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HFE2500

1.EVALUATION METHOD

1-1.Circuits used for determination
(1) Steady state data R LR
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Digital power meter
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(5) (6) Output Rise & Fall Characteristics
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HFE2500

(7) Dynamic line response characteristics
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Dynamic load response characteristics

Output current waveform
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(10) Leakage current characteristics
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(b) Normal and common mode -Vo Terminal grounded
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1.2 List of equipment used

HFE2500

EQUIPMENT USED MANUFACTURER MODEL NO.
1| AC POWER SUPPLY CHROMA 6463
2| ACPOWER SUPPLY CHROMA 6590
3| CONTROLLED TEMP. CHAMBER THERMOTRON SE-600-5-5
4| CONTROLLED TEMP. CHAMBER THERMOTRON SE-600-6-6
5| CONTROLLED TEMP. CHAMBER THERMOTRON SM-16-3800
6 [ CURRENT PROBE YOKOGAWA 701933
7| CURRENT TRANSDUCER DANFYSIK ULTRASTAB 867
8 | DIGITAL MULTI METER (DMM) AGILENT 3401A
9| DIGITAL OSCILLOSCOPE YOKOGAWA DL1740E / DL1740EL
10| DIGITAL POWER METER YOKOGAWA WT110
11| ELECTRONIC LOAD CHROMA 63203
12| ELECTRONIC LOAD CHROMA 63204
13| ELECTRONIC LOAD CHROMA 63206
14) ELECTRONIC LOAD H&H 257060
15| ELECTRONIC LOAD H&H 257006
16| LEAKAGE CURRENT TESTER KIKUSUI TOS3200
TDK-Lambda
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2. Characteristics

2.1 Steady statedata

1)

Regulation - line and load, Temperaturetd8fart-up voltage and Drop out volti

12V

1. Regulation - line and lo Condition laux. :
Ta
lout\Vin| 85VAC [ 115VAC | 132VAC Line Regulation
0% 12.001\ | 12.001\ [ 12.001\ omv 0.00%
50% 12.002\ | 12.002\ [ 12.002\ omv 0.00%
100% 12.002\ | 12.004\ [ 12.004\ 2mv 0.02%
Load imVv 3mV 3mV
Regulation | 0.01% 0.03% 0.03¥%
lout\Vin | 170VAC | 230VAC [ 265VAC Line Regulation
0% 12.001\ | 12.001\ | 12.001\ omv 0.00%
50% 12.004\ | 12.004\ [ 12.004\ omv 0.00%
100% 11.999\ | 12.000\ [ 12.000\ imv 0.01%
Load 5mV 4mV 4mV
Regulation |  0.04% 0.03% 0.03%
* Note: Load at 85VAC is derated according to sfieation
2. Temperature dr Condition Vin
lout
laux. :
Ta -10°C 25°C 50°C Temp. Stability
Vout 11.997\ | 12.012\ | 12.006\ [ 0.015v | 0.13% [15.63ppr
TDK-Lambda

HFE2500
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25 °C

» 230 VAC
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HFE2500

(1) Regulation - line and load, Temperaturetd8fart-up voltage and Drop out volt;

24V 1. Regulation - line and lo Condition:  laux. : 0.5 A
Ta 25 °C
lout\Vin| 85VAC | 115VAC | 132VAC Line Regulation
0% 24.000\ [ 24.000\ | 24.000\ omvV 0.00%
50% 24.007\ [ 24.008\ | 24.008\ imv 0.00%
100% 24.006\ [ 24.004\ | 24.004\ 2mvV 0.01%
Load 7mV 8mV 8mV
Regulation | 0.03% 0.03% 0.03%
lout\ Vin [ 170VAC | 230VAC | 265VAC Line Regulation
0% 24.002\ | 24.002\ | 24.003\ imv 0.00%
50% 24.002\ [ 24.003\ | 24.003\ 1mV 0.00%
100% 23.999\ [ 23.999\ | 23.999\ omv 0.00%
Load 3mVv 4mV 4mV
Regulation | 0.01% 0.02% 0.02%
* Note: Load at 85VAC is derated according to sfieation
2. Temperature dr Condition:  Vin : 230 VAC
lout : 100 %
laux. : 0.5 A
Ta -10°C 25°C 50°C Temp. Stability
Vout 24.010\ | 23.975\ | 23.901\ [ 0.109v | 0.45% [ 57ppn
TDK-Lambda T-9



