PKS 2000 |

15 W DC/DC Power Modules
24 V Input Series

e SMD and Through-hole versions in 22 g
metal case

< High power density of 17 W/in®

= Very small footprint and low profile
36.8x41.7x9.7 mm
(1.45%1.64%0.38 in)

 MTBF is 4 million hours at +40 °C
ambient temperature per Bellcore

= Wide input voltage range: 18—36 V

= QOperating ambient temperature range
—40 to +85°C and max. case
temperature +100 °C

= 1,500 V dc isolation voltage

G“ us

The PKS 2000 I series of DC/DC power modules are de-
signed for decentralized power distribution systems with
distributed on-board converters using a system voltage of
+24V dc. Their low profile and high power density al-
lows board spacings down to 18 mm or 0.7 in, or lower,
depending on board size, while occupying a minimum of
board area.

By using a ceramic substrate with all surface-mount
components and a copper leadframe, excellent heat trans-
fer is provided to the terminal pins which readily con-
duct the power dissipation to the printed circuit board.
The extremely efficient thermal management and the
very high reliability performance together with a fixed
switching frequency makes these DC/DC power modules
very suitable for demanding applications within e.g. In-
formation Technology & Telecom, Industrial, Medical

ERICSSON Z

and Aircraft industry. The current mode forward power
module topology features a very good static output regu-
lation and fast dynamic response. A Remote on/off con-
trol makes it possible to turn off or start up with external
control. Over-temperature and Short-circuit protection is
included to prevent damage at fault conditions. Input to
output isolation is 1,500 Vdc.

The mechanical ruggedness is very high and together
with the wide temperatur range they are also ideal for
applications in not temperature controlled locations.

In production the strictest manufacturing and quality
control standards are enforced and the PKS series are as-
sembled in automated manufacturing lines using SMT,
laser trimming and ATE final inspection.

Since 1991, Ericsson Components AB is a ISO 9001 cer-
tified supplier.



General

Absolute Maximum Ratings

Characteristics min max Unit
Tc Case temperaturel -40 +100 °C
Ts Storage temperature -40 +110 °C
Vi Input voltage 0 40 Vdc
Viso Input to output isolation 1,500 Vdc
Vre Remote control voltage pin 1 0 7.0 Vdc
Input
Tc < Tcmax unless otherwise specified
Characteristics Conditions min typ max Unit
Vi Input voltage range 18 36 \Y
Vioft Turn-off input voltage (See Operating Information)
Vion Turn-on input voltage (See Operating Information)
lirush Inrush current :/:52,?1;/ 2 A
Ci Input capacitance 0.47 uF
Py Input idling power lo=0 0.7 w
Prc Input stand-by power | RC connected to pin 2 0.4

Environmental Characteristics

Stress in excess of Absolute Maximum
Ratings may cause permanent damage. Ab-
solute Maximum Ratings, sometimes re-
ferred to as no destruction limits, are nor-
mally tested with one parameter at a time
exceeding the limits of Output data or Elec-
trical Characteristics. If exposed to stress
above these limits, function and performance
may degrade in an unspecified manner.

Note:

1) Corresponding ambient temperature range
(Ta) at full output power is —40 to +85 °C
mounted on a printed circuit board in free
convection. See also Thermal Data.

Characteristics Test procedure & conditions
Vibration MIL-STD-883D Frequenc_y 20...2000 Hz, 2 minutes
(Sinusoidal) Method 2007.2 Acceleration 10 g

’ Number of cycles 8 in each axis
Shock MIL-STD-883D Peak acceleration 509
(Half sinus) Method 2002.3 Shock duration 1ms

Number of cycles 5 in each axis
Temperature MIL-STD-202F Temperature —-40°C...+125°C
change Method 107 Number of cycles 200
Accelerated MIL-STD-202F Temperature 85°C
damp heat Method 103 Humidity 85% RH
with bias Duration 1000 hours
Safety

The PKS Series DC/DC power modules are
designed in accordance with EN 60 950,
Safety of information technology equipment
including electrical business equipment.

The PKS power modules are recognized by
UL and meet the applicable requirements in
UL 1950 Safety of information technology equip-
ment and the applicable Canadian safety re-
quirements.

