GE Energy

4A Digital PicdDLynxIT™™: Nonlsolated DCDC Power Modules
4.5Vdc 814.4Vdc input; 0.51Vdc tdb.5vVdc output; 4A Output Current
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RoHS 11 EU

Compatible in a Pbfree or SnPb reflow environment (Z
versions)

Compliant to IP€9592 (September 2008)Category 2, Class Il
Compliant to REACH Directive (EC) No 1907/2006

DOSA based

Wide Input voltage range4.5\tc-14.4Vdc)

Output voltage programmable from0.51Vdc to5.5vVdc via
external resistor and PMBU&¥

Compliant to oDi

Digital interface through the PMBU#"* protocol

Tunable LoopMto optimize dynamic output voltage response
Flexible output voltage sequencing EREQUENCE

Power Good signal

Fixed switching frequency with capability of external
synchronization

Output overcurrent protection (nonlatching)
Over temperature protection

Remote On/Off

Ability to sink and source current

Cost efficient open frame design

Small size12.2mm x 12.2mm x 7.5 mm(0.48 in x 0.4& x
0.295in)

Wide operating temperature range-40°C t085°C Std-40°C
to 105°C Ruggedizell

UL* 60950-1 2nd Ed. Recognized;SAC22.2 No. 6095a.-07
Certified, andvDE (EN609501 2nd Ed.) Licensed

ISO** 9001 and 1SO 14001 certified manufacturing facilities

The4ADigital PicdDLynxIT™™ power modules are norisolated dedc converters that can deliver up t@Aof output current. These
modules operate over a wide range of input voltage \= 4.5vdc-14.4Vdc) and provide a precisely regulateditput voltage from
0.51vVdc to5.5vdc, programmable via an external resistor and PMBUWscontrol. Features include aidital interface using the
PMBusM protocol, remote On/Off, adjustable output voltage, over current and over temperature protection. The PWBus
interface supports a range of commands to both control and monitor the module. The module also includesTunable Loop*
feature that allows the user to optimize the dynamic response of the converter to match the load with reduced amount of outpt

capacitance leading to savings on cost and PWB area.

* UL

s a registered trademark of Underwriters Laboratories, Inc.

A CsAsa registered trademark of Canadian Standards Association.
¥ VDEs a trademark of Verband Deutscher Elektrotechniker e.V.
**|SO is a registered trademark of the Internation@lrganization of Standards

# The PMBus name and logo are registered trademarks of the System Management Interface Forum (SMIF)
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GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Absolute Maximum Ratings

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

Parameter ‘ Device ‘ Symbol Min Max Unit

Input Voltage All Vin -0.3 15 Y,
Continuous

VS, SMBALERT#, SEQ All -0.3 7 \Y,

CLK, DATASYNC All 3.6 \Y,

Operating Ambient Temperature All Ta sTANDARD -40 85 oc
(see Thermal Considerations section) RUGGEDIZED -40 105

Storage Temperature All Tetg -55 125 °C

Electrical Specifications

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

Parameter ‘ Device Symbol Min Typ ‘ Max Unit
Operating Input Voltage All Vin 4.5 % 144 Vdc
Maximum Input Current All Iinmax 4 Adc

(VN=4.5\/ to 14V,d=lo, max)

Input No Load Current Vo,set=0.6 Vdc IinNo load 29 mA
(Mn = 12vdc, &= 0, module enabled) Vo set=5.5Vdc IiN.No toad 60 mA
'"R}ff g/%?rﬁg&ﬁztdisabled) Al I standby 16 mA
Inrush Transient All 12t 1 As
Input Reflected Ripple Current, peahk-peak
(5Hz to 20MHz, 1% k=45 014V &elomd; I All 20 mAp-p
See Test Configurations)
Input Ripple Rejection (120Hz) All -76 dB
Output Voltage Sefpoint accuracy over entire output range
0 to 85°C, Vo=over entire range All Vo, set -0.5 +0.5 % \b, set
-40 to 85°C, Vo=over entire range All Vo, set -1 +1 % Vb, set
Voltage Regulatioh
Line Regulation %N_m!; mint0 4 v
(12Vint20%) 1 mv
Load (b=lo, minto lo, may) Regulation All 3 mvV
O 1 Voat 1 mV

1Worst case Lineand load regulation data, all temperatures, from design verification testing as per IPC9592.
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GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Electrical Specifications (continued)

Parameter Device Symbo

Adjustment Ranggselected by an external resistor)

(Some output voltages may not be possible depending on thg All Vo 06 55 Vdc
input voltage d see Feature Descriptions Section)

PMBus Adjustable Output Voltage Range All Vo,ad] -15 0 +10 % Vosset
PMBus Output Voltage Adjustment Step Size All 0.4 %Vo set
Remote Sense Range All 0.5 Vdc

Output Ripple and Noise on nominal output

(VN:\AN, nomand lo=lo, mint0 lo,max Co= 0.1F // 3x22 +F
ceramic capacitors)

Peakto-Peak (5Hz to 20MHz bandwidth) All 73 17 MVpk-pk
RMS (5Hz to 20MHz bandwidth) All 5 MVims

External Capacitanceé
Without the Tunable Loop*

ESRO1 mU All Co, max 3x22 ¥ %22 £F

With the Tunable Loof"

ESRO0.15 mJ All Co, max 3x22 Y% 1000 +F
ESRO10 mU All Co, max 3x22 Y 5000 FF

Output Current(in either sink osource mode) All lo 0 4 Adc

* (curtent lmitdoes not aperate n sink mode) Al o.im 160 % b

Output ShortCircuit Current All lo, src 3.9 Arms
MwO250mV) ( Hiccup Mode )

