GE

9-36V ProLyn® 3A: Nonlsolated DEDC Power Modules
9Vvdcg36Vdc input; 3Vdc to 18Vdc output, Ao 1.5AScaled output arrent
9Vdcg24Vdc input;-3.3Vdc to-12Vdc output, 3A to 0.7AScaled aitput current

UNABLE Features

l DDP A Compliant to RoHS Directive 2011/65/EU and amendk
Directive (EU) 2015/863

A LINEAGE POWER TRADEMARK

A Compliant to REACH Directive (EC) No 1907/2006

A Compatible in a Piree or SnPb reflow environment (Z
versions)

A Extra Wide Input voltage range (9\¢86Vdc)

A Output voltage programmable from 3Vdc to 18 Vdc vi
external resistor

A Tunable Loop to optimize dynamic output voltage
response

RoHS Compliant

A Patent Pending AutoLimétutomatic scaling of current
Applications limit with output voltage
A Industrial . " A Output overcurrent protection (no#atching)
ndustrial equipmen i
o ] A Overtemperature protection
A Distributed power architectures i
) A Remote On/Off
A Intermediate bus voltage applications :
A Remote Sense
A Telecommunications equipment A Small size: 20.3 mm x 11.4 mm x 8.5 mm (0.8 in x 0..
in x 0.335 in)
A Wide operating temperature range40°C to85°C)
A ANSI/UL*623681 YR /! bk/ {! W1/ H
wSO023y Al SRI -13M11H2017 ENG2368 y
Vin+ ™ VOUT Vout+ 1:2014/A11:2017)
VS+ ' A 1SO** 9001 and ISO 14001 certified manufacturing
MODULE RTUNE facilities
= Cin R CTUNE —— Co
ON/OFF TRI
GND RTrim
l

Description

The 936V ProLyn® series of power modules are nésolated dedc converters that can deliver up to 3A of output current. The
modules operate over an extra wide range of input voltage$\0Vdg36Vdc) and provide a precisely regulated output voltage
from 3Vdc to 18Vdgrogrammable via an external resistor. Two new features added with this family of products are the abili
externally tune the voltage control loop and a variable current limit inversely dependent on output voltage. Other featluéds i
remote On/Off adjustable output voltage, over current and overtemperature protection. The TunableY,calfows the user to
optimize the dynamic response of the converter to match the load with reduced amount of output capacitance leading to sa
on cost and PWBrea and AutoLimit enables the module to deliver the max possible output power across the entire voltage 1

* ULis a registered trademark of Underwriters Laboratories, Inc.

" CSAs a registered trademark of Canadian Standards Association.

“ VDEs atrademark of Verband Deutscher Elektrotechniker e.V.

**1SO is a registered trademark of the International Organization of Standards

* Output rangéinked to input voltage range see page 24

% imagination at work
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9-36V ProLyn® 3A: Nonlsolated DEDC Power Modules
9Vvdcg36Vdc input; 3Vdc to 18Vdc output Ao 1.5AScaled output arrent

9Vvdcg24Vdc input;-3.3Vdc to-12Vdc output; 3A to 0.A Scaled output arrent

Absolute Maximum Ratings

Stresses in excess of the absolute maximum ratings can cause permanent damage to the device. These are absolute stogsg, rating
functional operation of the device is not impdi@t 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 the device reliability.

Parameter Device Symbol

Input Voltage All Vin -0.3 37 Vdc
Continuous

Operating Ambient Temperature All Ta -40 85 °C
(see Thermal Considerations section)

Storage Temperature All Tstg -55 125 °C

Electrical Specifications

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

Parameter Device
Operating Input Voltage All Vin % 36 Vdc
Maximum Input Current All Iin max 2 Adc
(Vin=9V to 38/, b=lo, max)
Input No Load Current
(Min =28V, lo = 0, module enabled) Vo .set=3Vdc IiN.No load 22 mA
(Mn=28V, lo=0, module enabled) Vo set=18Vdc IiN.No load 54 mA
Input Standby Current All Ii,standby 1.3 mA
(Mn = 28/dc, module disabled)
Inrush Transient All 1t 0.5 A’s
Input Rpﬂegted Ripple Current, petdepeak
opll 02 Hnall X wm>k=03aIzN All 25 mAp-p
lo= bmax; See Test Configurations)
Input Ripple Rejectio(l20Hz) All -41 -54 -69 dB

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

This power module can be used in a wide variety of applications, ranging from simple standalone operation to an integrated pa

sophisticated power architecture. To preserve maximum flexibility, internal fusing is not included; however, to achievermaxim

safety and system protection, always use an input line fuse. The safety agencies requiractifigstise with a maximum ratoof8 A
(see Safety Considerations section). Based on the information provided in this data sheet on inrush energy and maxinutm dc inp
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GE

9-36V ProLyn® 3A: Nonlsolated DEDC Power Modules

9Vvdc¢36Vdc input; 3Vdc to 18Vdc output, Ao 1.5AScaled output arrent

9Vvdcg24Vdc input;-3.3Vdc to-12Vdc output; 3A to 0.A Scaled output arrent

Electrical Specifications (continued)

