin (AC)
lo 170 200 230 265 |Line Regulation
0% 47989 | 47.989 | 47.988 | 47.988 | 0.001 0.002
50% | 48.019 | 48.018 | 48.017 | 48.017 | 0.002 0.004
100% | 48.041 | 48.04 | 48.039 | 48038 | 0.003 | 0.006
Load 0.052 0.051 0.051 0.050 | AV(V) (%)
Regulation [ 0 108 0106 | 0106 | 0.104 (%)
1.2 Temperature drift
Ta
Drift (V 0
Z0c | 25 | soec | PTtV) | pPmi®c
| vo(v) | 48243 | 48180 | 48052 | 0.191 66
TDK-Lambda

Vo=48Y
l0=33A
laux=0.5A
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(2). Output ripple Vs Input and Output Voltages

HFE1600

CONDITIONS:  lout:100%
Ta: -10°C e
25°C e
24V 50°C
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(2). Output ripple Vs Input and Output Voltages

HFE1600

CONDITIONS:  lout:100%
Ta: -10°C -
7L R —
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(2). Output ripple Vs Input and Output Voltages

HFE1600

CONDITIONS:  lout:100%
Ta: -10°C e
25°C  -—-——————-
12V 50°C
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HFE1600

(3). Efficiency and Input current vs. Cutput current

CONDITIONS: Vin: 85 VAC e
115 VAC —
230 VAC  mmmmmmmmeeees
26bVvVAC @ e
Vout:100%
Ta; 25°C
12V
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(3). Efficiency and Input current vs. Qutput current

HFE1600

CONDITIONS: Vin: 85 VAC i
115 VAC
230 VAC ~ ceememmens
265VAC - ———————
Vout:100%
Ta: 25°C
24V
100 20
95 18
90 e T T T T 16
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Output current (%)
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HFE1600

(3). Efficiency and Input current vs. Output current

CONDITIONS: Vin: 85 VAC P
115 VAC
230 VAC  -eemmeeee-
26BVAC @ e
Vout:100%
Ta: 25°C
48V
100 20
95 18
a0 L at 16
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’ e
85 //, 1 /./ 14
e /'/ a :f
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HFE1600

2.2. Warm up voltage drift characteristics CONDITIONS: Vin: 230Vac
lout: 100%
Ta=25°C
12V
0.2%
% 0.1%
o
@
[ =]
8
s 0.0%
>
5
g
8 -0.1%
-0.2% 1
00 05 1.0 15 20 25 3.0 35 40 45 50 55 6.0 65 7.0 7.5 8.0
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Time (hrs)
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0.0% N

-0.1%

Output voltage drift
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HFE1600

2.3. Over Voltage protection (OVP) characteristics
CONDITIONS: Vin: 230Vac

12V

o << Haine 10k 3> 0

TDK-Lambda

Vout: 12Vdc
lout: 0%
Ta=25°C

¢ OVP point
V out

4—

e QN
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2.3. Over Voltage protection (OVP) characteristics
CONDITIONS: Vin: 230Vac

24V

<< Mainz 10k 35 |

Vout: 24Vdc
lout: 0%
Ta=25°C

OVP point

4 Vout

ov

500™/ppy

TDK-Lambda

A
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HFE1600

2.3. Over Voltage protection (OVP) characteristics
CONDITIONS: Vin: 230Vac

48V

» &< Hainz 400k »>:

2000™/pyy

Vout: 48Vdc
lout: 0%
Ta=25°C

< OVP point
V out

h E— A

TDK-Lambda
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2.4. Over Current protection (OCP) characteristics

CONDITIONS: Vin: 115Vac

12V Ta = 25°C
14.0
12.0 -
<~ 10.0 \
b 3
A 8.0
)
[ 6.0
2| 40 /
= /
O 2.0 (
0.0
0.0 25.0 50.0 750 1000 1250  150.0 175.0

Output current (A)

CONDITIONS: Vin: 230Vac
Ta=25°C

14.0

12.0

10.0

8.0

¥ /
2.0 /
(

0.0 250 50.0 75.0 100.0 125.0 150.0

Output voltage (V)

Output current (A)
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HFE1600

2.4. Over Current protection (OCP) characteristics

CONDITIONS: Vin: 115Vac

24V Ta=25°C

28.0

24.0
S 20.0 \
o 16.0
&
° 12.0
a 8.0 1
5 /
O 4.0 /

0.0 |
00 100 200 300 400 500 600 700 800

Output current (A)