HFE2500

(1) Regulation - line and load, Temperaturetd8fart-up voltage and Drop out volt;

48V 1. Regulation - line and lo Condition:  laux. : 0.5 A
Ta 25 °C
lout\Vin| 85VAC | 115VAC | 132VAC Line Regulation
0% 48.013\ | 48.013\ | 48.013\ omvV 0.00%
50% 48.020\ | 48.017\ | 48.017\ 3mvV 0.01%
100% 48.009\ | 48.005\ | 48.005\ 4mV 0.01%
Load 11mv 12mv 12mv
Regulation | 0.02% 0.03% 0.03%
lout\ Vin [ 170VAC | 230VAC | 265VAC Line Regulation
0% 48.013\ | 48.013\ | 48.013\ omv 0.00%
50% 48.011\ | 48.011\ | 48.011\ omvV 0.00%
100% 47.986\ | 47.985\ | 47.985\ imvVv 0.00%
Load 27mvV 28mv 28mvV
Regulation | 0.06% 0.06% 0.06%
* Note: Load at 85VAC is derated according to sfieation
2. Temperature dr Condition:  Vin : 230 VAC
lout : 100 %
laux. : 0.5 A
Ta -10°C 25°C 50°C Temp. Stability
Vout 47.918\ | 47.953\ | 47.876\ [ 0.077v | 0.16% [ 20ppn
TDK-Lambda T-10



HFE2500

2.1 Steady statedata

(2) Output voltage and Ripple noise voltagelnput voltags
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HFE2500

2.1 Steady statedata

Efficiency and Input current vs. Output &m
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2.2 Warm up voltage drift characteristics

: 230 VAC
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2.3 Over voltage protection (OVP) characteristics

12v

24V
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Condition:
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HFE2500
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85 VAC ------
115 VAC — —-—
230 VAC

Ta 25 °C
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2.4 Over current protection (OCP) characteristics
12V

o © o © © X ° e e ¢ © ©° X L L ELRRSLSN
g 3 2
©
I 1 — T T T T T T
I - R
R S R A oo
F-l---t---—--t---F--1--- | -1 1 o} 4 4 e e e e e
1 1 1 1 1 1 1 ] 1 [ | 1 \ | 1 |
1 1 1 1 1 1 1 1 1 1 1 1
1 1 I I 1 I o [ 1 1 I p , , '
I o 1 1 1 1 |
NS SUR SR S N OO IS8 I S O A N B N I S T
| | | 1 [ » [ i « 1 | 1 [\
| 1 I ! 1 ! ! \ U 1 1
1 1 1 1 1 d ! 1 ! ! ol [ A 1 1
..... Hoodo N L. el
o [ 1 Ty T T R e
1! 1 1 1 1 1 1 1 1 I ] ! ¥) 1 1 1
SR R =R ST < faoy b <
d 1 /o 1 ! @ Mn.\ ! oo ! ! o y _s : ' | v =
..... 2 S i S —  Z -|n||+|||_-|||+|||T||..||| 2 8 it il ettt Skt et St <5 =
1 1 1 1 1 1 1 1 = 1 1 1 1 1 =
oL 2 A A 5 NI 5
Y L R e = A 1 1 1 L = | 1 1 1 | =
Har A S N & R i 3 [T [P S A T R 3
_\ 1 1 1 1 — 1 1 1 1 1 _\ 1 1 1 1 o
_\ 1 1 1 1 o =1 [V 2] “ “ " 5 1 1 1 1 1 5
1 1 1 1 1 < o ! ! o o ! 1 1 1 1 n o
..... yYOTUTTTVTTTVTT < 5 I B Rk R et Rl L= I i ettt wiii il IRACH =
1 1 1 1 1 (@) / ! ! ! ! 1 1 1 1 1 =
/\ 1 1 | 1 1 1 1 1 1 (@) \_ 1 1 1 | (@)
V2 S S I I R S
B S R e ||\||._.|||_|||4|||_|||._||| B e e e B
1 1 1 1
A Co " A
| 1 1 | 1 o 1 1 ! ! 1 1 1 1 1
||||| L U S R S o T e S AL S o 1 1 1 1 1 Yo}
A R e B H e S i I & [ Sy
1 1 1 1 1 ! ! ! ! ! 1 1 1 1 1
1 1 1 1 1 ! ! ! ! ! 1 1 1 1 1
1 1 1 1 1 ! ! ! ! ! 1 1 1 1 1
- - - B Rt e | o B e T S Sy A b m e m b e m o —
1 1 1 1 1 ! ! ! ! ! 1 1 1 1 1
1 1 1 1 1 ! ! ! ! ! 1 1 1 1 1
1 1 1 1 1 1 1 1 1 " 1 1 1 1 1
1 1 1 1 1 1 1 1 1
L L L L L o L L ) ) L o ! ! ! ! !
3 3 L L L L L w
©O © o o o o o o © © ©o o o o O O © © © o o
(A) abeyjon Indino (A) sberon indino
(A) abeyjon Indino
> >
<r [ce]
N <

