PET2000-12-074xA
AC-DC Front-End Power Supply

PET2000-12-074xA is a 2000 Watt AC to DC, power-factor corrected
(PFC) power supply that converts standard AC power into a main
output of +12 VDC.

PET2000-12-074xA utilizes full digital control architecture for greater
efficiency, control and functionality.

This power supply meets international safety standards and displays
the CE-Mark for the European Low Voltage Directive (LVD).

Key Features & Benefits

° Best-in-class, 80 PLUS Certified “Platinum” Efficiency

° Auto-Selected Input Voltage Ranges: 90 - 140 VAC, 180 - 264 VAC
. AC Input with Power Factor Correction

. 2000 W Continuous Output Power Capability

. Always-On 12 V Standby Output

. Hot-Plug Capable

. Parallel Operation with Active Current Sharing

° Full Digital Controls for Improved Performance
° High Density Design: 42.1 W/in3
° Small Form Factor: 265 x 73.5 x 40 mm (10.43 x 2.89 x 1.57 in)

RoHS . Power Management Bus Communication Protocol for Control,
Programming

and Monitoring
° Status LED with Fault Signaling

Applications

. Networking Switches
. Servers & Routers
. Telecommunications
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1. ORDERING INFORMATION

PET 2000 = 12 = (org: X A
Product Family Power Level Dash V1 Output Dash Width Airflow Input AC Inlet’
N: Normal Blank: C14
PET Front-Ends 2000 W 12V 74 mm R'. e —— A: AC C: C16
: A: Saf-D-Grid®

2. OVERVIEW

The PET2000-12-074xA AC/DC power supply is a fully DSP controlled, highly efficient front-end power supply. It incorporates
resonance-soft-switching technology to reduce component stresses, providing increased system reliability and very high efficiency.
With a wide input operational voltage range the PET2000-12-074xA maximizes power availability in demanding server, network, and
other high availability applications. The supply is fan cooled and ideally suited for integration with a matching airflow path.

The PFC stage is digitally controlled using a state-of-the-art digital signal processing algorithm to guarantee best efficiency and
unity power factor over a wide operating range.

The DC/DC stage uses soft switching resonant techniques in conjunction with synchronous rectification. An active OR-ing device
on the output ensures no reverse load current and renders the supply ideally suited for operation in redundant power systems.

The always-on standby output provides power to external power distribution and management controllers. It is protected with an
active OR-ing device for maximum reliability.

Status information is provided with a front-panel LED. In addition, the power supply can be controlled and the fan speed set via the
12C bus. The 12C bus allows full monitoring of the supply, including input and output voltage, current, power, and inside temperatures.
Cooling is managed by a fan controlled by the DSP controller. The fan speed is adjusted automatically depending on the actual
power demand and supply temperature and can be overridden through the 1°C bus.
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Figure 1. PET2000-12-074xA Block Diagram

3. ABSOLUTE MAXIMUM RATINGS

Stresses in excess of the absolute maximum ratings may cause performance degradation, adversely affect long-term reliability and
cause permanent damage to the supply.

