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1. BIEFRIE

1.1 BIEER Circuits used for determination
(1) #Ft  Steady state data

Evaluation Method

18—-36VDC

@]
)

4
=
S

I !

Ve

Controlled temp. chamber
C1: 220uF Electrolytic Capacitor x 2para

C3: 12V—470uF Electrolytic Capacitor J1: 50mm
C2: 0.1uF Ceramic Capacitor 28V—-220uF Electrolytic Capacitor
C4,C5: 0.022uF Film Capacitor

(2) HBERFY 7 MFEHE  Warm up voltage drift characteristics

v
Fuse

30A

N
18—-36vDC
/

C1: 220uF Electrolytic Capacitor x 2para  C3: 12V-470uF Eiectrolytic Capaciter {1 50mm
C2: 0.1uF Ceramic Capacitor 28V—220uF Electrolytic Capacitor
C4,C5: 0.022uF Film Capacitor

(3) EEFMIERM  Over current protection (OCP) characteristics

X=Y
Recorder

18-36VDC
/

T Controlled temp. chamber
C1: 220uF Flectrolytic Capacitor x 2para C3: 12V-470uF Elecirolytic Capaciter J1: =0
C2: 0.1uF Ceramic Capacitor 28V=220uF

Electrolytic Capacitor

C4,C5: 0.022uF Film Capacitor

DENSEI-LAMBDA
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@) BEERERME  Over voltage protection (OVP) characteristics

7T

C1: 220uF Electrolytic Capacitor x 2para  C3: 12V-470uF Electrolytic Capacitor §1 -

C2: 0.1uF Ceramic Capacitor 28V=220uF Electrolytic Capacitor
C4,C5: 0.022uF Film Capacitor

(5) WAEH EAVEHE  Output rise characteristics

C1: 220uF Electrolytic Capacitor x 2para  C3: 12V-470uf Electrolytic Capacitor  §1 -

C2: 0.1uF Ceramic Capacitor 28V—-220uf Electrolytic Capacitor
C4,C5: 0.022uF Film Capacitor

(6) HFISLHTFASY Output fall characteristics

HAXZH ERY R E R T

Same as output rise characteristics

DENSEI-LAMBDA
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N WAL ERVHE (ON/OFF a2y ho—/VE)
Output rise characteristics with ON/OFF CONTROL

p

TcsT

C1: 220ufF Electrolytic Capacitor x 2para  C3: 12V—470uF Electrolytic Capacitor  §1: 50mm
C2: 0.1uF Ceramic Capacitor 28V ~220uF Electrolytic Capacitor
C4,C5: 0.022uF Film Capacitor

8 HAMNBETHAV&EHE (ON/OFF = ho—/LE)
Output fall characteristics with ON/OFF CONTROL

HASES EA Y F5tE (ON/OFFay ba—ukf) &FELT
Same as output rise characteristics with ON/OFF CONTROL

(9) BERLE (ATEZE) R  Dynamic load response characteristics

Output current waoveform
lout 50% <--> 100% DUTY.50%

Y TN
v V) . -
= =\ | Dzzz P —— 499%
i o I 1
LN 557
T = so%
Load| 1 o o
24VDC JL L I
Load| 2 L L 0%
| I gf!

] it

C1: 220uF Electrolytic Capacitor x 2para C3: 12V-470uF Electrolytic Capacitor J1: 50mm
C2: 0.1uF Ceramic Capacitor 28V—=220ufF tlectrowtic Capacitor
C4,C5: 0.022uF Film Capacitor

DENSEI-LAMBDA T-3
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(10) A1 —U B (ZBAER) %M Inrush current characteristics

63

+S
+Vin  +V ‘

o-

Lca l ;
Savne - i A HY\/: c2| c3l. R
N i
/ Tes —UZ
I B
1
7
C1: 220uf Electrolytic Capacitor « 2para  C3. 12V—470uf Electrolytic Capacilor R1: 0.01Q
C2: 0.1uF Ceramic Capacitor 28V=220uF Clectrolytic Capacitor 1 50mm

