TRACO
POWER

TMR 3 Series

Application Note

DC/DC Converter 4.5 to 9Vdc, 9 to 18Vdc, 18 to 36Vdc or 36 to 75 Vdc Input
3.3 to 15Vdc Single Outputs and 5 to +15Vdc Dual Outputs, 3W

M us

E188913

Complete TMR-3 datasheet can be downloaded at:

http:/Mww.tracopower.com/products/tmr3.pdf

General Description

Features

Single output current up to 700 mA

Dual output current up to £300mA

3 watts maximum output power

High efficiency up to 85%

RoHS directive compliant

SIP package, 21.8 x 9.2 x 11.1mm (0.86 x 0.36x 0.44 inch)
2:1 wide input voltage range

Low ripple & noise

UL94-VO0 case potting materials

Input to output isolation: 1500Vdc, 1 min
Continuous short circuit protection

Remote ON/OFF

ISO 9001 certified manufacturing faciliies
UL60950-1 Recognized E188913 (Pending)

Applications

Distributed power architectures
Workstations

Communication equipment
Computer equipment

The TMR 3 series offer 3 watts of output power from a 21.8 x 9.2 x 11.1mm package without derating up to an operating
temperature of 71°C and without need of any external components. This product has a 2:1 wide input voltage of 4.5-9, 9-18,
18-36 and 36-75Vdc with an I/O isolation test voltage of 1500Vdc and indefinite short-circuit protection. All models are particularly
suited to telecommunications, industrial, mobile telecom and test equipment applications.

Table of contents

Absolute Maximum Rating
Output Specification

Input Specification
General Specification
Characteristic Curves

Test Configurations

EMC Considerations

Input Source Impedance
Thermal Consideration

Created by Traco Electronic AG Arp.

P2
P2&P3
P4

P5

P6 - P69
P70
P71-P72
P73

P73

Remote ON/OFF Control P73
Mechanical Data P74
Recommended Pad Layout P74
Soldering and Reflow Consideration P75
Packaging Information P75
Part Number Structure P76
Safety and Installation Instruction P77
MTBF and Reliability P77

www.tracopower.com Date: April 17", 2009 / Rev.: 1.3/ Page 1/ 77


http://www.tracopower.com/
http://www.tracopower.com/products/tmr3.pdf

Application Note

3W, Single and Dual Output

Absolute Maximum Rating

Parameter Model Min Max Unit
Input Voltage
Continuous TMR 3-05xx 9
TMR 3-12xx 18 Vdc
TMR 3-24xx 36
TMR 3-48xx 75
Input Voltage TMR 3-05xx 15
Transient (100ms) TMR 3-12xx 36 Vde
TMR 3-24xx 50
TMR 3-48xx 100
Input Voltage Variation
(complies with EST300 132 part 4.4) Al 5 Vims
Operating Ambient Temperature (with derating) All -40 100 °C
Operating Case Temperature All 100 °C
Storage Temperature All -55 105 °C

Output Specification

Parameter Model Min Typ Max Unit
Output Voltage TMR 3-xx10 3.267 33 3.333
(Vin = Vinnom; Full Load ; TA=25°C) TMR 3-xx11 495 5 5.05
TMR 3-xx09 891 9 9.09
TMR 3-xx12 11.88 12 1212 Vdc
TMR 3-xx13 14.85 15 15.15
TMR 3-xx21 +4.95 15 +5.05
TMR 3-xx22 +11.88 +12 +12.12
TMR 3-xx23 +14.85 +15 +15.15
Output Regulation
Line (Vinmin t0 Vinmax at Full Load) Al 0.2 +0.2 %
Load (0% to 100% of Full Load) -1.0 +1.0
Load (5% to 100% of Full Load) -05 +0.5
Cross Regulation
. Dual output 5.0 +5.0 %
Asymmetrical Load 25% / 100% of Full Load
Output Ripple & Noise
) All 50 mV pk-pk
Peak-to-Peak (5Hz to 20MHz Bandwidth)
Temperature Coefficient All -0.1 +0.1 %I°C
Dynamic Load Response
(Vin = Vinnom, TA=25°C)
Load step change from
75% to 100% or 100 to 75% of Full Load
Setting Time (Vox < 10% peak deviation) Al 500 HS
Output Current TMR 3-xx10 0 700
TMR 3-xx11 0 600
TMR 3-xx09 0 333
TMR 3-xx12 0 250
TMR 3-xx13 0 200 mA
TMR 3-xx21 0 1300
TMR 3-xx22 0 1125
TMR 3-xx23 0 100
Output Short Circuit Protection All Continuous, automatics recovery
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Application Note 3W, Single and Dual Output

Output Specification (continue)

Parameter Model Min Typ Max Unit
max Output Capacitor Load TMR 3-xx10 3300
TMR 3-xx11 1680
TMR 3-xx09 1000
TMR 3-xx12 820
TMR 3313 680 -
TMR 3-xx21 +1000
TMR 3-xx22 +470
TMR 3-xx23 +330
Parameter Model Min Typ Max Unit
Operating Input Voltage TMR 3-05xx 45 5 9
TMR 3-12xx 9 12 18
Vdc
TMR 3-24xx 18 24 36
TMR 3-48xx 36 48 75
Input Current TMR 3-0510 650
(Maximum Value at Vin = Vinnom; Full Load) TMR 3-0511 800
TMR 3-0509 789
TMR 3-0512 779
TMR 3-0513 779
TMR 3-0521 810
TMR 3-0522 779
TMR 3-0523 779
TMR 3-1210 263
TMR 3-1211 325
TMR 3-1209 329
TMR 3-1212 316
TMR 3-1213 316
TMR 3-1221 320
TMR 3-1222 316
TMR 3-1223 316
TMR 3-2410 134 mA
TMR 3-2411 160
TMR 3-2409 160
TMR 3-2412 158
TMR 3-2413 156
TMR 3-2421 164
TMR 3-2422 158
TMR 3-2423 154
TMR 3-4810 69
TMR 3-4811 83
TMR 3-4809 82
TMR 3-4812 81
TMR 3-4813 80
TMR 3-4821 83
TMR 3-4822 80
TMR 3-4823 79
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Application Note 3W, Single and Dual Output

