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PRODUCT SPECIFICATION 5 (6)

Prepared (also subject responsible if other) No.
EANDKUL 2/1301-BMR 671 04 8
Approved | Checked Date | Rev Reference
EAB/FJB/GMF (Ksenia Harrisen) (MICSTRO) |2015-02-05 A
Typical Characteristics PKU4416Z7
24V,1.8A /43 W
Output Current Derating — Open frame Output Current Derating — Cold wall sealed box
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Available load current vs. ambient air temperature and airflow at
V| =48 V. See Thermal Consideration section.

Available load current vs. cold wall temperature.
V| =48 V. See Thermal Consideration section.




flex

Technical Specification 9

PKU 4416Z series Direct Converters
Input 28-60 V, Output up to 1.8 A /43.2 W

28701-BMR67104 Rev B Oct. 2017

© Flex

EMC Specification

Conducted EMI measured according to EN55022, CISPR 22
and FCC part 15J (see test set-up). See Design Note 009 for
further information. The fundamental switching frequency is
415 kHz for PKU 4416Z. The EMI characteristics below is
measured at Vi = 48 V and max lo.

Conducted EMI Input terminal value (typ)

110 EN 55022 Class D Conducted AV (Mains Port)

Leved (Bul)

10M 300

150k ™
Fragquency (M2}

Printed Circuit Board

EMI without filter

Optional external filter for class B

Suggested external input filter in order to meet class B in
EN 55022, CISPR 22 and FCC part 15J. Filter optimized for
minimum PWB area.

Filter components:

Cl=4.7yF
C2=2x4.7 uF
4. C3 =2x4.7 uF +
47 pF (e-lyt
— 1T T w4, C5 : 4x(4.7¥1|):
" TAAT T L1 =1.47 mH
— J;_ L2 =2.2 uH

100 EN 55022 Class B Conducted AV (Mains Fort}

55022 Clads A Chnodctes AV (Mams Porls)

1ads 0 Chodidcieh AV (Marfs Pords

Leved (V)

150k m 100 30
Frequency (Hz)

EMI with filter

5pH 500 50chm
: i LISN  out —| // Product
e | T 1L T
Pawer = T L[jv?—x—x—- Filtes 0
Source e ’- - {if used)
spH 500 J /
n LIsM out I m Twisted Pair IT L
- reve @[5 Fesistive
1 Optional Connection .LJ_J L,}' Load
- ta Earth Graund
+
50 ohm inpuat
s [ T Computer
Receiver Ll L
Test set-up

Layout recommendations

The radiated EMI performance of the product will depend on
the PWB layout and ground layer design. It is also important to
consider the stand-off of the product. If a ground layer is used,
it should be connected to the output of the product and the
equipment ground or chassis.

A ground layer will increase the stray capacitance in the PWB
and improve the high frequency EMC performance.

Output ripple and noise

Output ripple and noise is measured according to figure
below. See Design Note 022 for detailed information.

wout (O
Tantalum capacitor Ceramic capacitor
vadi  (O—] 10 pF= J uF Load
Vot O BNC
Connector
to Scope

Output ripple and noise test setup
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Operating information

Input Voltage

The operating input voltage range is 28 to 60 Vdc.
The absolute maximum continuous input voltage is 80 Vdc.

Short duration transient disturbances can occur on the DC
distribution and input of the product when a short circuit fault
occurs on the equipment side of a protective device (fuse or
circuit breaker). The voltage level, duration and energy of the
disturbance are dependant on the particular DC distribution
network characteristics and can be sufficient to damage the
product unless measures are taken to suppress or absorb this
energy. The transient voltage can be limited by capacitors and
other energy absorbing devices like Zener diodes connected
across the positive and negative input conductors at a number
of strategic points in the distribution network. The end-user
must secure that the transient voltage will not exceed the
value stated in the Absolute maximum ratings. ETSI TR

100 283 describes the parameters of DC distribution networks
and provides guidelines for controlling the transient and
reduce its harmful effect.