T-15

TDK-Lambda



2.5 Output risecharacteristics

Conditions  Vin 85 VAC
115 VAC
230 VAC
265 VAC
12v lout : 0¥
E<< T'Iuir\::40k >>E Ta 25 QC
1< Vout
Ik D
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_ \||||\H|§||‘H|HI5H|HIIH5HIIH|\IiIH|\||||i|\||||HHIIHHHIHIHHIII < Vin
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24V
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| €<— ov
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48V
Vout
1 N
o CDBA
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Vout: 20Vidiv | 200ms/div_
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2.5 Output risecharacteristics

12v

o4s Mainzd4ok >

HFE2500

Conditions Vin : 85VAC (A)
115 VAC (B)
230 VAC (C)
265 VAC (D)
lout : 100 %
Ta 25 °C
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2.6 Output fall characteristics

12v

o 44 Mainzdok 3 0

ABCD

HFE2500

Conditions  Vin 85 VAC (A)
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2.6 Output fall characteristics

12v

DA% MoinzS0k o

HFE2500

Conditions  Vin 85 VAC (A)
115 VAC (B)
230 VAC (C)
265 VAC (D)
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2.7 Output rise characteristicswith ON/OFF CONTROL

12v

24V

48V

HFE2500
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lout : 100 %
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2.7 Output rise characteristicswith ON/OFF CONTROL

Condition« Vin : 230 VAC

lout : 100 %
Ta 25 °C
12V
//— < Vout
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- 1
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48V
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2.8 Output fall characteristicswith ON/OFF CONTROL

12v

24V

48V

Condition:

HFE2500

Vin : 115 VAC
lout : 100 %
Ta 25 °C
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2.8 Output fall characteristicswith ON/OFF CONTROL

Condition« Vin : 230 VAC
lout : 100 %
Ta 25 °C
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2.9 Hold up time characteristics

Conditions Vin : 115VAC ------

230 VAC
Ta 25 °C
12V
1000
)
E
o 100
E
é T — — — -
© 10 e — —_
) ~—
I
1
0 20 40 60 80 100
Output current (%)
24V
1000
)
E
o 100
g e —— —
é — T
=) 10 ———
=)
I
1
0 20 40 60 80 100
Output current (%)
48V
1000
)
E
o 100
= -
o —— —~
>S5
° 10 —
=)
I
1

0 20 40 60 80 100

Output current (%)

TDK-Lambda T-24



2.10 Dynamic lineresponse characteristics

12v

24V

48V
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T A< MoLnzZolk ot

Vout (A): 200mV/div|  Vin: 340V/div

Vout (B): 200mV/div 500ms/div

L Main3 250k 33

————————————

Vout (A): 200mV/div] _ Vin: 340V/div
Vout (B): 200mV/div 500ms/div

44 Mainz 250k 33

Vout (A): 200mV/div|  Vin: 340V/div

Vout (B): 200mV/div 500ms/div

TDK-Lambda

HFE2500

Vin : 85VAC+ 132 VAC (A
: 170 VAC«+ 265 VAC (B

lout : 100 %

Ta 25 °C

<— Vout (A)

