TRACO Application Note
POWEH TEN 25WI Series

TEN 25WI Series
25-30W, Ultra-Wide Input Range, Single & Dual Output DC/DC Converters

Features
» Efficiency up to 89%
» 1500VDC Isolation
» MTBF > 450,000 Hours
» Complies with EN55022 Class A
» Six-Sided Shielding
» Remote On/Off Control
» Over Voltage Protection
» Over Temperature Protection
» Output Trim
» Soft Start
» UL60950-1 Safety Approval
» 3 Years Product Warranty

Applications

» Distributed power architectures
» Workstations

» Computer equipment

» Communications equipment

General Description

TRACO’s TEN-25WI-Series power modules are low-profile dc-dc converters that operate over input voltage ranges of 10-40VDC and 18-75VDC
which provide precisely regulated output voltages of 3.3V, 5V, 12V, 15V, 112V and +15VDC, specially addressing data communication equipments,
mobile battery driven equipments, distributed power systems, telecommunication equipments, mixed analog/digital subsystems, process/machine
control equipments, computer peripheral systems and industrial robot systems.

Packing up to 30W of power into a 2x1.6x0.37inch package, with efficiencies as high as 89%, the TEN 25WI includes continuous short circuit
protection, overvoltage protection, over temperature protection, output trim function, remote on/off, six-sided shielded case and EN55022 Class A
conducted noise compliance minimize design-in time, cost and eliminate the need for external filtering.
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Application Note

TEN 25WI Series

Absolute Maximum Rating

Parameter Model Min Max Unit
Input Voltage
Input Surge Voltage ( 1 sec. ) 24V/DC Input Models -0.7 50 VDC
48VDC Input Models -0.7 100
Operating Ambient Temperature
Without Derating All -40 +50 °C
With Derating -40 +85
Operating Case Temperature All +105 °C
Storage Temperature All -50 +125 °C

Output Specification

Parameter Model Min Nominal Max Unit
Output Voltage TEN 25-xx10WI 3.267 3.3 3.333
(V,=V,, .oms Full Load; T,=25°C) TEN 25-xx11WI 4.95 5 5.05
TEN 25-xx12WI 11.88 12 12.12 VDG
TEN 25-xx13WI 14.85 15 15.15
TEN 25-xx22WI +11.88 12 +12.12
TEN 25-xx23WI 114.85 15 +15.15
Output Regulation
Line (V,, .., toV, . atFull Load) 10.2 0.5 %
Output Regulation %
Load (50% to 100% of Full Load) All 0.3 1.0
Output Ripple & Noise
Peak-to-Peak (5Hz to 20MHz bandwidth) 55 80 mV pk-pk
Temperature Coefficient +0.01 +0.02 %/°C
Dynamic Load Response
(V,, = Vi om s TA=25°C
Load step change form
25% Load Step Change Al
Peak Deviation +2%Vo +4%Vo mV
Setting Time 150 300 uS
TEN 25-xx10WI 400 5500
Output Current
TEN 25-xx11WI 350 5000
TEN 25-xx12WI 166 2500
TEN 25-xx13WI 133 2000 mA
TEN 25-xx22WI 183 +1250
TEN 25-xx23WI 65 +1000
Output Over Current Protection All 120 180 %FL
Output Short Circuit Protection All Continuous
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TEN 25WI Series

Input Specification

Parameter Model Min Nominal Max Unit
Operating Input Voltage 24V Input Models 10 24 40 VDG
48V Input Models 18 48 75
Under Voltage Lockout Turn-on Threshold 24V Input Models 9.4 9.7 10 VDG
48V Input Models 17 17.5 18
Under Voltage Lockout Turn-off Threshold 24V Input Models 9 9.3 9.5 VDC
48V Input Models 16 16.5 17
Input reflected ripple current 24V Input Models 50 mA pk-pk
(0 to 500KHz, 4.7uH source impedance) 48V Input Models 25
TEN 25-2410WI 922
Input Current TEN 25-2411WI 1225
(Maximum value at vV, =V, __-Full Load) TEN 25-2412WI 1404
TEN 25-2413WI 1404
TEN 25-2422WI 1404
TEN 25-2423WI 1404 mA
TEN 25-4810WI 461
TEN 25-4811WI 613
TEN 25-4812WI 702
TEN 25-4813WI 702
TEN 25-4822WI 702
TEN 25-4823WI 702
Input Standby Current TEN 25-2410W1
! ooy LU TEN 25-2411WI
(Typical value atV_ =V, _ - No Load) TEN 25-2412WI 2
TEN 25-2413WI
TEN 25-2422WI
TEN 25-2423WI
mA
TEN 25-4810WI
TEN 25-4811WI
TEN 25-4812WI 10
TEN 25-4813WI
TEN 25-4822WI
TEN 25-4823WI
Remote ON/OFF Control
(The On/Off pin voltage is referenced to-V, )
Positive logic
On/Off pin High Voltage (Remote ON) Al 25 100 VDC
On/Off pin Low Voltage (Remote OFF) -1 1 VDC
Remote Off Stand by Input Current 2 5 mA
Control Pin Input Current (Remote ON) 5 uA
Control Pin Input Current (Remote OFF) -100 uA
Output Voltage Trim 0
(% of nominal output voltage) Al *9 10 e &
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TEN 25WI Series