Turn-off Input Voltage

The products monitor the input voltage and will turn on and
turn off at predetermined levels.

The minimum hysteresis between turn on and turn off input
voltage is 1 V.

Remote Control (RC)

The products are fitted with a
remote control function referenced

o0— +In to the primary negative input
connection (-In), with negative and
| RC positive logic options available.The

RC function allows the product to
be turned on/off by an external
device like a semiconductor or
mechanical switch. The RC pin has
an internal pull up resistor.

o >§ -In

The external device must provide a minimum required sink
current to guarantee a voltage not higher than maximum
voltage on the RC pin (see Electrical characteristics table).
When the RC pin is left open, the voltage generated on the
RC pinis4 -5 V.

The standard product is provided with “negative logic” RC and
will be off until the RC pin is connected to the -In. To turn off
the product the RC pin should be left open, or connected to a
voltage higher than 2 V referenced to -In. In situations where it
is desired to have the product to power up automatically
without the need for control signals or a switch, the RC pin can
be wired directly to -In.

The second option is “positive logic” remote control, which can
be ordered by adding the suffix “P” to the end of the part
number. When the RC pin is left open, the product starts up

automatically when the input voltage is applied. Turn off is
achieved by connecting the RC pin to the -In. The product will
restart automatically when this connection is opened.

See Design Note 021 for detailed information.

Input and Output Impedance

The impedance of both the input source and the load will
interact with the impedance of the product. It is important that
the input source has low characteristic impedance. The source
impedance, including the ESR value in the external
capacitance shall be below 0.25Q over the temperature range
to prevent degradation of function and performance. The
products are designed for stable operation with a minimum of
47 uF external capacitance with low ESR value connected to
the input and output. The electrolytic capacitors will be
degraded in low temperature and the ESR value may
increase. The needed input capacitance in low temperature
should be equivalent to 47 pF at 20° C. This means that the
input capacitor value may need to be substantially larger to
guarantee a stable input at low temperatures.The performance
in some applications can be enhanced by addition of external
capacitance as described under External Decoupling
Capacitors.

External Decoupling Capacitors

When powering loads with significant dynamic current
requirements, the voltage regulation at the point of load can
be improved by addition of decoupling capacitors at the load.
The most effective technique is to locate low ESR ceramic and
electrolytic capacitors as close to the load as possible, using
several parallel capacitors to lower the effective ESR. The
ceramic capacitors will handle high-frequency dynamic load
changes while the electrolytic capacitors are used to handle
low frequency dynamic load changes. It is equally important to
use low resistance and low inductance PWB layouts and
cabling.

External decoupling capacitors will become part of the
product’s control loop. The control loop is optimized for a wide
range of external capacitance and the maximum
recommended value that could be used without any additional
analysis is found in the Electrical specification.

For further information please contact your local Flex Power
Modules representative.

Output Voltage Adjust (Vadj)

The products have an Output Voltage Adjust pin (Vag). This
pin can be used to adjust the output voltage above or below
Output voltage initial setting.

When increasing the output voltage, the voltage at the output
pins must be kept below the threshold of the over voltage
protection, (OVP) to prevent the product from shutting down.
At increased output voltages the maximum power rating of the
product remains the same, and the max output current must
be decreased correspondingly.
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To increase the output voltage a resistor should be connected
between the Vagj pin and +Out pin. . The value of the adjust
resistor should be calculated according to the formulas
provided in the Electrical Specification section for the
respective product.

To decrease the output voltage, the resistor should be
connected between the Vadj pin and —Out pin.

+0ut +0ut

g Radj %
Vadi p: Load Vadj Load
Radj %

-Out -Out

Decrease Increase

Parallel Operation

Two products may be paralleled for redundancy if the total
power is equal or less than Po max. No external circuits are
needed.

See Design Note 006 for detailed information.

Over Temperature Protection (OTP)

The products are protected from thermal overload by an
internal over temperature shutdown circuit.

