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FW250R1 Power Module:
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Features

n Size: 61.0 mm (2.40 in.) x 116.8 mm (4.60 in.) x
13.5 mm (0.50 in.)

= Operating case temperature range:
-40 °C to +100 °C

s Remote sense

» Parallel operation with forced load sharing

= Remote on/off (primary side referenced)

= Adjustable output voltage: 60% to 100% of Vo, nom

The FW250R1 Power Module uses advanced, surface-mount = Thermal shutdown

technology and delivers high-quality, compact, dc-dc » Synchronization
conversion at an economical price. .
a Power good pin

' m Current monitor
Applications = Output voltage and output current protection
a Case ground pin

a UL* Recognized, CSA' Certified, and VDE
Licensed

a CE mark meets 73/23/EEC and 93/68/EEC
directivest

= Redundant and distributed power architectures
= Private branch exchange
s Telecommunications

Options

» Heat sink available for extended operation

= Input voltage transient (100 V for 100 ms)

» Nonthreaded-through mounting holes
Description

The FW250R1 Power Module is a dc-dc converter that operates over an input voltage range of 36 Vdc to
75 Vdc input and provides precisely regulated 28 Vdc output. The outputs are fully isolated from the inputs,

allowing versatile polarity configurations and grounding connections. The modules have a maximum power
rating of 250 W with a typical full-load efficiency of 90.5%.

This module offers a metal baseplate for enhanced heat transfer. Threaded-through holes are provided to allow
easy mounting or addition of a heat sink for high temperature applications.

* UL is a registered trademark of Underwriters Laboratories, Inc.
t CSAis a registered trademark of Canadian Standards Association.

1 This product is intended for integration into end-use equipment. Al the required procedures for CE marking of end-use equipment should
be followed. (The CE mark is placed on selected products.)
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36 Vdc to 75 Vdc Input; 28 Vdc Single Output; 250 W
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Absolute Maximum Ratings

Stresses in excess of the absolute maximum ratings can cause permanent damage to the device. These are
absolute stress ratings only. Functional operation of the device is not implied at these or any other conditions in
excess of those given in the operations sections of the data sheet. Exposure to absolute maximum ratings for
extended periods can adversely affect device reliability.

Parameter Symbol Min Max Unit
Input Voltage Continuous Vi — 80 A
I/0 Isolation Voltage —_ —_ 1500 Vv
Operating Case Temperature Tc —40 100 °C
(See Thermal Considerations section.)
Storage Temperature Tsig —40 110 °C

Electrical Specifications

Unless otherwise indicated, specifications apply over all operating input voltage, resistive load, and temperature
conditions.

Table 1. Input Specifications

Parameter Symbol Min Typ Max Unit

Operating Input Voitage Vi 36 48 75 Vdc
Maximum Input Current (Vi=0Vto 75 V) I, max — — 12 A
Inrush Transient 2t —_ — 2.0 AZs
input Reflected-ripple Current, Peak-to-peak — — 10 — mAp-p

(5 Hz to 20 MHz, 12 pH source impedance;

see Figure 1.)
Input Ripple Rejection (120 Hz) — — 60 — dB

Fusing Considerations
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 a sophisticated power architecture. To preserve maximum flexibility, internal fus-
ing is not included; however, to achieve maximum safety and system protection, always use an input line fuse. The
safety agencies require a normal-blow, dc fuse with a maximum rating of 20 A. (See Safety Considerations sec-
tion.) To aid in the proper fuse selection for the given application, information on inrush and maximum dc input cur-
rent is provided. Refer to the fuse manufacturer's data for further information.