C4,C5: 0.022uF Film Capacitor

(11) HAY v 7N, /A XY Output ripple and noise waveform

(a) Normal Mode

iCA
@ _‘\ C3 ,CZZ: R

L I
~ FS L ]

\ 1.5m 500 Cable
o
Al
6 | Oscilloscope
Bandwidth: 100MHz

.
C1: 220uF Electrolytic Capacitor x 2para C3: 12V—470uf Electrolytic Capacitor €& 4700pF Ceramic Capacitor
C2: 0.1uF Ceramic Capacitor 28V-220uF Electrolytic Capacitor R1: 50 Q
C4,C5 0.022ufF Film Capacitor 21 50mm

(b) Normal + Common Mode

v
R
—
l(:él \ 1.5m 50 Cable
v _:‘.[ CZMCZ:‘: \:‘)
17(25 Oscilloscope
Bandwidth: 100MHz
e
J
72

C1: 220uF Electrolytic Capacitor x 2para  C3: 12V—470ufF Electrolytic Capacitor 71 d2 50rmm
CZ: 0.1uF Ceramic Capacitor 28V—-220uF Electrolytic Capacitor
C4,C3:. 0.022uf Film Capacitor
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(12) EM I %% Electro-Magnetic Interference characteristics

(a MTHTEE BE/ 14X

Conducted Emission Noise

D=80cm
R (E)
HLUBHEGRE D.U.T.(Earth)
AMN S0Q/50uH
Spectrum Analyzer -
EMI Test Receiver i
RF Relay Matrix
BREI-F
I AC Cord & _
Stand H=80cm
1 1
77 N\ 2BARE e ] —o
B Metal Ground Plain R ANER
Earth Filter Input Line

() HMEETEFRE BR/ 41X

Radiated Emission Noise

D=3m
Spectrum Analyzer ARBE ()
EMI Test Receiver D.U.T.(Earth)
RF Relay Matrix N{IZAN PUTT
(Biconical Antenna) _
[}
/ Stand
~ C 1
S-vTF-TW
Turn Table
H=80cm
Y
L T 2
7 2 EARE ———L Fo.ran
B Metal Ground Plain A Input Line
Earth Filter

(1) VCC class A GRS T 7V r—v a3 VAT A
VCClI class A application system

L1
oL
C6
24VDC  — T R
C
s
C1 . 680uF Electrolytic Capacitor x 3para C4,CS : 0.022uF Ceramic Capacitor
C2 : O.tuF Ceramic Capacitor C6 . 10uF Ceramic Capacitor
C3 @ 12V—-470uF Electrolytic Capacitor C7,C8 : 0.4/ut Film Capacitor
28V—~220uf Electrolytic Capacitor LT @ 1TmH
f1 @ 50mm
DENSEI-LAMBDA T-5