When Tp1 as defined in thermal consideration section exceeds
130°C the product will shut down. The product will make
continuous attempts to start up (non-latching mode) and
resume normal operation automatically when the temperature
has dropped >10°C below the temperature threshold.

Over Voltage Protection (OVP)

The products have output over voltage protection that will shut
down the product in over voltage conditions. The product will
resume normal operation automatically after removal of the
over voltage condition.

Over Current Protection (OCP)

The products include current limiting circuitry for protection at
continuous overload. The OCP works in a hiccup mode and
will make continous attempts to start up and will resume
normal operation automatically after removal of the over
current condition. The load distribution should be designed for
the maximum output short circuit current specified.

Pre-bias Start-up

The product has a Pre-bias start up functionality and will not
sink current during start up if a pre-bias load is present at the
output terminals.
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Thermal Consideration

General

The products are designed to operate in different thermal
environments and sufficient cooling must be provided to
ensure reliable operation.

For products mounted on a PWB without a heat sink attached,
cooling is achieved mainly by conduction, from the pins to the
host board, and convection, which is dependant on the airflow
across the product. Increased airflow enhances the cooling of
the product. The Output Current Derating graph found in the
Output section for each model provides the available output
current vs. ambient air temperature and air velocity at

Vi=48 V.

The product is tested on a 254 x 254 mm, 35 um (1 0z),
16-layer test board mounted vertically in a wind tunnel with a
cross-section of 608 x 203 mm.

Gap-pad between cold wall and module ferrites:
Bergquist 5000S35, 2mm compressed to 1.2mm.
Hardness shore (00) 35.

Thermal conductivity 5.0 W/m-K

Aluminium “sealed” box

[Thermal Insulation Box heater resistors

Spacing board Test board

. -

™ 7

For products with gap-pad used in a sealed box/cold wall
application, cooling is achieved mainly by conduction through
the cold wall. The thermal performance can be optimized if a
profiled cold wall and gap-pad is used. For detailed information
check the mechanical drawings. The product performance has
been tested in a sealed box presented in the figure below in
combination with a gap-pad and profiled cold wall. The
ambient temperature (inside the box) has been set to 85°C.
The cold wall temperature varied. The Output Current Derating
graphs are found in the Output section for each model. See
Design Note 028 for further details.

Automatic heater and cooler

Definition of product operating temperature

The temperature at the positions (Te1, Trz2) should not exceed
the maximum temperatures in the table below. The number of
measurement points may vary with different thermal design
and topology. Temperatures above maximum measured at the
reference point P1, P2 are not allowed and may cause
permanent damage.

Position Description Max Temp.
P1 Reference point, Opto coupler Tp1=125°C
P2 Mosfet case Tpy=125°C

i
.

1
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Connections (top side)

p

o
|
z@]

o[ |o,— o

‘ J 20O

3 I:

° ||
Pin Designation Function
1 +In Positive input
2 RC Remote control
3 -In Negative input
4 -Out Negative output
5 V adj Output voltage adjust
6 +Out Positive output
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Mechanical Information - Surface Mount Version

* . lmﬁﬁ%ﬁ amiEN

Height Max |

[0.38]

1.98 =005
[0.078 +0002] Smongfoff
Nominal "
[0.021
050.02] ®
[7]0.110.004]
TOP VIEW

Pin positions according fo recommended foofprinf

2.54
[0.101

C1.42

\L\QD

3.81
[0.15]

PIN SPECIFICATIONS
Pin 1-6 Material: Copper alloy
Plating: Min Au 0.1 um over 1-3 pm Ni.

‘\J
1
e[ e e

L =0 []
Ry

33.02+050
[1.30+002]

RECOMMENDED FOOTPRINT - TOP VIEW

Recommended pad dimensions are only for reference.
It is the end users decision based on different

2794 situations like production processes.substrate
fous— -
thickness etc.