Parameter Device Symbol Min Typ Max Unit
Output Voltage Sepoint All Vo, set -2 +2 % \b, set
Output Voltage All Vo, set -2.5 % +2.5 % \b, set
(Over all operating input voltagegsistive load, and
temperature conditions until end of life)
Adjustment Rangéelected by an external resistor)
(Some output voltages may not be possible depending ¢ All Vo 3 18 Vdc
the input voltageg see Feature Descriptions Section)
Output Regulation
Line (M=Mn, minto Vin, may All Ya 0.4 % \b, set
Load (¢=lo, mint0 lo, may) All Y 0.4 % \b, set
Temperature (E=Ta, mint0 Ta, may) All Y 0.4 % \b, set
Remote Sense Range All 0.5 Vdc
Output Ripple andNoise on nominal output
(MN=MnN, nomand b=lo, mint0 lo, maxCo = 0.2F // 10>F
ceramic capacitors)
Vout=3.3V, Vin=28V
Peakto-Peak (5Hz to 20MHz bandwidth) All 38 MVpkepk
RMS (5Hz to 20MHz bandwidth) All 12 MVims
Vout=18V, Vin=28V
Peakto-Peak (5Hz to 20MHz bandwidth) All 116 M Vpkepk
RMS (5Hz to 20MHz bandwidth) All 38 MVims
External Capacitante
Without the Tunable Lodp
ESRK1 nm All Co, max Y 47 >C
ESRx10 nm All Co, max 7 100 >C
With the Tunable Lod}
ESRx0.15 mm All Co, max 0 Ya 100 >C
ESRx10 mw All Co, max 0 Ya 2000* >C
Output Current
Vo=3V 0 3
Vo=5V All lo 0 25 Adc
Vo=12V 0 2
Vo=18V 0 1.5
Output Current Limit InceptiofHiccup Mode ) All lo, iim 200 % bmax
Output ShortCircuit Current All lo, sic 1 Ams
(VoKHpnY+0 6 | A00dzld a2RS 0
Efficiency(lo=lo, max Vo= \b set)
Vin= 12vde, 5=25°C Vo, se= 3.3/dc 93.2 %
Vin= 12Vdc, #25°C Vo, set= 5Vdc ' 95.5 %
Vin= 28Vdc, #25°C Voset= 12Vdc 96.0 %
Vin= 28Vdc, #25°C Vo,set= 18Vdc 97.0 %
Switching Frequency All fsw Y% 300 % kHz

1Depending on Input and Output Voltage, external capacitors require using the fiemable LoofV feature to ensure that the module is stable as
well as getting the best transient response. See the Tunable [Yapection for details.

* Larger values may be possible at specific output voltages. Please consultg&uiechnical representidve for additional details.
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9-36V ProLyn® 3A: Non-Isolated DEDC Power Modules
9Vvdcg36Vdc input; 3Vdc to 18Vdc output Ao 1.5AScaled output arrent
9Vvdcg24Vdc input;-3.3Vdc to-12Vdc output; 3A to 0.A Scaled output arrent

General Specifications

Parameter Min | Typ | Max Unit
Calculated MTBFofi0.8lo, max TA=40°C) Telcordia Issue 2 Method 1 Case 18,014,158 Hours
Weight Y 3.5(0.123) Ys g (oz.)

Feature Specifications
Unlessotherwise indicated, specifications apply over all operating input voltage, resistive load, and temperature conditions. See
Feature Descriptions for additional informatio
Parameter Device Symbol Min Typ Max Unit
On/Off Signal Interface
(Vin=Mn, minto Min, max; open collector or equivalent,
Signal referenced to GND)

550A 0S8 A& ¢Podiite LégigseerOrdering Inférmation)

Logic HighMlodule ON)

Input High Current All IH [0] Y% 160 HA
Input High Voltage All ViH 4.2 % 12 \%
Logic Low (Module OFF)
Input Low Current All I Y% Y 0.5 mA
Input Low Voltage All ViL -0.3 Yo 3.3 \%
Device Code with nsuffixq Negative Logic (See Ordering
Information)
Logic High (Module OFF)
Input High Current All IH [0} [0} 3 mA
Input High Voltage All ViH 15 [0} 36 Vdc
Logic Low (Module ON)
Input low Current All i [0} [0} 220 >A
Input Low Voltage All ViL -0.2 [0} 1 Vdc

TurnOn Delay and Rise Times

(VIN=MiN, nom lo=lo, max Vo to within £1% of steady state)
Case 1: On/Off input is enabled and then input power is

applied (delay from instant at whichne M, mnuntil Vo = Al Tdelay @ 12 @ msec

10% of V, se)

e ot o i e | | ey | 9 | 1| e | e

which Von/Off is enabled untilo=  10% of &/ se)

10% of Vo, sot 10 90 of Vo a0 AL | Tise | e |19 ] o msec
Output voltage overshoot (E 23C 3 % \b, set
ViN= M, mintO ViN, maxlo= b, min 1O lo, may
With or without maximunexternal capacitance
Over Temperature Protection All Trer 130 °C
(See Thermal Considerations section)

Input Undervoltage Lockout
Turnron Threshold All 8.45 Vdc
Turnoff Threshold All 8.25 Vdc
Hysteresis All 0.2 Vdc

February 17, 2021 ©2015 General Electric Company. All rights reserved. Page4



GE

9-36V ProLyn® 3A: Nonlsolated DEDC Power Modules
9Vvdc¢36Vdc input; 3Vdc to 18Vdc output, Ao 1.5AScaled output arrent
9Vvdcg24Vdc input;-3.3Vdc to-12Vdc output; 3A to 0.A Scaled output arrent

Characteristic Curves

The following figures provide typical characteristics for tH&6Y ProTLyri¥ 3A at 3.3Vo and at 26.
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Figurel. Converter Efficiency versus Output Current.
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Figure3. Typical output ripple and noise (V= 18V, b = b,max).
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Figureb. Typical Starup Using On/Off Voltage {I= b,max).
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Figure6. Typical Starup Using Input Voltage (MW= 28V, d =

|o,max).
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GE

9-36V ProLyn® 3A: Non-Isolated DEDC Power Modules
9Vvdc¢36Vdc input; 3Vdc to 18Vdc output, Ao 1.5AScaled output arrent
9Vvdcg24Vdc input;-3.3Vdc to-12Vdc output; 3A to 0.A Scaled output arrent

Characteristic Curves
The following figures provide typicatharacteristics for the -86V ProLyn¥ 3A at 5Vo and at 2&.
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Figure8. Derating Output Current versus Ambient

Figure7. Converter Efficiency versus Output Current. Temperature and Airflow.
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Figure 10. Transient Response to Dynamic Load Change fro
50% to 100% at 28Vin, CextOuF ceramic + 330uF polymer
CTune=5600pF & RTurgsiK

Figure9. Typical output ripple and noise (VIN 18V, lo =
lo,max).
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Figurel2. Typical Starup Using Input Voltage (MW= 28V, d =

|o,max).