Efficiency Vo set= 0.6Vdc 5 77.%% %
Vin= 12Vdc, #=25°C Vo, se= 1.2Vdc 5 86.8% %
lo=lo, max Vo= Vo set Voset= 1.8Vdc 5 90.3% %

Voset= 2.5Vdc 5 92.%% %

Vo se= 3.3Vdc 5 93.8% %

Vo.set= 5.0/dc 5 94.6% %
Switching Frequency All fsw 500 kHz

2External capacitors may require using the new Tunable LoopgMfeature to ensure that the module is stable as well as getting the best
transient response. See the Tunable Loop" section for details.
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GE

4A Digital Pic®LynxIT™ Nonlsolated DEGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Electrical Specifications (continued)

Parameter ‘ Device Symbol ‘ Min Typ Max Unit
Frequency Synchronization All
Synchronization Frequency Rang@ X fwitch) All 950 1000 | 1050 kHz
High-Level Input Voltage All Vin 2 \%
Low-Level Input Voltage All ViL 0.4 \Y
Minimum Pulse Width, SYNC All tsyne 100 ns
Maximum SYNC rise time All tsync_sH 100 ns

General Specifications

Parameter ‘ Device Min ‘ Typ Max Unit
Calculated MTBFd#0.8b, max Ta=40°C) Telecordia Issue 3

Method 1 Case 3 All 81,291,063 Hours
Weight 2.2 (0.078) g (oz.)

Feature Specifications

Unless otherwise indicated, specifications appbverall operating input voltage, resistive load, and temperature conditions. See
Feature Descriptions for additional information.

Parameter Device

On/Off Signal Interface
(Mn=Mn, mintO Vin, max; Open collector or equivalent,

Signal referenced to GND)

Devicecodewi t h s @Rositivex.ogi{8ee Ordering
Information)

Logic High fodule ON)
Input High Current All IH Yo 17
Input High Voltage All ViH 21 Yo 7

Logic Low (Module OFF)
Input Low Current All L % Yo 2 HA

Input Low Voltage All ViL -0.2 Yo 08

Device Code with no suffid Negative LogiqSee Ordering
Information)

(On/OFF pin is open collector/drain logic input with

<5

<

external pultup resistor; signal referenced to GND)
Logic High ¥odule OFF)
Input High Current All IH A
Input High Voltage All ViH 21
Logic Low (Module ON)
Input low Current All I8 A

mA
Vdc

=t

i3

0.3 mA
08 Vdc

i3

<
Il
'
o
N
o

Input Low Voltage All
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GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules

4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Feature Specifications (cont.)

Parameter Device ‘ Symbol Min Typ Max ‘ Units
Turn-On Delay and Rise Times
(MN=VIN, nom b=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 which V= Mn, mnuntil Vo = All Tdelay 0.6 msec
10% of \b, se)
Case 2: Input power is applied for at least one second and
the_n the On/Of_f input is enab_led (delay from instant at All Tdelay 0.4 msec
which Von/Off is enabled until &= 10% of VY, se)
Output voltage Rise time (time foro\to rise from )
10% of Vo, set to 90% of Vo, set) Al Trise 2.8 msec
Output voltage overshoot @= 25C
Vin= MN, mint0 ViN, maxlo= lo, min 1O lo, ma)Q 3.0 % Vb, set
With or without maximum external capacitance
Over Temperature Protection All Trer- °C
(See ThermaConsiderations section) Trer- °C
PMBus Over Temperature Warning Threshdld All TwarN 115 °C
Tracking Accuracy (Powdr: 2V/ms) All VSEQOVo 100 mv
(PowerDown: 2V/ms) All VsEQdVo 200 mV
(VN, mint0 ViN, max b, mintO lo, maxVSEQ< Vo)
Input Undervoltage Lockout Vout O 3. 3Vo)
Turnon Threshold All 4.25 Vdc
Turn-off Threshold All 4.05 Vdc
Hysteresis All 0.2 Vdc
PMBus Adjustable Input Under Voltage Lockout Thresholds All 4 14 Vdc
Resolution of Adjustable Input Under Voltage Threshold All 250 mV
PGOOD (Power Good)
Signal Interface Open Drain,s\py ¢ 5VDC
Overvoltage threshold for PGOOD ON All 108.33 %\Vo, set
Overvoltage threshold for PGOOD OFF All 112.5 %Vo, set
Undervoltage threshold for PGOOD ON All 91.67 %Vo, set
Undervoltage threshold for PGOOD OFF All 87.5 %\Vo, set
Pulldown resistance of PGOOD pin All 40 70 w
Sink current capability into PGOOD pin All 5 mA
* Over temperature Warningd Warning may not activate before alarm and unit may shutdown before warning
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GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Digital Interface Specifications

Unless otherwise indiated, specifications apply oveall operating input voltage, resistive load, and temperature conditions. See

Feature Descriptions for additional information.