2 ‘ Lucent Technologies Inc.
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Electrical Specifications (continued)

Table 2. Output Specifications

Parameter Symbol Min Typ Max Unit
Output Voltage Vo 27.16 — 28.84 Vdc
(Over all operating input voltage, resistive load,
and temperature conditions until end of life; see
Figure 3.)
Output Voltage Set Point VO,set 27.45 — 28.55 Vdc
(Vi =48V, lo = lo, max; Tc = 25 °C)
Output Regulation:
Line (Vi=36Vto75V) — — 0.01 0.1 %Vo
Load (lo = lo, min to lo, max) — — 0.05 0.2 %Vo
Temperature (Tc = —40 °C to +100 °C) — — 100 300 mV
Output Ripple and Noise Voltage (See Figure 2.):
(measured with 330 uF output capacitor)
RMS — — — 50 mVrms
Peak-to-peak (5 Hz to 20 MHz) — — —_— 100 mVp-p
Output Current lo 0.3 — 9.0 A
(At lo < lo, min, the modules may exceed output
ripple specifications.)
Output Current-limit Inception (Vo = 90% of lo 103 = 130 % 1o, max
Vo, set; see Feature Descriptions.)
Output Current-limit (Vo = 1.0 V; indefinite duration lo —_ — 150 % 1o, max
no hiccup mode.)
Minimum Output Capacitance Needed for Stability — 330 — — uF
Efficiency n 88.5 90.5 — Yo
(Vi =48V, lo = lo,max; Tc = 70 °C;
see Figure 3.)
Dynamic Response*
(Alo/At =1 A/10 ps, Vi= 48V, Tc = 25 °C):
Load Change from lo = 50% to 75% of 10, max:
Peak Deviation — — 250 — mV
Settling Time (Vo < 10% of peak deviation) — — 200 — us
Load Change from lo = 50% to 25% of lo, max:
Peak Deviation - — 250 — mv
Settling Time (Vo < 10% of peak deviation) — — 200 — us
* With recommended 330 pF external capacitor.
Table 3. Isolation Specifications
Parameter Min Typ Max Unit
Isolation Capacitance — 1700 — pF
Isolation Resistance 10 — — MQ
Lucent Technologies Inc. 3
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FW250R1 Power Module: Advance Data Sheet

36 Vdc to 75 Vdc Input; 28 Vdc Single Output; 250 W January 1997
General Specifications
Parameter Min | Typ | Max Unit
Calculated MTBF (lo = 80% of lo, max; Tc = 40 °C) 1,000,000 ' hr
Weight — | = ] 200@ g (oz.)

Feature Specifications

Unless otherwise indicated, specifications apply over all operating input voltage, resistive load, and temperature
conditions. See Feature Descriptions and Design Considerations for further information.

Parameter Symbol Min Typ Max Unit
Remote On/Off
(Vi =36V to 75 V; open collector or
equivalent compatible; signal referenced to
Vi(-) terminal. See Figure 7 and Feature
Descriptions.):
Logic Low—Module On
Logic High—Module Off
Module Specifications:
On/Off Current—Logic Low lonvott — — 1.0 mA
On/Off Voltage:
Logic Low Vonvoff 0 — 1.2 A
Logic High (lonvott = 0) Vonoft — — 15 \
Turn-on Time — — 100 — ms
(lo = 80% of lo, max; Vo within £1% of
steady state)
Output Voltage Sense Range — — — 0.5 Vdc
Output Voltage Set-Point Adjustment Range — 60 — 100 % Vo, nom
Output Overvoltage Shutdown Vo, shutdown 30.9 — 37.0 Vdc
Current Share Accuracy—5 Units in Parallel — — 10% — %0, rated
Synchronization
Clock Amplitude — 4.0 4.5 5.0 Vp-p
Duty — — 50 — %
Overtemperature Shutdown Tease — 110 — °C
Current Monitor (lo = lo, max; Tc = 70 °C) lo, mon — 0.37 — V/A
PWR GOOD Signal Interface
(See Feature Descriptions.)
Low impedance—Module Operating Rpwrigood - — 100 Q
|pwr/good —_ —_— 1 LLA
High Impedance—Module Off Rpwrigood 1 — — MQ
Vpwrigood — — 40 Vv