General Specification

Parameter Model Min Nominal Max Unit
- TEN 25-2410WI 82
Efficiency
(V_=V._ - Full Load; T, =25°C) TEN 25-2411WI 85
TEN 25-2412WI 89
TEN 25-2413WI 89
TEN 25-2422WI 89
TEN 25-2423WI 89 %
TEN 25-4810WI 82
TEN 25-4811WI 85
TEN 25-4812WI 89
TEN 25-4813WI 89
TEN 25-4822WI 89
TEN 25-4823WI 89
Isolation Voltage 1500 VDC
Input to Output (for 60 seconds)
Isolation Resistance All 1000 MQ
Isolation Capacitance 1200 1500 pF
Switching Frequency 290 330 360 KHz
MTBF
MIL-STD-217F, TC=25°C 450,000 Hours
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2410WI

Measure P1:pkpkiC1) P2~ P3:-- P4~ g - G-~ P7-- Pa---
value 467
status v

imehase 0,00 09

Typical Output Ripple and Noise.
vV, =V, Full Load; T,

in nom’

% 85
80 80
S / S
§ 0 :>,’ 75
9 2
8 60 2
= £ 70
w 50 w
— 10V
65
40 —24V
30 4ov 60
20 40 60 80 100 10 25 40
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy LeCroy

Measure PImax(Cl)  PImin(C2) P3--- P P6- - [ 220 g
value 1261 my
status v

Transient Response to Dynamic Load Change
from 100% to 75% of Full Load ; V, =V,

In nom

ON/OFF Voltage Start-Up and Output Rise Characteristic
V.=V, ; Full Load

innom ’

vin

Typical Input Start-Up and Output Rise Characteristic
V.=V, Full Load

innom ’
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TEN 25WI Series

Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2410WI(Continued)

800 BV

(T T 71 e —
T 11

o0
0.150 05 (MHz) 5 30.000

Conduction Emission of EN55022 Class A

800  dBuv
o —
AVG! —_—

00
0150 05 (MHz) 5 30,000

Conduction Emission of EN55022 Class B

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V.. =V, 1om (Without heatsink)

in

V, =V, Full Load V, =V, _;Full Load
100 100 T 1
\:\\ N | | ! ! ! » \\\ N <— 400LFM |
80 X J00LFM 80 —  Natural \\ \ \
3 | Natural N Q convection \\ \
= ti N s
s o convecmnI \\ \ 5 oo \ \‘ 200LFM _|
é 100LFM >N N\ 200LFM § 100LFM =\\ \ \
é. 40 \\ ‘g_ 40 \ \
5 N s \ \
@] \‘ (] N \\
20 AN 2 N
A \lx\
o L—1I_ o I _
-40 50 60 70 80 90 100 110 -40 50 60 70 80 90 100 110

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V.. =V, om (With heatsink)

in in no
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2411WI

- M » %%

Measure P1pkOK(CT) P--- P3:-- Pe-- P~ [ PTo-- [
value 449 my
status v

[GEEE

Typical Output Ripple and Noise.
vV, =V, Full Load;

in nom’

100 95
90 90
X 80 = — S
< X 85
> )
5 70 b k]
S £ 80
o g0 ]
—10V
75
50 —24V
40 L 40v 7
20 40 60 80 100 10 24 40
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy|

Measure PTmac1) P2:-- P3--- Pz -- [ {2 PT-- Pa:--

value 110.8 my
status v

Transient Response to Dynamic Load Change
from 100% to 75% of Full Load ; V, =V,

In nom

ON/OFF Voltage Start-Up and Output Rise Characteristic
V. =V, ; Full Load

innom ?

imebase_-6001mg

Typical Input Start-Up and Output Rise Characteristic
V. =V, ; Full Load

innom ?
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TEN 25WI Series

Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2411WI(Continued)

800 dBuY

[T T 11 e
R

00
0150 05 (MHz) 5 30,000

Conduction Emission of EN55022 Class A

800  dBuV
[ —
AVG: —_—

00
0150 05 [MHz) 5 30,000

Conduction Emission of EN55022 Class B

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V.. =V, 1om (Without heatsink)

in

V.=V ; Full Load V. =V ; Full Load
n in nom in in nom
100 100 T T
\:\\ N | | ! ! ! » \\\ N <— 400LFM |
80 bal A00LFM 80 |— Natural \\ \ \
3 | Natural N Q convection \\ \
a4 ti N <
. convection \\ N 5 o \ \ 200LFM _|
é 100LFM PN N\ 2000Fm § 100LEM ;\\ \ \
5 N 3 ANAY
% 40 \ —g‘ 40 A \
(e} = N © \\
2 N\ » A\
N \|X\
o LI _ o L _
-40 50 60 70 80 90 100 110 -40 50 60 70 80 90 100 110

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V.. =V, om (With heatsink)

in in no
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2412WI|

Measure P1pkRK(CT) P--- P3:-- Pe-- P~ [ PTo-- [
value 416 my
status v

rebass 00019

Typical Output Ripple and Noise.
vV, =V, Full Load; T,

in nom?