The DC/DC power module shall be installed
in an end-use equipment and considerations
should be given to measuring the case tem-
perature to comply with Tcmax when in op-
eration. Abnormal component tests are con-
ducted with the input protected by an exter-
nal 3 A fuse. The need for repeating these
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tests in the end-use appliance shall be con-
sidered if installed in a circuit having higher
rated devices.

When the supply to the DC/DC power mod-
ule is isolated and meets all the requirements
for SELV (<60Vdc), the output is considered
to remain within SELV limits (level 3). The
isolation is an operational insulation in ac-
cordance with EN 60 950.

The DC/DC power module is intended to be
supplied by isolated secondary circuitry and
shall be installed in compliance with the re-
quirements of the ultimate application. If
they are connected to a 60 V DC system re-
inforced insulation must be provided in the
power supply that isolates the input from

the mains. The power module is evaluated
with the secondary output referenced to
earth.

The terminal pins are only intended for
connection to mating connectors of internal
wiring inside the end-use equipment.

The galvanic isolation is verified in an
electric strength test. Test voltage (Viso)
between input and output is 1,500 Vdc for
60 s. In production the test duration may be
decreased to 1 s.

The capacitor between input and output has
a value of 1 nF and the leakage current is less
than 5 pA @ 50 Vdc.
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Mechanical Data

Through-hole version
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Notes:

1: All dimensions are in inches (mm).

2: 2 ploce decimals ore +.030 (+0.8mm).

3: 3 place decimals are £.010 (£0.3mm).

4: Vios ore recommended to improve copper adhesion.

5: Solder mask openings to copper island for solder
joints to mechanical pins.

6: Power pin connections should utilize two or more
vias per input, ground and output pin.

7: Recommended mechanical keep out area.

Surface-mount version
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Recommended copper pad area

Connections

Pin Designation Function

1 RC Remote Control to turn-on and turn-off the output
2 -In Negative Input terminal

3 +In Positive Input terminal

4 Rtn/0V Output Return terminal

5 Out Positive Output terminal

6 NC The pin is Not Connected

Weight
22 g(0.78 oz).

Case
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Blue anodized aluminum case.



Thermal Data

The PKS 2000 series is designed for very low thermal resistance from
the internal components to the outer case. Copper traces with a
thickness of 70 um (2 oz/ft2) are used on the ceramic substrate to
provide very low electrical resistance and excellent thermal conduc-
tivity. Tin plated copper leads are used for input and output
terminals and also conduct dissipated power to the copper pads on
the host printed circuit board. Consequently, the thermal perform-
ance of the PKS 2000 series can be enhanced by maximizing the
copper area around the pins of the power module. Figure 1 shows
recommended layout pattern which maximizes this copper area
(please refer to mechanical data for footprint dimensions). 70 pm
copper is recommended for optimum performance.

The ceramic substrate of the PKS 2000 series is also thermally
connected to a blue anodized aluminum case. By creating very low
thermal resistance, heat is readily conducted and evenly distributed
to the case. This prevents “hot spots” and allows the internal
component temperatures to remain close to the case temperature.

The thermal performance is very dependent on the amount of
ambient airflow. Air velocity in free convection is 0.2—-0.3 m/s (40—
60 Ifm).

The PKS 2000 series are also protected from thermal overload by an
internal over-temperature shutdown circuit.

Over-Temperature Protection

When the internal junction temperature of the custom control IC
reaches 125 °C, the power module will automatically shut down. It
will automatically restart when the junction temperature cools below
115 °C.

Solder Side Copper

ON/OFF | () () | NC
-V, O N
O o
®
+V, ° Ve

Top View (Component Side) Fig. 1

— Preheat and cool-down rampsshould not exceed 2 °C/second to
prevent internal component failures due to thermal stress.

— If possible, avoid elevating the temperature above 220 °C (Leading
manufacturers of 63/37 solder with nominal 183 °C melting points
recommend maximum oven temperatures of 220 °C).

— If your reflow process creates DC/DC power module body tempera-
tures above 220 °C, then limit the time above this tempeature to a
maximum of 30 seconds.