Input Specification (continue)

Parameter Model Min Typ Max Unit
Input Standby Current TMR 3-0510 45
(Typical Value at Vin = Vinnom; NO Load) TMR 3-0511 45
TMR 3-0509 55
TMR 3-0512 55
TMR 3-0513 55
TMR 3-0521 55
TMR 3-0522 60
TMR 3-0523 60
TMR 3-1210 25
TMR 3-1211 25
TMR 3-1209 30
TMR 3-1212 30
TMR 3-1213 30
TMR 3-1221 30
TMR 3-1222 30
TMR 3-1223 30
TMR 3-2410 16 mA
TMR 3-2411 16
TMR 3-2409 17
TMR 3-2412 18
TMR 3-2413 18
TMR 3-2421 17
TMR 3-2422 18
TMR 3-2423 18
TMR 3-4810 10
TMR 3-4811 10
TMR 3-4809 1
TMR 3-4812 12
TMR 3-4813 12
TMR 3-4821 12
TMR 3-4822 12
TMR 3-4823 12
Input Reflected Ripple Current (See Page 70) 5V INPUT 400
12V INPUT 150
mA pk-pk
24V INPUT 380
48V INPUT 170
Start Up Time
(Vin = Vinnom and constant resistive load)
All mS
Power up 30
Remote ON/OFF 30
Remote ON/OFF Control (See Page 73)
DC-DC ON All Open mA
DC-DC OFF 2 3 4
Remote Off Input Current All 25 mA
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Application Note 3W, Single and Dual Output

General Specification

Parameter Model Min Typ Max Unit
Efficiency (See Page 52) TMR 3-0510 75
(Vin = Vinnom ; Full Load ; Ta=25°C) TMR 3-0511 79
TMR 3-0509 80
TMR 3-0512 81
TMR 3-0513 82
TMR 3-0521 78
TMR 3-0522 81
TMR 3-0523 81
TMR 3-1210 77
TMR 3-1211 81
TMR 3-1209 80
TMR 3-1212 83
TMR 3-1213 83
TMR 3-1221 82
TMR 3-1222 83
TMR 3-1223 83 %
TMR 3-2410 76
TMR 3-2411 82
TMR 3-2409 82
TMR 3-2412 83
TMR 3-2413 84
TMR 3-2421 80
TMR 3-2422 83
TMR 3-2423 85
TMR 3-4810 74
TMR 3-4811 79
TMR 3-4809 80
TMR 3-4812 81
TMR 3-4813 82
TMR 3-4821 79
TMR 3-4822 82
TMR 3-4823 83
Isolation Voltage (functional Insulation; 60 seconds) Al Ve
Input to Output 1600
Isolation Resistance All 1 GQ
Isolation Capacitance All 200 pF
Switching Frequency All 100 KHz
Weight All 48 g
MTBF (See Page 53)
Bellcore TR-NWT-000332, TC=40 °C Al 4.386x10° hours
MIL-STD-217F 2.401x10°
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Application Note 3W, Single and Dual Output

IAll test conditions are at 25°C. The figures are identical for TMR 3-0510

Tek Stop_| e —

(o) N S e cu . - SO Y N U ORI T SR S AU SUNE SUNE S T
I | |
w "
" R S R R L S e S S SNt S SRS SO SR S
10 20 =0 40 a0 80 70 80 a0 100
% OF FULL LOAD i : d i :
S 10 0mVAs M2.00[s A Chl /—4.80mv|

Efficiency versus Output Current Typical Output Ripple and Noise.
Vin = Vinnom, Full Load

Tekstop | e —

g |
6 HL ‘
@
4] 1]
TR
[T
i t /\/r
i
¥
63
45 1 5.5 [} 65 i 75 8 85 =
INPUT YOLTAGER) | AN VTSR OO, IV SOV OISOV RPN, VU, OO, MY,
@ 100mv ey M 200ps| A Ch1 & 64.0mV]
Efficiency versus Input Voltage. Full Load Transient Response to Dynamic Load Change from
100% to 75% to 100% of Full Load ; Vin = Vinnom
TekStop | £ 1
120 i (S T DR S .
EVIN
2§
m:VOUT
0 N ! i ! § oS- o B D b g g g e srbba sk g e e 2
40 20 40 &0 &0 100 120
ANBIENT TEMPERATLRE, TAC) | - ; : i d ; :
O 200V &cCh2[ 2.00v &M[1.00ms A Chil J 2.92V|

Derating Output Current versus Ambient Temperature and Airflow Vin = Vinnom Typical Input Start-Up and Output Rise Characteristic
Vin = Vinnom, Full Load

Created by Traco Electronic AG Arp. www.tracopower.com Date:March 30", 2012/ Rev.: 1.4/ Page 6 / 77


http://www.tracopower.com/

Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-0510 (Continued)
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-0511
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Application Note

3W, Single and Dual Output

Characteristic Curves
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Application Note

3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-0509
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-0509 (Continued)
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Application Note 3W, Single and Dual Output

IAll test conditions are at 25°C. The figures are identical for TMR 3-0512
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-0512 (Continued)
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Application Note 3W, Single and Dual Output