1.2 ERRIEES

List of equipment used

PAH300S24—*

EQUIPMENT USED MANUFACTURER MODEL NO.
1 [ OSCILLOSCOPE HITACHI DENSHI V-1100A
2 | DIGITAL STORAGE OSCILLOSCOPE IWATSU-LECROY LT364L
3 | DIGITAL MULTIMETER ADVANTEST R6441B
4 | DATA ACQUISITION / SWITCH UNIT AGILENT 34970A
5 | CURRENT PROBE LECROY APO15
6 | SHUNT RESISTER YOKOGAWA ELECT. 2215
7 | X-Y RECORDER GRAPHTEC WX3000
8 | CONTROLLED TEMP. CHAMBER TABAI ESPEC SH-240
9 | SPECTRUM ANALYZER ROHDE & SCHWARZ FSA
10 | EMITEST RECEIVER ROHDE & SCHWARZ ESHS10
11 | EMITEST RECEIVER ROHDE & SCHWARZ ESVS10
12 | RF RELAY MATRIX ROHDE & SCHWARZ PSU
13 [ AMN KYORITU DENSHI KNW-408
14 | ANTENNA(BICONICAL ANTENNA) SCHWARZBECK BBA9106
15 | DYNAMIC DUMMY LOAD TAKASAGO FK-400L
16 | DC POWER SUPPLY TAKASAGO EX-1500L
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2. FHET—% Characteristics
2.1 BHrE Steady state data
(1) A7) - &t - IBEZE) Regulation - line and load, temperature drift
| 12v |
1. Regulation - line and load condition Tbp : 25°C
Iout \ Vin 18VDC | 24VDC | 36VDC line regulation
0% 12.009V | 12.008V | 12.009V ImV 0.008%
50% 12.010V | 12.010V | 12.010V OmV 0.000%
100% 12.011V | 12.010V | 12.011V 1mV 0.008%
load 2mV 2mV 2mV
regulation 0.017% | 0.017% | 0.017%
2. Temperature drift conditions Vin : 24VDC
Tout : 100%
Thbp -40°C 25C 100°C | temperature stability
Vout 12.047V | 12.010V | 11.942V | 105mV | 0.875%
| 28v |
1. Regulation - line and load condition Tbp: 25C
Iout \ Vin 18VDC | 24VDC | 36VDC line regulation
0% 27.927V | 27.929V | 27.928V 2mV| 0.007%
50% 27.927V | 27.928V | 27.928V ImV| 0.004%
100% 27.927V | 27.920V | 27.929V 2mV| 0.007%
load OmV 1mV 1mV
regulation 0.000% | 0.004% | 0.004%
2. Temperature drift conditions Vin: 24VDC
Iout : 100%
Tbp -40°C 25C 100°C | temperature stability
Vout 27.966V | 27.929V | 27.898V | 68mV 0.243%

DENSEI-LAMBDA
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2.1 2) HAEBE - ) y IVEERGANEE
Output voltage and ripple voltage v.s. input voltage

12v |
14.0
120
10.0

Output voltage (V)

0.0

Conditions Iout :
Thp :

iOutp_:ut volia ge

16 20 24 28 32 36

Input voltage (V)

Conditions Iout :
Thp :

ol otage

16 20 24 28 32 36

Input voltage(V)

DENSEI-LAMBDA

350
300
250
200
150
100
50

100 %

Ripple voltage(mVp-p)

Ripple voltage(mVp-p)
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2.1 (3) %= - ASEFRAHHERR

Efficiency and input current v.s. output current

12V

Input current (A)

24

20

16

12

PAH300S24—*

28V

Input current (A)

Conditions Vin: 18 VDC
: 24 VDC
: 36 VDC
Tbp: 25°C
: : : 100
Efficiency
[T S Aty S A S SR R 90
! T L A A S
s s : a s
‘ ‘ | o
3 ; . s 3
AR S SR S B S SO S s S 0 5
e T =
O S S SRR SO /’ ,,,,,,,,,, 60 a8
20 40 60 80 100

24

20

16

12

Output current (%)

Conditions Vin :
Tbp :
‘ . 100
: : EfﬁCienc%y : } : 90

Output current (%)

DENSEI-LAMBDA

80

100

Efficiency (%)
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2.1 (4) EFANEE

Efficiency v.s. input voltage

Conditions Tbp : 25 C

Tout: 50 % -——---
80 % ———-
12V ] 100 % ——
100 ‘
} ; : . Efficiency : s
L B S S S S e e A S
" NS
& ; 5 ; 5 : 3 e : 1 1
g H | H | | i | . .
R e e T T e e
m : : : : : : : : : :
0 |
5 : ‘ : ; ; : s ; : :
16 20 24 28 32 36
Input voltage (V)
Conditions Tbp : 25 °C
Iout : 50 % -------
80 % —emm—.
| 28v | 100 %
100 . ‘
| : ; ‘ Efﬁcienc;:y I ! ! :
90 oo e A A R ojeemeees EPE S
80 |
) | : : | | | 1 | s 1
5 : ‘ : ; ‘ | ‘ ‘ ‘
£ 70 b
) : i : : : . : : :
0
50
16 20 24 28 32 36