3.04
[0.121

431
[0.171 |

g R
~ 2 |
2 | o
g [ S o
82 | TS
25 |
10101 4%
N g
34.02
[1.341
Weight: Typical 13.5 g
All dimensions in mm [inch]
Tolerances unless specified:
Recommended keep away area for user components. x.x £0.50 [0.02],

x.xx0.25 [0.01]
(nof applied an footprint or typical values]

=&

All component placements — whether shown as physical components or symbolical outline — are for reference only and are subject to change throughout the product’s life cycle,
unless explicitly described and dimensioned in this drawing.
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Mechanical Information — Thru Hole Version
9.6 ]
Height Max [0.36] l l
| o= — =
254
203
O 9 0e W0 ®on 5
Lead length [
See toble 1 1.02 157
- | Yoo W r0.0e1 2
[]0510021 @) [#]0510.02] @) Stondoff
0.
Nominal 10,021
TOP VIEW
Pin pasifions according fo recommended foofprint
2.54
0.1
142 + Table 1
Pin option Lead length
Standard 5.33 [0.210]
1 D _6 LA 3.69 [0.145]
® ®
D LB 4.57 [0.180]
LC 2.79 [0.110]
o) (L 0
m 8 no—
2 5|37
@ & |84
~E PIN SPECIFICATIONS
D = [:] DD Pin 1-6 Material: Copper alloy
D Plating: Min Au 0.1 um over 1-3 um Ni.
33.02:05
[1.3 +002]
RECOMMENDED FOOTPRINT - TOP VIEW
3.04
[0.121
e
Y I
m S I 6 |
Ye | 1 n | Recommended hale dimensions are only far reference
! \ | It is the end users decision based on different
| | sifuations like production processessubstrate
: : thickmess etc.
| 2 S
f N [ | mS
! o M ux 21 L
[ [0.063] %0083 X [
| |
| |
' 3 !
P N
|
e e e e e 4+ 1 Weight: Typical 13.9 g
34.02 All dimensians in mm [inch]
(13391

Tolerances unless specified:

xx 0,50 [0.02],

xxx20.25 [0.01]

(nof applied on foofprint or typical values)

&

Recommended keep away drea for user components.

All component placements — whether shown as physical components or symbolical outline — are for reference only and are subject to change throughout the product’s life cycle,
unless explicitly described and dimensioned in this drawing.
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see DETAIL 1

GAPPADS

COLD WALL

f

Maximal height
of ferrite component

145 | \ / | f
LI N L ]! I/I [

[CUSTOMER PCB]| \4 L/

4

Maximum height
of component

Thermal paa:

The thermal gap pads are infended to withdraw heat from ferrites

and fransport the heat through the thermal material to the cold wall.

The gap pads must be carefully chosen in accordance with thermal conductivity and
maunfing pressure.

To choose the correct gap filler material height difference befween the two ferrites

must taken info consideration.

Gappad 1 is intended to be the primary gap pad to withdraw heat and gap pad 2 fo be a
possible improvement gap pad if needed.

Heat transportfation from ferrites

to cold wall (see arrows)

i\

KL-‘ = ; ’7 DETAIL 1
/ Scale 41

All component placements — whether shown as physical components or symbolical outline — are for reference only and are subject to change throughout the product’s life cycle,
unless explicitly described and dimensioned in this drawing.
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Section A-A

Secfion view showing

| [1
% ml_ll_lﬁj COLDWALL:
/]

| (o flons 7]

GAP PADS:

View above showing the milled protrusion for the ferrite \‘
and the two 1 mm gap pads (see hatch explanation in right box). PCB: \

& % \QH = e
| %} ‘\ H IO
1~ ‘_L A View to the left shows module from top

I a

N % p— N % through the coldwall showing the two areas

u that needs fo be miled to meet the FETs

DD ] I:l far optimal heat evacuation.
R

+ | | EDQ&

Milled protrusion areas for the baseplate in relation fo the
module outline.

[ ColowALL PROTRUSION DESGN ]

COLD-WALL PROTRUSION DESIGN

| |
| | |

n
"
™~
| Dimensions for the two profrusions of the cold-wall |
dimensioned in relation fo origo from top-view.
22.9
| 6.9 |
0

All component placements — whether shown as physical components or symbolical outline — are for reference only and are subject to change throughout the product’s life cycle,
unless explicitly described and dimensioned in this drawing.
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Soldering Information - Surface Mounting

The surface mount product is intended for forced convection or
vapor phase reflow soldering in SnPb and Pb-free processes.