Parameter ‘ Conditions Symbol ‘ Min Typ Max Unit
PMBus Signal Interface Characteristics
Input High Voltage(CLK, DATA ViH 21 3.6 \
Input Low Voltage (CLK, DATA ViL 0.8 \
Input high level current (CLK, DAJTA IH -10 10 FA
Input low level current (CK, DATA I -10 10 FA
Output Low Voltage (CLK, DATA, SMBALERT#) louE2mA VoL 0.4 \Y
g:ﬂtgthggRrergvel open drain leakageurrent (DATA, Vour3.6V lon 0 10 A
Pin capacitance G 0.7 pF
PMBus Operang frequency range Slave Mode FrPmB 10 400 kHz
; Receive Mode

Pata hold tme Transmit Mode tHD-DAT % ns
Data setup time tsu:pAT 250 ns
Measurement System Characteristics
Output current measurement range IrRnG 0 6 A
Output current measurementaccuracy @12Vin, 2%C to &°C lacc -7 7% Max rated Current
Temperature measurementaccuracy @12Vin, €C to &°C Tacc +5 °C
Vourmeasurement range Vourt(ing) 0 \
Vourmeasurement accuracy Vourt, acc -2 %
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GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Characteristic Curves
The following figures provide typical characteristics for thBA Digital PicadDLynxI'Mat 0.6Vo and 25C.
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Figure 1. Converter Efficiency versus Output Current. Flgdu;s ?I. Derating Output Current versus Ambient Temperature
and Airflow.
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Figure 6. Typical Startup Using Input Voltage (W= 12V, b=

lo,max).

Figure 5. Typical Startup Using On/Off Voltage (¢ = lo,max).
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GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Characteristic Curves
The following figures provide typical characteristics for thBA Digital PicadDLynxIMat 1.2Vo and 28C.
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Figure 7. Converter Efficiency versus Output Current. Flgure_ 8. Derating Output Current versus Ambient Temperature
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Figure 12. Typical Startup Using Input Voltage (W= 12V, b=

lo,max).

Figure 11. Typical Startup Using On/Off Voltage (4 = lo,max).
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GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Characteristic Curves

The following figures provide typical characteristics for thA Digital PicdDLynxIat 1.8Vo and 25C.
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OUTPUT VOLTAGE
Vo (V) (@mV/div)
<

Figure 15. Typical output ripple and noise (&=3X22f F

VIN= 12V, b= |0,max,).

OUTPUT VOLTAGE ON/OFF VOLTAGE
Voniorr(V) ¥/div)

Vo (V) (500mV/div)

TIME, t (i5/div)

~ "\\ N A .
\‘4. ™ ,’: ™ ™ / fon—f \'\ "ﬁ\ A
\",,"; N \\ \/ A\ ‘v‘l W/ \\\/ N \/ b

TIME, t (2ms/div)

Figure 17. Typical Startup Using On/Off Voltage (4 = lo,max).
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GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Characteristic Curves
The following figures provide typical characteristics for thBA Digital PicadDLynxIMat 2.5Vo and 28C.
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Figure 24. Typical Startup Using Input Voltage (W =12V, b=

lo,max).

Figure 23. Typical Startup Using On/Off Voltage (4 = lo,max).

November 6, 2018 ©2017 General Electric Company. All rights reservec Pagel0



GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Characteristic Curves

The following figures provide typical characteristics for thBA Digital PicadDLynxIMat 3.3Vo and 25C.
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Figure 27. Typical output
ViN = 12V, b= |o,max,).
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Figure 29. Typical Startup Using On/Off Voltage (4 = lo,max).

November 6, 2018

INPUT VOLTA
Vin (V) (107div)
{

Vo (V) (LV/div)
RN

OUTPUT VOLTEG

TIME, t (2ms/div)

lo,max).

©2017 General Electric Company. All rights reservec

TIME, t (2ms/div)

Figure 30. Typical Start-up Using Input Voltage (W =12V, b=

Pagell



GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Characteristic Curves
The following figures provide typical characteristics for thBA Digital PicoDLynxMat 5.0v0 and 2%C.
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Figure 31. Converter Efficiency versus Output Current.
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Figure 34 Transient Response to Dynamic Load Change from
50% to 100% at 12Vin,Cout=2x47uF,CTune=220pF,
RTune=300

cer

GE

|

Vonore(V) (¥/div)

OUTPUT VOLTAGE ON/OFF VOLTAGE
Vo (V) 2V/div)

Figure 35. Typical Startup Using On/Off Voltage (4 = lo,max).
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GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

Design Considerations

Input Filtering

The4ADigital PicdDLynxIT™module should beconnected
to a low acimpedance 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 module stability.

To minimize input voltage ripple, ceramic capacitors are
recommended at the input of the module. Figurel3
shows the input ripple voltage for various output voltages
at 4Aof load current with1x22 puF or2x22 pF ceramic
capacitors and an input of 12V.

240
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Figure 37. Input ripple voltage for various output
voltages with 1x22 pF or2x22 pF ceramic capacitors at
the input (4Aload). Input voltage is 12V.

Output Filtering

These modules are designed for low output ripple voltage
and will meet the maximum output ripple specifation with
0.1 pF ceramic an@x22 pF ceramic capacitors at the
output of the module. However, additional output filtering
may be required by the system d&gner for a number of
reasons. First, there may be a need to further reduce the

output ripple and noise of the module. Second, the dynamic

response characteristics may need to be customized to a
particular load step change.

To reduce the output ripple ad improve the dynamic

response to a step load change, additional capacitance at

the output can be used. Low ESR polymer and ceramic
capacitors are recommended to improve the dynamic
response of the moduleFigure 2 provides output ripple
information for different external capacitance values at

various Vo and a full load current ofA For stable operation

of the module, limit the capacitance to less than the

maximum output capacitance as specified in the electrical
specification table. Optimaperformance of the module can

be achieved by using the Tunable LodYfeature described
later in this data sheet.