Input voltage (V)

DENSEI-LAMBDA T-10
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2.1 (5) BFEHFN—ZFL— MBE
Efficiency v.s. Baseplate temperature

Conditions Vin : 24 VDC
Tout : 100 %

12v |
100
| j | Efficiency: _3 % i
90 oo e e e
S
> : : : : : : : !
E) ' | | | H | 0
B 70 b
83 ; ! : : ! ! : :
S ..
50 : . .
-60 -40 -20 0 20 40 60 80 100 120
Tbp (C)
Conditions Vin : 24 VDC
l 28V 1 Iout : 100 %
100
I S N O ST ..o N IS S S
€ a0
2 : ! : ! ! ! ! :
§ . | | H | | ! |
o ! N | | . , | |
A A T P [ AR pt
m ; : ' : : : . :
0
-60 -40 -20 0 20 40 60 80 100 120
Tbp (C)

DENSEI-LAMBDA T-11
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Warm up voltage drift characteristics

2.2 BERY 7 M

24 VDC
: 100 %

Conditions Vin :

Iout
Ta

25 C

12V

=
<?

(2%) yup 93eyjoA ;ndinQ

4.0

2.0 3.0

Time (hrs)

1.0

0.0

B s st S SO S

04 fooooos

(%) yup 98eij0A ndnp

-0.8

4.0

2.0 3.0

Time (hrs)

1.0

0.0

T-12
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Over current protection (OCP) characteristics

2.3 IBEFRERE

18 VDC
24 VDC
36 VDC
25°C

Conditions Vin :

Thbp :

12v |

15.0

12.0

(A) 98eyjoA Inding

120 140 160

100

40

20

Output current (%)

18 VDC -
24 VDC

36 VDC

25°C

Conditions Vin :

Tbp :

28V

R

e

30.0

i ¥
1 ! t 1
I 1 i 1
| ' I A R
| ! P S —_—~d ~
I A Ry Y |~
b ol
.-.T\T.\ ““““““““““ —— s .
1 I I 1
i 1 I 1
| 1 I I i
1 1 1 I t
I ! I I 1
] ] 1 I '
1 1 I I ¥
S P R — L [ [ —
I | 1 I !
I I 1 I 1
| 1 i I 1
] I ! i I
] I t I 1
1 ' I | 1
i i | i |
| ! I ] 1
‘‘‘‘‘‘ S Y S TR SR
] 1 I I i
t ] I I 1
. 1 I I ¥
| ' | | 1
I t I I l
I I I I '
| | 1 1 |
| | i | i
\\\\\\ e ik e B e i e
I I ) 1 I
I I ] 1 1
! 1 t ] !
! , : ; |
] 1 1 ] I
| 1 I I ]
I ] 1 I 1
| I | | I
llllll R R H e e
I I t I 1
] i | | i
I i 1 1 i
' ! ] ] '
I i I I t
| ] | I |
I ] I I I
I I I I 1
R S [ [ o
I 1 | 1 i
1 1 1 1 1
! ! | | I
1 | 1 ! I
t 1 1 I '
I | ] | t
t ] ] I I
I 1 Il L L
< < 2 Q 2 2
e) = ) =] n o]
o™ (o] — —
(A) 98eyj0A Jding

120 140 160

100

40 60

20

Output current (%)

T-13
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2.3 BERRERE

Over current protection (OCP) characteristics

PAH300S24—*

Conditions Tbp : -40 C

25°C
: 100 C
12v | Vin : 24 VDC
150
o b—_—_m oo
> i
> 90 |
= :
> :’
= 6.0 e Ao ‘ ———————————————
= \
8 |
€ 0 S L SO A S S ) SO
0.0
0 20 40 60 30 100 120 140 160
Output current (%)
Conditions Tbp : -40 °C
: 25°C
: 100 °C
28V | Vin: 24 VDC
30.0
250
S 20,0 | T
2
SO15.0 e
>
5
S 10.0 foeeebee
@)
S T LT "R IS, NS 1y A5
0.0
0 20 40 60 80 100 120 140 160