100 95
90 90
T 80 S
< < 85
9 2
8 70 2
& £ 80
o g0 ]
—10V
75
50 —24V
0 40V 70
20 40 60 80 100 10 24 40
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy| LeCroy|
B Ay, Mwwﬂ#‘ e "

Measure PTmaxc1) P2:-- P3--- Pz -- [ {2 PT-- Pa:--
value 2563 mv
status v

Transient Response to Dynamic Load Change
from 100% to 75% of Full Load ; V, =V,

In nom

o [Triooer  GAGH]

ON/OFF Voltage Start-Up and Output Rise Characteristic
V. =V, ; Full Load

innom ?

3 [Triser—GaEm)

Typical Input Start-Up and Output Rise Characteristic
V. =V, ; Full Load

innom ?
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2412WI|(Continued)

800 dBuv

IR e —
T

00
0150 05 (MHz) 5 30.000

Conduction Emission of EN55022 Class A

800 dBuV
3 —
AVG: —_—

00
0150 05 (MHz) 5 30000

Conduction Emission of EN55022 Class B

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V.. =V, rom (Without heatsink)

in

V, =V, ;Full Load V, =V, _;Full Load
100 100 1
\:\\ N | | ! ! ! » \\\ N <— 400LFM |
80 X J00LFM 80 |—  Natural \\ \ \
3 | Natural N Q convection \\ \
= ti N s
s o convecmnI \\ \ 5 oo \ \‘ 200LFM _|
é 100LFM >N N\ 200LFM § 100LFM =\\ \ \
5 N\ 5 ANA
5 40 N g 40 \\\
[¢] “ © N
20 N 2 N
A \|x\
o —1 _ o I _
-40 50 60 70 80 20 100 110 -40 50 60 70 80 9 100 110

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V. =V, om (With heatsink)

in in no
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POWER TEN 25WI Series

Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2413WI

100 95
90 90
L
T 80 S
< < 85
B 2
8 70 s
8 £ 80
o g0 ]
—10V
75
50 —24V
40 L 40v 70
20 40 60 80 100 10 24 40
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy LeCroy

v
Typical Output Ripple and Noise. Transient Response to Dynamic Load Change
V., =V, ... Full Load; T, from 100% to 75% of Full Load ; V, =V,
LeCroy LeCroy
\
ON/OFF Voltage Start-Up and Output Rise Characteristic Typical Input Start-Up and Output Rise Characteristic
V.=V, .om s Full Load V.=V, .om s Full Load

http://www.tracopower.com Page 11 of 38



TRACO
POWER

Application Note
TEN 25WI Series

Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2413WI(Continued)

800 B

B e
N

00
0150 05 (MHz) 5 30000

Conduction Emission of EN55022 Class A

800 dBuv
o =
AVG —

0o
0150 05 (MHz) 5 30000

Conduction Emission of EN55022 Class B

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V.. =V, rom (Without heatsink)

in

V, =V, ;Full Load V, =V, _;Full Load
100 100 1
\:\\ N | | ! ! ! » \\\ N <— 400LFM |
80 X J00LFM 80 |—  Natural \\ \ \
3 | Natural N Q convection \\ \
< ti N =
s o convecmnI \\ \ 5 oo \ \‘ 200LFM _|
H 100LFM >N N\ 200LFM § 100LFM =\\ \ \
o
5 N\ 5 ANA
2 40 £ 40 Y\
3 \‘ N © \\
2 AN " A\
A A\
o L. o LI |
-40 50 60 70 80 20 100 110 -40 50 60 70 80 90 100 110

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V. =V, om (With heatsink)

in in no
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TEN 25WI Series

Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2422WI|

%

A

P2pkpk(C2) P3:-- Pe-- P~ [ PTo-- [

NENTER

Measure P1ipkpkiC1)

value 429my 15.4my
status v v

Typical Output Ripple and Noise.
vV, =V, Full Load; T,

in nom?

100 95
90 — 90
e — E—
g 8 e
> )
§ 70 k5
S £ 80
o g0 ]
—10V
75
50 —24V
40 L 40v 7
20 40 60 80 100 10 24 40
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy /-\ LeCroy
cil \ .h.- B " - la

C

=

e e

v

Measure PImaxGl)  PZmin(Cl) P3--- Pz -- [ {2 PT-- Pa:--

value FEmy -332my
status v v

10.0 M

Transient Response to Dynamic Load Change
from 100% to 75% of Full Load ; V, =V,

In nom

ON/OFF Voltage Start-Up and Output Rise Characteristic
V. =V, ; Full Load

innom ?

Typical Input Start-Up and Output Rise Characteristic
V. =V, ; Full Load

innom ?
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2422WI|(Continued)

800 B

IR e —
T T

0o
0150 05 (MHz) 5 30000

Conduction Emission of EN55022 Class A

800  dBuV
o —
AVG: —_—

00
0150 05 (MHz) 5 30,000

Conduction Emission of EN55022 Class B

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V.. =V, rom (Without heatsink)

in

V, =V, ;Full Load V, =V, _;Full Load
100 100 1
\:\\ N | | ! ! ! » \\\ N <— 400LFM |
80 X J00LFM 80 |—  Natural \\ \ \
3 | Natural N Q convection \\ \
< ti N =
s o convecmnI \\ \ 5 oo \ \‘ 200LFM _|
H 100LFM >N N\ 200LFM § 100LFM =\\ \ \
o
5 N\ 5 ANA
2 40 £ 40 Y\
3 \‘ N © \\
2 AN " A\
A A\
o L. o LI |
-40 50 60 70 80 20 100 110 -40 50 60 70 80 90 100 110