Figurell. TypicalStart-up Using On/Off Voltage {l= bmax).
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9-36V ProLyn® 3A: Nonlsolated DEDC Power Modules
9Vvdc¢36Vdc input; 3Vdc to 18Vdc output, Ao 1.5AScaled output arrent
9Vvdcg24Vdc input;-3.3Vdc to-12Vdc output; 3A to 0.A Scaled output arrent

Characteristic Curves
The following figures provide typical characteristics for th@86¥ ProLyn¥ 3A at 12Vo and at 2&.
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Figurel4. Derating Output Current versus Ambient

Figurel3. Converter Efficiency versus Output Current. Temperature and Airflow,
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Figurel8. Typical Starup Using Input Voltage (VIN = 28V, lo

Figurel?. Typical Starup Using On/Off Voltage (lo = lo,max). lo,max)
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9-36V ProLyn® 3A: Non-Isolated DEDC Power Modules
9Vvdc¢36Vdc input; 3Vdc to 18Vdc output, Ao 1.5AScaled output arrent
9Vvdcg24Vdc input;-3.3Vdc to-12Vdc output; 3A to 0.A Scaled output arrent

Characteristic Curves

The following figures provide typical characteristics for th86¥ ProLyn®¥ 3A at 18Vo and at 2.
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Figurel9. Converter Efficiency versus Output Current.
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Figure21. Typical output ripple and noise (VIN = 28V, lo =
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Figure23. Typical Starup UsingOn/Off Voltage (lo = lo,max).
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Figure 22. Transient Response to Dynamic Load Change fror
50% to 100% at 28Vin, Cextx10uF ceramic, CTune=open &
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Figure24. Typical Stardup Using Input Voltage (VIN = 28V, lo -
lo,max).
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9-36V ProLyn® 3A: Nonlsolated DEDC Power Modules
9Vvdc¢36Vdc input; 3Vdc to 18Vdc output, Ao 1.5AScaled output arrent
9Vvdcg24Vdc input;-3.3Vdc to-12Vdc output; 3A to 0.A Scaled output arrent

Test Configurations

CURRENT PROBE

TO OSCILLOSCOPE
‘AA /
SN

@ Vin(+)
@ Vil
1eH J
>
4
5 —— ¢ 1000 _IO%»
B 1 Electrolytic T
g 2x100eF
E.S.R.<0.1W Tantalum
@ 20°C 100kHz
® com

NOTE: Measure input reflected ripple current with a simulated
source inductance (Lrest) of l1e H. sOffsgisac i
possible battery impedance. Measure current as shown
above.

Figure25. Input Reflected Ripple Current Test Setup.

[COPPER STRIP

| 4

®
vo+| |@ RESISTIVE
® o © LOAD
J_O.luF = 10uF
com| @ I I :

SCOPE USING

N BNC SOCKET
ROUND PLANE

NOTE: All voltage measurements to be taken at the module
terminals, as shown above. If sockets are used then
Kelvin connections are required at the module terminals
to avoid measurement errors due to socket contact
resistance.

Figure26. Output Ripple and Noise Test Setup.

Ruisuiouion  Reontact Reontact  Raistibution

—@ Vin(+) Vo @

T
i
Raisuibuion ~ Reontact
—@ COM  COM @

NOTE: All voltage measurements to be taken at the module
terminals, as shown above. If sockets are used then
Kelvin connections are required at the module terminals
to avoid measurement errors due to socket contact
resistance.

Reontact  Raistibution

Figure27 Output Voltage and Efficiency Test Setup.

Vo. lo

Efficiency h = —_——  x 100 %
VIN- IIN
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Design Considerations
Input Filtering

The9-36VProLynX™ moduleshould be connected to a low ac
impedance source. A highly inductive source can affect the
stability of the module. An input capacitance must be placed
directly adjacent to the input pin of the module, to minimize
input ripple voltage and ensure modultability.

To minimize input voltage ripple, ceramic capacitors are
recommended at tk input of the module. Figure Zhows the
input ripple voltage for various output voltagesrabximum
load current with 2x10 pF or 3x30F ceramic capacitors and
an inputof 12V while Fig. 2%hows the input ripple for an
input voltage of 28V.

B 180
> P e
£ 160 ~ T —
Py / —
g 140 P
S 2x10uF N
S 120
> 3x10uF
@ 100
Q.
é:_l 80 =~ ‘\
5 60
e
= 40
3 4 5 6 7 8

Output Voltage (Vdc)

Figure28. Input ripple voltage for vaious output voltages with
2x10 pF or 3x1@F ceramic capacitors at the input@ximum
load). Input voltage isl2V

& 220
E 200
- ~
o - NS
2 180 /,
§ 160 v 2x10uF
L 140 / 3x10uF
Q.
S 120
T 100
5 e
2 g 4
£ rd

60

3 5 7 9 11 13 15 17
Output Voltage (Vdc)

Figure29. Input ripple voltage for various output voltages with
2x10 pF or 3x10 puF ceramic capacitors at the infmaximum
load). Input voltage is 28V
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9-36V ProLyn® 3A: Non-Isolated DEDC Power Modules
9Vvdc¢36Vdc input; 3Vdc to 18Vdc output, Ao 1.5AScaled output arrent
9Vvdcg24Vdc input;-3.3Vdc to-12Vdc output; 3A to 0.A Scaled output arrent

Output Filtering 170 [—maowr

150 | === 2x10uF ——
The9-36VPraLyn¥™ modules are designed for low output ripple 130 \(——4x10uF e
voltage and will meet the maximum output ripple specification /
with 0.1 pF ceramic and 10 pF ceramic capacitors at the output _ 10 L~
of the module. However, additional output filtering may be o 90 // e
required by the system designer for a number of reasons. First, E 70 ,//4/
there may be a need to further reduce the output ripple and T 50 ,/ A
noise of the module. Second, the dynamic response = // L~ |
characteristics may need twe customized to a particular load 30 : _—
step change. 10