IAll test conditions are at 25°C. The figures are identical for TMR 3-0513
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Application Note

3W, Single and Dual Output

Characteristic Curves
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-0521
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Application Note

3W, Single and Dual Output

Characteristic Curves

Conduction Emission of EN55022 Class A
Vin = Vinnom, Full Load
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IAll test conditions are at 25°C. The figures are identical for TMR 3-0521 (Continued)
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-0522
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Application Note

3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-0522 (Continued)
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-0523
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-0523 (Continued)
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Application Note 3W, Single and Dual Output

IAll test conditions are at 25°C. The figures are identical for TMR 3-1210
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1210 (Continued)
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1211
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Application Note

3W, Single and Dual Output

Characteristic Curves
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1209
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1209 (Continued)
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Application Note

3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1212
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1212 (Continued)
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Application Note 3W, Single and Dual Output

IAll test conditions are at 25°C. The figures are identical for TMR 3-1213
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Application Note

3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1213 (Continued)
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1221
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1221 (Continued)
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Application Note

3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1222

EFFICENCY(3G

9% OF FULL LOAD

10 20 30 40 50 60 70

Efficiency versus Output Current

80 a0 100

EFFICENCY(%;

|

75

73

INFUT WOLTAGEMN)

45 5 55 ] 65 7 15

Efficiency versus Input Voltage. Full Load

=40 20 40
ANVBEIENT TEMPERATURE TAC)

B0 a0

100 120

Derating Output Current versus Ambient Temperature and Airflow Vin = Vinnom

Tek Run | E

.Vo‘i

chil 10.0mvmw| 10.0my "y M\z.()()p.é. .A.| 'él'-..z'f—'x..'ﬁbmv
Typical Output Ripple and Noise.
Vin = Vinnom, Full Load

Tek Run | E i ]

VU1

Vo2

Chil IZ:OOmV 'Ww\ 200my vE{M| 200ps : :A\ Ch2J’ .3:6..0m\;"
Transient Response to Dynamic Load Change from
100% to 75% to 100% of Full Load ) Vin = Vin nom

Tek Run I ]
g 1 0 y
Vin |

1
. “
. Vour

E\. .........................
Ml 5.00v wCh2[ 10.0v &M1.00ms A Ch2 & 6.60V

Typical Input Start-Up and Output Rise Characteristic
Vin = Vinnom, Full Load

Created by Traco Electronic AG Arp.

www.tracopower.com

Date:March 30", 2012 / Rev.: 1.4/ Page 34/ 77



http://www.tracopower.com/

Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1222 (Continued)
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1223
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-1223(Continued)

Tek Run E ]
Level (dBuv) & 4
100 Von-off
CISPR CLASS-A
[ 6aB 2
50
Vout
Y050z 05 1 2 5§ 10 20 30 L
Frequency.(uiz) Ml 20.0V wCh2[ 5.00v &M 400ps| A Ch1 & 12.8V
Conduction Emission of EN55022 Class A Using ON/OFF Voltage Start-Up and V,,: Rise Characteristic
Vin = Vinnom, Full Load Vin = Vinnom, Full Load

Level (dBul)
30

fifr
$ :
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-6dB E
I — b :
fos =
“ o :
% 04 :
0z
n :l L L L
V502 0.5 1 2 5 10 20 30 10 20 a0 40 50 60 0 80 0 10
Frequency (MHz) % OF FULL LOAD
Conduction Emission of EN55022 Class B Power Dissipation versus Output Current

Vin = \/in nom, Full Load
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Application Note 3W, Single and Dual Output

IAll test conditions are at 25°C. The figures are identical for TMR 3-2410

EFFICENCY(3G

10 20 30 40 50 60 0 80 a0 100

9% OF FULL LOAD . H H H i : : %
& 10.0mvAs M[2.00Ms| A Ch1 J-3.20mvV|
Efficiency versus Output Current Typical Output Ripple and Noise.

Vin = Vinnom, Full Load

Tekstop | F—F—
"
= i y
= |
i M
il
v N~
L
J
a8 i
12 20 22 24 2% 28 1) 32 3 k1)
INPUT WOLTAGEN) | A VL. P
M 100mV b M| 200ps| A Ch1 & 96.0mv
Efficiency versus Input Voltage. Full Load Transient Response to Dynamic Load Change from

100% to 75% to 100% of Full Load ; Vin = Vin nom

TekStop | £ ]

Vin

3 Vout

- 40 20 40 &0 g0 100 120
ANVBEIENT TEMPERATURE TA'C)

[chi 2.00 il: 5 %Ch2[ 10.0V ;W\ 400us :A| 'E:H; 5 o272 v
Derating Output Current versus Ambient Temperature and Airflow Vin = Vinnom Typical Input Start-Up and Output Rise Characteristic
Vin = Vinnom, Full Load
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-2410 (Continued)

TekStop | F ]
. Level (dBuv) [Von-off-
CISPR CLASS-A
| _6dB (23
50
Vour
%0502 05 1 2 5 10 ] G ;

Frequency (MHz) @200V WCh3 10.0mv aM 400ps] :A| AT
Conduction Emission of EN55022 Class A Using ON/OFF Voltage Start-Up and V,,: Rise Characteristic

Vin = Vinnom, Full Load Vin = Vinnom, Full Load
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2 ;
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£
R g :
& 2 Er
=] !
40 o !
0 l 1 1 1
05502 E 4 7y % T % 10 20 0 40 . 0 60 70 a0 [=la] 100
Frequency (MHz) % OF FULLLOAD
Conduction Emission of EN55022 Class B Power Dissipation versus Output Current

Vin = \/in nom, Full Load
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-2411