The reflow profile should be optimised to avoid excessive
heating of the product. It is recommended to have a sufficiently
extended preheat time to ensure an even temperature across
the host PWB and it is also recommended to minimize the time
in reflow.

A no-clean flux is recommended to avoid entrapment of
cleaning fluids in cavities inside the product or between the
product and the host board, since cleaning residues may affect
long time reliability and isolation voltage.

General reflow process specifications SnPb eutectic Pb-free \
Average ramp-up (T probucT) 3°C/s max 3°C/s max
Typical solder melting (liquidus) T, 183°C 221°C
temperature
Minimum reflow time above T, 60 s 60 s
Minimum pin temperature Ten 210°C 235°C
Peak product temperature Teropuer | 225°C 260°C
Average ramp-down (T probucT) 6°C/s max 6°C/s max
Maximum time 25°C to peak 6 minutes 8 minutes
Temperature
Teropucr Maximum —
T Minimum 7 \\ Pin
// \ profile
— T, o \
- N
Product

~ fil
( Profile

Time in preheat
7€ / soak zone >

= Time 25°C to peak —>»

Time

Minimum Pin Temperature Recommendations

Pin number 3 chosen as reference location for the minimum pin
temperature recommendation since this will likely be the
coolest solder joint during the reflow process.

SnPb solder processes

For SnPb solder processes, a pin temperature (Trin) in excess
of the solder melting temperature, (T, 183°C for Sn63Pb37)
for more than 60 seconds and a peak temperature of 220°C is
recommended to ensure a reliable solder joint.

For dry packed products only: depending on the type of solder
paste and flux system used on the host board, up to a
recommended maximum temperature of 245°C could be used,
if the products are kept in a controlled environment (dry pack
handling and storage) prior to assembly.

Lead-free (Pb-free) solder processes

For Pb-free solder processes, a pin temperature (Trin) in
excess of the solder melting temperature (T, 217 to 221°C for
SnAgCu solder alloys) for more than 60 seconds and a peak
temperature of 245°C on all solder joints is recommended to
ensure a reliable solder joint.

Maximum Product Temperature Requirements

Top of the product PWB near pin 6 is chosen as reference
location for the maximum (peak) allowed product temperature
(Terobuct) since this will likely be the warmest part of the
product during the reflow process.

SnPb solder processes

For SnPb solder processes, the product is qualified for MSL 1
according to IPC/JEDEC standard J-STD-020C.

During reflow Terobuct must not exceed 225 °C at any time.

Pb-free solder processes

For Pb-free solder processes, the product is qualified for MSL 3
according to IPC/JEDEC standard J-STD-020C.

During reflow Terobuct must not exceed 260 °C at any time.

Dry Pack Information

Products intended for Pb-free reflow soldering processes are
delivered in standard moisture barrier bags according to
IPC/JEDEC standard J-STD-033 (Handling, packing, shipping
and use of moisture/reflow sensitivity surface mount devices).

Using products in high temperature Pb-free soldering
processes requires dry pack storage and handling. In case the
products have been stored in an uncontrolled environment and
no longer can be considered dry, the modules must be baked
according to J-STD-033.

Thermocoupler Attachment

Top of PWB near pin 6 for measurement of maximum product
temperature, Tpropuct

H

L
)

o] |e 1 &

|
|

Pin 3 for measurement of minimum pin (solder joint) temperature, Tpn
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Soldering Information - Hole Mounting

The hole mounted product is intended for plated through hole
mounting by wave or manual soldering. The pin temperature is
specified to maximum to 270°C for maximum 10 seconds.

A maximum preheat rate of 4°C/s and maximum preheat
temperature of 150°C is suggested. When soldering by hand,
care should be taken to avoid direct contact between the hot
soldering iron tip and the pins for more than a few seconds in
order to prevent overheating.