2 4 6 8 100 12 14 16 18

To reduce the output ripple and improve the dynamic response
Output Voltage(Volts)

to a step load change, additional capacitance at the output can
be used. Low ESR polymer and ceramic capacitors are Figure31 Output ripple voltage for various output voltages

recommended to improve the ayamic response of the module.  with external 1x10 uF2x10 pF or 4x10 pF ceramic capacitors at
Figures 6 and frovides output ripple information for different  the output (max load). Input voltage is 28V

external capacitance values at various Vo andutiioad

currents For stable operation of the module, limit the

capacitance to less than the maximum outpapecitance as

specified in the electrical specification table. Optimal Safety Considerations
perforMmance othe m_odule can be "?‘Ch'e"ed by using the Tunabl%or safety agency approval the power module must be installed
Loog" feature described later in this data sheet. in compliance with the spacing and separation requirements of
the enduse safety agery standards, i.e., UL ANSI/UL 62368
EU p— T and CAN/CSA C22.2 No. 6236Recognized, DIN VDEB6S
= 2x10uF| 1/A11:2017 (EN62368:2014/A11:2017)
= 4x10uF "] . .
4 / For the converter output to be considered meeting the
2 requirements of safety extrbow voltage (SELV) or ES1, the input
E - e mug meet SELV/ES1 requiremeniBhe power module has
%’ /, T~ extra-low voltage (ELV) outputs when all inputs are ELV.
2 / The input to these units is to be provided with a fasting fuse
20 with a maximum rating o8Ain the positive input lead
]
10
3 4 5 6 7 8

Output Voltage(Volts)

Figure30 Output ripple voltage for various output voltages
with external 1x10 pF, 2x1QFor 4x10uF ceramic capacitors at
the output (maxload). Input voltage isl2V
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9-36V ProLyn® 3A: Nonlsolated DEDC Power Modules
9Vvdc¢36Vdc input; 3Vdc to 18Vdc output, Ao 1.5AScaled output arrent
9Vvdcg24Vdc input;-3.3Vdc to-12Vdc output; 3A to 0.A Scaled output arrent

FeatureDescriptions MODULE

Remote Enable D2
+5V

The 936V ProLyn® modules feature an On/Off pin for remote VIN+

On/Off operation. Two On/Off logic options are available. In the ) R

t2aA0A0S [23A0 hykhTTcddiderhy = 0 %&mm 08 O2RS adFTAE @gn
ISS

'\

Information), the module turns OMuring a logic High on the

On/Off pin and turns OFF during a logic Low. With the Negative 22K WM Enable

Logic On/Off option, (no device code suffix, see Ordering - o1 L
Information), the module turns OFF during logic High and ONyoee - P Q2

during logic Low. The On/Off signal is alwagferenced to VoNiOEE 2K

ground. DJE o1 ZZK% =css
For positive logic modules, the circuit configuration for using the GND  _

On/Off pin is shown in Figure 32. When the external transistor Q1
is in the OFF state, the ON/OFF pin is pulled high and transistor §igure 33. Circuit configuration for using negative On/Off logic.
is OFF leading tp Q3 albeing OFF which turns the modL_JIe ON'Overcurrent Protection
The external resistordgiup (100k recommended) must be sized so
that Voniords never more than 12V when Q1 is OFF. In particulal,o provide protection in a fault (output overloacndition, the
if Vpuiup is made the same as the input voltage Vin, the resistounit is equipped with internal curredtmiting circuitry and can
Roulupmust be lage enough so thatdkiords never more than 12V. endure current limiting continuously. At the point of currdirit
If the On/Off pin is left floating the module will be in the ON stateinception, the unit enters hiccup mode. The unit operates
. . L . . .normally once the output current is brought baicko its
For negatlv_e logic On/Off modules, the C|_rcun conf_lgl_Jratlon ISpecified range. The:86V ProLynx modules employ an
shown in Fig. 33. When the external t.ran3|stor.Q1 is in the O VY20 GAGSs ILliiByAY LBY RAWIIIT6 A A G &
state,the ON/OFF pin is pulled low causing transistor Q2 to be O'(::l'atomatic scaling of current limit with output voltage through an
and the module to_ be turned ON. TQ turn the modulg OFF'_ Q1 verse relationship of theurrent limit threshold with the
tumed OFF, causing the ON/OFF: pin to b_e pulled high turl_ng tput voltage. This feature shown graphically in Fig. 34, allows
ON and the module to be tumed OREeaving the On/Off pin higher output currents to be drawn from the module at lower

floating willleave the module in an OFF state output voltages thereby optimizing the power delivery capability
Vpullp] MODULE of the module.
+5V 3.5
Rpullup
| 22K ss 3
ON/OFF g
Q2 =
ONIOFF} 22K PWM Enable ] £25
+ 8 \
Vonior | e 5 2
DJ E Q1 ™~ g
GND _ 15

Figure 32. Circuit configuration for using positive On/Off logic. T
345 6 7 8 9 1011 1213141516 17 18

Output Voltage (V)

Figure 34. Graph showing maximum output currecdapability at
different output voltages.

Over Temperature Protection

To provide protection in a fault condition, the unit is equipped
with a thermal shutdown circuit. The unit will shutdown if the
overtemperature threshold 0130°C is exceeded at the thmal
reference point & The thermal shutdown is not intended as a
guarantee that the unit will survive temperatures beyond its
rating. Once the unit goes into thermal shutdown it will then
wait to cool before attempting to restart.
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Input Undervoltage bckout

At input voltages below the input undervoltage lockout limit, the

module operation is disabledhe module will begin to operate
at an input voltage above the undeoltage lockout turron
threshold.

Output Voltage Programming

Theoutput voltage of thed-36VPraLynX™ module can be
programmed to any voltage frordVdc to 18Vdc ly connecting a
resistor between thélrimand GND pins of the modul€ertain
restrictions apply on the output voltage set point depending on
the input voltag. These are shown in the Output Voltage vs.
Input Voltag SetPoint Area plot in Fig..9ithout an external
resistor between Trim and GND pins, the output of the module
will be0.7Vdc. To calculate the value of the trim resisftim
for a desired output voltage, use the following equation:

& 70
RtAM = z——— kW
' &Vo- 0.7)g<

RtrimA a
voltage.