PARAMETER CONDITIONS / DESCRIPTION MIN MAX UNITS

Vi maxc Maximum Input Continuous 264 VAC

1 C14 = |EC 60320-C14 type, C16 = IEC 60320-C16 type, Saf-D-Grid® = Anderson Saf-D-Grid®
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3
4. INPUT
General Condition: Ta = 0... 55 °C, unless otherwise noted.
PARAMETER DESCRIPTION / CONDITION MIN NOM MAX UNIT
Rated Voltage High Line (V/nom t) 200 230 240 VAC
Vinom Nominal Input Voltage
Rated Voltage Low Line (Vnom 1) 100 115 127 VAC
Normal operating (Vi min t1 to Vimax 1), High Line 180 264 VAC
Vi Input Voltage Ranges
Normal operating (Vi min .. t0 Vimax 1), Low Line 90 140 VAC
Vi=100 VAC, /=83 A, lss=5A 13
Vi=200 VAC, /=167 A, lss=5A 12
I max Maximum Input Current ;=200 VAC, /1 =145 A, Iss=5A 10 Arms
Vi=220 VAC, /1=158 A, lss=5A 10
Vi=230 VAC, /1=167 A, Iss=5A 10
1 inrush Inrush Current Limitation Viminto Vi max, Tnre= 25°C, 5 ms 10 Ap
fi Input Frequency 47 50/60 63 Hz
Vi= 230 VAC, 10% load 0.8 0.880 W/VA
Vi= 230 VAC, 20% load 0.9 0.950 W/NVA
PF Power Factor
Vi= 230 VAC, 50% load 0.9 0.997 W/NVA
Vi= 230 VAC, 100% load 0.95 0.999 W/NVA
THD Total Harmonic Distortion TBD TBD %
Vion Turn-on Input Voltage? Ramping up 87 90 VAC
Vio# Turn-off Input Voltage? Ramping down 82 87 VAC
Vi=230 VAC, 10% load 90 91.6 %
Vi= 230 VAC, 20% load 91 93.8 %
n Efficiency?
Vi= 230 VAC, 50% load 94 94.4 %
Vi= 230 VAC, 100% load 91 92.8 %
Vi= 230 VAC, 50% load, 0° 18 ms
Tvihoiwp ~ Hold-up Time V7
Vi= 230 VAC, 100% load, 0° 9 ms
Tvsghoiaup  Hold-up Time Vss V=90 to 264 VAC, 0 to 100% load 70 ms
4.1 INPUT CONNECTOR

PET2000-12-074NA power supply is available in 3 different input connector configurations. The versions with IEC 60320-C14
and |EC 60320-C16 have a limited current of 10 A for areas outside North America, in addition the IEC 60320-C14 has a
limited component temperature of 70°C. The Anderson Saf-D-Grid® has no limitation with respect to both current and
temperature.

The PET2000-12-074NA power supply is available with IEC 60320-C14.

Below table shows the maximum rated operating conditions for the different input connector options. The applied operating
condition must remain within these conditions to allow safety compliant operation.

See also 10.3 MAXIMUM OUTPUT POWER VERSUS INLET TEMPERATURE FOR SAFETY COMPLIANCY for detailed
derating curves.

2 The Front-End is provided with a minimum hysteresis of 3 V during turn-on and turn-off within the ranges
3 Efficiency measured without fan power per EPA server guidelines
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INPUT CONNECTOR

REGION

PET2000-12-074xA

APPLIED RATED

MAINS AC VOLTAGE*

MAXIMUM
DERATED /; AT
MAXIMUM 7,

PET2000-12-074RA

PET2000-12-074NA

PET2000-12-074NAC

PET2000-12-074NAA  Anderson Saf-D-Grid®

4.2 INPUT FUSE

IEC 60320-C14

IEC 60320-C14

IEC 60320-C16

North America

Other than
North America

North America

Other than
North America

North America

Other than
North America

All

100 to 127 VAC
200 to 240 VAC
100 to 127 VAC
200 to 220 VAC
220 to 230 VAC
230 to 240 VAC
100 to 127 VAC
200 to 240 VAC

100 to 127 VAC

200 to 220 VAC
220 to 230 VAC
230 to 240 VAC
100 to 127 VAC
200 to 240 VAC

100 to 127 VAC

200 to 220 VAC
220 to 230 VAC
230 to 240 VAC
100 to 127 VAC
200 to 240 VAC

83.3A

167 A

67 A/83.3A
for BSMI

145 A
158 A
167 A
83.3 A

167 A

67 A/83.3A
for BSMI

145 A
158 A
167 A
83.3A

167 A

67 A/83.3A
for BSMI

145 A
158 A
167 A
83.3 A
167 A

50 A at 74=55°C
100 A at 74=55°C
50 A at 74=55°C
100 A at 74=55°C
100 A at 74=55°C
100 A at 74=55°C
50 A at 74=70°C
100 A at 74=70°C

17.5Aat 7Ta=65°C

32.5Aat T4=65°C
40 A at 74=65°C
43 A at 74=65°C
50 Aat 74=70°C
100 A at 74=70°C

40 Aat 74=70°C

87 Aat 7Ta=70°C
95 Aat 74=70°C
100 A at 74=70°C
50 Aat 74=70°C
100 A at 74=70°C

Time-lag 16 A input fuse (5 x 20 mm) in series with the L-line inside the power supply protects against severe defects.
The fuse is not accessible from the outside and is therefore not a serviceable part.