CONDITIONS: Vin: 230Vac
Ta=25°C
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12.0
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/
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0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0

Qutput voltage (V)

Output current (A)
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2.4. Over Current protection (OCP) characteristics

48V

Output voltage (V)

Output voltage (V)

CONDITIONS: Vin: 116Vac
Ta=25°C
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40.0
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CONDITIONS: Vin: 230Vac
Ta=25°C
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Output current (A)
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2.5. Output rise characteristics

HFE1600

CONDITIONS:

12V

Vout

ov

Vin

24V

Vout:10V/pyy

100™ /5y

<+— Vin

48V

TCC Baira5Elk ¥y

BCD LA

Vin

Vout: ZOV/DN

100™ /oy

TDK-Lambda

Vin: 85 VAC
115 VAC
230 VAC
265 VAC
lout: 0%
Ta: 25°C

T-24
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(B)
(C)
(D)



2.5. Output rise characteristics

12V

CONDITIONS:

DRE MaiedBitk 2

24V

Vout: 1 OVID;V

100™ /5y

48V

1 €4 RslmaTChn I3

Vout:2OV/DW

TDK-Lambda

HFE1600

Vin: 85 VAC
115 VAC
230 VAC
265 VAC
lout: 100%
Ta: 25°C

Vout

ov

Vin

Vout

ov

Vin
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2.6. Output fall characteristics

CONDITIONS:

12V

© 4 RalazSiok 3

..... ABCD. ...
o

Vout:5"/gy 100"/

24V

P Rair 80k 330

AIﬁECD ......... ......... ......... ......... ......... ......... ......... .........

Vout:10Y/py 200™/ppy

48V

DO Falea 500K 30

Vout:20Y/5y 1000™ /iy

TDK-Lambda
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Vin: 85 VAC
115 VAC
230 VAC
265 VAC
fout: 0%
Ta: 25°C

Vout

ov

Vin

Vout

Vout

ov

Vin
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2.6. Output fall characteristics

12V

HFE1600

Vin; 85 VAC
115 VAC
230 VAC
265 VAC
lout: 100%
Ta: 25°C

CONDITIONS:

1A% PatraSti B

24V

48V

Vout
ov
/"lr Vin
Vout: 1 OV/DN SmS/DN
Vout
oV
/'tr Vin
VOUt:20V1mV SmSIDN
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2.7. Output rise characteristics with On/Off control

12V

CONDITIONS;

HFE1600

Vin: 115 VAC
lout: 100%
Ta; 25°C

DA< Hodna Il S5

+— Vout
<« OV
On/Off control

100™ /5y

12V

CONDITIONS:

Vin: 230 VAC
lout: 100%
Ta: 25°C

;%< MainsiH 53

<+— Vout
4— 0OV
On/Off control

TDK-Lambda
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2.7. Output rise characteristics with On/Off control

24V

HFE1600

24V

CONDITIONS: Vin: 115 VAC
out: 100%
Ta: 25°C
" vout
“«— v
""" “—  OnOff control
Vout:5"/op 50" o
CONDITIONS: Vin: 230 VAC
lout: 100%
Ta: 25°C
— Vout
T W
" On/Off control
Vout:5 /o 50™ /oy
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2.7. Output rise characteristics with On/Off control

CONDITIONS: Vin: 115 VAC
lout: 100%
Ta: 25°C

48V

244 Maind 100k >0

<+— Vout

On/Off control

VOUt:ZOV/DIV 1OOmS/DN

CONDITIONS: Vin: 230 VAC

lout: 100%
Ta: 25°C

48V

D AC iRl LO0K 50

<+— vout

On/Off control

VOUt:ZOV/DN 100mS/DIV

TDK-Lambda
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2.8. Output fall characteristics with On/Off control

12V

CONDITIONS:

lout: 100%
Ta: 26°C

Vin: 1156 VAC

&< Hainz i >>

< Vout
<+— 0V
On/Off control

12V

CONDITIONS:

lout: 100%
Ta: 25°C

Vin: 230 VAC

T 2K Foiniifl 337

< Vout
“— OV
On/Off control

TDK-Lambda
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HFE1600

2.8. Output fall characteristics with On/Off control

24V

24V

CONDITIONS: Vin: 1156 VAC

lout: 100%
Ta: 256°C

T << Halnzz0k »3;

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

4 Vout

¢ ov

On/Off control

CONDITIONS: Vin: 230 VAC

lout: 100%
Ta: 25°C

€< Mafm2200k 33!