— To avoid over-stressing internal components, do not exceed body
tempeatures of 230 °C during the reflow process.

Please contact your local Ericsson Sales office if you have questions or
need additional information.

Electrical Data

Fundamental circuit diagrams

Single output

+Vin

+Vout

1

-Vout

Output
Filter

H

Control
Circuit

Feedback
Circuit

Isolation

On/Off

Surface Mount Soldering Guidelines

The following guidelines apply when soldering the surface mount
DC/DC power modules. All the modules are designed to be compat-
ible with industry standard low temperature solder reflow processes
and industry standard aqueous or semi-aqueous wash systems. \We
recommend a low tempeature 63% tin, 37% lead solder, or similar,
with a nominal melting point of 183°C.

Ericsson uses a high temperature 96.5% tin, 3.5% silver solder with
a melting tempeature of 221 °C in the manufacturing process of the
DC/DC power modules. To avoid potential opens or shorts due to
internal solder reflow, use the following maximum reflow parameters:
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PKS 2111 PI

Output

Tc=0...+85°C, V| = 18...36 V unless otherwise specified.

Output voltage 10=0.1...1.0 X [omax
Vo tolerance band and long term drift 4.90 5.00 5.10 v
Line regulation lo=lpmax 100 mVv
Load regulation 10=0.1...1.0 X Ilgmax, V| =26 V 100 mV
Load transient
tr recovery time 200 HS
10=0.1...1.0 x Igmax, V| =26 V
. load step = 0.5 X Ig max +250 mV
Vir Load transient voltage
-250 mv
ty Ramp-up time lo= 0.1...0.9 x Vo 0.6 ms
0.1...1.0 x lomax, From Vj connection
_up ti Vi=26V ! !
ts Start-up time | t0 Vo= 0.9 x Vo; 0.7 ms
lo Output current 0 3.0 A
Pomax Max output power 15 w
! Current limiting
him threshold Te <Te max 31 A
Isc Short circuit current V=26V 6.3 A
Voac Output ripple & noise lo=lpmax,Ta = 25°C DC... 20 MHz 100 mVp-p
Supply voltage f =100/120 Hz sine wave, 1Vp-p,
SVR rejection (ac) (SVR = 20 log (1 Vo-p/Nop-p)) 60 dB

Miscellaneous

Efficiency (typ)
100
__ 80
& -
= :
o N
=4 .
2 :
o N
& 60 :
w :
40 :
0 05 1 15 2

Efficiency

lo=lomax, Vi= 26V

81.5

%

Pqg

Power dissipation

lo=lomax, V=26V

3.4
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PKS 2113 PI

Output
Tc =0...+85°C, V| = 18...36 V unless otherwise specified.

Output voltage 10=0.1...1.0 xlomax
Vo tolerance band and long term drift 11.76 12.00 12.24 v
Line regulation lo=lpmax 240 mvV
Load regulation 10=0.1...1.0 X Igmax, V| = 26 V 240 mv
t Load transient
tr recovery time 200 HS
10=0.1...1.0 x Igmax, V| = 26 V
. load step = 0.5 x lg max +600 mV
Vir Load transient voltage
-600 mv
tr Ramp-up time lo= 0.1...0.9x Vo 1.0 ms
0.1...1.0 xlpmax, From Vj connection
-up ti Vi=26V !
ts Start-up time 1 t0 Vo= 0.9 X Vi 1.1 ms
lo Output current 0 1.25 A
Pomax Max output power 15 W
i Current limiting Te<T 13 A
lim threshold c=lomax :
Isc Short circuit current Vi=26V 2.5 A
Voac Output ripple & noise lo=lpmax, Ta=25°C DC...20 MHz 150 mVp-p
Supply voltage f=100/120 Hz sine wave, 1Vp-p,
SVR rejection (ac) (SVR = 20 log (1 Vb-p/Nop-p)) 60 a8

Miscellaneous

Efficiency (typ)
100
__ 80
&
>
o
=
2 : : . .
E B0 [ I P Do e Ll
w . : . : : : .
0 : : : : : :
0.25 0.50 0.75 1.00 1.25

lo (A)

n Efficiency lo= lomax, Vi = 26V 81.5 %

Py Power dissipation lo=lpmax, V|=26V 3.4 w
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PKS 2115 PI

Output
Tc=0...+85°C, V| = 18...36 V unless otherwise specified.