<— Vout (B)

<— Vin

<— Vout (A)

<— Vout (B)

<— Vin

<—— Vout (A)

<— Vout (B)

<— Vin

T-25
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2.11 Dynamic load response characteristics

Condition Vin : 230 VAC
Ta 25 °C

12v

f=100Hz

lout: 50%<«< 100% lout: 1%« 100%

L 4% Mainzl00k 2> <% Mainz100k >3

<Vout=>

- & lout=>

st/div
-17.73%

.Vou.t: 2V/div
+8.70%

Vout: 500mV/div 2ms/div
+4.28% -4.96%

f=1kHz

Iout 25%« 100%

4L Main3 100k >3

Iout 50%« 100%

DL MainF 100k 23

<Vout>

\/out: :500r:nV/d:iv

thptsldiv

+3.06%

-3.60%

Vout: 1V/div

200us/div

+6.33%

-7.51%

TDK-Lambda
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2.11 Dynamic load response characteristics

Condition Vin : 230 VAC
Ta 25 °C

24V

f=100Hz

lout: 0%« 100%

D44 MadnElook »x: B

lout: 50%<« 100%

<4 MaimlO0k 33 :

<Vout=>

< lout=>

.2ms/div .
-5.01%

Vo.ut: 1V/di\)
+3.75%

st/div
-1.99%

Vout: 500rhV/div
+1.53%

f=1kHz

lout: 50%<« 100%

lout: 0%« 100%

¢ Mainzl00k > TCC MaLrE 10Uk . T

| < lout=>

Vout. 500mV/div

ZOQs/div

+1.53%

-1.80%

Vout: 2V/div

20Qus/div

+5.90%

-9.25%

TDK-Lambda
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2.11 Dynamic load response characteristics

Condition Vin : 230 VAC
Ta 25 °C

48V

f=100Hz

lout: 50%<« 100% lout: 0%« 100%

D44 Main: 100k B3 B CAd Mainz 100k ¥

< Vout=>|*®

| & lout—=>

2ms/div .
-4.64%

Vout: TV/div
+2.85%

st/div
-1.56%

Vout: 500mV/dIiv
+1.51%

f=1kHz

lout: 50%<« 100%

D4< Mainil00k 330 :

lout: 0%« 100%

<< Mainz100k x>

- & lout=>

:Vout: 2\//div

Vout: .500mV/d.iv

20Qs/div_

+1.20%

-1.24%

20Qus/div

+3.26%

-5.06%

TDK-Lambda
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2.12 Responseto brown out characteristics

12v

A = 14m:
B =31m:
C=32m

24V

A = 16m:
B = 35m:
C=36m

48V

A = 16m:
B =37m:
C =38m

HFE2500

Condition: Vin : 115 VAC
lout : 100 %

Ta 25 °C
< Vout
<— 0V

Vout 5Vidv | 20ms/div

A C
- 4 <— vout
<—— 0V
_ _ N <— Vin
Vout: 10V/div | 20ms/div
AB  C
7 < Vout
<— 0V

Vout 20Vidv | 20ms/div

TDK-Lambda
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2.12 Responseto brown out characteristics

Condition: Vin : 230 VAC

lout : 100 ¥
Ta 25°C
12v
A B C : : : :
A= 6ms SN N ——— —— < Vout
B = 28m: _ T
C=29m :
<— 0V
Vout 5Vidv | 20ms/div
24V
A = 8ms < Vout
B = 26m: B
C=27m
<—— 0V
_ -\ € Vin
Vout: 10V/div | 20ms/div
48V
A = 8ms < Vout
B =27m:
C=28m
<— 0V
: SN € Vin
Vout 20Vidiv__ | 20ms/div_
TDK-Lambda
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2.13 Inrush current characteristics

