PAHA450548-

EVALUATION DATA

R 57— 5

DWG.NO. C247-53-01
AR Eni) HY

M /) s | Tunaka,
9%»:/5‘7}3 A v7|23. Apr. 07

DENSEI-LAMBDA



PAH450548-*

INDEX

1R E 5 Evaluation Method

1.1 HIEFEKE MEASUTEMENT CITCUILS +eveeereereereeeeeeeeeeeseeeteeeneeeeeeeeeeeeeeeeeteseseeesesesseesseres

(1) FEREME, EEBITRERSE, BAOV v T, A X
Steady state characteristics, Over current protection (OCP) characteristics
and Qutput ripple noise waveform
() WIEILE ., WEEREREE, £ O
Dynamic response, Over voltage protection (OVP) characteristics
and Other characteristics
Y ANV —FER (RAER) Rt Inrush current characteristics
(4) EMI ¥ Electro-Magnetic Interference characteristics

1.2 FEFEIERESS  List of eqUIPMENts USEd ......vvevveeeeeeeeeeeeeeceeeseee s

2. FRET — & Characteristics
2.1 FRetE Steady state data
() AN - A - IREEE)

Regulation - line and load, temperature drift ..........cccoviiiiiiiiiiinic e,

QHAEE -V v I NVEE I ATIELE

Output voltage and ripple voltage vs. Input vOItage ........coccoevcvvrinnnvirnrnieceeien,

(3) AJIEDR - 2h=E 3t VB

Input current and Efficiency vs. Qutput CUITENt .......cevveviiiiieniiieineeerere e

(4) ZhE 3t AL

Efficiency vs. INDUL VOIAZE ...c.oevrieiriieiiiicieiet ittt

(5) Zh&= kf X— 27 L — MEE

Efficiency vs. Baseplate temperatire ..........cccocevrrrreineeeinieccceen e

(6) ELE) - fF L EBERE

Start and Stop voltage charaCteriStiCs .....oviviiiiiiiiiie e eee et crr v et ete et enen
2.2 ?3?%%%73 ¥rME Standby power Characteristics .......covevviviieireeeeesseiecee s
23 WERFY 7 M Warm up voltage drift characteristics ............ocoevvreveveererereenennns
2.4 WEFRFERE  Over current protection (OCP) characteristics ........ooovvovevevierreeennn.
2.5 BEERFERE  Over voltage protection (OVP) characteristics .....oovvvevrveeeveeenneen
26 ML ERD SELTODEE  Output rise, fall characteristics ......vvivvrorerereriieerienans
2.7 BERNE (BMEZE) 8 Dynamic load response characteristics ........oeevveevevenen.
2.8 ANP—TER (ZENEDR) F#ME Inrush current characteristics ........vvvvvvevveivennne
29 WUy, JAXEIE  Output ripple and noise waveform .........o.ccvverveveeeeennnnnnn.

2.10 EMI%#%  Electro-Magnetic Interference characteristcs

fEHFCS Terminology used

Definition :
Vin oo ANEE Input voltage
Vo o e H 718~ Output voltage
Iin oo ANJ1ER Input current
Io e H 71V Output current
Tbp  eveeenes N—A 7 L— MREE  Baseplate temperature

DENSEI-LAMBDA

T-3

T-4

T-5

T-7

T-8

T-9
T-10
T-11
T-12
T-13
T-14
T-18.
T-19
T-20
T-21



PAH450848-*

1. BEHE Evaluation Method
1.1 AIEE B Measurement Circuits

(1) FEetE, BEREERE. KO v TN A XER

Steady state characteristics, Over current protection (OCP) characteristics
and Output ripple and noise waveform

Controlled temp. chamber

/7
Fuse : j®\
WA +Vin =V M
30A
CNT +8
Ci c2 J
Vin \ T PAH450848 TRM - LO&d/;>
CASE -8
p— -
\
-Vin -V
Osciloscope
Bandwidth : 100 MHz