< Vout

< ov
¢ On/Off control

TDK-Lambda
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2.8. Output fall characteristics with On/Off control

48V

48V

CONDITIONS: Vin: 115 VAC
lout: 100%
Ta: 25°C
: <+— out
4+ OV
On/Off controt
VOUt:ZOV/DN 5mS/D|V
CONDITIONS: Vin: 230 VAC
lout; 100%
Ta: 25°C
<“— vout
4+ 0OV

“—  On/Off control

VOUTZZOV/DN

TDK-Lambda
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2.9. Hold up time characteristics

CONDITIONS:  Vout: 100%

Ta: 25°C
Vin: 115 VAC
12V
-
40
In)
E
18]
E
o
=
=
=}
I
5
0 - ; 3
0 25 50 75 100
Output current (%)
Vin: 230 VAC
12V
-
40 -
35
TEo' 30
e 25
£ 2
o,
= 15
=)
g 10 +
,_‘
0 25 50 75 100

Output current (%)
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HFE1600

2.9. Hold up time characteristics

24V

CONDITIONS: Vout: 100%
Ta: 25°C

Vin: 115 VAC

Hold up time (ms)

40
35

30 -
25 1

20
15
10

S

20 40 60 80 100

Output current (%)

24V

Vin: 230 VAC

Hold up time {ms)

40
35
30
25
20
15
10

25 50 75 100

Cutput current (%)
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2.9. Hold up time characteristics

CONDITIONS: Vout: 100%

Ta: 25°C
Vin: 115 VAC
48V
40
)
E
[1h)
E
a
=
=
(<]
T
4] 25 50 75 100
Output current (%)
Vin: 230 VAC
48V
50
45
—— 40 ] uﬂ“\
g 35 \\
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g 20
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0
0 25 a0 75 100
Output current (%)
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2.10. Dynamic line response characteristics

CONDITIONS: Vin: 85V—132V
lout: 100%
Ta: 25°C

12\/ T B T T Mofnyi0k ¥ |

Vout

Vin=340V/div
i [«

24V ¥ H H T4 Haln3 10k »%

Vout

. Vin=340V/div
e

48V : : T T << Main3 10k >3 |

Vout

Vin=340V/div
e
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2.10. Dynamic line response characteristics

12V

24\

48V

CONDITIONS: Vin: 170V-265V

lout: 100%
Ta: 25°C

I << Haind ik 3> 0

D 4< Haina10k >> @

{ << Mainz 10k >> @

Vout

Vin=340V/div

Vout

Vin=340V/div

g

Vout

£

TDK-Lambda

Vin=340V/div

% N
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2.11. Dynamic load response characteristics

CONDITIONS: Vin: 230VAC
Vout: 100%
12V Ta: 25°C
Load current: tr=tf=100uS
f=100Hz
lout:0%<—100% f:100Hz lout:50%«>100% | f:100Hz

T Palra it 3T

DO Madnitk

D48 Paied 1Lk 3> H

Vlow 2™ g 0.5"/py 2™ o
+5.9% -15% +3.4% -3.4%
f=1kHz
lout:0%<«»100% f:1000Hz lout:50%+«>100% | f:1000Hz

0.5"on 200"/
+12.7% +16.8% +3.1% -3.3%
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2.11. Dynamic load response characteristics

CONDITIONS: Vin: 230VAC
Vout: 100%

24\ Ta: 25°C
Load current: tr=tf=100uS

f=100Hz

lout:0%<100% | f:100Hz lout:50%+«>100% | f:100Hz

E(( Falr 1¢x » PAC Malm i 32 1

Vlow 2™ o 0.5"/pyy 2™
+2.9% -4.8% +1.6% -1.2%
f=1kHz
lout:0%«100% |  £1000Hz fout:50%«>100% f.1000Hz

T4 Reia ik 33 ¢ BRI H

1 V/[JIV ZOOUSIDN 0. 5V/D]V ZOOUSID]V

+3.4% +6.9% +1.5% -1.2%
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2.11. Dynamic load response characteristics