Output current (%)

DENSEI-LAMBDA
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2.4 BEEGRERMT

Over voltage protection (OVP) characteristics

Conditions Vin : 24 VDC

Tout: 0%
pr : 25°C
12V |
- " <~ OVP Point
~—Vout
—0V
2V/DIV | 50ms/DIV
28V |
\ o " «—OQVP Point
[<Vout
le—ov
S5V/DIV [ 50ms/DIV

DENSEI-LAMBDA T-15
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2.5 HALH EAs Y it

Output rise characteristics

Conditions Vin : 24 VDC

Iout: 0%
Top: 25°C
12V |
CH1— By ‘ |=Vout
/ j‘ : (_OV
CH2—| - ‘ 1—Vin
: ‘ @—QV
CH1:5V/DIV | CH2:20V/DIV
20ms/DIV
28V |
CHI=| T | —Vout
—|ov
CH2—| — |e-vin
L — 0V
CHI: 10V/DIV | CH2:20V/DIV
20ms/DIV

DENSEI-LAMBDA T-16



2.5 HArH By Bk

Output rise characteristics

PAH300S24—*

Conditions Vin : 24 VDC

Tout : 100 %
Tbp: 25°C

—Vout

l—ov

[0V

|<=Vout

—0V

|—Vin

0V

12V |
CH2—| ..
CHI1:5V/DIV | CH2:20V/DIV
20ms/DIV
| 28V |
CH1—{ 7
CH2— | ]r"ﬁ
CHI: 10V/DIV | CH2:20V/DIV
20ms/DIV

DENSEI-LAMBDA
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2.6 AN H T Kt

Conditions Vin :
Tout :
Thp:

PAH300S24—*

|<—Vout

|—ov

|<Vin

[0V

Output fall characteristics
12v |
CH2—-| - |
CH1:5V/DIV_ | CH2:20V/DIV
500ms/DIV

| 28v |

CHI—|

CH2—

«~—Vout

—0V

<—Vin

—0V

CH1: 10V/DIV | CH2:20V/DIV

500ms/DIV

DENSEI-LAMBDA

24 VDC
0 %
25°C
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2.6 AL THRD &t
Output fall characteristics

Conditions Vin : 24 VDC
Tout : 100 %

Tbp: 25°C
| 12v ]
CH1— _‘ﬂ* oo | §<—V0ut
\ SEEEEEEN B
S |ov
CH1:5V/DIV | CH2:20V/DIV
0.2ms/DIV
| 28v |
CH1l— <~—Vout
“—QV
CH2— ~|Vin
’ : —0V
CH1: 10V/DIV I CH2: 20V/DIV
0.2ms/DIV

DENSEI-LAMBDA T-19



2.7 BB ER Y R (ON/OFFay bu—ILE)
Output rise characteristics with ON/OFF CONTROL

PAH300S24—x

Conditions Vin : 24 VDC

TIout: 0%
Tbp: 25°C

—Vout

|0V

~—Vent

—QV

CH1:5V/DIV | CH2:5V/DIV

20ms/DIV

12V |
CH1—
CH2—

| 28v |
CH1—
CH2—|

CH1: 10V/DIV | CH2:5V/DIV

20ms/DIV

<—VYout

oV

| Vent
|0V

DENSEI-LAMBDA
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2.7T AN ERVEHE (ON/OFF a2y ho—/LE)
Output rise characteristics with ON/OFF CONTROL

| 12v |

CH1—

CH2—|

[ 28v ]