40

35

w
o
I

Upper Limit

N
[&)]

e
i

— Lower Limit

18

Input Voltage (v)
N
o

=
)]

=
o
I

(6]

8 10 12 14 16
Output Voltage (V)

N
o~
o

Figure35. Output Voltage vs. Input Voltage Set Point Area plot
showing limits where the output voltage can be set for different
input voltages.

Table 1 provides Rtrim valuesquired for some common output
voltages.

Table 1
Vo,set (V) | Rtrim (Kq ) |
3.3 26.92
5 16.27
6 13.2
9 8.43
12 6.19
15 4.89
18 4.04

February 17, 2021
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By using a@5% tolerane trim resistor with a TC of £1ppm, a

set point tolerance of £5% can be achieveak specified in the
electrical specification.

Remote Sense

The9-36VProLynXMpower modules have a Remote Sense
feature to minimize the effects of distribution losses by

regulating the voltagéetweenthe VS+ and Vpin. The voltage
between theVS+ pin and Vo pin will not exceed 0.5

® Vin(+) Vo(+) @
VS+ @
® ONJ/OFF
TRIM @ LOAD
erim
GND
™ °

UKS SEUSNYIVois Madesired oo A IyigurL %%:ircbit%&figuration for programming output voltage

using an external resistor.

Voltage Margining

Output voltage margimg can be implemented in tH&36V
ProLynX™modules by connecting a resistomdRinup, from the
Trim pin to the ground pin for marginingp the output voltage
and by connecting a resistorm&gindown, from the Trim pin to
output pin for marginingdown. Figure37 shows the circuit
configuration for output voltage marginingthe Lynx
Programming Tool, available @b.ABB/Industriaunder the
DesignTools section, also calculates the valuesgfdR.p and
Rmargindown fOr @ specific output voltage and % margilease
consult your locaGGEtechnical representativéor additional
details.

Vo

]

S

Rmargin-down

MODULE

oL

2Rmargin-tp

Trim

Rtrim <

ol

GNI

Figure37. Circuit Configuration for margining Outpwbltage
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Tunable LoopM Table2. General recommended values of oféReand Gunefor
Vin=12V and various external ceramic capacitor combinations.

Vo=5V

Co | IxlnF | 1x22vF | 2x220F | 4x2nF 6x2F
External capacitors are usually added to the output of the Rne | 330 270 220 180 180
module for two reasons: to reduce output ripple and noise (see
Figures 30 and 3}land to reduce output voltage deviations from
the steadystate value in the presence of dynamic load current
change. Adding external capacitance however affects the Table 3. General recommended values of af;Rand Gunefor
voltage control loop of the module, typically causing the loop to Vin=28V and various external ceramic capacitor combinations.
slow down with sluggish response. Larger values of external  \,,_gy,

capacitance could also cause the module to become unstable.
Co |wamr| veaF | 2exf | scarF | exar

The Tunable LodM allows the user.to externally adjust the Rine | Open 330 270 220 180
voltage control loop to match the filter network connected to the

output of the module. The Tunable LddHs implemented by Crune | Open | 150pF | 470pF | 1000pF | 1500p
connecting a series-R between the/S+and TRIM pins dhe

module, as shown in Fig. 38his RC allows the user to externally \/g=12Vv

adjust the voltage loop feedback compensation of the module.

The9-36VProLynX™ modules have a new feature that optimizes
transient response of the module called Tunable '&bop

Grune | 330pF | 680pF | 1500pF| 2700pF | 3300pF

Co | 1xiamF| 1x2F | 2x2arF | 4x2nfF 6x227F

Recommended values offRezand Gunefor different output Rrune | Open 330 270 270 220
capacitor combinations are given in Tables 2, 3 and 4. Tables 2 Gune | Open 220p 330p 680p 1200p
and 3 show recommended values af;Reand Gunefor different
values of ceramic output capacitors up to b¥Othat might be
needed for an application to meet output rifgpand noise
requirements. SelectingrBveand Guneaccording to Tables 2 and
3 will ensure stable operation of the module

Table 4 Recommended values offRyeand Guneto obtain
transient deviation of 2% of Vout for 0% of full load step

In applications with tight output voltage limits in the presence of
dynamic current loading, additional output capacitance will be

required. Table 4 lists recommended values gfinBand Gunegn Co | 1X330hF | 1x330rF | 1x330rF | 1x330MF |, oo el oo
order to meet 2% output voltage deviation limits for some OsCon| OsCon | OsCon| OsCon
common output voltages in the presence of a 50% of full load Rrone| 220 220 270 270 330 | Open
step Change with an input voltage of 12 or 28V. Crone 15nF 15nF 5600pF | 5600pF | 47pF | Open
DV 26mV 22mvV 24mV 20mV | 223mV|193mV
VOUT
VS+
RTUNE
MODULE co=
CTUNE
TRIM]
GND RTrim

Figure.38. Circuit diagram showing connection ofrfeand
Gruneto tune the control loop of the module.

Please contact yousEtechnical representative to obtain more
details of this feature as well as for guidelines on how to select
the right value of external R to tune the module for best
transient performance and stable operation for other output
capacitance values or inpubltages other thari2V/28V.
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ThermalConsiderations Figure 39 Thermal Test Setup.
Power modules operate in a variety of thermal environments;
however, sufficient cooling should always be provided to help

ensure reliable operation. ) ) o
The thermal reference points,efused in the specifications are

Considerations include ambient temperature, airflow, module  also shown irFigure 40 For reliable operation the temperatures
power dissipation, and the neefor increased reliability. A at these points shouldot exceed 138C. The output power of the
reduction in the operating temperature of the module will result module should not exceed the rated power of the module (Vo,set
in an increase in reliability. The thermal data presented here is x |o,max).

based on physical measurements taken in a wind tunnel. The o o
test setup is shown in Figure 39The preferred airflow direction Please refer to the Application Nogghermal Characterization

for the moduleis in Figure 40 The derating data applies to Process For Opeframe Boaréh 2 dzy 1 SRt 26 SNJ a2 Rdzt ¢

FANFE26 Ay SAGKSNIsHonan® Oi A 2y Fetailed gisgussiop gf fhergig) gspects including maximum
device temperatures.