Output voltage 10=0.1...1.0 X lgmax
Vo tolerance band and long term drift 14.70 15.00 15.30 v
Line regulation lo=lpomax 300 mV
Load regulation 10=0.1...1.0 X Ilomax, V| =26 V 300 mvV
Load transient
tr recovery time 200 HS
10=0.1...1.0 x lomax, V| =26 V
. load step = 0.5 x lp max +750 mV
Vir Load transient voltage
-750 mv
tr Ramp-up time lo= 0.1...0.9 x\Vp 1.2 ms
0.1..-1.0 xlomax, From V; connection
_up ti Vi=26V ! !
ts Start-up time | t0 Vo= 0.9 x Vo; 1.3 ms
lo Output current 0 1.0 A
Pomax Max output power 15 w
) Current limiting
him threshold Te <Te max 11 A
Isc Short circuit current Vi=26V 2.0 A
Voac Output ripple & noise lo=lpmax, Ta =25°C DC...20 MHz 200 mVp-p
Supply voltage f=100/120 Hz sine wave, 1Vp-p,
SVR rejection (ac) (SVR = 20 og (1 Vb-p/Nop-p)) 60 dB

Miscellaneous
Efficiency (typ)

100

@
o

(2]
o

Efficiency (%)

0.25 0.50 0.75 1.00
lo (A)

n Efficiency lo=lomax, Vi= 26V 82.5 %

Py Power dissipation lo=lpmax, V=26V 3.2 %
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EMC Specifications

The PKS DC/DC power module is mounted on a double sided
printed circuit board (PB) with groundplane during EMC
measurements.

The fundamental switching frequency is 850 kHz £+ 10% in
PKS 2111 and 650 kHz £10% in PKS 2113 and PKS 2115

@ lo=lpomax.

Conducted EMI (input terminals)

dBuv
110

EN 55022/CISPR 22 Receiver settings:

100
V=26V BW =10k

Io = lomax Detector = peak

80

60 vy

vy \ M

40 T

20

MHz

PKS series typical conducted EMI performance

Test set up

Spectrum
Analyzer

Power. |50 0 EUT
Supply L |

Fig. 2

+V|

7L ¢ q—@nD)

Coma | |

Control
logic

Fig. 3

Operating information

Remote Control (RC)

Turn-on or turn-off can be realized by using the RC-pin. Normal
operation is achieved if pin 1 is open (NC). If pin 1 is connected to
pin 2 the PKS DC/DC power module turns off. To ensure safe turn-
off the voltage difference between pin 1 and 2 shall be less than

0.8 V. RC is TTL open collector compatible (see fig. 3). Pin 1 is an
output and no current should be driven into pin 1. Use a diode if
necessary e.g. totem pole TTL logic. The internal pull-up resistance
is 10 kQ to a 2.5V reference voltage.
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Input and Output Impedance

Both the source impedance of the power feeding and the load
impedance will interact with the impedance of the DC/DC power
module.

It is most important to have the ratio between L and C as low as
possible, i.e. a low characteristic impedance, both at the input and
output, as the power modules have a low energy storage capability.
A capacitive compensation is necessary if the source or load induc-
tance is larger than 10 pH. Use wet electrolytic capacitors.

Their equivalent series resistance together with the capacitance acts
as a lossless damping filter. Suitable capacitor values are in the range
10-100 pF. Tantalum capacitors are not suitable due to their low
ESR value.

Over Voltage Protection (OVP)

The remote control can be utilized also for OVP by using the
external circuitry in fig. 4. Resistor values are for 5V output
applications, but can easily be adjusted for other output voltages and
the desired OVP level.