4.3 INRUSH CURRENT

The AC-DC power supply exhibits an X-capacitance of only 5.9 pF, resulting in a low and short peak current, when the supply
is connected to the mains. The internal bulk capacitor will be charged through an NTC which will limit the inrush current.

NOTE:

Do not repeat plug-in / out operations within a short time, or else the internal in-rush current limiting device (NTC) may not

sufficiently cool down and excessive inrush current or component failure(s) may result.

4.4 INPUT UNDER-VOLTAGE

If the sinusoidal input voltage stays below the input undervoltage lockout threshold Vi on, the supply will be inhibited.
Once the input voltage returns within the normal operating range, the supply will return to normal operation again.

4 Nominal grid voltage, does not include typical fluctuations of +10%; e.g. listed range 230-240 VAC allows operation
at 230 VAC -10% to 240 VAC +10%, so 207 ... 264 VAC actual voltage to account for grid fluctuations
5 Maximum Input current for PET2000-12-074RA at 74 = 40°C and for PET2000-12-074NAx at 74 = 55°C
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4.5 POWER FACTOR CORRECTION

Power factor correction (PFC) is achieved by controlling the input current waveform synchronously with the input voltage.
A fully digital controller is implemented giving outstanding PFC results over a wide input voltage and load ranges.

The input current will follow the shape of the input voltage. If for instance the input voltage has a trapezoidal waveform, then
the current will also show a trapezoidal waveform.

4.6 EFFICIENCY

High efficiency (see Figure 2)is achieved by using state-of-the-art silicon power devices in conjunction with soft-transition
topologies minimizing switching losses and a full digital control scheme. Synchronous rectifiers on the output reduce the
losses in the high current output path. The speed of the fan is digitally controlled to keep all components at an optimal
operating temperature regardless of the ambient temperature and load conditions.
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Figure 2. Efficiency vs. Load current (ratio metric loading) Figure 3. Power factor vs. Load current

Figure 4. Inrush current, V; = 230Vac, 90°
CH2: Vi (200V/dliv), CH3: I; (6A/div)
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5. OUTPUT

5.1 MAIN OUTPUT V4

PET2000-12-074xA

General Condition: Ta = 0...40 °C (PET2000-12-074RA), Ta = 0...55 °C (PET2000-12-074NA), Vi = 230 VAC unless otherwise

noted.
PARAMETER DESCRIPTION / CONDITION MIN NOM MAX UNIT
V1 nom Nominal Output Voltage 12.0 VDC
05 : /lnom, 7:4 = 25°C
Vi set Output Setpoint Accuracy -0.5 +0.5 % Vi1 nom
aVi tot Static Regulation Vi min 12 10 Vimax mi, 0 t0 100% /7 nom -1 +1 % V1 nom
Vi min e 10 Vi max He 2000 w
P1 nom Nominal Output Power®
Vimin 1L 10 Vimaxie 1000 w
Vi min . 10 Vi max A 2100 w
P1 peak Peak Output Power®
Vimin 1L 10 Vimaxie 1320 w
11 nom Vi min He 10 Vi max HL 0 167 ADC
Output Current
11 nom red Vi min 1 10 Vimax 1L 0 83 ADC
I peak Vi min HL t0 Vi max HL 0 175 ADC
Peak Output Current”
I peak red Viminie t0 Vimax e 0 110 ADC
Vi min 12 10 Vi max He, O tO 75% /1 nom,
Coxt=0mF [CU L ER
A A 0,
Vi oo Output Ripple Voltage® Vimin 1L 10 Vi max He, 75 0 100% /7 nom, 150 mVpp
Cext=0 mF
Vi min 1 10 Vimax He, O tO 100% 11 nom,
Cext 1 mF/Low ESR VAT
aV7 load Load Regulation 0to 100% /1 nom -83 -110 -138 mV
dVi ine Line Regulation Vi min #L 10 Vimax tL, 0.5+ /1 nom -24 0 24 mV
dVitemp  Thermal Drift 0.5 /1nom, Ta=0...55°C -0.4 mV/°C
) Difference between individual /7, _
dl1share Current Sharing 1... 8 power supplies in parallel 6 +6 ADC
Visare ~ Current Share Bus Voltage Visnareat 167A 8 VvDC
Vistare Current Share Bus Voltage 11 peak 9.14 VDC
—_ 0, — 0,
dVI/I A/1 = SOA) /1 nomy /7— B oo 100A) /1 nomy 0.35 0.6 VDC
Load Transient Response ACZX'_=1%(;1 F/ he0.. 10% /
dVrlt = © /1 nom, I1= 0 /1 nom, 0.35 0.6 VDC
Cext=0 mF
tec Recovery Time dA/dt=1A/us, recovery within 1% of V1 som 0.5 1 ms
A/1 = 60% /Inom, /7= 5...167 A,
Vi ayn Dynamic Load Regulation f=50 ... 5000 Hz, Duty cycle = 10 ... 90%, 11.4 12.6 \
Cext=2 ...30 mF
tv1 rise Output Voltage Rise Time V1=10...90% V7 nom, Cext< 10 mF 1 30 ms
tviovrsh Output Turn-on Overshoot 0 to 100% /1 nom 0.6 Vv
dVisense  Remote Sense Compensation for cable drop, 0 to 100% /7 nom 0.25 \Y
Cv1 load Capacitive Loading 0 30 mF