Tek Stop__| |
g
g | i I
E Do et ;
i | I
e ; ; i i i i i N I PR PR ORI SR N DTS S :
10 20 30 40 0 a0 70 a0 a0 100 : : -
% OF FULL LOAD PPN IVNTRNEE . FUVRIUUTL WL, '
S 10.0mV e M[2.00us| A| Ch1 s-2.00mV|
Efficiency versus Output Current Typical Output Ripple and Noise.
Vin = Vinnom, Full Load
Tekstop | T
82 : :
Pl To—
th :
Laiz] L i
18 20 22 24 26 28 Ell 32 3 36 . . .
INPUT YOLTAGER) R N
MW 100mV ey M[200us| Al Ch1l S 44.0mv|
Efficiency versus Input Voltage. Full Load Transient Response to Dynamic Load Change from
100% to 75% to 100% of Full Load ; Vin = Vinnom
Tekstop | —
120 l

- 40 20 40 &0 g0 100 120
ANVBEIENT TEMPERATURE TA'C)

Ml 200V &Ch2| 0.0V SMT.00ms Al Ch1 4 2.72V
Derating Output Current versus Ambient Temperature and Airflow Vin = Vinnom Typical Input Start-Up and Output Rise Characteristic
Vin = Vinnom, Full Load
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-2411 (Continued)

TekStop | E i ]
. Level (dBuv)
Von-off
CISPR CLASS-A
| _6dB (2]
50
— +
: #
Vour i .M”"'i‘\ .......
%0502 0.5 1 2 5 10 20 30 ;

Frequeney (htz) @GEl 2.00v sCh2 10.0mv &M/ 200ps| A Chl £ 4.48 V)

Conduction Emission of EN55022 Class A Using ON/OFF Voltage Start-Up and V,,: Rise Characteristic
Vin = Vinnom, Full Load Vin = Vinnom, Full Load
12 -
. Level (dBuv)
et
$ :
CISPR CLASS B 5 ns
— -6dB i
Bos =
W = :
£04 ;
-/ :
02 ’
0 :l L L L
0 10 20 a0 40 50 60 0 80 0 10
0.150.2 0.5 1 quu:m:y . 5 10 20 30 0 OF FULL LOAD 5
Conduction Emission of EN55022 Class B Power Dissipation versus Output Current

Vin = \/in nom, Full Load
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Application Note 3W, Single and Dual Output

IAll test conditions are at 25°C. The figures are identical for TMR 3-2409

EFFICENCY(3G

15 i i i H i H i e R P
10 20 30 40 a0 60 o 80 ao 100
96 OF FULL LOAD i ; : :
M 10.0mVAR M[2.00pus| Al Ch1 s-2.20mV
Efficiency versus Output Current Typical Output Ripple and Noise.
Vin = Vinnom, Full Load
Tekstop | —T —
86 : .

g 3 : g :
T TSI SO O T B s | IR sl o s B s o ol e
= . . . .
w
TR T S T v . v ' ' "
it : ] ' i : : : i \
72 i i
12 20 22 24 2% 28 1) 32 3 36 . . . . .
INPUT VOLTAGEN) A . .
OGNl 100mV A M 200us| A Chl 7 44.0mv|
Efficiency versus Input Voltage. Full Load Transient Response to Dynamic Load Change from

100% to 75% to 100% of Full Load ; Vin = Vin nom

0 1l . i - i
- 40 20 40 &0 &0 100 120
ANVEIENT TEMFERATLRE TA'C) i ; ; ; 1 ; 1
™l 5.00v &ch2 10.0vV &M1.00ms A Chl S 8.10V

Typical Input Start-Up and Output Rise Characteristic
Vin = Vinnom, Full Load

Derating Output Current versus Ambient Temperature and Airflow Vin = Vinnom
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Application Note

3W, Single and Dual Output

Characteristic Curves

Vin = Vinnom, Full Load

Conduction Emission of EN55022 Class A

Conduction Emission of EN55022 Class B
Vin = \/in noms Full Load

TekStop | b 1 ]

4iie Level (dBuv) ; i E 2
e R e Sl
CISPR CLASS-A : ; ; -
| 6dB [ O R D S, ey ?
50 . . . ]
/ : : T

Vout /J .............

V01502 0.5 1 2 5 10 20 30
Frequency (MHz)

IAll test conditions are at 25°C. The figures are identical for TMR 3-2409 (Continued)

ichi T chh=2\ 10.0mY  &M[1.00ms =A\ SRTF R OV
Using ON/OFF Voltage Start-Up and V,,: Rise Characteristic

Vin = Vinnom, Full Load
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1 1
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Power Dissipation versus Output Current
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Application Note 3W, Single and Dual Output

IAll test conditions are at 25°C. The figures are identical for TMR 3-2412

Tek Stop_| e —

EFFICENCY(3G

15 H i i ; ;
10 20 30 40 a0 60 o 80 ao 100
% OF FULL LOAD o
M 10.0mY va M[2.00us| A| Chl F-2.80mV|
Efficiency versus Output Current Typical Output Ripple and Noise.