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V. =V, om (With heatsink)

in in no
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2423WI|

Measure Plpkpk(Cl)  PIpkpk(C2) Py S0 P [ PTe-- Pg---
value T4 &1
status v v

Typical Output Ripple and Noise.
V., =V, . Full Load; T,

100 95
90 90
g 80 g
< S 85
Q c
8 70 s
8 £ 80
o g0 ]
—10V
75
50 —24V
0 40V 70
20 40 60 80 100 10 24 40
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy, LeCroy,
o f\h..._._ D

Measure Prmaicl)  PLmin(Cl) P3e Pdi - P P Pl PE--
value 6 mY a3 iy
status v v

-383m

Transient Response to Dynamic Load Change
from 100% to 75% of Full Load ; V, =V,

in nom

ON/OFF Voltage Start-Up and Output Rise Characteristic
V. =V, ; Full Load

In nom

imebase

1
10.0 MS

Typical Input Start-Up and Output Rise Characteristic
Vv, =V, Full Load
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POWER TEN 25WI Series

Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-2423WI|(Continued)
800  dBuvV 800 dBuY
—l aF: _— aF: _—
AVG. = AVG: p—
N
[
' I
0 | 40
1
\ | i I \ '
il
02150 05 (MHz) 5 30,000 02150 05 (MH2) 5 30.000
Conduction Emission of EN55022 Class A Conduction Emission of EN55022 Class B
V., =V, ..m s Full Load V., =V, ..m» Full Load
100 100 —
\:\ \\ | | ! ! ! » \\ N\ <— 400LFM |
% AN 400LFM o0 L Natural \\ \
= Natural N = convection N \\ \
s [~ convection N ‘\ e \ \
& 60 ! N & 60 NEE 200LFM -
§ 100LFM »™N N\ 200LFm § 100LFM =\\ \ \
s N 5 [\
& 40 N £ 40 Y\
o I N © \\
20 \\\ 20 \\\l\
o L. o L. |
-40 50 60 70 80 90 100 110 -40 50 60 70 80 90 100 110
Ambient Temperature ] Ambient Temperature |
Derating Output Current Versus Ambient Temperature and Airflow Derating Output Current Versus Ambient Temperature and Airflow
i =Vi om (Without heatsink) V. =V, om (With heatsink)
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4810WI

=
=

E‘MAA oM i MMA AM YO Ih!\A M l
u’” N WW’," VV\ ,I' w VH "

—

Measure P1pkRK(CT) P--- P3:-- Pe-- P~ [ PTo-- [

value 39.7my
status v

rebass 00019

Typical Output Ripple and Noise.
vV, =V, Full Load; T,

in nom?

% 85
80 —f 80
g0 £
> )
§ 60 5
S £ 70
o 50 ]
—18V
65
40 ——48v
%0 L 75V 6
20 40 60 80 100 18 48 75
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy|

Measure PTmaxc1) P2:-- P3--- Pz -- [ {2 PT-- Pa:--
value 1246 my
status v

Transient Response to Dynamic Load Change
from 100% to 75% of Full Load ; V, =V,

In nom

LeCroy|

o
S
o
~

imehase -3001mg [11g0er AR

ON/OFF Voltage Start-Up and Output Rise Characteristic
V.=V, ; Full Load

innom "’

LeCroy/|

Triehaes 1503

Typical Input Start-Up and Output Rise Characteristic
V.=V, Full Load

innom ’
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4810WI(Continued)

800 dBuy

IR i
T

00
0150 05 (MHz) 5 30.000

Conduction Emission of EN55022 Class A

800 dBuy
(2 =
AVG —

0o
0150 05 (MHz) 5 30000

Conduction Emission of EN55022 Class B

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V.. =V, 1om (Without heatsink)

in

V, =V, Full Load V, =V, _;Full Load
100 100 T
\:\\ N | | ! ! ! » \\\ N <— 400LFM |
80 X J00LFM 80 —  Natural \\ \ \
3 | Natural N Q convection \\ \
= ti N s
s o convecmnI \\ \ 5 oo \ \‘ 200LFM _|
é 100LFM >N N\ 200LFM § 100LFM =\\ \ \
3 N 3 AVA
5 40 N g 40 N\
[¢] = N © \\
2 N\ » A\
N \lx\
o LI _ o L _
-40 50 60 70 80 90 100 110 -40 50 60 70 80 90 100 110

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V.. =V, om (With heatsink)

in in no
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4811WI

Measure P1:pkpk(C1) P2o-- P3:-- (X Pg:--- B~ PTe-- Pg---

value

status v

imebase 0,00

Typical Output Ripple and Noise.
vV, =V, Full Load; T,

in nom?

100 9
90 90
S 80 § 85
> )
§ 70 2
8 £ 80
i 60 =
—18V
75
50 —48V
0 75V 70
20 40 60 80 100 18 48 75
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy' LeCroy,

Measure PTmac1) P2:-- P3--- P4z P {3 PTe-- Pa: -
valug 1156 v
status v

p——"

imebase

200 kS

Transient Response to Dynamic Load Change
from 100% to 75% of Full Load ; V, =V,

Innom

Tmebase

10

ON/OFF Voltage Start-Up and Output Rise Characteristic
V. =V, Full Load

innom ?