R1 ()
15 m350Q Cabl
c3

() BEIE, HEEMRERME. T OM

Dynamic response, Over voltage protection (OVP) characteristics and Other characteristics

Fuse i\ [®_\
3\ p—ﬁiii—** +Vin +V Ay

30A
CNT +S
C1 ;ﬂ
Vi?;z’ ; PAHA50S48 TRM = Losd
l\ CASE -8
-Vin -V l
Current Probe
(3) AN —TER (FEANER) it
Inrush current characteristics
Z
+Vin +V / ANy |
CNT +S
C2 iﬂ
48VDC - PAH450848 TRM f— Load /1
CASE -8
-Vin -V

C1 : 100uF Electrolytic Capacitor C4 : 8000uF Electrolytic Capacitor

C2 : 28V-22uF x4parallel Ceramic Capacitor R1:50Q
: 48V-4.7uF x6parallel Ceramic Capacitor R2:0.01Q
£ :50mm

C3 : 4700pF Ceramic Capacitor
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(4) EMI#FE Electro-Magnetic Interference characteristics

PAH450S48-*

(a) MEZ T EE (/& /A X) Conducted Emission Noise
HERESREN
R R D.U.T. (Earth)
LISN 50Q/50uH
¥ FILSIR
%Q&\ /Alummum plate
Spectrum Analyzer Z r [k
EMI Test Receiver
RF Relay Matrix
BRI—F N
Y AC Cord =
& Stand H=_80cm
®
[ | v
— ﬁ\\\\ T T o
it SR Tvs T Anmm
Earth Metal Ground Plain Filter Input Line
(b) MEFEIRE RS /A X) Radiated Emission Noise
D=3m
> EEESECGE)
Spectrum Analyzer D.U.T. (Earth)
EMI Test Receiver NAazhiv  FoFr
RF Relay Matrix Biconical Antenna FILER
Aluminum plate
< &
Y A - Stand
H =80cm B2 F—TN
/ Tum Table
\ 4 T
B S— ; T T
- T sExem P ANER
ot Metal Ground Plain Filter Input Line

* Shielded cable used to input and output cable.

VCClclass AR ST 70— a VAT A
VCCI class A application system

Fuse L1
AA
30m cal e
C1) C2{ C3 L|C8, C12 Load
48VDC e — prras = /éﬂ
Cs Cc7
CASE
el v
C1-C3 :2.2uF Ceramic Capacitor C10,C11 :0.47yF Film Capacitor
C4,C5 :0.22pF Film Capacitor Cl12 . 28V-22uF x4parallel Ceramic Capacitor
C6,C7 : 4700pF Film Capacitor : 48V-4.7uF x6parallel Ceramic Capacitor
C8,C9 : 220uF Electrolytic Capacitor L1 : 80uH
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1.2 BEHRERAR

List of equipment used

PAH450848-%

EQUIPMENT USED MANUFACTURER MODEL NO.
1 | OSCILLOSCOPE TEKTRONIX TDS3012
2 | DIGITAL STORAGE OSCILLOSCOPE IWATSU DS-4354M
3 | DATA ACQUISITION / SWITCH UNIT AGILENT 34970A
4 | CURRENT PROBE LECROY APO1S
5 | SHUNT RESISTER YOKOGAWA ELECT. 2215
6 | CONTROLLED TEMP. CHAMBER ESPEC CORP. SU-261
7 | SPECTRUM ANALYZER ROHDE & SCHWARZ FSA
8 | EMI TEST RECEIVER ROHDE & SCHWARZ ESHS10
9 | EMITEST RECEIVER ROHDE & SCHWARZ ESVSI10
10 | RF RELAY MATRIX ROHDE & SCHWARZ PSU
11 | AMN KYORITU DENSHI KNW-242
12 | ANTENNA(BICONICAL ANTENNA) SCHWARZBECK BBA9106
13 | DYNAMIC DUMMY LOAD TAKASAGO FK-1000L
14 | ACPOWER SUPPLY TAKASAGO AA-2000XG
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PAH450548-*
2. ¥tE5— & Characteristics