Vin = Vinnom, Full Load

Tekswp |
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72 i
12 20 22 24 2% 28 1) 32 3 k1)
INPUT YOLTAGEN) T LT, s [ .
@ 100mV ey M 200ps| A Ch1 & 44.0mV]
Efficiency versus Input Voltage. Full Load Transient Response to Dynamic Load Change from

100% to 75% to 100% of Full Load ; Vin = Vin nom
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120 - o B e s st el neer S aden w T o
EV\N f""“""""""'"""""""""'""
R sy fhy sl Tl s s i
2§ : : Lt
Dk UL et = B R D
] 1 H i i A Eee D aihee oomien o s e e s svme some s
- 40 20 40 &0 &0 100 120
ANVEIENT TEMFERATLRE TA'C) | : ] E
Ml 5.00v &ChZ[ 10.0V &M2.00ms A Chl & 8.10V

Derating Output Current versus Ambient Temperature and Airflow Vin = Vinnom Typical Input Start-Up and Output Rise Characteristic
Vin = Vinnom, Full Load
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Application Note

3W, Single and Dual Output

Characteristic Curves

- Level (dBuv)

CISPR CLASS-A,
| _6dB

"0150.2 0.5 1 F 3 5 10 20 30
Frequency (MHz)

Conduction Emission of EN55022 Class A
Vin = Vinnom, Full Load

__Level (dBuv)

IAll test conditions are at 25°C. The figures are identical for TMR 3-2412 (Continued)
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N 7 i o e o &
(7 VU RO SRR SO QO 1 7 T TSRO,
............ i aein el e Srens %
| : : : -
| : 1

{ : : i

A L

i : : d : ] i

Vour - ; ; // .............

ichi T chh=2\ 10.0mY  &M[2.00ms =A\ IR Y
Using ON/OFF Voltage Start-Up and V,,: Rise Characteristic

Vin = Vinnom, Full Load

2 i
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40 o A
-/ : a
0 :l L L L H
0 10 20 a0 40 0 60 T 80 0 10
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Conduction Emission of EN55022 Class B Power Dissipation versus Output Current
Vin = \/in noms Full Load
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Application Note

3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-2413

EFFICENCY(3G

10 20 30 40 50 60 0 80 a0 100
9% OF FULL LOAD

Efficiency versus Output Current

@
o
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w
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18 20 2 24 %6 28 Ell 32 3 36
INPUT VCLTAGEN)

Efficiency versus Input Voltage. Full Load

-40 20 40 &0 g0 100 120
ANVBEIENT TEMPERATURE TA'C)

Derating Output Current versus Ambient Temperature and Airflow Vin = Vinnom

©E 10.0mvas) M2.00Us A Ch1 F—3.20mv
Typical Output Ripple and Noise.

Vin = Vinnom, Full Load

Tekstop e ——

W 100mV A ’ : M[200us| A| Chl F 44.0mV|
Transient Response to Dynamic Load Change from

100% to 75% to 100% of Full Load ; Vin = Vin nom

TekStop__| b ]

..
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Typical Input Start-Up and Output Rise Characteristic
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-2413 (Continued)

Tek Stop | I ]
e Level (dBulY)
Von-oft
CISPR CLASS-A
| -6dB 23
50 . X ;
s
Vout >
Yoas0.2 0.5 1 2 5 10 20 30

Fi MH: e H i ! i
reaqueney (e} ®i 10.0v &ich2l 10.0mv &MZ2.00ms Al Chl £ 13.4V

Conduction Emission of EN55022 Class A Using ON/OFF Voltage Start-Up and V,,: Rise Characteristic
Vin = Vinnom, Full Load Vin = Vinnom, Full Load
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40 o
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Conduction Emission of EN55022 Class B Power Dissipation versus Output Current

Vin = \/in nom, Full Load
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Application Note 3W, Single al Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-2421

Tek Run | E

EFFICENCY(35

10 20 =0 40 a0 60 70 80 a0 100
% OF FULL LOWD

chi 10.0mvmw| 10.0my "y M\z.()()p.é. A] “Tha F-6.80mv
Efficiency versus Output Current Typical Output Ripple and Noise.
Vin = Vinnom, Full Load
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i
O 78
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w
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74 B &
72 s
45 5 5.8 [ 65 7 15 = 85 9
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Efficiency versus Input Voltage. Full Load Transient Response to Dynamic Load Change from
100% to 75% to 100% of Full Load ; Vin = Vinnom
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-
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) L LAt i S S K
0 : : i ;
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Derating Output Current versus Ambient Temperature and Airflow Vin = Vinnom Typical Input Start-Up and Output Rise Characteristic
Vin = Vinnom, Full Load
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Application Note

3W, Single and Dual Output

Characteristic Curves

Level (dBulfy
0

Conduction Emission of EN55022 Class A
Vin = Vinnom, Full Load

CISPR CLASS-B
-6dB

%

L 01502

0.5 1 2 5
Frequency (MHz)

Conduction Emission of EN55022 Class B
Vin = \/in noms Full Load

10 30

Tek Run E ]
TP i ) S Been alew aeda sl s afor aeds aedl sees e .:
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| = 2 OV N SOV VRN 1T " oTe AEG NI e ;
50 ]
Vour *
Vo502 0.5 1 2 5 10 20 30 § i : : § j :
. - L ; : : ] 2 _
FEfency (M) il 5.00V 8Ch2 5.00V 4M 400us| A& Chl 4 1.70V,

POWER DISSIFATIONY

IAll test conditions are at 25°C. The figures are identical for TMR 3-2421 (Continued)

Using ON/OFF Voltage Start-Up and V,,: Rise Characteristic
Vin = Vinnom, Full Load
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Power Dissipation versus Output Current
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-2422

EFFICENCY(3G

Vo2
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chi 10.6&11'\.;'\',w| 10.0mvh IM\Z.()()us .A.| '(':H.z 7-3.60mV
Efficiency versus Output Current Typical Output Ripple and Noise.
Vin = Vinnom, Full Load
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[
w
£ Vo2
75 [ 23] +
73 i i
45 5 5.8 [ 65 7 15 = 85 9
INPUT YOLTAGE() ; BT N ;
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Efficiency versus Input Voltage. Full Load Transient Response to Dynamic Load Change from
100% to 75% to 100% of Full Load ; Vin = Vinnom
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e T——
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1 e e e T e e S .
............................. 4
B e s e e :
o i i i i
- 40 20 40 =1] &0 100 120
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Derating Output Current versus Ambient Temperature and Airflow Vin = Vinnom Typical Input Start-Up and Output Rise Characteristic
Vin = Vinnom, Full Load
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-2422 (Continued)