CH1—

CH2—

PAH300S24—*

Conditions Vin : 24 VDC

CH1:5V/DIV | CH2:5V/DIV

20ms/DIV

Tout : 100 %
Tbp: 25 °C

—[<—Vout

J—Vent
0V

<—Vout

|—ov

— l—vent

—0V

CH1:10V/DIV | CH2:5V/DIV

20ms/DIV

DENSEI-LAMBDA

T-21



PAH300S24—*

2.8 AL THRVHE (ON/OFF 2 ho—/LE)
Output fall characteristics with ON/OFF CONTROL

Conditions Vin : 24 VDC

Tout: 0%
Tbp: 25°C
12v |
CH1— — \ n | _|=Vout
—OV
CH2—| : ———Vcnt
— o B l—ov
CH1:5V/DIV | CH2:5V/DIV
500ms/DIV
28V |
CHI—| : . [~ Vout
i\
CH2— \ . ?<—“Vcnt
- —QV
CHI: 10V/DIV | CH2:5V/DIV
500ms/DIV

DENSEI-LAMBDA T-22



2.8 HASLBTAVEHE (ON/OFF a2 hra—/F)
Output fall characteristics with ON/OFF CONTROL

CH2—| —

12V |
CH1—
28V |
CH1—| =
CH2—|

PAH300S24—*

Conditions Vin : 24 VDC

Tout : 100 %
Tbp: 25 C

CH1: 5V/DIV [ CH2: 5V/DIV

0.2ms/DIV

<—Vout

—0V

l-Vent
=0V

/

—Vout

le—ov

«~Vcent

0V

CHI: 10V/DIV | CH2:5V/DIV

0.2ms/DIV

DENSEI-LAMBDA
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2.9 BELE (RFAE) &
Dynamic load response characteristics
Conditions Vin: 24 VDC

Tbp: 25°C
12V
Load current tr = tf = 100us
Iout 50% <—> 100% f=1kHz
CH1— “—Vout
CH2— — .
—0A
CH1:200mV/DIV | CH2:20A/DIV
0.2ms/DIV
28V
Load current tr = tf = 100us
Tout 50% ~—— 100% f=1kHz
cH2—| | — T NC e
f ' “—0A
CH1 :500mV/DIV | CH2:10A/DIV
0.2ms/DIV

DENSEI-LAMBDA T-24



2.10 ASHP—TER (BAER) Rt

Inrush current waveform

PAH300S24—*

Conditions Vin: 24 VDC

Iout: 100 %

28V Tbp: 25°C
A i
CH1— N “—0A
- Vin
CH2— / —0vV

CH1:50A/DIV_ | CH2:20V/DIV
10Qus/DIV
DENSEI-LAMBDA T-25
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2.11 AV w7, A X
Output ripple and noise waveform
Conditions Vin : 24 VDC
Tout : 100 %
Tbp: 25 °C

12v |

Normal mode

50mV/DIV | 1 ¢ s/DIV
146.0mVp-p

Normal + common mode

50mV/DIV | 1 xs/DIV
188.0mVp-p

DENSEI-LAMBDA T-26
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2.11 HAY vy T, A XEF
Output ripple and noise waveform
Conditions Vin : 24 VDC
Iout : 100 %
Tbp: 25°C

28V |

Normal mode

50mV/DIV | 1 ¢ s/DIV
118mVpp

Normal + common mode

50mV/DIV | 1 ¢ s/DIV
145 mVp—p

DENSEI-LAMBDA T-27
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2. 12 EMIKFE
Electro-Magnetic Interference characteristics
() TR TEE (FE/ A X) Conditions Vin : 24 VDC
Conducted Emission Iout : 100 %
(1) VCCI class A ¥t 7 7V r—a v AT A Thp: 25 °C
VCCI class A application system
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Electro-Magnetic Interference characteristics

(b) EEERAE (EBH . A X)

Conditions Vin : 24 VDC

Radiated Emission Jout : 100 %
(1) VCCIclass A7 7 ) r—33 VI AT A Tbp: 25°C

VCCI class A application system

12V |
HORIZONTAL.:
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VCCI classA

50 QP Limit
- 40 LA
: 2 /1,
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2. 12 EMI%F4%
Electro-Magnetic Interference characteristics
(b) MEFERAE (BH/ A X) Conditions Vin : 24 VDC
Radiated Emission Tout : 100 %
(1) VCCIclass AR ST 7V r—y a3 VvV A5 A Tbp: 25 C
VCCI class A application system

28V |
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) I
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