November 6, 2018

70 e ] x47UF Ext Cap
60 e 2X47UF Ext Cap
e 3x47UF Ext Cap //
g /’
z _
E40 >
30 //
= rd
x 20
5 — ——
=) " —
>10
O
0

05 1 15 2 25 3 35 4 45 5
Output Voltage(Volts)

Figure 38. Output ripple voltage for various output
voltages with external 1x47 pF,2x47 uFor 3x47 uF
ceramic capacitors at the output (4Aload). Input voltage
is 12V.

Safety Considerations

For safety agency approval the power module must be
installed in compliance with the spacing and separation
requirements of the enduse safety agency standards,e.,
ANSI/UL 609561 2nd Revised October 14, 2014, CSA C22.2
No. 609501-07, Second Ed. + A2:2014 (MOD), DIN EN 60950
1:2006 + A11:2009 + A1:2010 +A12:2011, + A2:2013
(VDEO8O05 Teil 1: 20428) pending)

For the converter output to be considered meeting ¢h
requirements of safety extralow voltage (SELV), the input
must meet SELV requirements. The power module has
extra-low voltage (ELV) outputs when all inputs are ELV.

An external 20A Littelfuse 456 series fasacting fuseor
equivalent is recommended o the ungrounded inputlead.
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Analog Feature Descriptions
Remote On/Off

The module can be turnd ON and OFF eithdsy using the
ON/OFF pin (Analog interface) or through the PMBus
interface (Digital)The module can be configured in a
number of waysthrough the PMBus interfacéo react to the
two ON/OFF inputs:

1  Module ON/OFF can be controlled only through
the analog interface(digital interface ON/OFF
commands are ignored)

1 Module ON/OFF can be controlled only through
the PMBus interface (analog intaate is ignored)

1  Module ON/OFF can be controlled by eithéire
analog or digitalinterface

The default state of the moduléas shipped from the factory)
is to be controlled bythe analog interface onlylf the digital
interface is to be enabled, or the moda is tobe controlled
only through the digital interface, this change must be made
through the PMBusThese changes can be made and
written to non-volatile memory on the module so that it is
remembered for subsequent use.

Analog On/Off

The4ADigital PicdDLynxI™power modules feature an
On/Off pin for remote On/Off operation. Two On/Off logic
options are available. In the Positive Logic On/Off option,
(devi ce c oddee Omarifgfinformationd, the
module turns ON during a logic High on the @@ff pin and
turns OFF during a logic Low. With the Negative Logic
On/Off option, (no device code suffix, see Ordering
Information), the moduleturns OFF during logic High and ON
during logic Low. The On/Off signal should be always
referenced to groundFor either On/Off logic option, leaving
the On/Off pin disconnected will turn the module ON when
input voltage is present.

For positive logic modules, the circuit configuration for using
the On/Off pin is shown in Figure 39Vhen the external
transistor QL is in the OFF state, the internal PWM #Enakdle
pulled upinternally, thus turning the module ON. When
transistor QL is turned ON, the On/Off pin is pulled low, and
consequently the internal PWNEnable signal is pulled low
and the module is OFF.

For neaative logic On/Off modules, the circuit configation

is shown in Fig. 40The On/Off pin should be pulled high with
an external pultup resigor. When transistor Q2 is in the OFF
state, the On/Off pin is pulled high, wth pulls the internal
ENABLE# Highnd the module is OFF. To turn the module
ON, Q2 is turned ON pulling the On/Off gaw resulting in

the PWM ENABLE# pin going Lolhemaximum voltage
allowed on the On/Off pin is V.If Vin is used as a source,
then a suitable external resistor R1 muste used to ensure
that the voltage on tre On/Off pin does not exceedV.
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Digital On/Off

Please see the Digital Feature Descriptions section.

65y  DLYNXII MODULE

40.2K

lonioFF
ENABLE

=

O

GND

Figure 39. Circuit configuration for using positive On/Off
logic.

vin DLYNXII MODULE
R1

lonjoFF _

O ENABLE

+
VoN/OFF 309K
Q2
I:IJ _ GND

Figure 40. Circuit configuration for using negativ e On/Off
logic.

Monotonic Start-up and Shutdown

The module has monotonic startup and shutdown behavior
for any combination of rated input voltage, output current
and operating temperature range.

Startup into Pre-biased Output

The module can start into a prebiased output as long as the
prebias voltageis 0.5V less than the set output voltage.

Analog Output Voltage Programming

The output voltage of the module is programmable to any
voltage from 0.6dc t05.5Vdchby connecting a resistor
between the Trim andSIG GND pins of the moduleCertain
restrictions apply on the output voltage set point depending
on the input voltage. These are shown in the Output Voltage
vs. Input Voltag Set Point Area plot in Fig. 35The Upper
Limit curve shows that for output voltages lower than 1V,
the input voltage must bedwer than the maximum of

Pagel4



GE

4A Digital Pic®LynxIT™™ Nonlsolated DGDC Power Modules
4.5Vdc 014.4Vdc input; 0.51Vdc to 5.5Vdc output; 4®utput Current

14.4V. The Lower Limit curve shows that for output voltages
higher than 3.3V, the inputvoltage needs to behigherthan
the minimum of4.5V.

16
14
”~ Fa
212
Upper
10
o]
R
=]
- /""'#
5 6 —
o
£ 4 %
) /.
Lower
0 T
05 A1 1 2 25 3 35 4 45 5 55

QOutput Voltage (V)

Figure 41 Output Voltage vs. Input Voltage Set Point Area
plot showing limits where the output voltage can be set
for different input voltages.