Lucent Technologies Inc.
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FW250R1 Power Module: 36 Vdc to 75 Vdc Input;

28 Vdc Single Input; 250 W

Test Configurations

TO OSCILLOSCOPE
CURRENT
LTeEsT PROBE
ra"2’2'a Vi(+)

’ 12 yH ~
i Cs 220 F
BATTERY = ESR <0.1 Q 100 pF
T @ 20 °C, 100 kHz
ESR<03Q
@ 100 kHz
o Vi(-)

8-203(C).e

Note: Measure input reflected-ripple current with a simulated source
impedance (LtesT) of 12 uH. Capacitor Cs offsets possible bat-
tery impedance. Measure current as shown above.

Figure 1. Input Reflected-Ripple Test Setup

COPPER STRIP
&
Vo(+) | @
l _,L o—°
> RESISTIVE
. F
_[_01uF T330u SCOPE LOAD
Vo(-) | ® i ‘ S—°
8-513(C).j

Note: The use of a 330 uF capacitor is necessary for stability. Use a
0.1 uF capacitor on output. Scope measurement should be
made using a BNC socket. Position the load between 50 mm
(2in.) and 76 mm (3 in.) from the module.

Figure 2. Peak-to-Peak Output Noise Measurement
Test Setup

Lucent Technologies Inc.

SENSE (+) CONTACT AND
DISTRIBUTION LOSSES
——MA——L e Vi) Vo)

— —
= suppLy ° LOAD
— AMW—— e Vi) Vo)
CONTACT
RESISTANCE SENSE (_)I'
8-749(C)

Note: All measurements are taken at the module terminals. When
socketing, place Kelvin connections at module terminals to
avoid measurement errors due to socket contact resistance.

n = ([V0(+)—Vo(—)]lo) % 100
[Vi(+) = Vi(=)1h
Figure 3. Output Voltage and Efficiency
Measurement Test Setup

Design Considerations

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. For the test configuration in Figure 1, a 100 uF
electrolytic capacitor (ESR < 0.3 Q at 100 kHz)
mounted close to the power module helps ensure
stability of the unit. For other highly inductive source
impedances, consult the factory for further application
guidelines.

Safety Considerations

For safety-agency approval of the system in which the
power module is used, the power module must be
installed in compliance with the spacing and separation
requirements of the end-use safety agency standard,
i.e., UL1950, CSA22.2-950, EN60950.

Il 005002k 002bk52e2 37O WA



FW250R1 Power Module: 36 Vdc to 75 Vdc Input;

28 Vdc Single Output; 250 W
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Design Considerations (continued)

Safety Considerations (continued)

For the converter output to the requirements for safety
extra low voltage (SELV), one of the following must be

true:

s Allinputs are SELV and floating, with all outputs also
floating.

a All inputs are SELV and grounded, with the outputs
also grounded.

s Any non-SELV input must be provided with rein-
" forced insulation from any other hazardous voltages,
including the ac mains, and must have an SELYV reli-
ability test performed on it in combination with the
converters.

The output of the converter is considered extra low volt-
age (ELV) if the input meets the requirements for ELV.

The input to these power units is to be provided with a
maximum 20 A normal-blow fuse in the ungrounded
lead.

Thermal Considerations

The FW250R1 power module operates in a variety of
thermal environments; however, sufficient cooling
should be provided to help ensure reliable operation of
the unit. Heat-dissipating components inside the unit
are thermally coupled to the case. Heat is removed by
conduction, convection, and radiation to the surround-
ing environment. Proper cooling can be verified by
measuring the case temperature. Peak temperature is
(Tc) at the position indicated in Figure 4.

O O
MEASURE CASE o
TEMPERATURE HERE
o Vi(+) Vo) °
o Vi) :
ON/OFF X .
« SYNCIN .
+ SYNC OUT Voei| o
30.5 (1.20)

® CASE .
O O

- 82,6 (3.25)

8-1303a

Note: Dimensions are in millimeters and {(inches).