6 See also chapter TEMPERATURE AND FAN CONTROL

7 Peak combined power for all outputs must not exceed 2100 W; maximum of peak power duration is 20 seconds without asserting
the SMBAlert signal
8 Measured with a 10 uF low ESR capacitor in parallel with a 0.1 uF ceramic capacitor at the point of measurement
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5.2 STANBY OUTPUT Vss
General Condition: Ta = 0...40 °C (PET2000-12-074RA), Ta = 0...55 °C (PET2000-12-074NA), Vi = 230 VAC unless otherwise

noted.
PARAMETER DESCRIPTION / CONDITION MIN NOM MAX UNIT
Vs nom Nominal Output Voltage 121 VDC
lss =0A, Ta=25°C
VB set Output Setpoint Accuracy -1 +1 %V sgrom
dVsswr  Total Regulation Vimin 12 10 Vimax Hi, 0 10 100% /s5 nom =5 +1 %V sgrom
. - : PET2000-12-074RA 36 w
Ps8 nom Nominal Output Power Vi min 12 10 Vimax HL PET2000-12-074NA 60 W
Psppeax  Peak Output Power® Vimin 1. 10 Vi max 1 Eglggggj S:g;::m gg W
158 nom Output Current Vimin 1 t0 Vimax He gglgggg:;‘ g:g;im 0 g ADC
/58 peak Peak Output Current® Vi min 12 10 Vimax He Eglggggj S:g;:m 0 gg ADC
Visg pp Output Ripple Voltage” Vimin 1L t0 Vimax He, 0 10 100% /sg nom, Cext=0 mF 120 mVpp
. PET2000-12-074RA  -144 -240 -330 mV
0,
AdVsg ioad Load Regulation 0 to 100% /s5 nom PET2000-12-074NA  -290 -430 570 mv
AV iine Line Regulation Vi min oL Y0 Vi max He, 1B nom = 0 A -24 0 24 mV
dVsgtemp  Thermal Drift lse=0A -0.5 mV/°C
dlssshare  Current Sharing Deviation from /sg ot/ N, lsg = 0.5 * Isz nom -1 +1 ADC
VsB ayn Load Transient Response Asg = 50% fsgnom, lsg="5 ... 100% /s5nom, 0.2 0.3 VDC
tec Recovery Time d/sg/dt= 1A/us, recovery within 1% of Vssnom 1 2 ms

Alsg= 1A, ls=10 ... /SBnam, f=50 ... 5000 HZ,

VB ayn Dynamic Load Regulation Duty cycle = 10 ... 90%, Cox=0 ... 5 mF 1.4 12.6 \Y
tyss rise Output Voltage Rise Time Vss=10...90% Vsg nom, Cext< 1 mF 1 2 5 ms
tvseowrsn  Output Turn-on Overshoot 0 to 100% /s nom 0.6 Y
Cvssioas  Capacitive Loading 0 3100 uF

i
T

LI
Figure 5. Turn-On AC Line 230VAC, full load (200ms/div) Figure 6. Rise time Vi at 280VAC, full load (2ms/dliv)
CH1: Vin (400V/div) CHz2: PWOK_H (5V/div) CH3: Vi 2V/dliv)
CH3: Vi (2V/dliv) CH4: Viss (2V/dliv)
9 In single power supply configuration
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PET2000-12-074xA

y

Figure 8. Turn-Off AC Line 230VAC, full load (20ms/div)
CH1: Vin (400V/div) CH2: PWOK_H (5V/div)
CH3: Vi (2V/div) CH4: Vss (2V/div)