® Vin(+) Vo(+) @
VS+ @
@ ON/OFF
TRIM @ LOAD
Rlnm
SIG_GND @—
V'S @

Caution 6 Do not connect SIG_GND to GND elsewhere in the
layout

Figure 42 Circuit configuration for programming output
voltage using an external resistor.

Without an external resistor between Trim an81G GND
pins, the output of the module will be 0.6Vdc. To calculate
the value of the trim resistorRtrimfor a desired output
voltage, should be as per the following equation:

e 12 ¢
Rtrim = g—(Vo- O.6)§kw

Rtrimist he exter nal resistor in
Vois the desired output voltage.

Tablel provides Rtrim values required for some common
output voltages.
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Table1
Vo, set (V) Rtrim KU’)
0.6 Open
0.9 40
1.0 30
1.2 20
15 13.33
1.8 10
2.5 6.316
3.3 4.444
5.0 2.727

Digital Output Voltage Adjustment
Please see the Digital Feature Descriptions section.

Remote Sense

The power module has a Remote Sense feature to minimize
the effects of distribution losses by regulating the voltage
between the sense pins (VS+ and yYSThe voltage drop
between the sense pins and the VOUT and GND pins of the
module should not exceed GV.

Analog Voltage Margining

Output voltage margining can be implemented in the
module by connecting a resistor, fRrgin-up, from the Trim pin
to the ground pin for marginingup the output voltage and
by connecting a resistor, Rargin-down, from the Trimpin to
output pin for margining-down. Figure 43hows the circuit
configuration for output voltage margining. The POL
Programming Toobr Power Module Wizard(PMWgvailable
at www.gecriticalpower.comunder the Downloads section,
also calculates the values of fRrgin-up @and Rnargin-down fOr a
specific output voltage and % margin. Please consult your
local GEtechnical representative for additional details.

Vo
Rmargin-down
MODULE
Q2 LD
Trim
Rmargin-up
Rtrim
o
SIG_GND
k U
Figure 43. Circuit Configuration for margining Output
voltage.
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Digital Output Voltage Margining
Please see the Digital Feature Descriptions section.

Output Voltage Sequencing

Thepower moduleincludes a sequencing feature, EZ
SEQUENCE thahables users to implement various types of
output voltage sequencing in their applications. This is
accomplished via an additional sequencing pirWhen not
usingthe sequencing featureleave it unconneced.

When an analog voltage is applied to the SEQ pin, the
output voltage tracks this voltage until the output reaches
the set-point voltage. The final value of the SEQ voltage
must be set higher than the sepoint voltage of the module.
The output voltag follows the voltage on the SEQ pin on a
one-to-one basis. By connecting multiple modules together,
multiple modules can track their output voltages to the
voltage applied on the SEQ pin.

For proper voltage sequencing, first, input voltage is applied
to the module. The On/Off pin of the module is left
unconnected (or tied to GND for negative logic modules or
tied to Mnfor positive logic modules) so that the module is
ON by default. After applying input voltage to the module, a
minimum 10msec delay isequired before applying voltage
on the SEQ pin. This delay gives the module enough time to
complete its internal powerup soft-start cycle. During the
delay time, the SEQ pin should be held close to ground
(nominally 50m\4& 20 mV). This is required to keéipe

internal op-amp out of saturation thus preventing output
overshoot during the start of the sequencing ramp. By
selecting resistor R1 (see fig. #4ccording to the following
equation

26150
6.5- 0.05

the voltage at the £quencing pin will be 50mV when the
sequencing signal is at zero.

= 4052hms, (4.02K Std.)

MODULE
6.5V
523K
[
[
R1
— NN
SEQ 10K
GND

Figure 44. Circuit showing connection of the sequencing
signal to the SEQ pin.
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After the 10msec delay, an analogoltage is applied to the
SEQ pin and the output voltage of the module will track this
voltage on a oneto-one volt bases until the output reaches
the setpoint voltage. To initiate simultaneous shutdown of
the modules, the SEQ pin voltage is lowered icentrolled
manner. The output voltage of the modules tracks the
voltages below their sefpoint voltages on a oneto-one
basis. A valid input voltage must be maintained until the
tracking and output voltages reach ground potential.

When using the EISEQENCEMfeature to control startup
of the module, prebias immunity during startup is disabled.
The prebias immunity feature of the module relies on the
module being in the diodemode during startup. When
using the EZSEQUENCREfeature, modules goeghrough an
internal setup time of 10msec, and will be in synchronous

rectification mode when the voltage at the SEQ pin is applied.

This will result in the module sinking current if a pteas
voltage is present at the output of the module. When pre
bias immunity during startup is required, the EZ
SEQUENCHEfeature must be disabled. For additional
guidelines on using the EBEQUENCREfeature please refer
to Application Note ANOD 08 OApplication
Non-Isolated Converters: Guidelines f@equencing of

Mul t i pl e orbbatdcutthe &Etethnical representative
for additional information.

Overcurrent Protection

To provide protection in a fault (output overload) condition,
the unit isequipped with internal currentlimiting circuitry
and can endure current limiting continuously. At the point of
current-limit inception, the unit entes hiccup mode. The unit
operates normally once the output current is brought back
into its specified range.

Digital Adjustable Overcurrent Warning
Please seethe Digital Feature Descriptions section.