254
Wind Tunnel\ _’I "‘(1.0)_

PWBs
\ > Power Module

76.2_
(3.0)

. AIRFLOW

\\\ !
\DIRECTION
'"’I |4_ Probe Location

for measuring

12.7_ airflow and
(0.50) ambient . . L .
temperature Figure 40 Preferred airflow direction andocation of hotspot

m of the module (Tref).
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Shock and Vibration

The APXWO003 modules are designewvithstand elevated levels of shock and vibration to be able to operate in harsh environments.
The ruggedized modules have been successfully tested to the following conditions:

Non operating random vibration:
Random vibration tests conducted at 25C td@000Hz, for 30 minutes each level, starting from 30Grms (Z axis) and up to 50Grms (Z
axis). The units were then subjected to two more tests of 50Grms at 30 minutes each for a total of 90 minutes.

Operating shock to 40G per Mil Std. 810@lethod 516.4 Pocedure I:
The modules were tested in opposing directions along each of three orthogonal axes, with waveform and amplitude of the shock
impulse characteristics as follows:

All shocks were half sine pulses, 11 milliseconds (ne)ration in all 3 axes.

Units were tested to the Functional Shock Test of-BMB810, Method 516.4, Procedure Figure 516.44. A shock magnitude of 40G
was utilized. The operational units were subjected to three shocks in each direction along tesefeaa total of eighteen shocks.

Operating vibration per Mil Std 810GMethod 514.5 Procedure I:

The APXWO003 modules are designed and tested to vibrati@islas outlined in MIBETB810G Method 514.5, and Procedure 1, using

the Power Spectral Dengi{PSD) profiles as shown in Table 1 and Table 2 for all axes. Full compliance with performance specifications
was required during the performance test. No damage was allowed to the module and full compliance to performance spegificatio
was required wherthe endurance environment was removed. The module was tested peSVMIB810, Method 514.5, Procedure |,

for functional (performance) and endurance random vibration using the performance and endurance levels shown in TabsbEand T

6 for all axes. Theerformance test has been split, with one half accomplished before the endurance test and one half after the
endurance test (in each axis). The duration of the performance test was at least 16 minutes total per axis and at |ezstté2 @otal

per axisfor the endurance test. The endurance test period was 2 hours minimum per axis.

Table 5: Performance Vibration QualificatiorAll Axes

Frequency (Hz) P((S;g /I:;\)/el Frequency (Hz) P((Sag /h(z\)/el Frequency (Hz) P(Zg /hez\)/el
10 1.14E03 170 2.54E03 690 1.03E03
30 5.96E03 230 3.70E03 800 7.29E03
40 9.53E04 290 7.99E04 890 1.00E03
50 2.08E03 340 1.12E02 1070 2.67E03
90 2.08E03 370 1.12E02 1240 1.08E03
110 7.05E04 430 8.84E04 1550 2.54E03
130 5.00E03 490 1.54E03 1780 2.88E03
140 8.20E04 560 5.62E04 2000 5.62E04

Table 6: Endurance Vibration QualificatiorAll Axes

Frequency (Hz) P(zg /hez\)/el Frequency (Hz) P(é[z) /hez\)/el Frequency (Hz) P((S;g /h(;\)/el
10 0.00803 170 0.01795 690 0.00727
30 0.04216 230 0.02616 800 0.05155
40 0.00674 290 0.00565 890 0.00709
50 0.01468 340 0.07901 1070 0.01887
90 0.01468 370 0.07901 1240 0.00764
110 0.00498 430 0.00625 1550 0.01795
130 0.03536 490 0.01086 1780 0.02035
140 0.0058 560 0.00398 2000 0.00398
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Example Application Circuit

Requirements:

Vin: 28v
Vout: 12v
lout: 1.5A max., worst case load transient is fromA to 1.5A
DVout: 1.5% of Vout (18mV) for worst case load transient
Vin, ripple 1.5% of Vin (420V, pp)

Vin+ Vout+

VIN VOUT
VS+ '
RTUNE

MODULE

= —_—CI2 =— c11 ? L 4 1T

-~ T 1 — T -~

— CTUNE |
7
— ON/OFF TRIM——
Q1
J E| GND ? RTrim

Ci1 1 x0.01InF/50V, 0603ceramic capacitor
ClI2 2 x10nF/50V ceramic capacitor (e.g. Murata GRM32ER71H106K)
CI3 47nF/63V bulk electrolytic
Co1 1 x 0.01F/25V, 0306 ceramic capacitor (e.g. Murata LLL185R71E103MAOQ1L))
CO2 2 x 10vF/25V ceramic capacitor (e.g. MurdB8CM32ER71E106KA42)
COo3 NA
CTune 47pF ceramic capacitor (can be 1206, 0805 or 0603 size)
RTune 332o0hms SMT resistor (can be 1206, 0805 or 0603 size)
RTrim 6.1%KWresistor
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Mechanical Outline

Dimensions are in millimeters arfshches).

Tolerances: x.x mrh 0.5 mm (x.xx i 0.02 in.) [unless otherwise indicated]
X.xx mm°® 0.25 mm (x.xxx ifi 0.010 in.)

Angles ° 2 Deg.

Fo 20,37 %
RE FOENRLET[JE‘-\. \ 8251 y,
¥
PRODUCT/CODE NAME
—
( bdé 1/ @ | BARCOIE
DATE CODE/SER NUM

10 LABEL

TOP WVIEW

SIDE VIEW

7125 1. 0101[4]

(8.5 MAX Y l|_||
\_[.3351 )
P A= F—
7 i [ 1] N (=) B S TEI LY
! |I T ||
2 A
rooaed SEE DETAIL /1
| /
l\ll I I)" |-A-|
— . 0508 -.|524 RLF DETAIL
[.002-.006] ,
SOLDER PLATING SCALE 1871
THICKNESS ON
LAND GRID ARRAY
10 PLCS
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Recommended Pad Layout

Dimensions are in millimeters arfshches).
Tolerances: x.x mrm 0.5 mm (x.xx in? 0.02 in.) [unless otherwise indicated]
x.xx mm°® 0.25 mm (x.xxx if 0.010 in.)