Typical Input Start-Up and Output Rise Characteristic
V. =V, Full Load

innom ?

http://www.tracopower.com

Page 19 of 38



TRACO
POWER

Application Note
TEN 25WI Series

Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4811WI(Continued)

800 dBuv

T T T e
T

00
0150 05 (MHz) 5 30,000

Conduction Emission of EN55022 Class A

800  dBuv
o —
AVG —_—

00
0150 05 (MHz) 5 30000

Conduction Emission of EN55022 Class B

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V.. =V, rom (Without heatsink)

in

V, =V, ;Full Load V, =V, _;Full Load
100 100 T 1
\:\\ N | | ! ! ! » \\\ N <— 400LFM |
80 X J00LFM 80 |—  Natural \\ \ \
3 | Natural N Q convection \\ \
= ti N s
s o convecmnI \\ \ 5 oo \ \‘ 200LFM _|
é 100LFM >N N\ 200LFM § 100LFM =\\ \ \
é. 40 \\ ‘g_ 40 \ \
5 N s \ \
@] \‘ (o] N \\
20 AN 2 N
A \lx\
o L—1I_ o I _
-40 50 60 70 80 90 100 110 -40 50 60 70 80 90 100 110

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V. =V, om (With heatsink)

in in no
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4812WI|

er MI’ = Jr”

Measure P1pkpK(CT) P--- P3:-- Pe-- P~ [ PTo-- [
value 333my
status v

rebass 00019

Typical Output Ripple and Noise.
vV, =V, Full Load; T,

in nom?

100 95
90 90
;\: 80 f g
B / 5 8
g 70 5
S £ 80
o g0 ]
—18V
75
50 —48V
0 75V 70
20 40 60 80 100 18 48 75
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy| LeCroy|

&
Measure PTmac1) P2:-- P3--- Pz -- [ {2 PT-- Pa:--
value 261.5my
status v

Transient Response to Dynamic Load Change
from 100% to 75% of Full Load ; V, =V,

In nom

imehase -3001mg [11g0er AR

ON/OFF Voltage Start-Up and Output Rise Characteristic
V.=V, ; Full Load

innom "’

Tmebase -1.50 9 [rigoer  AIEm|

Typical Input Start-Up and Output Rise Characteristic
V.=V, ; Full Load

innom
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4812WI(Continued)

80.0  dBuY
—l @ —
AVG —

0o
0150 05 (MHz) 5 30.000

Conduction Emission of EN55022 Class A

800 BV

00
0150

Conduction Emission of EN55022 Class B

(3 —
AV —_—

(MHz) 5 30000

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V. =V (without heatsink)

in in nom

V, =V, o ; Full Load V. =V Full Load
om in in nom
100 AN 100 T T
\\\\ \\ | | ! ! ! > \\\ N <«— 400LFM |
80 X J00LFM 80 — Natural N \
= | Natural N 3 convection N \\ \
< convection N ‘\ = \
& 60 : S & 60 NN 200LFM _|
g 100LFM N N\ 200Fm g 100LEM >N\ |\
5 N 5 N\
g 40 N 2 40 X\
¢} I N © \\
2 A\ N NV
N A\
0o — - o L— _ |
40 50 60 70 80 90 100 110 -40 50 60 70 80 90 100 110

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V. =V (with heatsink)

in in nom

http://www.tracopower.com

Page 22 of 38



TRACO
POWER

Application Note
TEN 25WI Series

Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4813WI

Al(m

Measure P1pkOK(CT) P--- P3:-- Pe-- P~ [ PTo-- [
value 486 my
status v

rebass 00019

Typical Output Ripple and Noise.
vV, =V, Full Load; T,

in nom?

100 95
90 { 90
g 0T g
\5 > 85
8 70 s
8 £ 80
o g0 ]
—18V
75
50 —48V
0 75V 70
20 40 60 80 100 18 48 75
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy| LeCroy|

Measure PTmaxc1) P2:-- P3--- Pz -- [ {2 PT-- Pa:--
value 261.7 myv
status v

A

W— :
g

Transient Response to Dynamic Load Change
from 100% to 75% of Full Load ; V, =V,

In nom

LeCroy|

Trehase 3001

ON/OFF Voltage Start-Up and Output Rise Characteristic
V.=V, ; Full Load

innom "’

LeCroy/|

Triehaes 1503

Typical Input Start-Up and Output Rise Characteristic
V.=V, Full Load

innom ’
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4813WI(Continued)

800 B

[T [ 1 a
]

00
0150 05 (MHz) 5 30000

Conduction Emission of EN55022 Class A

800  dBuY
o —
AVG —_—

00
0150 05 (MHz) 5 30000

Conduction Emission of EN55022 Class B

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V.. =V, rom (Without heatsink)

in

V.=V ; Full Load V. =V ; Full Load
n in nom in in nom
100 100 T T
\:\\ N | | ! ! ! » \\\ N <— 400LFM |
80 bal A00LFM 80 |— Natural \\ \ \
3 | Natural N Q convection \\ \
a4 ti N <
. convection \\ N 5 60 \ \ 200LFM _|
é 100LFM PN N\ 2000Fm § 100LEM ;\\ \ \
5 N 3 ANAY
% 40 \ —g‘ 40 A \
(e} = N © \\
2 AN » A\
N \|X\
o LI _ o L _
-40 50 60 70 80 90 100 110 -40 50 60 70 80 90 100 110

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V. =V, om (With heatsink)

in in no
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4822WI|

2000

Typical Output Ripple and Noise.
vV, =V, Full Load; T,

in nom?