Overtemperature Protection

To provide protection in a fatlcondition, the unit is
equipped with a thermal shutdown circuit. The unit will shut
down if the over-temperature thresholdof 120°C(typ)is
exceeded at he thermal reference point &: .Please refer to
Electrical characteristic table, ovetemperature section on
page 5.0nce the unit goes into thermal shutdown it will
then wait to cool before attempting to restart.

Digital Temperature Status via PMBus

Please see the Digital Feature Descriptions section.
Digitally Adjustable Output Overand Under \bltage
Protection

Please see the Digital Feature Descriptions section.

Input Undervoltage Lockout

At input voltages below the input undervoltage lockout limit
the module operation idisabled. The module will begin to
operate at an input voltage above the undervoltage lockout
turn-on threshold.
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Digitally Adjustable Input Undervoltage Lockout
Please see the Digital Feature Descriptions section.
Digitally Adjustable Power GoodThresholds
Please see the Digital Feature Descriptions section.
Synchronization

Themodule switching frequency can besynchronized toa
signal with anexternal frequencywithin a specified range
Synchronization can be donéy usingthe external signal
applied to the SYNC pin of the modudss shawvn in Fig. 45
with the converter being synchronized by the rising edge of
the external signalThe nodule switches at half the SYNC
frequency. TheElectrical Specifications tablepecifies the
requirements of the external SYNS§ignal. If the SYNC mpis
not used, the module wilfree run at the default switching
frequency.If synchronization is not being used, connect
the SYNGpin to SIG_ GND.

MODULE

@® SYNC

TLO

Figure 45. External source connections to synchronize
switching frequency of the module.

@ SIG_GND

Measuring Output Current and Output Voltage
Please see the Digital Feature Descriptions section.

Dual Layout

Identical dimensions and pin layout of Analog and Digital
PicdDLynxlimodules permit migration from one to the other
without needing to change the layoutln both cases the trim
resistor is connected between trim and signal ground-he
output of the analog module cannot be trimmed down to
0.51V

Tunable Loop™

Themodule hasa feature that optimizes transient response
of the module called Tunable Lodp.

External capacitors are usually added to the output of the
module for two reasons: to reduce outputipple and noise
(see Figure 38and to reduce output voltage deviations from
the steadystate value in the presence of dynamic load
current changes. Adding external capacitance however
affects the voltage control loop of the module, typically
causing the loop to slow down with sluggistesponse. Larger
values of external capacitance could also cause the module
to become unstable.

The Tunable Loop" allows the user to externally adjust the
voltage control loop to match the filter network connected to
the output of the module. The Tunde LoopgMis implemented

by connecting a series FC between theVS+and TRIM pins of
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the module, as shown in Fig.64 This RC allows the user to
externally adjust the voltage loop feedback compensation of
the module.

VOUT
VS+
RTure
MODULE co—=
T CTune
TRIM[—
RTrim
SIG_GND|—
Gl\ll D

Figure. 46. Circuit diagram showing connection of Rrume
and Cruneto tune the control loop of the module.

Recommended values of RRneand Crunefor different output
capacitor combinations aregiven in Tables 2 and 3. Table 3
shows the recommended values offdneand Crunefor
different values of ceramic output capacitors up td000uF
that might be needed for an application to meet output
ripple and noise requirements. Selectingriieand Crune
according to Table 3will ensure stable operation of the
module.

In applicatiors with tight output voltage limits in the
presence of dynamic current loading, additional output
capacitance will be requiredTable3 lists recommended
values of Runeand Crunein order to meet 2% output
voltage deviation limits for some common outputaltages
in the presence of 8.5A to4Astep change (50% of full
load), with an input voltage of 12V.

Please contact youGEtechnical representative to obtain
more details of this feature as well as for guidelines on how
to select the right value of external € to tune the module
for best transient performance and stable operation for
other output capacitance values.

Table 2. General recommended values of of Runeand
Crunefor Vin=12V and various external ceramic capacitor
combinations.

Rrune | 300 300 300 300 300
Crune | 220p | 330p | 390p | 470p 1.8n
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Table 3. Recommended values of Rineand Cruneto obtain
transient deviation of 2% of Vout for a 10A step load with
Vin=12V.

4x47uF

Co | 2x47uf | 3x47uF| 3x47uF | 5x47uF| 8x47uF +
2x330uH

Rruve | 300 | 300 300 300 300 300
Crune | 220pF | 470pF | 1500pF | 1800pF| 4.7nF | 15nF
DV | 67mV | 51mV | 35mV | 29mV | 18mV | 9mV

Note: The capacitors used in the Tunable Loop tables are
47 #F/3 mY ESR ceramic an®30 #F/12 mY ESR polymer
capacitors.

Power Module Wizard

GE offers a free web based easy to use tool that helps users
simulate theTunabk Loop performance of the PJT0040

to http://ge.transim.com/pmd/Homeand sign up for a free
account and use the module selector tool. The tool also
offers downloadable Simplis/Simetrimmodels that can be

used to assess transient performance, module stability, etc.
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Digital Feature Descriptions

PMBus Interface Capability

The4ADigital PicdDLynxITMpower modules have a PMBus
interface that supports both communication and control.

The PMBus Power Management Protocol Specification can
be obtained fromwww.pmbus.org The modules support a
subset of version 1.1 of the specification (see Table 6 for a
list of the specific commands supported). Most module
parameters can be programmed using PMBus and stored as
defaults for later use.