TekRun | — ]
Level (dBuv)
100 Von-off
CISPRCLASS-A : i : :
| e [ S e g
50
Vour
nIl.15ll.2 0.5 1 2 5 10 20 30 .-
Frequency (Miiz) Wl 10.0V BCh2| 5.00V &M 400us| Al Ch1 &  6.40 V]
Conduction Emission of EN55022 Class A Using ON/OFF Voltage Start-Up and V,,: Rise Characteristic
Vin = Vinnom, Full Load Vin = Vinnom, Full Load
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£
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]
0 14
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0 :l L L L
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Conduction Emission of EN55022 Class B Power Dissipation versus Output Current

Vin = \/in nom, Full Load
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-2423

TekStop | L

g
g
L B A A - T - N - T . ;O M
B
w
Vo2
P i o Wi &
s ; ; ; ; B a1 e e e b e sl e b s B
10 20 30 40 S0 60 o 80 an 100 i .
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chi1[ 10.0mvA&EIFE 10.0mVv4M[2.00us| Al Ch2 S 2.00mV
Efficiency versus Output Current Typical Output Ripple and Noise.
Vin = Vinnom, Full Load
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g 83
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[&]
s
w81
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45 5 55 ] 65 T 15 g 85 9
NeUTVOLTAGES b O VN, N . R N .
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Efficiency versus Input Voltage. Full Load Transient Response to Dynamic Load Change from
100% to 75% to 100% of Full Load ; Vin = Vinnom
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ol e ————
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Derating Output Current versus Ambient Temperature and Airflow Vin = Vinnom Typical Input Start-Up and Output Rise Characteristic

Vin = Vinnom, Full Load
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-2423 (Continued)

Tek Run E ]
Level (dBuv)
e Von-off
CISPR CLASS-A
[ 6aB 2]
I L O o e e oo e s o
Y050z 05 1 2 5§ 10 20 30 -
Frequency (Hiz) Ml 20.0V ®Ch2 5.00v M 400us| A Chl F 17.6V
Conduction Emission of EN55022 Class A Using ON/OFF Voltage Start-Up and V,,: Rise Characteristic
Vin = Vinnom, Full Load Vin = Vinnom, Full Load
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4810
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% i } i |
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Vin = Vinnom, Full Load
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4810 (Continued)
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__Level (dBuv)

Z ;
CISPR CLASS-B 5
w L H
6dB i:
& 2 Er
o !
0 ¥ !
S :
0 :l L L L
[} 10 20 a0 40 50 60 0 80 0 10
0.150.2 0.5 1 Frequeznw _— 5 10 20 30 0% OF Al LOAD
Conduction Emission of EN55022 Class B Power Dissipation versus Output Current

Vin = \/in nom, Full Load

Created by Traco Electronic AG Arp. www.tracopower.com Date:March 30", 2012 / Rev.: 1.4/ Page 55/ 77


http://www.tracopower.com/

Application Note

3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4811

a5
g
g
0
B
w

— it TSV
15 H J 1 j i i
10 20 30 40 S0 60 o 80 an 100
9% OF FULL LOAD
Efficiency versus Output Current

82 .

80 :

78
£ :
576 :
= i
o :
T T4} -
TS i
i} '

72 | -

70

o i : : ‘ : ; i ; ]

36 40 < 48 52 56 & B4 23] 72 75
INPUT YOLTAGER)
Efficiency versus Input Voltage. Full Load
120 l

- 40 20 40 &0 g0
ANVBEIENT TEMPERATURE TA'C)

100 120

Derating Output Current versus Ambient Temperature and Airflow Vin = Vinnom

Tekstop |

ichi To.omvael M 2.00us =A\ SR A gomv
Typical Output Ripple and Noise.

Vin = Vinnom, Full Load

e

M| 200us : A\ “Th1 o aa.omv
Transient Response to Dynamic Load Change from
100% to 75% to 100% of Full Load ) Vin = Vin nom

& 200V WCha 260V WM d00ps| A Chi T 453V
Typical Input Start-Up and Output Rise Characteristic
Vin = Vinnom, Full Load

Created by Traco Electronic AG Arp.

www.tracopower.com

Date:March 30", 2012 / Rev.: 1.4/ Page 56 / 77



http://www.tracopower.com/

Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4811 (Continued)
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100 Leweli@Bay: . T e sl e el wser Seoe afios andle amedt amen B
Von-off
CISPR CLASS-# : ; : :
‘ = ;- NI ST R o
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Conduction Emission of EN55022 Class A Using ON/OFF Voltage Start-Up and V,,: Rise Characteristic
Vin = Vinnom, Full Load Vin = Vinnom, Full Load
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Application Note

3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4809
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4809 (Continued)
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Application Note

3W, Single and Dual Output
Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4812
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Efficiency versus Output Current
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4812 (Continued)
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4813
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4813 (Continued)
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Application Note

3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4821
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4821 (Continued)
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Application Note

3W, Single and Dual Output

Characteristic Curves

EFFICENCY(3G

EFFICENCY (3]

IAll test conditions are at 25°C. The figures are identical for TMR 3-4822
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4822 (Continued)
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4823
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Application Note 3W, Single and Dual Output

Characteristic Curves

IAll test conditions are at 25°C. The figures are identical for TMR 3-4823 (Continued)
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Application Note