M -
[T
13,97
[.5501
8
65451

KEEPOUT 0 »l
060 DIA _ =
3 PLACES\ T o

11.43
[.450] [ i
10,16 7/‘_\
[.4001] U —9.53
VS+ VouT TRIM GND t.3751
l— | .40
VN [.055]
|.52 ON/OFF .
[ 0601 @ Eﬁggc:
00
[.000] ‘ |
- RECOMMENDED FOOTPRINT — -
S 2 -THROUGH THE BOARD- 30 25 «o
= 8% el g%
PIN Pin Description
1 ON/OFF Remote On/Off control
2 Vin Positive power input
3 GND Common ground
4 TRIM Output voltage programming
5 VOUT Positive power output
6 VS+ Positive remote sense
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Packaging Details

The9-36VProLyn¥Mmodules are supplied in tape & reel as standard. Modules are shipped in quanti#&8 mbdules per reel.

All Dimensions are in millimeters and (in inches).

57
[ 2\5]

Eﬁq‘

e
war
o

811

i =
L]

FEE') LPICK LOCATION ?n:i:l:lﬁ

DIRECT ION DETAIL A

4,00 —_—
Flck Lobaibu
- @150
200 —= —=18 0581
.0791

I
|
IR EEREEEEEEEEE
— P\ -
|
/f » || A FEED i,
. b DIRECTION L
[S\JE] ‘\ I _+_ F_ _-___'—___ + + , 3 a1l
J
/ |
{ /
\ooo“ota@@@@@??@@@@@@@@@@@@@!
\
SECTION 8-8 R ItE 53,5?95?4 208 =5
TOP. L CORNER. i |
USE LASEL TE}(T OIHENTA'HO‘I
AND INDUCTOR AT LEGS
OR HSLnL REFEF‘«EMCE //
| | / \ | [ \ | / \ | / \
B8.76 \ ! | \ I ‘I ]
[.Tﬁ] | | | / | { \ | ——TOP COVER TAPE
| | \ | ‘
I——H 69 «—l
L4601
Reel Dimensions:
Outside Dimensions: 330.2 mm (13.00)
Inside Dimensionsl77.8 mmo T ®n n € 0
Tape Width: nnedénn YY OMPTOHED
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Surface Mount Information

Pick and Place

The9-36VProLyn¥™ modules usen open frame construction

and are designed for a fully automated assembly process. The
modules are fitted with a label designed to provide a large

surface area for pick and place operations. The label meets all
the requirements for surface mount procésg, as well as safety
standards, and is able to withstand reflow temperatures of up to
300°C. The label also carries product information such as product
code, serial number and the location of manufacture.

Nozzle Recommendations

The module weight has been kept to a minimum by using open
frame construction. Variables such as nozzle size, tip style,
vacuum pressure and placement speed should be considered to
optimize this processThe minimum recommended inside nozzle
diameter forreliable operations 3mm. The maximum nozzle
outer diameter, which will safely fit within the allowable
component spacing, is 7 mm.

Bottom Side / First Side Assembly

This module is not recommended for assembly on the bottom
side of a customer board. If gln an assembly is attempted,
components may fall off the module during the second reflow
process.

Lead Free Soldering

The9-36VPra_ynXMmodules are leadree (Pkfree) and RoHS
compliant and fully compatible in a Plee soldering process
Failure to observe the instructions below may result in the failure
of or cause damage to the modules and can adversely affect long
term reliability.

Pbfree Reflow Profile

Power Systems will comply witktSBTB020 Rev. C

(Moisture/Reflow Sensitivity Clafisation for Nonhermetic Solid
State Surface Mount Devices) for both-##e solder profiles and
MSL classification procedures. This standard provides a
recommended forceghir-convection reflow profile based on the
volume and thickness of the package (@#-2). The suggested
Pbfree solder paste is Sn/Ag/Cu (SAC). The recommended linear
reflow profile using S#g/Cu solder is shown in Fig..&bldering
outside of the recommended profile requires testing to verify
results and performance.

For questionsegardingLand grid array(LGA) solderjrsplder
volume; please contadbEfor special manufacturing process
instructions.

MSL Rating
The9-36VPraLynX™modules have a MSL rating 2:4.

Storage and Handling

The recommended storage environment and handling procedures
for moisturesensitive surface mount packages is detailed in J
STDB033 Rev. A (Handling, Packing, Shipping and Use of

Moisture/Reflow Sensitive Surface Mount Devices).
Moisture barrier bags (MBBYith desiccant are required
for MSL ratings of 2 or greater. These sealed packages
should not be broken until time of use. Once the original
package is broken, the floor life of the product at
conditions oft 30°C and 60% relative humidity varies
according to the MSL rating (se&TJB033A). The shelf life
for dry packed SMT packages will be a minimum of 12
months from the bag seal date, when stored at the
following conditions: < 40° C, < 90% relative humyidi

300

Per J-STD-020 Rev. (
Peak Temp 260°C——p

250
/ \ Cooling
L Zone
* Min. Time Above 235°C
15 Seconds

*Time Above 217°C \
60 Seconds

N
=]
o

-
o
=]

Heating Zone
1°C/Second,

r~

/

Reflow Temp (°C)

=
o
o

3
=}

0

Reflow Time (Seconds

Figure41l. Recommended linear reflow profile using
Sn/Ag/Cu solder.

Post Solder Cleaning and Drying Considerations

Post solder cleaning is usually the final cirtagard
assembly process prior to electrical board testing. The
result of inadequate elaning and drying can affect both
the reliability of a power module and the testability of the
finished circuitboard assembly. For guidance on
appropriate soldering, cleaning and drying prdaees,

refer to Board Mounted Power Modules: Soldering and
Clearing Application Note (ANOO01).
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EMC Considerations
The circuit and plots in Figure 4ghows a suggested chiguration to meet the radiate@mission limits of FCC ClassA&tuall
performance depends on layout aeaternal components used.