Figure 4. Case Temperature Measurement Location

Note the view in Figure 4 is of the metal surface of the
module—the pin locations shown are for reference. The
temperature at this location should not exceed 100 °C.
The output power of the module should not exceed the
rated power for the module as listed in the Ordering
Information section.

For further information on these modules, refer to the
Lucent Technologies Microelectronics Group Thermal
Management for FC- and FW-Series 250 W—300 W
Board-Mounted Power Modules Technical Note,
TN96-009EPS.

Feature Descriptions

Remote Sense

Remote sense minimizes the effects of distribution
losses by regulating the voltage at the remote-sense
connections. The voltage between the remote-sense
pins and the output terminals must not exceed the
output voltage sense range of 0.5 V (see Figure 5).

[Vo(+) —Vo(-)] - [SENSE (+) — SENSE (-)]< 0.5V

This limit includes any increase in voltage due to
remote-sense compensation, set-point adjustment, and
trim.

PARALLEL ¢
SENSE(+) ¢
SENSE(-) &

vo{-) I. —AAN A\

_I'_————'\N\r—" Vi{+}
—

— o
= SUPPLY M - LOAD
o iy Vot H———A-
CONTACT CONTACT AND
RESISTANCE DISTRIBUTION LOSSES
8-683(C).c

Figure 5. Effective, Circuit Configuration for Single-
Module Remote-Sense Operation

Lucent Technologies Inc.
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FW250R1 Power Module: 36 Vdc to 75 Vdc Input;

28 Vdc Single Input; 250 W

Feature Descriptions (continued)
Current Limit

To provide protection in a fault (output overload) condi-
tion, the unit is equipped with internal current-limiting
circuitry and can endure current limiting for an unlim-
ited duration. At the point of current-limit inception, the
unit shifts from voltage control to current control. If the
output voltage is pulled very low during a severe fault,
the current-limit circuit can exhibit either foldback or tai-
lout characteristics (output-current decrease or
increase). The unit operates normally once the output
current is brought back into its specified range.

Output Overvoltage Protection

The modules are designed with a latching overvoltage
shutdown. Recovery from latched shutdown is accom-
plished by cycling the dc input power off for at least
1.0 s or toggling the primary referenced ON/OFF signal
for at least 1.0 s.

Thermal Shutdown

To provide protection in a fault condition, the unit is
equipped with a thermal shutdown circuit. The shut-
down circuit will not engage unless the unit is operated
above the maximum case temperature. Recovery from
thermal shutdown is accomplished by cycling the dc
input power off for at least 1.0 s or toggling the primary
referenced ON/CFF signal for at least 1.0 s.

Current Monitor

The current monitor pin provides a dc voltage propor-
tional to the dc output current of the module. The V/A
ratio is set at 0.37 V/A £ 10% @ 70 °C case. For exam-
ple, at a full load current of 9 A, the voltage on the cur-
rent monitor pin is 3.33 V. The current monitor signal is
referenced to the SENSE(-) pin on the secondary and
is supplied from a source impedance of approximately
2 kQ. It is recommended that the current monitor pin be
left open when not in use, although no damage will
result if the current monitor pin is shorted to secondary
ground. Directly driving the current monitor pin with an
external source will detrimentally affect operation of the
module and should be avoided.

Lucent Technologies Inc.

Parallel Operation

For either redundant operation or additional power
requirements, the power modules can be configured for
parallel operation with forced load sharing (see

Figure 6). For a typical redundant configuration,
Schottky diodes or an equivalent should be used to
protect against short-circuit conditions. Because of the
remote sense, the forward-voltage drops across the
Schottky diodes do not affect the set point of the
voltage applied to the load. For additional power
requirements, where multiple units are used to develop
combined power in excess of the rated maximum, the
Schottky diodes are not needed.