100 95
90 %0
—~ 80 =
B <
Z 70 5 8
g k5
g 60 £ 80
hj w
50
—18V 75
40 —48V
. R 75v .
20 40 60 80 100 18 48 75
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy/| LeCroy/|
o o g o e |
el
’ f =T F P " ’VMM‘“ i f” m\ /W M
Measure PlipkpkiC1)  P2ikpk(CZ) P3--- P4--- PS--- PE--- PT--- Pg--- Measure PTmamCl)y P2Zmin(C1) P3--- Pa--- PS--- PE--- PT--- Pe---
valug anemy /emy value NEmv -3Emv
status L v status v v

10.0

Transient Response to Dynamic Load Change
from 100% to 75% of Full Load ; V, =V,

Innom

LeCroy]|

vout

imehase 600 Mg

ON/OFF Voltage Start-Up and Output Rise Characteristic
V.=V, Full Load

in nom ’

LeCroy/|

vout

Typical Input Start-Up and Output Rise Characteristic
V.=V, Full Load

in nom ’
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4822WI|(Continued)
800  dBuv 800  dBuv
—l [Z —_— 2 —
A, — AVG: —
NN
[
| I
0 I | | 0
i
‘ |
|
[IISWU 05 (MHz) 5 30.000 52150 05 (MHz) 5 30.000
Conduction Emission of EN55022 Class A Conduction Emission of EN55022 Class B
V., =V, ..m s Full Load V., =V, .. Full Load
100 100 -
\:\\ \\ | | ! ! ! » \\ N\ <— 400LFM |
. A 400LFM 6 L Natural \\ \
= Natural N = convection N \\ \
s [~ convection N ‘\ e \ \
& 60 ! N & 60 NESE 200LFM -
§ 100LFM ™ N\ 200LFm § 100LFM =\\ \ \
s N 5 [\
& 40 N £ 40 Y\
] I N © \\
2 A\ " NV
A A\Y
o L. o L. |
-40 50 60 70 80 90 100 110 -40 50 60 70 80 90 100 110
Ambient Temperature ] Ambient Temperature |
Derating Output Current Versus Ambient Temperature and Airflow Derating Output Current Versus Ambient Temperature and Airflow
i =Vi om (Without heatsink) V. =V, om (With heatsink)
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4823WI

Measure P1pkpkICT)  PZpKPK(CT) P3:-- P4~ g - G-~ P7-- Pa---
value 54 s1.8my
status v v

mehase

100 k

Typical Output Ripple and Noise.
V, =V, Full Load; T,

in nom’

100 95
90 — 90
£ ) £ 5
> )
§ 70 k5
S £ 80
o g0 ]
—18V
75
50 —48V
0 75V 70
20 40 60 80 100 18 48 75
% of Full Load Input Voltage(V)
Efficiency Versus Output Current Efficiency Versus Input Voltage
Full Load
LeCroy| A LeCroy|
el I Y e W, e O N

Measure PImax(Cly  PImin(C1) P3--- P P6- - [ 220 g
value 336 My 342 my
status v v

Tmehase

10,0 I

Transient Response to Dynamic Load Change
from 100% to 75% of Full Load ; V, =V,

in nom

Tmebase -600 g [Trigoer  GAEH|

ON/OFF Voltage Start-Up and Output Rise Characteristic
V. =V, ; Full Load

innom ?

fmebase -600rme [Trigger G|

Typical Input Start-Up and Output Rise Characteristic
V. =V, ; Full Load

innom ?
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Characteristic Curves

All test conditions are at 25°C The figures are identical for TEN 25-4823WI(Continued)

800  dBuY
—l @ —
AVG —

00
0150 05 (MHz) 5 30,000

Conduction Emission of EN55022 Class A

800  dBuV
o —
AVG: —_—

00
0150 05 (MHz) 5 30,000

Conduction Emission of EN55022 Class B

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V. =V, om (Without heatsink)

in

Vv, =V, Full Load V. =V Full Load
om n In nom
100 100 I
\:\\ N | ] ! ! ! » \\\ N <— 400LFM |
80 X 200t 80 |—  Natural \\ \
< | Natural N 3 convection \\ \
< ti N <
5 60 i AN & 60 A\ = 200LFM _]
H 100LFM > \\\4— 200LFM z 100LFM #\\ \ \
3 N 3 AVALY
é‘ 40 \\ é‘ 40 N \
o NON © \\
2 A\ " NV
A\ A\
0o — - o — . |
-40 50 60 70 80 % 100 110 -40 50 60 70 80 90 100 110

Ambient Temperature ]

Derating Output Current Versus Ambient Temperature and Airflow
V. =V with heatsink)

in in nom (
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Testing Configurations

Inout reflected-ribble current measurement test upn
To Oscilloscope

+in +Out

+ Lin curent DC/DC
Probe Converter

Load 2

Cin

/in -Out

Component Value Reference
L 47yH | e
C 220uF (ESR<1.0Q at Aluminum Electrolytic
100KHz) Capacitor