2.1 F#¥FME Steady state data
(1) AJJ - A7 - IREZHE) Regulation - line and load, Temperature drift

28V |
1. Regulation - line and load Condition Tbp :25°C
Io\ Vin 36VDC 48VDC 76VDC Line regulation
0% 28.030V 28.032V 28.030V ImV 0.005%
50% 28.031V 28.031V 28.030V lmV 0.004%
100% 28.040V 28.036V 28.034V 6mV 0.021%
Load 9mV SmV 4mV
regulation{ 0.034% 0.019% 0.015%
2. Temperature drift Conditions Vin :48VDC
Io :100%
Thp -40°C +25°C +100°C Temperature stability
Vo 28.037V 28.036V 27.932V 105mV | 0.376%
48V |
1. Regulation - line and load Condition ~ Tbp :25C
To\ Vin 36VDC 48VDC 76VDC Line regulation
0% 47.996V 47.996V 47.995V 2mV 0.003%
50% 47.996V 47.995V 47.994V 2mV 0.004%
100% 47.998V 47.997V 47.996V 2mV 0.004%
Load 2mV 2mV 2mV
regulation| 0.004% 0.005% 0.005%
2. Temperature drift Conditions  Vin :48VDC
To :100%
Thp -40°C +25C +100°C Temperature stability
Vo 48.033V 47.997V 47.883V 150mV I 0.312%
DENSEI-LAMBDA T-4
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Q) WAEE - AV v I, /A4 XEBE F AJEE

Output voltage and ripple voltage vs. Input voltage Conditions Io : 100 %
Tbp: -40 °C
25°C
: 100 °C
28V

35 350
B0 1300 &
— g

25 feeeooioeib b Outputvoltage . & L 250
< go
OF 20 200 3
3 >
= 2
> 15 150 '3
= =
a .=
5 10 — — 100 5
© Ripple and noise voltage | %_
. . . . =y
S e e i SEMRRRIAE bt sty 50 =

0 0
30 40 50 60 70 80
Input voltage (V)
| 48V |

60 600
50 I e S S — s S S N 500 &
1 Output voltage E
! | | v
S A0 L SIREEEELh el SR 400
o -8
Z30 [ e 300 .3
S ' g
5 e §=
*g" 20 = _____,---—"":— ””””””””” 200 =
S = i T | s ; 2
‘Ripple and noise voltage §
10 |- e S e R S b b 100 ~

0 0
30 40 50 60 70 80

Input voltage (V)
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(3) ANER - 2= % HER
Input current and Efficiency vs. Output current Conditions Vin : 36 VDC ————
: 48 VDC ———
76 VDC ——

Tbp: 25°C

28V |
20 : : : : 100
16 : ‘ ‘
- Efficiency |
:’2 : | : : L - &
P b R s e T 180 <
5 : P r 5
E -7 - 5
59 : 7 - g
R T S R L b et T 4 70 &
g- . / - - -~ E
- : A -~
R T e e S R -4 60
- Pt ! i Input current
- ; ‘ |
(///
0 50
0 20 40 60 80 100
(16A)
Output current (%)
| 48V |
20 : - : : ; : - 100
16 [ ,—/’:/”——ﬁ- """"" o prosnengeeees 1 90
“ Efficiency ! ; f
< - I e &
P @ R 18 <
8 ! : . : : : PR P
: - : Q
E : - - [
5 } _ -7 L g
= e e T s =
: R " E
B ‘ T
4 //// T s R 1 60
T : Input current
Pt : :
= \
0 = 50
0 20 40 60 80 100
Output current (%) ©44)
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(4) V% Xt AN BIE