Figure 7. Rise time Visg at 280VAC, full load (2ms/div)
CH4.: Vsg (2V/div)
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Figure 10. Short circuit on V1 (10ms/div)
CH3: Vi (2V/dliv) CHA: |+ (100A/dliv)

Figure 9. Turn-Off AC Line 230VAC, half load (20ms/div)
CH1: Vin (400V/div) CH2: PWOK _H (5V/div)

CH3: Vi (2V/dliv) CH4: Vss (2V/div)
i I
| ;IL,“ /
| il
y J.‘
e ] I
™
b
Figure 11. Load transient Vi, 83 to 167A (500us/div) Figure 12. Load transient V1, 167 to 83A (500us/div)
CH3: Vi (200mV/div) CH4: Iy (60A/dliv)

CH3: Vi (200mV/div) CH4: I; (60A/dliv)

5.3 OUTPUT GROUND / CHASSIS CONNECTION
The output return path serves as power and signal ground. All output voltages and signals are referenced to these pins. To
prevent a shift in signal and voltage levels due to ground wiring voltage drop a low impedance ground plane should be used

as shown in Figure 13. Alternatively, separated ground signals can be used as shown in
Figure 74. In this case the two ground planes should be connected together at the power supplies ground pins.
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NOTE:
Within the power supply the output GND pins are connected to the Chassis, which in turn is connected to the Protective Earth
terminal on the AC inlet. Therefore, it is not possible to set the potential of the output return (GND) to any other than Protective
Earth potential.

PET2000-12-074RA 1 Application
Line
2 I 1
Neutral _ Vsg I I Load Load
Contols | Signals Loge | | Yo Y
|
N T ]
e ——
GND Voltage drop
Figure 13. Common low impedance ground plane
PET2000-12-074RA | Application
Line
Vi 1
Neutral — VSBI 1 Load Load
Conels | Signals Logio | | Y | Y
[ 1 1 I I
PE

GND IT

6. PROTECTION

PARAMETER
F Input fuse (L)
Viov OV Threshold V7
tviov OV Trip Time V7
Vs ov OV Threshold Vss
tvss ov OV Trip Time Vss
lrocsow  OC Limit V7
tviocsow  OC Trip time V7
lviocrst  Fast OC Limit V7
tviocrast ~ Fast OC Trip time V1
l1sc Max Short Circuit Current 4
tv1sc Short Circuit Regulation Time
lssoc  OC Limit Vss
tvseoc OC Trip time Vss
Tsp Over Temperature

e

a bel group

Figure 14. Separated power and signal ground

DESCRIPTION / CONDITION

Not use accessible, time-lag (T)

Over Voltage V7 Protection, Latch-off Type

Over Voltage V7 Protection, Automatic retry each 1s

Over Current Limitation, Latch-off, Vimin# to Vimax e
Over Current Limitation, Latch-off, Vimince to Vimax e
Over Current Limitation, Latch-off time

Fast Over Current Limit., Latch-off, Vimin# 10 VimaxHe
Fast Over Current Limit., Latch-off, Vimins. 10 Vimaxie
Fast Over Current Limitation, Latch-off time

Vi<3V

/1 <3V, time until /7is limited to < /7s¢

Over Current Limitation, Constant-Current Type
Over Current Limit., time until /szis limited to /szoc

See chapter 10.2
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16
13.9

13.9

55

UNIT
A
14.5 VDC
1 ms
14.5 VDC
1 ms
175 ADC
88 ADC
s
180 ADC
115 ADC
60 ms
180 A
2 ms
7.5 A
1 ms
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PET2000-12-074xA

6.1 OVERVOLTAGE PROTECTION

PET2000-12-074xA front-end provides a fixed threshold overvoltage (OV) protection implemented with a HW comparator for
both the main and the standby output. Once an OV condition has been triggered on the main output, the supply will shut down
and latch the fault condition. The latch can be unlocked by disconnecting the supply from the AC mains or by toggling the
PSON_L input. The standby output will continuously try to restart with a 1 s interval after OV condition has occurred.