Peak-to-peak output ripple & noise measurement test up

This noise pickup is eliminated as shown in Figure by using a scope probe with an external ground band or ring and pressing this
band directly against the output common terminal of the power converter while the tip contacts the voltage output terminal. This
makes the shortest possible connection across the output terminals.

| DC / DC Under Test | Ground Ring To Oscilloscope
+Output] v\-Output
Load

Output voltage and efficiency measurement test up

. V=1
Efficiency = (—l”” ]“”’ ]x 100% = %]

N mx in ./

CONTACT AND DISTRIBUTION LOSSES CONTACT AND DISTRIBUTION LOSSES
M AM———QR +Vin +Vo M—WY
~—  BATTERY S Load
A AmmmnA — -Vin  -Vo M—W
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EMC considerations

c2 c2
1L 1L
it it
L1 T1 L1 T1
+ INPUT VA +Vin +Vout -O +Output +INPUT Yoaaat +Vin +Vout -O +Output
:Load
L1 SLoad ==c1 COM —4
:’Load
- INPUT -Vin -Vout 0 -Output - INPUT -Vin -Vout 0 -Output
M M
it it
Cc3 C3
Single Output Dual Output

Recommended circuit to comply EN55022 Class B Limits (TEN 25-24xxWI)

Single Output

INFPUT

Dual Output
Recommended PCB Layout with Input Filter (TEN 25-24xxWI)
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C4 c4
11 11
Ir Ir
L ™ L ™
+INPUT O—— Y. UAA— +Vin + O +Output +INPUT O—— YL ST ’ +Vin O +Output
Stoad
c1 c2 |c3 2 C1 ng c3 E
= p——y = <;Load = = COoM
T Stoad
-INPUT O YA -vin - O -Output -INPUT O LYY . -Vin ~Vout! O -Output
Il Il
] ]
C5 C5
Single Output Dual Output

Recommended circuit to comply EN55022 Class B Limits (TEN 25-48xxWI)

—INPUT

TEM 25WI SERIES

_UTR
TOP UIENW
+UT)

Single Output

25WI SERIES
TOP VIEW

Dual Output

Recommended PCB Layout with Input Filter (TEN 25-48xxWI)
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To: comply with EN55022 CLASS B following components are needed:

Model Component Value
C1 3.3uF/50V 1210 X7R
C2,C3 470pF/2KV 1808 X7R
TEN 25240Vl 2.2uH SCD0705T/3.7A
T1 460uH Common choke, core:T10X2.5X5 H5B2/HPN155 <> 0.44X16T
C1 4.7uF/100V 2220 X7R
C2,C3 10uF/100V 2220 X7S
C4 470pF/2KV 1808 X7R
TEN 25-480xW- e 1000pF/2KV 1808 X7R
L1 4.7uH SCD0705T/3.5A
T1 1.07mH Common choke, core:T10X2.5X5 H5B2/HPN155 <> 0.34X20T

Input Source Impedance

The power module should be connected to a low ac-impedance input source. Highly inductive source impedances
can affect the stability of the power module.

In applications where power is supplied over long lines and output loading is high, it may be necessary to use a
capacitor at the input to ensure startup. Capacitor mounted close to the power module helps ensure stability of the
unit, it is recommended to use a good quality low Equivalent Series Resistance (ESR < 1.0Q2 at 100 KHz) capacitor
of a 33uF for the 24V input devices and a 10uF for the 48V devices.

Output Over Current Protection

To provide protection in a fault (output overload) condition, the unit is equipped with internal current limiting circuitry
and can endure current limiting for an unlimited duration. At the point of current-limit inception, the unit shifts from
voltage control to current control. The unit operates normally once the output current is brought back into its specified
range.

Output Over Voltage Protection

The output overvoltage clamp consists of control circuitry, which is independent of the primary regulation loop, that
monitors the voltage on the output terminals. The control loop of the clamp has a higher voltage set point than the
primary loop. This provides a redundant voltage control that reduces the risk of output overvoltage.

The OVP level can be found in the output data
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Remote ON/OFF Control

Remote ON/OFF implementation

With no suffix, the positive logic remote ON/OFF control circuit is included. Turns the module ON during logic High
on the ON/Off pin and turns OFF during logic Low. The ON/OFF input signal (Von/off) that referenced to GND. If not
using the remote on/off feature, please open circuit between on/off pin and -Vin pin to turn the module on.

o *Vin POWER
MODULE

e —
OPTOISOLATOR ON/OFF
N +
Von/off

e} L -Vin

Isolated-Closure Remote ON/OFF

o +Vin POWER
MODULE
TTL
T
I
o_: ON/OFF
SYSTEM,
ONJ/OFF |
CONTROL— — —
O —_ -Vin

Level Control Using TTL Output

http://www.tracopower.com
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Heat Sink Consideration

Equip heat-sink for lower temperature and higher reliability of the module.

Suffix-HS5

56.0 (2.2) max.