Efficiency vs. Input voltage Conditions Io : 50 % -

: 100 % —_—

Tbp: 25°C
28V |
100
90 ,_———___--—_—_""‘“‘—— ,,,,, ——
: ‘ Efficiency : ‘ j
L g0 b ...,
oy ; | ‘ :
Q . ; ; !
70 e e e oo
o o z
0 [t -
50
30 40 50 60 70 80
Input voltage (V)
| 48V |
100
O ey
é 80 b b HE e S ,,,,,,,,,,
2y : t f |
Q : i : . : h |
EOT0 peoaeeeens e e
= ; ﬁ | : | |
60 [
50
30 40 50 60 70 80
Input voltage (V)
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(5) ZhFE xF X—2T7L— MNEE
Efficiency vs. Baseplate temperature Conditions Vin : 48 VDC
Io : 100 %

28V |

100

0| TT——

e e e —_——

Efficiency (%)

| et Rttt e T

60 ””"””“”””””j ”””””” f”””””i"”"""" """""" """““""'“""’"“% """""

-60  -40 20 0 20 40 60 80 100 120
Tbp (°C)

48V |

100

e o —— T e

- >

Efficiency (%)

0

72 S

50
-60 40  -20 0 20 40 60 80 100 120

Top (*C)
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(6) ELED - 15 L EBERFE

Start and Stop voltage characteristics

BT 3 ANBE ANEIR 3 ASBE
Output voltage vs. Input voltage Input current vs. Input voltage
Conditions Io : 100 % Conditions To : 100 %
Tbp: 25 °C Tbhp: 25°C
| 28V | | 28v |
35 y 20 .
| Input voltage range Input voltage range
30 S ! ,,,,,  SREREEEEETEETEEEETR TR
- payd f 15
= 257 / """"" j" """"""""""""""" ~
® | =
& 20 o e S
E i E 10
; 15 fJ/ ——————— T fffffff R RS St §
& I 2
= : o
10 b N T S N =
O : 5
b O S S
I
0 ‘ 0
20 25 30 35 40 45 50 20 25 30 35 40 45 50
Input voltage (V) Input voltage (V)
| 48V | | 48V |
60 I - 20 ]
i | Input voltage range | Input voltage range
50 oo | Eerr O
- e A ] 15
Z 40 / ,,,,, SR . g
8 I 5
S 30 | S S E 10
S 2
=
L A R g
B , >
10 | R HERRRE SR
I
0 ' 0
20 25 30 35 40 45 50 20 25 30 35 40 45 50
Input voltage (V) Input voltage (V)
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22 PR RRIE
Standby power characteristics Conditions Thp : 25°C

PAH450548-%

28V |

5

4 -
=
GLS 3 S o S
3
Q
o
2
..E 2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
3]
7

1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Control:OFF o
. :
30 40 50 60 70 80
Input voltage (V)
48V |

5

4
3
5 3
2
Q
j=}
>
% o O O O SO
<
2

1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, P R PR el L ...

Control:OFF
0
30 40 50 60 70 80
Input voltage (V)
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23 BEFY 7 Mtk

Warm up voltage drift characteristics Conditions
28V |
1.0
g 0.5 |
&
.
Q
g’ 0.0 B
S
>
5
&
B F0.5 b
-1.0
0 0.5 1 1.5 2 2.5 3 3.5 4
Time (hrs)
48V |
1.0
S 05| B S
&
il
Q
on
g 00 |
Q<
>
=)
E
=
o S0.8
-1.0
0 0.5 1 1.5 2 2.5 3 3.5 4
Time (hrs)
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2.4 B ETRIREERE

Over current protection (OCP) characteristics

AT B AR
Input voltage dependence
Conditions  Vin :36 VDC ------
:48 VDC -
:76 VDC —nr
Tbp :25 °C
| 28V |
35
30 EERREERENE
S 25
[ :
§ 20 ot
E
E 15 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
£ ;
O 10 e U AU S’ S VRS
5 -
0
0 20 40 60 80 100 120 140
Output current (%)
| 48v |
50
40 e 0 S S S ! ,,,,,,,,,,
2
g)o 30 s [ A
S ' |
'_o' N
>
S 20 I N e S N
=)
Jou]
S /i
10 S "”;’ ”;’: """"""""""