6.2 UNDERVOLTAGE DETECTION

Both main and standby outputs are monitored. LED and PWOK_H pin signal if the output voltage exceeds +5% of its
nominal voltage.

The main output will latch off if the main output voltage V7 falls below 10 V (typically in an overload condition) for more than
55 ms. The latch can be unlocked by disconnecting the supply from the AC mains or by toggling the PSON_L input.

If the standby output leaves its regulation bandwidth for more than 2 ms then the main output is disabled to protect the system.

6.3 CURRENT LIMITATION

Vi V]

MAIN OUTPUT

The main output exhibits a substantially rectangular output characteristic controlled by a software feedback loop. If output
current exceeds /v oc rast it Will reduce output voltage in order to keep output current at /v oc st If the output voltage drops
below ~10.0 VDC for more than 55 ms, the output will latch off (standby remains on), see also Undervoltage Detection.

12 12
10 = Static operation 10 - = Static operation
8 - —— Peak current capability, latches off _ 8 Peak current capability, latches off
after 20s = after 20s
6 - Constant current limitation, latches = 6 - Constant current limitation, latches
4 off after 20s 4 - off after 20s
Constant current limitation, UV Constant current limitation, UV
2 - protection after 55ms 2 - protection after 55ms
0 T T T T T T T T T T 1 0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120 0 20 40 60 80 100 120 140 160 180
I [A] I [A]
Figure 15. Current Limitation on Vi Figure 16 .Current Limitation on Vy
atVi=90... 140 VAC atVi=180... 264 VAC

A second SW controlled current limit will latch off the main output if the power supply is operated for long duration in its peak
current capability region. This protection trips as soon as the output current exceeds /s ocsow for a duration of more than 20 s.
The third current limitation implemented as a fast hardware circuit will immediately switch off the main output if the output
current increases beyond the peak current trip point, occurring mainly if a short circuit is applied to the output voltage.
The supply will re-start 4 ms later with a soft start, if the short circuit persists (I/; < 10.0 V for >55 ms) the output will latch off;
otherwise it continuous to operate.

The latch can be unlocked by disconnecting the supply from the AC mains or by toggling the PSON_L input.

The main output current limitation thresholds for /7 oc siow @and /7 oc rast depend on the actual input voltage range applied to the
power supply. In addition, the threshold for /1 oc siow is reduced when ambient temperature exceeds 55°C, see Figure 38 for
PET2000-12-074RA and Figure 46 for PET2000-12-074NA.

STANDBY OUTPUT

The standby output exhibits a substantially rectangular output characteristic down to 0 V (no hiccup mode / latch off).

The current limitation of the standby output is independent of the AC input voltage.

Running in current limitation causes the output voltage to fall, this will trigger under voltage protection and disables the main
output, see also Undervoltage Detection.
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==Static operation

Is [A]

PET2000-12-074RA

12
10
8
=
=
=6
4 —Static operation
2
0 T T T T
0 1 2 3 4
Igg [A]

PET2000-12-074NA

Figure 17. Current Limitation on Vss

7. MONITORING

The power supply operating parameters can be accessed through I12C interface. For more details refer to chapter
12C / POWER MANAGEMENT BUS COMMUNICATION and document URP.00234 (PET Front-End Power Management Bus
Communication Manual).

PARAMETER DESCRIPTION / CONDITION MIN NOM
Vi mon Input RMS Voltage Viminie £ Vi< Vimax He -3

> 6.7 Arms -3
i mon Input RMS Current

/< 6.7 Arms -0.2

Pi>500 W -4
P mon True Input Power

50 W < P,< 500 W -20
V1 mon V1 Voltage -0.1

/7>50A -1
11 mon V1 Current

5A</1<50A -0.5

Pi>1000 W -1
P1 nom V1 Output Power

50 W< P <1000 W -10
V58 mon VSB Voltage -0.1
Is8 mon VSB Current -0.1
T mon Inlet Temperature Tamin< Ta< Tamax -2
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MAX UNIT
+3 VAC
+3 %