Heat-sink

2\ Thermal pad
) ~— Clamp
Converter
H H ’
16.3 (0.64)
max.
HOOOT oo g
poOoor Oooog —]

T

]

Oooor 1 0000 —
1000

= | S —
m)
O
-
23.0(0.9)
i

D 0Oo0L 1 0000
oOoor 1 ooogd
poOoor 1 0ooogd —]
0T 1 100 mr

%Uwu

All dimensions in mm (inches)
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Mechanical Dimensions
10.16 10.16 10.16 _ 5.08, - =
[0.40] [0.40] [0.40] [0.201\ Pin Connections

=1 I S L: Pin Single Output Dual Output
° ° ! ’ J= 1 +Vin +Vin
NS 2 -Vin -Vin
4 Remote On/Off
B 5 No Pin +Vout
§ % 6 +Vout Common
Bottom View 8 o 7 -Vout -Vout
N 8 Trim
e L — o o '_léi — 1. All dimensions in mm (inches)
a6 | | |58 1016 | 76 Tolerance: X.X+0.25 (X.XX£0.01")
014 0.20]  [0.40]  [0.30] 6o X XX£0.13 (X.XXX£0.005”)
406 [160] H 2] [g%] 2. Pin diameter <->1.0 +0.05 (0.04+0.002)
Weight:48g

Recommended Pad Layout for Single & Dual Output Converter

7X% 2.5+0.1(PAD)[7X20.098+0.04]

5.08 _ 10.16 10.16 10.16
I | | | | 7X21.3*0.1(HOLE)[7X20.05+0.01
‘[0.20] [0.40] L [0.40] J' [0.40] o I kad
e A 7 [

T

¢ ad % 4
I8 7 6 5 |
3l I \
g |
3 I I
B I I
I I
I I
I I ]
| 2 8
I ) I <
| Top View | N
I | g 8
I I
I I
I I
I I
I I
I I
I I
I I
| 4 2 1 |
! © ¢ 6———
S J

7.62 10.16 _|5.08
[0.30] ' [0.40]  [0.20]

40.6 [1.60]
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Packaging Information

20 226.0

TRACO'
POWER
TRACO'
POWLCR
TRACO'
POWER

unitmm
5 PCS per TUBE

Soldering and Reflow Considerations
Lead free wave solder profile for TEN 25WI Series

[
[=2]
(=]

100 -

TEMPERATURE (°C)

e ]
[2,]

Zone Reference Parameter
Preheat Rise temp. speed : 3°C/sec max.

zone Preheat temp. : 100~130°C
Actual Peak temp. : 250~260°C
heating Peak time(T1+T2) : 4~6 sec

Reference Solder: Sn-Ag-Cu : Sn-Cu : Sn-Ag
Hand Welding: Soldering iron : Power 60W
Welding Time: 2~4 sec

Temp.: 380~400°C
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Part Number Structure

TEN 25-2413WI

/N

Max. Output Power || |nput Voltage | | Output Mode | | Output Voltage | | Feature
25W 24: 24V 1: Single 0:3.3V WI: Wide Input
48: 48V 2:Dual (¢) 1:5V
2:12V
3:15V
Model Input Output Max. Output Input Current Efficiency®
Number Range Voltage Current at Full Load™ (%)
(VDC) (VDC) (mA) (mA)

TEN 25-2410WI 10-40 3.3 5500 922 82
TEN 25-2411WI 10-40 5 5000 1225 85
TEN 25-2412WI 10-40 12 2500 1404 89
TEN 25-2413WI 10-40 15 2000 1404 89
TEN 25-2422WI1 10-40 12 +1250 1404 89
TEN 25-2423WI 10-40 +15 +1000 1404 89
TEN 25-4810WI 18-75 3.3 5500 461 82
TEN 25-4811WI 18-75 5 5000 613 85
TEN 25-4812WI 18-75 12 2500 702 89
TEN 25-4813WI 18-75 15 2000 702 89
TEN 25-4822WI 18-75 12 +1250 702 89
TEN 25-4823WI 18-75 +15 +1000 702 89

Note 1. Maximum value at nominal input voltage and full load of standard type.
Note 2. Typical value at nominal input voltage and full load.
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Safety and Installation Instruction

Fusing Consideration

Caution: This power module is not internally fused. An input line fuse must always be used.

This encapsulated power module can be used in a wide variety of applications, ranging from simple stand-alone
operation to an integrated part of sophisticated power architecture. To maximum flexibility, internal fusing is not
included; however, to achieve maximum safety and system protection, always use an input line fuse.

The safety agencies require a slow-blow fuse in 24Vin, 48Vin with maximum rating of 5000mA, 3000mA. Based on
the information provided in this data sheet on Inrush energy and maximum dc input current; the same type of fuse
with lower rating can be used. Refer to the fuse manufacturer’s data for further information.

MTBF and Reliability

The MTBF of TEN 25WI series of DC/DC converters has been calculated using
MIL-HDBK 217F NOTICEZ2, Operating Temperature 25°C, Ground Benign.

Model MTBF Unit
TEN 25-2410WI 550,812
TEN 25-2411WI 518,995
TEN 25-2412WI 513,663
TEN 25-2413WI 555,278
TEN 25-2422WI 592,031
TEN 25-2423WI 578,235
TEN 25-4810WI 522,111 Hours
TEN 25-4811WI 505,791
TEN 25-4812WI 537,606
TEN 25-4813WI 562,430
TEN 25-4822WI 577,367
TEN 25-4823WI 581,328

Specifications can be changed without notice! Make sure you are using the latest documentation, downloadable at www.tracopower.com
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