Vin+ Vout+
VIN VOUT
VS+
4 ] MODULE coil| €02
=-Cl2 T: ci1 == =

— ON/OFF TRIM

GND RTrim

|

cii 1 x0.0InF/50V, 0603ceramic capacitor
ClI2 2 x10nF/50V ceramic capacitor (e.g. Murata GRM32ER71H106K)
co1 1 x 0.01/25V, 0306 ceramic capacitor (e.g. Murata LLL185R71E103MAO1L))
CO2 2 x 10vF/25V ceramic capacitor (e.g. Murata GCM32ER71E106KA42)
RTrim 6.19KWresistor
EUT: APXWO003ABRZ / TEM Cell
Level [dBuv/mij]
80
70O
60
50
a0
30
20
10 1 Lt e e e e e ey i S Sttt B w+° 111 0 E iy Py
030M 50M 7O0M 100M 200M 300M SO:OM :70:OM: 1G
Frequency [Hz]
— MES REO0524121918_ pre PK
LIM EN 55022B F QP Electric Field OP Limit

Fig 42¢ EMI Plot of APXWO003 on evaluation board with 12V in @ 1.2 A in/5 VdcA@&.5
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Level [dBupuv/mij
80

30 e b de g aynesereeseienenenennchoramey ot AL AL N I 1. . - -

30M 50M 70M 100M 200M 300M 500M 700M 1(3'
Frequency [Hz]

— M ES REOS5

4 1906__pre PK
LIM EN 5502

2 122 6
oz22B F QP Electric Field OP Limit

Fig 43¢ EMI Plot of APXWO003 on evaluation board with 24 @i8.6 A in/5Vdc @ 2.5 Aou
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Instead of directly turning Q1 On, the level shifting circuit is used
to turn Q1 On by first turning Q2 OMN/hen Q1 is in the ON state,
the ON/OFF pin is pulled lowausing tansistor Q3o be OFF and
; ; the module to be turned ONBoth Q1 and Q2 are external
Negatlve OUtpUt Operatlon transistors. To turn the module OFF, @2urned OFRyhich turns
Basic Scheme Q1 OFFRausing the ON/ORgin to be pulled high turning QBN
and the module to be turned OFF. If the Off/@in is left floating,

The 936V ProLyn® modules can also be used to create the module will be in the OFF state.

negative output voltages from a positive input voltage. Changing
the input connection to ashownin Figure 4Zonverts the Input Voltage Range
modulefrom a synchronous buck converter to a synchronous

flyback converter The 936V ProLyn¥ modules when connected in a negative

output application will support a maximum input voltage which
is also a function of the output voltage. The sum & &pplied
Cin input voltage and magnitude of the output voltage cannot
Vin+ GND exceed 36V. Vin(applied) +|Voud@6 y R +3%. dkar 2.
e VIN VOouT with a-12V output system the max input voltage that can
VS+ i applied is only 24V. However, Figure 35 showing variation of
RTUNE output vokage with Input Voltage should still be considered for
MODULE determining the required minimum input voltage

R CTUNE Input voltage turron threshold remains the same as the positive
ON/OFE TRIM output connection. However the input turaff threshold tracks
Q1 the output voltage andsi reduced by the same level. The listed
J GND RTrim input TurnOff threshold of 7.35V when applied to&3Vout
| application will be measured as a 4.05V (7.83/3V) threshold.
Vout Operating at input voltages below 9V may cause the module to
shut down earlier due to inception

Figure 44 Schematic Connection of 5A ProLynx module for
negative output applications. Output Voltage Range
The 936V ProLyn® modules will support the values of trim
resistors indicated in Table 1 to generate the same output

Remote Enable voltage, except with sign inversion

Figures 33 and 34 still apply feemote On/Off operation.

However the On/Off threshold is now with respect vout

instead of Ground. Before the module turns on, output is zero sdovercurrent Protection

GND and;Vout are at thesame pote_ntial. After the modules turns The 936V ProLynx modulasill automatic scaleurrent limit

on, 'V.OUt moves_d_own _and_ so will the O[\I/OFF_thrgshoId. _Th?/vith output voltage through an inverse relationship of the
following level shn‘tlng. circuit can be used in appllcatlor_ls tc_) I|m|tCurrent limit threshold even in negatiaitput voltagemode
exposure of the negative output voltage to the On/Off circuitry. This features shown graphically in Fig. 34, allows higher output

currents to be drawn from the module at lower output voltages
thereby optimizing the power delivery capability of the module.
3.5

MODULE
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e 12V
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Figure 45 On/Off Level Shifting Circuit for the & ProLynx
module for negative output applications.
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Figure 46 Graph showing maximum output current capability
at different output voltages.

Efficiency

9-36V ProLynx modules imagative output application
-3.3Vout and at 28C

95 -12Vout and at 25C
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Figure 47 Converter Efficiency versus Output Current. OUTPUT CURRENTA)

Figure 49 Converter Efficiency versus Output Current.
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Figure 48 ConverterEfficiency versus Output Current.
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Thermal

Thermal Derating curves for some of thetput voltage settings
when the 936V ProLynx modules are connected in a negative
output application Derating curves for3.3Vout,-5Vout,-
12Vout and-18Vout have been provided for input kages of
9Vin, 12Vin and 24Vimtermediate voltages can besgemated
through extrapolation of provided data
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Figure 50 Derating Output Current versus Ambient
Temperature and Airflow.
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Figure 51 Derating Output Current versus Ambient
Temperature and Airflow.
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Figure 52 Derating Output Current versus Ambient
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Figure 53 Derating Output Current versus Ambient
Temperature and Airflow.
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Figure 54 Derating Output Current versus Ambient
Temperature and Airflow.
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Figure 55 Derating Output Current versus Ambient
Temperature and Airflow.
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Figure 57 Derating Output Current versus Ambient
Temperature and Airflow.
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Figure 56 Derating Output Current versus Ambient
Temperature and Airflow.
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