+Vpo

-Voo

Undervoltage lockout

The PKS 2000 series is designed to operate over an input voltage
range of 18 to 36 V dc. If the rise time of the input voltage source is
very slow, a few hundred milliseconds for instance, the power
modules will draw excessive current during start-up as long as the
source voltage is less than the minimum rated voltage. In these
situations, an undervoltage lockout circuit can be added as shown in
fig. 5.
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Fig. 5

Undervoltage Lockout Circuit Components

Part no.

D1 IN4745B
Zener Diode
16V, 1W, 5%

D2 MBR190
Schottky Diode
0V, 1A

R1 Resistor, Film
10kQ, 1/2 W, 5%

Circuit Operation

When the input voltage is below the zener voltage of D1, the remote
ON/OFF pin is pulled to the same potential as the minus input pin
through resistor R1, keeping the DC/DC power module off. When
the input voltage rises above the zener voltage D1 will conduct,
producing a voltage drop across resistor R1 greater than 1.8 V above
the minus input pin, turning the power module on. Diode D2
enables the remote ON/OFF pin to function normally with other
external circuitry.

This undervoltage lockout circuit will keep the power module off
until the input voltage source reaches the zener voltage.

Maximum Capacitive Load

The maximum recommended capacitance connected directly to the
PKS DC/DC power modules output without resistance or inductance
in series is 100 uF/A (output current rating). Connect capacitors
across the load for maximum effectiveness and maximum stability
margins.

Current Limiting Protection

Two independent output current detection circuits protect the PKS
2000 series from any damage if the output is overloaded or shorted.
Due to its current mode control and laser trimming of the current
sense resistor, a precision current limit operating point is set. During
an overload condition, the output voltage and duty cycle are reduced.
When a short-circuit or very low impedance condition such as a
shorted capacitor, is present, the power module operates at a very
narrow duty cycle to limit its internal power dissipation. The power
module will automatically resume normal operation after the
overload or short-circuit condition is removed.

Quality

Reliability Prediction Methods

While several prediction standards exist, no one standard can be
considered optimum for all situations. A particular standard must be
chosen based on the operating conditions and the operating environ-
ment that best reflects the end application.
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The telecommunications industry often uses Bellcore's Technical
Reference TR-NWT-00332, Reliability Prediction Procedure for
Electronic Equipment as their standard. This document includes 3
different prediction methods — “Parts Count Method”, “Combining
Laboratory Data With Parts Count Data” and “Predictions From
Field Tracking”. Within each method are several different cases that
define the various conditions.

MIL-HDBK-217, Reliability Prediction of Electronic Equipment is a
widely used standard that defines two prediction methods — Part
Stress Analysis Prediction that is applicable during later design
phases and Parts Count Reliability Prediction that is applicable
during early design phase and during proposal formulation.

Bellcore

Using Bellcore’s TR-NWT-000332, Method 1, Case 1, the predicted
failure rate for the PKS series is 250 FITs (Failures in 109 hours) or
an MTBF (Mean Time Between Failure) of 4,000,000 hours. MTBF
is the inverse of the failure rate. This number is derived using the
parts count method and it assumes that all components have 50%
stress and an ambient temperature of 40 °C in a ground, fixed,
controlled environment. TR-NWT-000332 states that Method 1
prediction must be provided for all units unless the requesting
organization allows otherwise. Using the same method but for a
ground, fixed, uncontrolled environment, the calculated reliability
would be 375 FIT or an MTBF of 2,666,667 hours.

MIL-HDBK-217

For a Part Stress Analysis Prediction, reliability is determined by
adding the failure rate of each part. The failure rate of each part is
evaluated individually and is calculated by including the variables of
temperature, stress level, base failure rate, power rating, part quality
factor, and operating environment factor. For example, Eq [1] is the
formula for calculating the part failure rate, Ap, for a fixed film
resistor.

Ap = Ap X TR % Tig % TE Failures/106 Hours [1]
where,

Ab=5x 105 (3.5) T2273 exp [$ x % 1

Tk = Resistance factor

T = Quality factor

T = Environment factor

Ap is the base failure rate where T is the ambient temperature in
degrees C and S is the ratio of operating power to rated power. The
values are found in lookup tables within MIL-HDBK-217. The
MTBF is equal to the inverse of the sum of all the part failure rates:

MTBF = [2]

1
ZAp
The PKS series has a predicted reliability of over 1,000,000 hours
MTBF in a ground benign environment. The part quality factor used
as stated in MIL-HDBK-217 is equal to “lower” (lower than military

rated components). The operating conditions are 26 volts input and
maximum load current in a 25 °C ambient temperature environment.