To implement forced load sharing, the following
connections must be made, and good layout
technigues should be observed for noise immunity:

m The parallel pins of all units must be connected
together. The paths of these connections should be
as direct as possible.

u All remote-sense pins must be connected to the
power bus at the same point, i.e., connect all remote-
sense (+) pins to the (+) side of the power bus at the
same point and all remote-sense (-) pins to the (-)
side of the power bus at the same point. Close prox-
imity and directness are necessary for good noise
immunity.

|

PARALLEL e
SENSE(+) e
SENSE(-)

L@ CASE  vo(-) §
o ON/OFF %

Vi(+) Vo(+)} -

» Vi(-)

.”_'

i

PARALLEL &+
SENSE(+) &
SENSE(-) e

o CASE

o ON/OFF
o Vi(+)

o VI(-)

.h

Vo(-) I

Vo) F—4

8-581(C)

Figure 6. Wiring Configuration for Redundant
Parallel Operation
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28 Vdc Single Output; 250 W
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Feature Descriptions (continued)

Power Good Pin

The PWR GOOD pin provides an open-drain signal
(referenced to the SENSE(-) pin) that indicates the
operating state of the module. A low impedance
(<100 Q) between PWR GOOD and SENSE(-) indi-
cates that the module is operating. A high impedance
(>1 MQ) between PWR GOOD and SENSE(-) indi-
cates that the module is off or has failed. The PWR
GOOD pin can be pulled up through a resistor to an
external voltage to facilitate sensing. This external
voltage level must not exceed 40V, and the current into
the PWR GOOD pin during the low-impedance state
should be limited to 1 mA maximum.

Module Synchronization

Any module can be synchronized to any other module
or to an external clock using the SYNC IN or SYNC
OUT pins. The modules are not designed to operate in
a master/slave configuration.

SYNC IN Pin

This pin can be connected either to an external clock or
directly to the SYNC OUT pin of another FW300/
FW250 series module.

If an external clock signal is applied to the SYNC IN
pin, the signal must be a 500 kHz (=50 kHz) square
wave with a 4 Vp-p amplitude. Operation outside this
frequency band will detrimentally affect the perfor-
mance of the module and must be avoided.

If the SYNC IN pin is connected to the SYNC OUT pin
of another module, the connection should be as direct
as possible, and the Vi(-) pins of the modules must be
shorted together.

If no connection is made to the SYNC IN pin, the mod-
ule will operate from its own internal clock.

When not in use, the SYNC IN pin should be shorted
directly to the Vi(-) pin.

SYNC OUT Pin

This pin contains a clock signal referenced to the
Vi(=) pin. The frequency of this signal will equal either
the module’s internal clock frequency or the frequency
established by an external clock applied to the SYNC
IN pin.

When synchronizing several modules together, the
modules can be connected in a daisy-chain fashion
where the SYNC OUT pin of one module is connected
to the SYNC IN pin of another module. Each module in
the chain will synchronize to the frequency of the first
module in the chain.

To avoid loading effects, ensure that the SYNC OUT
pin of any one module is connected to the SYNC IN pin
of only one module. Any number of modules can be
synchronized in this daisy-chain fashion.

Lucent Technologies Inc.
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FW250R1 Power Module: 36 Vdc to 75 Vdc Input;

28 Vdc Single Input; 250 W

Feature Descriptions (continued)

Output Voltage Set-Point Adjustment
(Trim)

Output voltage trim allows the user to decrease the out-
put voltage set point of a module. This is accomplished
by connecting an external resistor between the TRIM
pin and the SENSE(-) pins. With an external resistor
between the TRIM and SENSE(-) pins (Radj-down), the
output voltage set point (Vo, adj) decreases (see
Figure 7). The following equation determines the
required external resistor value to obtain a percentage
output voltage change of A%.

Radj-down = (}3?,—2 -2.1892) - kQ
The test results for this configuration are displayed in
Figure 7. This figure applies to all output voltages.

o Vi(+) Vo(+) o
o ONOFF  SENSE() o
o CASE TRIM o E RLoap
%Radj-down 1
o Vi(5) SENSE(-) o -
Vo(-) o

8-748(C).b

Figure 7. Circuit Configuration to Decrease Output
Voltage

Lucent Technologies Inc.