0 20 40 60 80 100 120 140
Output current (%)

PAH450548-*

N— 2T L — MEER T
Baseplate temperature dependence
Conditions Vin : 48 VDC
Thp :-40 °C
: 25 C
:100°C

Output voltage (V)

35

0 200 40 60 80 100 120 140
Output current (%)

Output voltage (V)

50

]
| l I
40 o N [
ol [
I

10 b oS

0 20 40 60 80 100 120 140
Output current (%)
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2.5 IEBEERERE

Over voltage protection (OVP) characteristics Conditions
28V
OVP point — -
—
Vo — | :
T
ov —
10V/DIV 50ms/DIV
48V |
OVP point — F ‘,
VO - \
\
oV —
20V/DIV 50ms/DIV
DENSEI-LAMBDA
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Vin : 48 VDC
Io : 0%
Tbp : 25°C
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26 HASEH E3Y | SEH T Y Rtk

Output rise and fall characteristics

PAH450548-*

Conditions Vin : 48 VDC

Io @ 0%
Tbp : 25°C
28V
Vo —
ff \
'{ .
| e
oV — .
Vin —
0V — ( L
Vin:50V/DIV | Vo:10V/DIV Vin:50V/DIV | Vo:10V/DIV
20ms/DIV 500ms/DIV
| 48V
Vo — 4 I \
o —
Vin —
oV — K i
Vin:50V/DIV | Vo:20V/DIV Vin:50V/DIV ] Vo:20V/DIV
20ms/DIV 500ms/DIV
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26 HANSEH ERY . SIHT Y ki

Output rise and fall characteristics

PAHA450548-x

Conditions Vin : 48 VDC

To :100 %
Tbp : 25°C
28V
Vo —
] / \'\\
| \
oV — J \
Vin —| (
oV —
Vin:50V/DIV [ Vo:10V/DIV Vin:50V/DIV | Vo:10V/DIV
20ms/DIV 0.5ms/DIV
|48V |
VO - — / : \
ov — / A
Vin hnd " \r
oV —
Vin:50V/DIV | Vo0:20V/DIV Vin:50V/DIV_ | Vo0:20V/DIV
20ms/DIV 0.5ms/DIV
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26 MG EDBY . St B Y& (ON/OFF= > b 1 — LEF)

Output rise and fall characteristics with ON/OFF CONTROL

Conditions Vin : 48 VDC

Io : 0%
Tbp : 25°C
| 28V
Vo — k /\“ \
| \
e N
.
oV — i
Vent — ‘———‘
oV —
Vent:5V/DIV | Vo:10V/DIV Vent:5V/DIV. | Vo:10V/DIV
20ms/DIV 500ms/DIV
| 48V |
Vo — I
oV — ‘
Vent —
oV —
Vent:5V/DIV | V0:20V/DIV Vent:5V/DIV | Vo0:20V/DIV
20ms/DIV 500ms/DIV
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26 AN B ENRY . BT (ON/OFF= > b 1 — LEF)

Output rise and fall characteristics with ON/OFF CONTROL

Conditions Vin : 48 VDC

Io :100 %
Tbp : 25°C
28V |
Vo — / \
o - )
Vent —
oV —
Vent:5V/DIV. | Vo:10V/DIV Vent:5V/DIV. | Vo:10V/DIV
20ms/DIV 0.5ms/DIV
| 48V |
Vo — : / \
oV — / \
Vent — [
oV —
Vent:5V/DIV ] Vo:20V/DIV Vent:5V/DIV i Vo0:20V/DIV
20ms/DIV 0.5ms/DIV
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PAH450548-*
2.7 WESE (ARRZE) fiE