All communication over the module PMBLusterface must
support the Packet Error Checking (PEC) scheme. The PMBus
master must generate the correct PEC byte for all
transactions, and check the PEC byte returned by the

module.

The module also supports th&MBALERTHesponse
protocol whereby the malule can alert the bus master if it
wants to talk. For more information on the SMBus alert
response protocol, see the System Management Bus
(SMBus) specification.

The module has norvolatile memory that is used to store
configuration settings. Not all sethgs programmed into the
device are automatically saved into this nowolatile
memory, only those specifically identified as capable of

either address resistor value is outside the range specified in
Table4, the module will respond to address 127.

Table4

Digit Resistor Value KU

0 11

18.7
27.4
38.3
53.6
82.5
127
187

N|OORIW|IN|F

The user must know whichdC addresses are reserved in a
system for special functions and set the address of the
module to avoid interfering with other system operations.
Both 100kHz and 400kHz bus speeds are supported by the
module.Connection for the PMBus interface should follow

the High Power DC specifications given in section 3.1.3 in the
SMBus specification V2.0 for the 400kHz bus speed or the
Low Power DC specifications in section 3.1.2. The complete
SMBus specification is available from the SMBus web site,

smbus.org

being stored can be saved (see Table 6 for which command

parameters can be saved to no+volatile storage). ADDR1 @

PMBus Data Fomat ADDRO @

For commands that set thresholds, voltages or report such RAbDRO RAbDRL
guantities, the module supports o] at fr-mat
among the three data formats supported by PMBus. The SIG GND @]

Linear Data Format is a two byte value withan 1 i t t wo 0 9

complement mantissaam a5b i t , t woods
exponent. The format of the two data bytes is shown below:

|<— Data Byte High —>|<—Data Byte Low—>|

[716]5]4[3] [2][1]o]7]6[5]4[3]2]1]0]

|<Exponent>| |<iMantissa 4>|

MSB MSB

The value is of the number is then given by
Value = Mantissa x Zxponent
PMBus Addressing

The power module can be addressed through the PMBus
using a device address. The module has 64 possible
addresses (0 to 63 in decimal) which can be set using
resistors connected from the ADDRO and ADDRL1 pins to
GND .Note that some of these addresse$(1, 2, 3, 4,5, 6, 7,
8,9, 10, 11 12, 40, 44, 45, bbdecimal) are reserved
according to the SMBus specifications and may not be
useable The address is set in the form of two octal (0 to 7)
digits, with each pin setting one digit. The ADDR1 pin sets
the high order digit and ADDRO sets the low order digihe
resistor values suggestd for eachdigit are shown in Table 4
(1% tolerance resistors are recommendedote that if
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compl ement

Figure 47. Circuit showing connection of resistors used to
set the PMBus address of the module.

Operation (01h)

This is a paged register. The OPERATION command can be
useto turn the module on or off in conjunction with the
ON/OFF pin input. It is also used to margin up or margin
down the output voltage

PMBus Enabled On/Off

The module can also be turned on and off via the PMBus
interface. The OPERATION command is useddtally turn
the module on and off via the PMBus, while the
ON_OFF_CONFIG command configures the combination of
analog ON/OFF pin input and PMBus commands needed to
turn the module on and offBit [7] in the OPERATION
command data byte enables the modulayith the following
functions:

0 : Outputis disabled
1 : Outputis enabled

This module uses the lower five bits of the ON_OFF_CONFIG
data byte to set various ON/OFF options as follows:
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Bit Position 4 3 2 1 0]
Access rlw rlw rlw riw r
Function PU | CMD| CPR| POL| CPA
Default Value 1 0 1 1 0

PU: Sets the default to either operate any time input power
is present or for the ON/OFF to be controlled by the analog
ON/OFF input and the PMBW@PERATION command. This bit
is used together with the CP, CMD and ON bits to determine
startup.

Bit Value Action
Module powers up any time power is
0 present regardless of state of the analog
ON/OFF pin

Module does not power up until

commanded by theanalog ON/OFF pin ang
the OPERATION command as programme
in bits [2:0] of the ON_OFF_CONFIG regis

CMD: The CMD bit controls how the device responds to the
OPERATION command.

Bit Value Action

0 Module ignores the ON bit in the
OPERATION command

1 Module responds to the ON bit in the
OPERATION command

CPR: Sets the response of the analog ON/OFF pin. This bit is
used together with the CMD, PU and ON bits to determine
startup.

Bit Value Action
Module ignores the analog ON/OFF pin, i.€
0 ON/OFF i®nly controlled through the

PMBUS via the OPERATION command

1 Module requires the analog ON/OFF pin to
be asserted to start the unit

CPA: Sets the actioof the analog ON/OFF pin when turning

the controller OFF. This bit is internally read and cannot be

modified by the user

PMBus Adjustable Soft Start Rise Time

The soft start rise time can be adjusted in the module via

PMBus When setting this parameter, make sure that the

charging current for output capacitors can be delivered by

the module in addition to any load current to avoid nuisance
tripping of the overcurrent protection circuitry during

startup. The TON_RISE commaséis the rise time in ms,

and all ows choosing soft start
9ms, with possible values listed in Table 5. Note that the
exponent is fixed at4 (decimal) and the upper two bits of

the mantissa are also fixed at 0.
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Table 5
Rise Time | Exponent Mantissa
600+9 11100 00000001010
900+9 11100 00000001110
1.2ms 11100 00000010011
1.8ms 11100 00000011101
2.7ms 11100 00000101011
4.2ms 11100 00001000011
6.0ms 11100 00001100000
9.0ms 11100 00010010000
times between 600%s and
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Output Voltage Adjustment Using the PMBus AThe irternal reference voltage is 0.6V. So we need to
o determine how the 20mV translates to a change in the

The VREF_TRIM parameter is important for a nur_nber of internal reference voltage.