Fig. 6 shows the MTBF with respect to temperature, and output
load. The MTBF decreases exponentially with temperature. Higher
output loads raise the component junction temperatures and decrease
the reliability. In essence, a high efficiency design using good
thermal management maximizes the reliability by reducing junction
and case temperatures.



MTBF vs Temperature and Output Current
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Predicted reliability for the PKS series

MTBF (Hours)
(Mean Time
Between Failures)

FITs (Failures in

Method 10° hours)

Bellcore TR-NWT-000332
Parts Count

(ground fixed, controlled 250 4,000,000
environment)

(ground fixed, uncontrolled

environment) 375 2,666,667
MIL-HDBK-217F
Part Stress Analysis 963 1,038,000

(Ta = 25°C, ground benign)

Quality Statement

The products are designed and manufactured in an industrial
environment where quality systems and methods like 1SO 9000, 6 0
and SPC, are intensively in use to boost the continuous improve-
ments strategy. Infant mortality or early failures in the products are
screened out by a burn-in procedure and an ATE-based final test.
Conservative design rules, design reviews and product qualifications,
plus the high competence of an engaged work force, contribute to the
high quality of our products.

Warranty

Ericsson Components warrants to the original purchaser or end user
that the products conform to this Data Sheet and are free from
material and workmanship defects for a period of five (5) years from
the date of manufacture, if the product is used within specified
conditions and not opened. In case the product is discontinued,
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claims will be accepted up to three (3) years from the date of the
discontinuation.

For additional details on this limited warranty we refer to Ericsson
Components AB’s “General Terms and Conditions of Sales”, EKA
950701, or individual contract documents.

Limitation of liability

Ericsson Components does not make any other warranties, expressed
or implied including any warranty of merchantability or fitness for a
particular purpose (including, but not limited to, use in life support
applications, where malfunctions of product can cause injury to a
person’s health or life).
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Product Program

Vo/lp max Ordering No.
V, Po max
Output 1 Through-hole SMD
5V/3.0A 15w PKS 2111 PI PKS 2111 SI
24V 12V/1.25A 15w PKS 2113 PI PKS 2113 SI
15V/1.0A 15w PKS 2115 PI PKS 2115 SI

Ericsson Components Sales Offices:

Brazil:
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France:
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Hong Kong:
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Russia:
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Sweden:
United States:
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Phone:
Phone:

Ericsson Components AB

Energy Systems Division

SE-164 81 Kista-Stockholm, Sweden
Phone: +46 8 721 6258 Fax: +46 8 721 7001
Internet: http://energy.ericsson.se

+55 11 681 0040 Fax: +55 11 681 2051
+45 33 883 109 Fax:+45 33 883 105
+358 9 299 4098 Fax: +358 9 299 4188
+33 14083 7720 Fax: +33 14083 7741
+49 211 534 1516 Fax: +49 211 534 1525
+44 1793 488 300 Fax: +44 1793 488 301
+852 2590 2356 Fax: +852 2590 7152
+39 2 7014 4203 Fax: +39 2 7014 4260

+ 81 35216 9091 Fax: +81 3 5216 9096
+47 66 841 906 Fax: +47 66 841 909

+7 095 247 6211 Fax: +7 095 247 6212
+34 91 339 1809 Fax: +34 91 339 3145
+46 8 721 6258 Fax: +46 8 721 7001

+1 888 853 6374 Fax: +1 972 583 7999

Information given in this data sheet is believed
to be accurate and reliable. No responsibility is
assumed for the consequences of its use nor for
any infringement of patents or other rights of
third parties which may result from its use. No
license is granted by implication or otherwise
under any patent or patent rights of Ericsson
Components. These products are sold only
according to Ericsson Components’ general
conditions of sale, unless otherwise confirmed in
writing.

Specifications subject to change without notice.
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