3W, Single and Dual Output

Test Configurations

Input reflected-ripple current measurement test up

To input ripple current
measure device

BATTERY —

SN YL & s HINPUT
L
¢=
o =-INPUT
Component Value \oltage Reference
L 12pH — —
C 1pF 100V 1210 MLCC

SCOPE

Efficiency = [ Vo X
V,

CONTACT AND DISTRIBUTION LOZSSES

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

GROUND RING
/
"r 10 S00RE

o

RESISTIVE LOAD %7
A,

Wo T

-

Output voltage and efficiency measurement test up

F’r\'ullv bJauJ

CONTACT AND DISTRIBUTION LOZSSES

in in

° ]><100%

-Vin Vo

LoaD

Note: All measurements have to be taken at the module terminals.
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Application Note 3W, Single and Dual Output

EMC considerations

+INPUTO SNV +Vin  +Vout ¢

_—cC1 LOAD

—INPUTO Vin -vout ¢

DC/DC Converter

Suggested Schematic to comply with EN55022 Class A Conducted Noise

+INPUT

L1

| 3

~INPUT

TOP UIEW

recommended Layout with Input Filter

Following components are needed to comply with EN55022 Class A conducted noise:

TMR 3-05xx

Cl 2.2uF 10V 1206 MLCC

L1 3.3uH 2.0A/0.06Q2/0504 | SMD Inductor, P/N: TCK-044
TMR 3-12xx

Cl 0.68pF 25V 1206 MLCC

L1 10pH 14A/0.1Q/0504 | SMD Inductor, P/N: TCK-047
TMR 3-24xx

Cl 4.7uF 50V 1812 MLCC

L1 10puH 14A/0.1Q/0504 | SMD Inductor, P/N: TCK-047
TMR 3-48xx

Component Value Ratings Reference
C1l 0.47pF 100V 1812 MLCC
L1 56pH 0.7A/04Q/0504 | SMD Inductor, P/N: TCK-045
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Application Note 3W, Single and Dual Output

EMC considerations (Continued)

+INPUTO SNV +Vin  +Vout ¢

_—cC1 LOAD

—INPUTO Vin -vout ¢

DC/DC Converter

Suggested Schematic to comply with EN55022 Class B Conducted Noise

+INPUT

| 3

~INPUT

TOP UIEW

recommended Layout with Input Filter

Following components are needed to comply with EN55022 Class B conducted noise:

TMR 3-05xx

Cl 10uF 10V 1206 MLCC

L1 3.3uH 2.0A/0.06€2/0504 | SMD Inductor, P/N: TCK-044
TMR 3-12xx

Cl 2.2uF 25V 1206 MLCC

L1 18uH 1.2A/0.15Q /0504 | SMD Inductor, P/N: TCK-046
TMR 3-24xx

Cl 10pF 50V 1812 MLCC

L1 10puH 14A/0.1Q/0504 | SMD Inductor, P/N: TCK-047
TMR 3-48xx

Component Value Ratings Reference
Cl 2.2uF 100V 1812 MLCC
L1 56pH 0.7A/0.4Q /0504 | SMD Inductor, P/N: TCK-045
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Application Note

3W, Single and Dual Output

Input Source Impedance
The power module should be connected to a low impedance input source. Highly inductive source impedance can affect the stability of the
power module. Input external L-C filter is recommended to minimize input reflected ripple current. The capacitor should be equipped as close as
possible to the input terminals of the TMR 3 converter for lower impedance.

Thermal Consideration

The TMR 3 converter operates in a variety of thermal environments. However, sufficient cooling should be provided to ensure reliable
performance of the unit. Heat is removed by conduction, convection, and radiation to the surrounding environment. Proper cooling can be verified
by measuring the point as shown at the figure below. The temperature at this point shall not exceed 100°C. When operating, adequate cooling
must be provided to maintain the test point temperature at or below 100°C. Although the maximum point temperature of the TMR 3 converter is
100°C, you can limit this temperature to a lower value for higher reliability.

0.18¢4.6>

043109

TEMPERATURE MEASURE POINT

Measurement shown ininches and (milimeters) TOP VIEW

Remote ON/OFF Control
The positive logic remote ON/OFF control circuit is included.
Turns the module ON during a logic High on the On/Off pin and turns OFF during a logic Low.
The On/Off pin is an open collector/drain logic input signal (Von/off) that referenced to -Vin (GND).
If the remote on/off feature is not used, keep open circuit between on/off pin and -Vin pin to turn the module on.

Remote ON/OFF Implementation

Voo

PositiveL ogic Negetive Logic

™R3
Coverter

Positive Logic R1(KQ) | R2(KQ) Negative Logic | R1(KQ) | R2(KQ) | R3(KQ)
Vce =4.5-9.0vdc 0.0 75 Veec=4.5-9.0vVde 0.36 5.1 75
Vee =9.0-18Vdc 22 16 Vee =9.0-18Vdc 2.7 5.1 16
Vcec =18 - 36Vdc 6.8 33 Vee =18-36Vdc 75 5.1 33
Vce =36 - 75Vdc 15 68 Vee =36 - 75Vdc 16 5.1 68
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Application Note

3W, Single and Dual Output
Mechanical Data

) 0.86(21.80)
|
FRONT VIEW
g 2
3 Y °
ACTTT 1007
ST 2 3 5 6 7 8
0.10(2.54) !
0.70(17.78)
5 Pin Connection
_ %% Pin Single Output Dual Output
| g BOTTOM VIEW 8§; 1 “Vin(GND) | -Vin(GND)
% S o L L. 2 +Vin (Vcc) +Vin (Vcc)
© | 3 CTRL CTRL
5 NC NC
N 00820105 __)' 0.02(050)20.05 6 +Vout +Vout
Al Dimensions in INCHES (mm) 7 -Vout Com
Tolerance: XXX 10.02 (X.X 10.5mm) 8 NC -Vout