Dynamic load response characteristics Conditions Vin : 48 VDC
Tbp : 25°C

28V

Load current tr = tf = 100us
Tout 50% & 100% =1kHz

N JA' | J\\\m
T

Io—

0A —

Jo:10A/DIV Vo:200mV/DIV
200us/DIV

48V |

Load current tr = tf = 100us
Tout 50% & 100% f=1kHz

N O .
V- /e

TN

0A —

To:5A/DIV Vo:200mV/DIV
200us/DIV
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28 ANy —UER (RAER) ik

Inrush current characteristics Conditions Vin : 48 VDC
To :100%
Tbp: 25°C
48V |
Iin —

0A —

Vin —|l /

oy —

Tin:50A/DIV | Vin:50V/DIV
20ps/DIV
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29 AU T, A X

Output ripple and noise waveform Conditions Vin : 48 VDC
lo :100%
Tbp: 25°C
28V

100mV/DIV 2us/DIV

48V |

100mV/DIV 1pus/DIV
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2.10 EMIFsE
Electro-Magnetic Interference characteristics
() EF W TEE (FiE/ A X)
Conducted Emission Conditions Vin : 48 VDC
Io :100%
Tbhp: 25°C

28V

[H4BCp v
110 .

100

an |
VCCI classA — 20
QP Limit 0k

VCCI classA — ——H—I P
7 S N N B

AV Limit

Lewel

505{

a0k

|
g E J -
RN |
20 T AR WWL”M"

a5 060 1.0 5.00 1000 30.00
Fraguency [MHz]

48V |

[detp il
R —

100 |

an |

VCCI classA — 50 ot EEEE
QP Limit I

VCCI classA — ———-—'—-—I
60— T

AV Limit

Lewvel

i ek ok KA

10 F
ok .
ai1s A} 1.00 5.00 j gl 30.00
Frequency [tiHz]
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2.10 EMIfHE
Electro-Magnetic Interference characteristics
(b) HEEEBNRE (I /A X)
Radiated Emission Conditions Vin : 48 VDC
ITo :100%
Tbp: 25°C

28V |

HORIZONTAL

HBCp w/m
70

s [

VCCI classA — 50 . . . .

QP Limit

W'ﬂ"‘ ‘M

.. .;‘w
?Ml ” " fm" | ! l !Wﬁ i‘\’

a0

Lewel
=
"
23
—*“::,
-..\,
5;
1_:3;
_ff
_:.r-
3
—_—:'-"
:_:r-

:
30.0 0.0 1000 200.0 3000
Fraquency [riHz]

VERTICAL

fdB(p wemil
70

QP Limit

A B :

: S T A : l‘—
VCCI classA —s 50 | j : A S — :
- 1 T 1] ] ] 1 1

an :

W"" M\: Rv‘\xwm

Lawal

10 L

n L ! ! I B B :
0.0 50.0 1a0.0 2000 000
F ragquenoy [hiHz]
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2.10 EMIAFHE
Electro-Magnetic Interference characteristics

(b) MEEBERME K/ A X)

Radiated Emission Conditions Vin : 48 VDC
Jo :100%
Tbp: 25°C
48V ' HORIZONTAL
[deip vim)l
0
wp f
VCCI classA — wo |
QP Limit i L 5
Py SN SN NN A
Dbt A hod b Ao
~w _\,ﬁ"ﬁllﬁul’"‘“;M} Hﬁ‘(:ﬂ "’“’u‘lﬁt""’lﬁ?‘)’}l‘ﬂ'\"i o L, W‘*H’ﬁ;ﬁ L. m’l‘flj lel
A A T L G
20 : : : l l : :
i
o !
30.0 50.0 1a0.0 200.0 a000
Frequency [nHz]

VERTICAL

[dB(p Wim))
TO

G0

VCCI classA — 501
QP Limit

Lo
'f : | rw "u
'W“'*f” M w dbw ’W J'r”'ﬁ “'ﬂh n

Lewel

30

20.0 50.0 100.0 200.0 3000
Frequancy [riHz]
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