$115vV. - ---

lout

Condition

230V

25°C

Ta

12v

lout = 0%

||||||||||||||||||||||||||||||||||||||||||||||||||||||

80

o O o o o
~  © Lo < ™

(V) e 1ind ysnuu|

o
N

10
0

0.01

Brown out time (sec)

lout =100%

80
70

o o o o
© Lo < ™

(V) e 1ind ysnuu|

20
10
0

10

0.01

Brown out time (sec)

T-31
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2.14 Inrush current waveform

12v

of input AC voltage
¢ =0

Switch on phase angk [T OO RRPRE POPURPRPE SO

of input AC voltage
® = 90°

lout :
Ta
' <— lin
<— Vin
Iin:ESOA}div E | 10bms;div E
n lﬂnhM n i lin
: 5 HF T UUUVUUUUUUUV?UUU
DA < vin

Condition:  Vin

lin: 50A/diV. | 100ms/div

TDK-Lambda

HFE2500

: 115 VAC

100 %
25 °C

T-32
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2.14 Inrush current waveform

Condition: Vin : 230 VAC
lout : 100 %
Ta 25 °C

12v

Switch on phase angh
of input AC voltage S NI TN [ [TTTTYYIR IRV VY oo iin
® =0 LA u ““l””‘“QWVWEWVWEVWWWW

U ——— ..
______ AR

“Jin: 50A/dV [ ~100ms/dv

Switch on phase ang : : :
of input AC voltage L s
q) - 90‘ N T N

B
_______ T

“lin: 50A/div | ~100ms/div_

TDK-Lambda T-33
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2.15 Input current waveform

Condition lout : 100 %
Ta 25 °C

12v

Vin = 115VAC

D4 Maini100k 330

“lin: 20A/dv | 5ms/div

Vin = 230VAC

D44 Maini 100k 330

4 €<— lin

J < Vin

“1in:20A/div. | 5ms/div

TDK-Lambda T-34
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2.16 Leakagecurrent characteristics

Conditions lout : 0% __
: 100 %
Ta 25 °C
f : 60H:
12v
<
E
5
3
S
IS
X
8
-
0.0
80 120 160 200 240 280
Input voltage (VAC)
48V
<
E
5
3
]
:
-
0.0
80 120 160 200 240 280

Input voltage (VAC)

TDK-Lambda T-35
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2.17 Output ripple and noise waveform

Condition: Vin : 115 VAC

lout : 100 ¥
NORMAL MODE Ta 25°C
12V
Vout: 10mV/div | qus/div
24V
Vout 10mVidv | Gusldiv
48V

o4 Maini2Sk ¥» o

Vout: 10mvVidiv | Gisldiv

TDK-Lambda T-36
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2.17 Output ripple and noise waveform

Condition: Vin : 115 VAC

lout : 100 %
NORMAL + COMMON MODE Ta 25 °C
12V
Vout 10mvidiv | Gisldiv
24V
Vout 10mV/idiv | Gus/div
48V

Vout: 10mV/idiv. | Gus/div

TDK-Lambda T-37
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2.18 Standby current

Ta 25 °C

Conditior

12v

lout = 0%

1
1
1
-
1
1
1
1
1
-
1
1
1
1
1
-
1
1
1
1
1
1

(RN i (R -

T Y [

e .

(W) we14n2 Indu |

0.10
0.00

Input voltage (VAC)

Remote control OFF

1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
L e e | Tt TTAaT T TAaAT .o
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
F-——-—-FF-—=--—-=-=-q4=-=--—-=—-—"=-=-=-=4 ===
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
R R [N U R [ R | | —
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
I U N DR S P
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
F---"r==="rr=--==-1-=-fqT--=-"-=-=-°"9-=-=-=-1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
el i St = I P
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
IR SO NN N [N S SR
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
i e by A Dy iy R
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
i) SRR R B e R R
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1 1
o o o o o o o o
N~ (] Ln < ™ [q\V} — o
o o o o o o o o
0

(W) we14n2 Indu |

140 160 180 200 220 240 260

120

80

Input voltage (VAC)
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