+0.2 Arms
+4 %
+20 W

+0.1 VDC
+1 %
+0.5 ADC
+1 %
+10 W
+0.1 VDC
+0.1 ADC
+2 °C
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2 PET2000-12-074xA

8. SIGNALING AND CONTROL
8.1 ELECTRICAL CHARACTERISTICS

PARAMETER DESCRIPTION / CONDITION MIN NOM MAX UNIT
PSON_H /HOTSTANDBYEN_H
PSON_L: Main output enabled

Vi Input Low Level Voltage HOTSTANDBYEN_H: Hot Standby mode ~ -0-2 08 v
not allowed
PSON_L: Main output disabled
e HOTSTANDBYEN_H: Hot Standby mode 2 62 E
allowed
|/ Maximum Input Sink or Source Current Vi=-02Vto+3.5V -1 1 mA
Roui up Internal Pull up Resistor to internal 3.3 V 10 kQ
R Maximum external Pull down Resistance 1 KQ
Low to GND to obtain Low Level
R Minimum external Pull down Resistance 50 KO
5" to GND to obtain Hiih Level
Vou Output Low Level Voltage Vi or Vsgout of regulation, Visik< 4 mA 0 0.4 \
Vor Output High Level Voltage Vs and Vsgin regulation, /source < 0.5 mA 2.4 3.5 Y
Foulrup Internal Pull up Resistor to internal 3.3 V 1 kQ
loL Maximum Sink Current o< 0.4V 4 mA

8.2 SENSE INPUTS

The main output has sense lines implemented to compensate for voltage drop on load wires in both positive and negative
path. The maximum allowed voltage drop is 200 mV on the positive rail and 50 mV on the GND rail.

With open sense inputs the main output voltage will rise by 270 mV. Therefore, if not used, these inputs should be connected
to the power output and GND at the power supply connector. The sense inputs are protected against short circuit. In this case
the power supply will shut down.

8.3 CURRENT SHARE

The PET front-ends have an active current share scheme implemented for V7. All the ISHARE current share pins need to be
interconnected in order to activate the sharing function. If a supply has an internal fault or is not turned on, it will disconnect
its ISHARE pin from the share bus. This will prevent dragging the output down (or up) in such cases.

The current share function uses an analog bus to transmit and receive current share information. The controller implements a
Master/Slave current share function. The power supply providing the largest current among the group is automatically the
Master. The other supplies will operate as Slaves and increase their output current to a value close to the Master by slightly
increasing their output voltage. The voltage increase is limited to +250 mV.

The standby output uses a passive current share method (droop output voltage characteristic).

8.4 PSON_L INPUT
The PSON_L is an internally pulled-up (3.3 V) input signal to enable/disable the main output V7 of the front-end. With low level

input the main output is enabled. This active-low pin is also used to clear any latched fault condition. The PSON_L can be
either controlled by an open collector device or by a voltage source.
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33v- Pl 3.3V P
% 7~ ng PSONL % 7~ ng PSONL
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Figure 18. PSON_L connection

8.5 PWOK_H OUTPUT

The PWOK_H is an open drain output with an internal pull-up to 3.3 V indicating whether both Vsz and I/; outputs are within
regulation. This pin is active-high.

An external pull down resistor ensures low level when there is no power supply seated. When combining PWOK_H outputs of
several power supplies, circuits as shown in Figure 79 should be used.

PSU PDU
33V- Lol
PWOK_H

E:
S E

PSU1 PDU PSU1 PDU

=i T
G b
ST L

Figure 19. PWOK_H connection

7~

‘“u
1 I

7~

8.6 HOT-STANDBY IN-/OUTPUT

The hot-standby operation is an operating mode allowing to further increase efficiency at light load conditions in a redundant
power supply system. Under specific conditions one of the power supplies is allowed to disable its DC/DC stage. This will
save the power losses associated with this power supply and at the same time the other power supply will operate in a load
range having a better efficiency. In order to enable the hot standby operation, the HOTSTANDBYEN_H and the ISHARE pins
need to be interconnected between the power supplies. A power supply will only be allowed to enter the hot-standby mode,
when the HOTSTANDBYEN_H pin is high, the load current is low, see Figure 20, and the supply was allowed to enter the hot-
standby mode by the system controller via the appropriate I°C command (by default disabled). The system controller needs to
ensure that only one of the power supplies is allowed to enter the hot-standby mode.