Remote On/Off

To turn the power module on and off, the user must
supply a switch to control the voltage between the on/
oft terminal and the Vi(—) terminal (Vonvott). The switch
can be an open collector or equivalent (see Figure 8).
A logic low is Vonoff = 0 V to 1.2 V, during which the
module is on. The maximum lovott during a logic low is
1 mA. The switch should maintain a logic low voltage
while sinking 1 mA.

During a logic high, the maximum Vorvoft generated by
the power module is 15 V. The maximum allowable
leakage current of the switch at Vovofi = 15 V is 50 pA.

Note: A PWB trace between the on/off terminal and the
Vi(~) terminal can be used to override the
remote on/off.

PARALLELe

SENSE(+) e

SENSE(-)e

lonvotf - Vo(-) !

} NN « ON/OFF . )
—— "\ + <
B Vonvoff ® Vi(+) T
T < _ Vo(+)

* * Vi(-) 1

8-580(C)

Figure 8. Remote On/Off Implementation
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Outline Diagram

Dimensions are in millimeters and (inches).
Tolerances: x.xx £ 0.5 mm (0.02 in.), x.xxx £ 0.25 mm (0.010 in.).

Top View
¢ 116.8 (4.60) >
4 O O
61.0
(2.40)
Side View
13.‘5
(o.s*s) I
1.57 £ 0.05 (0.062 + 0.002) DIA
5.1 (0.20) MIN SOLDER-PLATED BRASS,
U 1021005(004010002)DIA"'”””””u U/nPLcs
f SOLDER-PLATED BRASS (VOUT=, VOUT+, VIN=, VIN+)
9PLCS
Bottom View MOUNTING INSERTS
M3 x 0.5 THROUGH
L—ee 04(2600)— 4PLCS
X 2.54 (0.100) -ryp —» |<_ 2.54 (0.100) TYPR ' +
= }
- 1290_(0300,{]5____________+_ J,_._._____ 51(0:20)
(0.500) }
oDy : v
17478 1270 [ T ‘ A T 10.16 f
©.700) O3 FTY ) 4 (0.400) 55550, 30.48
A B Lucent ozt | (S% (12001
v )1 DC-DC Power Module
X (1 ooo)
(1.200) T @ { |3556
(2%8) ‘ : MADE IN USA i
1 \ . l
—4 ;<— 5.1 (0.20) |
= 106.68 (4.200) -
8-1120(C).b
10 Lucent Technologies Inc.
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Recommended Hole Pattern

Component-side footprint.

Dimensions are in mitlimeters and (inches).

MOUNTING INSERTS

66.04 (2.600) —
254 (0.100) TYP —»| |a— L
51020 | AL [ I L7e2 Ao
5.24 — st — T — - — (0300 0%
(0.600) —0—0—-—£ : {0.500) F
R o u';ng%ﬂ 2.54 (0.100) TYP CASE _g—{ v 4
T 1016 _ 1 %§E§E§ sywcour | | 1270 ‘
(1.200 ((2)083(2)) (0.400)5 JS ]—Q—| Vo) oo EE% SYNCIN ! (0'500)((1)?7'08)
3 0.200)1 g ON/OFF —?—{-——&((z)%gg)
35,56 (:1256048\ | g — ° VIN- —g—!
X R ) L4 v 1 X
(1400) | 4 I | ! (1300)
1 Vol+) ! |
: * VIN+ — 50.8
Ld | i | (2.00)
v I
™~ H
1@ _________________________________________ @ i
' 5.1(0.20) —a'
| 106.68 (4.200) ] -
8-1120(C).b
Ordering Information
Input Output Output Device
Voltage Voltage Power Code Comcode
48V 28V 250 W FW250R1 107679029
Lucent Technologies Inc. 11
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