CONDITIONS: Vin: 230VAC
Vout: 100%

48V Ta: 25°C
Load current: tr=tf=100uS

f=100Hz

lout:0%+«>100% | f:100Hz lout:50%+<>100% | f:100Hz

¢ Mairdlbe 22 ‘ AN TR :

Vout

1o 2™ /oy 0.5 2"y
+2% -3.3% +1.1% “1.1%
f=1kHz

lout:0%<100% | f:1000Hz lout:50%+«»100% | f:1000Hz

2K Falrd 50K ) B E(( ﬁ:in}lck »

2VIDIV 200US[DIV 1V]D|V ZOOUS/DIV
+1.6% +3.5% +1.1% -1%
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2.12. Response to brown out characteristics

12V

CONDITIONS:

T 4K Maind 16k »> ¢

HFE1600

Vin: 115 VAC
Ta: 25°C

P Vout

CONDITIONS;

L8 Bzinilidb )

&

Brown-gut time
A: 10ms
B: 17ms
C: 18ms

Vin: 230 VAC
Ta: 25°C

20™ o

TDK-Lambda

_ Vout
Brown-out time
A: 8ms
ov B:31ms
C: 32ms
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2.12. Response to brown out characteristics

CONDITIONS: Vin:

HFE1600

115 VAC

Ta: 25°C

24V

©LC MainiIM 3>

VOUt:10V/D|V 2Om5/D!V

Vout

b
Brown-out time
A Hms
B: 16ms
ov C: 17ms

CONDITIONS: Vin: 230 VAC
Ta: 25°C
Vout
‘—.
Brown-out time
A: 10ms
ov B: 29ms
< C: 30ms

Vout: 105y 20 pyy

TDK-Lambda
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2.12. Response to brown out characteristics

48V

CONDITIONS:

DA< Rain2100% 33!

HFE1600

Vin: 115 VAC
Ta: 25°C

Vout:20Y/pp

Vout
Brown-out time
A 14ms
ov B: 17ms

CONDITIONS:

1 << Hairns 106k 35:

VOUEZZOV/DN

ZOmSIDN

TDK-Lambda

Vin: 230 VAC
Ta: 25°C

Vout
4—_
Brown-out time
A: 10ms
ov B: 13ms
" E—— C: 32ms
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2.13. Inrush current characteristics

CONDITIONS: Vin: 1156 VAC

230 VAC = = = =
Vout: 100%
fout: 0%
Ta: 25°C
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10 100 1600 10060 100000
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2.13. Inrush current characteristics

CONDITIONS: Vin: 115 VAC

230 VAC == = =
Vout: 100%
lout: 100%
Ta: 25°C
90 l
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2.14. Inrush current waveform

Switch on phase angle
of input AC voltage

P=0"

Switch on phase angle
of input AC voltage

®=90"

CONDITIONS: Vin: 1156 VAC

Vout: 100%
Ta: 25°C

© <4 Halnz $00k 50

20% o 50™ o

T << Motrp 100K 35:

205 50"/ 5y

TDK-Lambda
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2.14. Inrush current waveform

Switch on phase angle
of input AC voltage

P=0°

Switch on phase angle
of input AC voltage

®=g0"

CONDITIONS: Vin: 230 VAC

Vout: 100%
Ta: 25°C

D << Hainy 100k N

20%5

SOmS/ DIV

¢ ¢ Haim 100k ))E

TDK-Lambda
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lin
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2.15. Input current waveform

CONDITIONS:  Vout: 100%
Ta: 25°C

Vin: 115 VAC

1 %€ Haindi0k >>

<+—— lin

4———— Vin

10%y 5™ /o

Vin: 230 VAC

I << NHalnz 10k 3> :

105y 5™ /oy
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2.16. Leakage current characteristics

HFE1600

CONDITIONS: lout: 100%
Ta: 25°C
f. 50Hz
L-G
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£ 056 | ™
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2.17. Output ripple and noise waveform

CONDITIONS: Vin: 115VAC
lout: 100%
Normal Mode Ta: 25°C

12V H T H T << HAln#PiOk »>

24V

48V H H H ;44 Hainziok >3
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2.17, Output ripple and noise waveform

12V

CONDITIONS: Vin: 230VAC
fout: 100%
Normal Mode Ta: 25°C

A Hair\_]ICIk > <

24V

48V
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2.18. Standby current

CONDITIONS: Ta: 25°C

l0=0%
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