XXXX $0.01 (XXX +0.25mm)

Pin Pitch Tolerance +0.02 (+0.5mm)

Recommended Pad Layout

a4
3 Of)aﬁo'
55 1.
] {
s =)
g &5 :
o= BOTTOM VIEW. °%
Q 2 - 4. 10X 90,028+ 5:004
a8 ° A-A = [(90.71+ 8 H(HOLE)
] I VIEW = = = [ — = o
w
o
My
=]
S
0.08(2.0T05- 0.02(05010.05- A=A VIEW
—> —_—

All Dimensions in INCHES (mm)
Tolerance: XXX 10.02 (X.X $0.5mm)
XXXX 10.01 (XXX 10.25mm)

Pin Pitch Tolerance 10.02 (+0.5mm)
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Application Note 3W, Single and Dual Output

Soldering and Reflow Considerations

Lead free wave solder profile for TMR 3 DIP type

TI+T2 260CMAX

= 1 ] 1 . 5T S ) ET:
s 5 1
. First wave '“/ l Second wave
P oo A el B
m
e \
E &
5 Preheat zone
2 5 IR
M = L1
B = : /’ } ]
—_ 1 1
"h-...,__h__h
L : =
R L+ :
0 100 200
TIME (SEC)
Zone Reference Parameter

Preheatzone | Rise temp. speed : 3°C/ sec max.
Preheat temp. : 100~130°C
Actual heating | Peak temp. : 250~260°C

Peak time (T1+T2 time) : 4~6 sec

Reference Solder : Sn-Ag-Cu ; Sn-Cu

Hand Soldering :
Soldering iron : Power 90W
Welding Time : 2~4 sec
Temp. : 380~400C

Packaging Information
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Application Note 3W, Single and Dual Output

Part Number Structure

TMR 3 - 4811

Max. Output Power /
3 Wait Output Voltage
10 : 3.3vdc
Input Voltage Range 11 : 5Vdc
05:45~9Vv 09 : 9Vvdc

12:9~18v 12 12Vdc

24:18~36V 13 - 15Vdc

48:36~ 75V 21 : #5Vde

22 +12Vdc

23 : #15Vdc

Model Input Output Output Current | Input Current | Efficiency @

Number Range Voltage Full Load Full Load® (%)
TMR 3-0510 45-9VDC 33VDC 700mA 650mA 75
TMR 30511 45-9VDC 5VDC 600mA 800MA 79
TMR 3-0509 45-9VDC 9VDC 333mA 789mA 80
TMR 3-0512 45-9VDC 12VDC 250mA 779mA 81
TMR 3-0513 45-9VDC 15VDC 200mA 769mA 82
TMR 3-0521 45-9VDC +5VDC +300mA 810mA 78
TMR 30522 45-9VDC +12VDC +125mA 779mA 81
TMR 3-0523 45-9VDC +15VDC +100mA 779mA 81
TMR 31210 9-18VDC 33VDC 700mA 263mA 77
TMR 31211 9-18VDC 5VDC 600mA 325mA 81
TMR 3-1209 9-18VDC 9VDC 333mA 329mA 80
TMR 31212 9-18VDC 12VDC 250mA 316mA 83
TMR 3-1213 9—18VDC 15VDC 200mA 316mA 83
TMR 31221 9-18VDC +5VDC +300mA 320mA 82
TMR 31222 9-18VDC +12VDC +125mA 316mA 83
TMR 31223 9-18VDC +15VDC +100mA 316mA 83
TMR 3-2410 1836 VDC 33VDC 700mA 134mA 76
TMR 32411 18-36VDC 5VDC 600mA 160mA 82
TMR 3-2409 1836 VDC 9VDC 333mA 160mA 82
TMR 3-2412 18-36VDC 12VDC 250mA 158mA 83
TMR 3-2413 1836 VDC 15VDC 200mA 156mA 84
TMR 3-2421 18—36VDC +5VDC +300mA 164mA 80
TMR 3-2422 1836 VDC +12VDC +125mA 158mA 83
TMR 3-2423 18—36VDC +15VDC +100mA 154mA 85
TMR 34810 36-75VDC 33VDC 700mA 69mA 74
TMR 34811 36-75VDC 5VDC 600mA 83mA 79
TMR 3-4809 36—75VDC 9VDC 333mA 82mA 80
TMR 34812 36-75VDC 12VDC 250mA 81mA 81
TMR 34813 36—75VDC 15VDC 200mA 80MA 82
TMR 34821 36—75VDC +5VDC +300mA 83mA 79
TMR 34822 36-75VDC +12VDC +125mA 80mA 82
TMR 34823 36—75VDC +15VDC +100mA 79mA 83

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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Application Note 3W, Single and Dual Output
Safety and Installation Instruction

Fusing Consideration

Caution: This power module is not internally fused. An input line fuse must always be used.
This encapsulated TMR 3 converter 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, intemal fusing is not included; however, to achieve maximum safety and system
protection, always use an input line fuse. The safety agencies require a normal-blow fuse with maximum rating of 3A for TMR 3-05xx and TMR
3-12xx modules, 1.5A for TMR 3-24xx and TMR 3-48xx modules. 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 TMR 3 series DC/DC converters has been calculated according to
Bellcore TR-NWT-000332 Case |: 50% stress, operating temperature at 40°C (Ground fixed and controlled environment ). The resulting figure for
MTBF is: 4.386x10° hours.

MIL-HDBK 217F NOTICE2 FULL LOAD, operating temperature at 25°C. The resulting figure for MTBF is: 2.401x10° hours.
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