PMBuscommands related to output voltage trimming, and 1 Divider Ratio = Vref/Vout = 0.6/1.8 = 0.33

margining. Each of the 2 output voltages of the module can 1 Hence a 20mV change al.8Vo requires a 0.33x20mV =
be set as the combination of the voltage divider formed by 6.6mV change in the refer.ence&l)tage '

RTrim and a 20kU wupper divider | % r s the. modul e,
and the internal reference vtiage of the module. The T \/re?(osﬁsgtf’ = ?6'6)/1b08 = b.6oBs voits sign since
we are trimming down)

reference voltage ¥eds be nominally set at 600mV, and the 1 Vietotiont - Viet Tam X 2
output regulation voltage is then given ref(offset) = Vref_Trim
P J J 9 hy T Vrer_trim = Vref(offset) X 512

€20000+ RTrimg 1 Vret_Trim=-0.0066 x 512 =3.3 =-3 (rounded to nearest
= 3

VOUT - 8 RTrim H REF integer
Output Voltage Margining Using the PMBuUs

Hence the module output voltages dependenton the value Themodule can also have its outpumargined via PMBus
of RTrimwhich is connected external to the nodule. commands. The command&STEP_ VREMARGIN_HIGHill
The VREF_TRIM parameter is used to apply a fixed offset setthe margin high voltage, while the command
voltage to the reference voltage can bspecified using the STEP_VREMARGIN_LOW sets the margin low voltage. Both
OLinear 6 f or mahe exaomehts fixedato®d y t e s .the STEP_VREMARGIN_HIGHand _
(decimal)The resolution of the adjustment is 7 bits, with a STEP_VREMARGIN_LOW commandélus e the oLine.
resulting step size of approximately 0.4%. The maximum mode with the exponent fixed aB9 (decimal). Two bytes are
trim range is-20% to +10% of the nominal reference used for the mantissa with the upper bit [7] of the high byte
voltage(600mV) in 2mV steps. Possible values range from fixed at 0. The atual margined output voltage isa
120mV to +60mV. The exception is at 0.6Wavhere the combination of the STEP_VREMARGIN_HIGH or
allowable trim range is only90mV to +60mV to prevent the STEP_VREMARGIN_LOWNd the VREFTRIM values as
module from operating at lower than 0.51Vdc. When shown below. The net permissible voltage range change is
trimming the voltage below 0.6V, the module max. input 30% to +10% for the margin high command ane20% to
voltage operating point also reduces proportionally. As 0% for the margin low command
shown earlier in Fig.4,1the maximum permissible input vV -
voltage is 13V. For any voltage trimmed below 0.6V, the REF(MH)
maximum input voltage will have to be reduced by the same (STEP_VREF_MARGIN_HIGH +VREF_TRIM)3 2°°
factor. Applications Example
When PMBus commands are used to trim or margin the For a desigrnwhere the output voltage is 1.¥ and the output
output voltage, the value of ¥eris what is changed inside needs to be trimmedup by 1@mV (within 10% of Va)
the module, which in turn changes the regulated output AThe internal reference voltage is 0.6V. So we need to
voltage of the module. determine how the 1@mV translates to a change in the

. ) ) ) internal reference voltage.
The nominal output voltage of the modulées adjustablewith 9 Divider Ratio = VrefVout = 0.6/1.2 = 0.5

a minimum step size of 0.4% over #10% to-20% range

Hence a 100mV change at 1.2Vo requires a 0.5x100mV =
from nominal using the VREF_TR&8dmmand over the 1 g q

50mV change in the reference voltage.

PMBis. 1 Veerowi= (50)/1000 = 0.08olts
The VREF_TRIM command canused to apply a fixed 1 VRerMH) = (Step_Vret margin_high + Vref_trim) X2
offset voltage toeither ofthe output voltage command 1 Assume Vrer_tim = 0 here
value using the oOLinear 6 3mode fwStep Nret habin@igh €Veepayx 812t f i xed at
(decimal). Ta value of the offset voltage igiven by 1 Step_Vref_margin_high =0.05x 25.6 = 26(rounded to nearest
3 59 integer

Veerofisg = VREF_TRIM?3 2
Thisoffset voltage isadded to the voltage set through the VREF(ML) -
divider ratio and nominal W¥erto produce the trimmed (STEP_VREF_MARGIN_LOW+VREF_TRIM)3 29

output voltage. If a value outside of the #0%/-20%
adjustment range is given with this command, the module
will s e ts ouitptit Goltage to the upger or lower limitvalue
(asif VOUT_TRIMssert SMBALRT#, set the CML bit in
STATUS_BYTE and the invalid data bit in STATUS_CML.

Applications Example

For a desigrnwhere the output voltage is 1.8 and the output

needs to be trimmeddown by 1@0mV (within-20% of Vo)

AThe internal reference voltage is 0.6V. So we need to

determine how the 1@mV translates to a change in the

internal reference voltage.

9 Divider Ratio = Vref/Vout = 0.6/1.8 = 0.33

1 Hence a 100mV change at 1.2Vo requse 0.33x100mV =
33mV change in the reference voltage.

Applications Example
For a design where the output voltage is 1.8V and the output
needs to be trimmed down by 20mV.
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