A no-clean flux is recommended to avoid entrapment of
cleaning fluids in cavities inside the product or between the
product and the host board. The cleaning residues may affect
long time reliability and isolation voltage.

Delivery Package Information

The products are delivered in antistatic injection molded trays
(Jedec design guide 4.10D standard) and in antistatic trays.

Tray Specifications — SMD /Pin in paste
Material Antistatic PPE

Surface resistance | 10° < Ohm/square < 10*

The trays can be baked at maximum

Bakability 125°C for 48 hours

Tray thickness 18.50 mm 0.728 [ inch]

Box capacity 150 products (5 full trays/box)
Tray weight 125 g empty, 500 g full tray

o

25,95 42.00(2 PLS) Jg
=
Q

Y BHLLY;
SanalL

At
[ ==== 5{}[ {j{i
Sy "y —"
L= SO “{Dﬁﬁ
—— -0
i ST N = “{:Deﬁ
AR
IR ! £='T_ﬁ

| == L
- il T
= ——:]—EEB-[——--EED-%{—-
0
T 1 = =<1:j>=§
__:+_ | — ) | R
1= ST “{:%
LR W ——
e e Lh‘fﬂ
i i il N
\ L‘ H r'& \ g

o
o
Fs - [

0L
5/50-0GI¢

9'ZZC

12.7 2 92

JEDEC standard tray for 3x10 = 30 products.

All dimensions in mm [inch]

Tolerances: X.x £0.26 [0.01], X.xx £0.13 [0.005]

Note: pick up positions refer to center of pocket.

See mechanical drawing for exact location on product.

x|
T
=
=
-
|
T
J

1 MHE ¥MH
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Product Qualification Specification

Characteristics ‘

External visual inspection

IPC-A-610

Change of temperature Temperature range -40 to 100°C
- IEC 60068-2-14 Na Number of cycles 1000
(Temperature cycling) Dwell/transfer time 15 min/0-1 min
) . Temperature Ta -45°C
Cold (in operation) IEC 60068-2-1 Ad Duration 72h
Temperature 85°C
Damp heat IEC 60068-2-67 Cy Humidity 85 % RH
Duration 1000 hours
Temperature 125°C
Dry heat IEC 60068-2-2 Bd Duration 1000 h
Electrostatic discharge IEC 61340-3-1, JESD 22-A114 Human body model (HBM) Class 1B, 500 V
susceptibility IEC 61340-3-2, JESD 22-A115 Machine Model (MM) Class 3, 200 V
Water 55°C
Immersion in cleaning solvents IEC 60068-2-45 XA, method 2 Glycol ether 35°C
Isopropyl alcohol 35°C
Mechanical shock IEC 60068-2-27 Ea Peak acceleration 100 g
Duration 6 ms
. R ) ) Level 1 (SnPb-eutectic) 225°C
Moisture reflow sensitivity J-STD-020C Level 3 (Pb Free) 260°C
Operational life test MIL-STD-202G, method 108A Duration 1000 h
. . 2 S Solder temperature 270°C
Resistance to soldering heat IEC 60068-2-20 Tb, method 1A Duration 10-13 s
Robustness of terminations IEC 60068-2-21 Test Ual Through hole mount products All leads
IEC 60068-2-21 Test Uel Surface mount products All leads

Solderability

IEC 60068-2-58 test Td *

IEC 60068-2-20 test Ta ?

Preconditioning
Temperature, SnPb Eutectic
Temperature, Pb-free

Preconditioning

150°C dry bake 16 h
215°C
235°C

Steam ageing

Temperature, SnPb Eutectic 235°C
Temperature, Pb-free 245°C
Frequency 10 to 500 Hz
Vibration, broad band random IEC 60068-2-64 Fh, method 1 Spectral density 0.07 g?Hz
Duration 10 min in each direction

Notes

1 Only for products intended for reflow soldering (surface mount products)
2 Only for products intended for wave soldering (plated through hole products)
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