If a power supply is in a fault condition, it will pull low its active-high HOTSTANDBYEN_H pin which indicates to the other
power supply that it is not allowed to enter the hot-standby mode or that it needs to return to normal operation should it already
have been in the hot-standby mode.

NOTE:
The system controller needs to ensure that only one of the power supplies is allowed to enter the hot-standby mode.

Figure 21 shows the achievable power loss savings when using the hot-standby mode operation. A total power loss reduction
of approx. 10 W is achievable.
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Figure 20. Hot-standby enable/disable current thresholds Figure 21. PSU power losses with/without hot-standby mode
PSU1 PSU 2
V1 e -_— \/1
VSB ¢ - \/SB
CS e _— CS
HOTSTANDBYEN_H - = q— HOTSTANDBYEN_H

Figure 22. Recommended hot-standby configuration

8.7 PRESENT_L OUTPUT

The PRESENT_L pin is wired through a 100 Ohms resistor to internal GND within the power supply. This pin does indicate that
there is a power supply present in this system slot. An external pull-up resistor has to be added within the application. Current
into PRESENT_L should not exceed 5 mA to guarantee a low level voltage if power supply is seated.

PSU PDU

! ! Vext
PRESENT L %

1000%

Figure 23. PRESENT_L connection

8.8 SIGNAL TIMING

A 'y

< NANANANN c N NN

Input Input
tac drop2

Vsg ) tvirise Vss tv1 holdy

tacvss tvse rise e L T L p— (L

V1 off
Vi tvse vi del / Vi tac drop1 e
— > PSON_L A >
PSON_L tacvi WK tpwok_H holdup
PWOK_H towoK_H del F B tpwoK_H wam |
Figure 24. AC turn-on timing Figure 25. AC short dijps
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15
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<\ ) NANN e
Input U U U U U Input
v tuss holdup ‘ tvse off V. tpson_L PwoK_H
* tv1 holdup ] s teson L vion tpsoN v1 off
Vi tvi off Vi /ltv1 rise ‘\ v off
,,,,,,,,,,,,,,,,,, / N\
PSON_L tPwoK_H holdup PSON L i tPwoK_H low
PWOK_H tPWOK_H warn I_ PWOK_H tPWOK_H de tPwok_H warn
Figure 26. AC long dips Figure 27. PSON_L turn-on/off timing
DESCRIPTION /
PARAMETER CONDITION MIN NOM MAX UNIT
tac vse AC Line to 90% Vss 1.5 s
tacvr AC Line to 90% V1 PSON_L = Low 1.5 410 s
tvsB vi1 del Vssto V7 delay PSON_L = Low 50 150 1000 ms
tv1 rise Vi rise time See chapter OUTPUT
tvsB rise Vsgrise time See chapter OUTPUT
05 /1 nom, 18 nom 17 ms
tac drop1 AC drop without V7 leaving regulation 0.7 - /1 nom, Is8 nom 13 ms
I norm 158 nom 5 ms
tac dropz AC drop without Vsg leaving regulation 11 nom, 158 nom 70 ms
11 holdup Loss of AC to V7 leaving regulation See chapter INPUT
tvsB holaup Loss of AC to Vssleaving regulation See chapter INPUT
tPWOK H del Outputs in regulation to PWOK_H asserted 100 150 200 ms
Warning time from de-assertion of PWOK_H to V4
LPWORCH warm leaving regulation 0.15 ms
trwok Hrouw ~ Loss of AC to PWOK_H de-asserted Vi nom Hi, 11 nom, 158 nom 10 ms
tPWOK H low Time PWOK_H is kept low after being de-asserted 100 ms
tPSON L V1 on Delay PSON_L active to V7 in regulation Cext=0 mF 5 10 20 ms
tPSON_L V1 off Delay PSON_L de-asserted to I/ disabled 2 4 ms
teson.L pwok +#  Delay PSON_L de-asserted to PWOK_H de-asserted 1 2 ms
tvi off Time V4 is kept off after leaving regulation 1 s
tvsBoff Time Vssis kept off after leaving regulation 1 5
10 At repeated ON-OFF cycles the start-up times may increase by 1s
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8.9 LED INDICATOR

The front-end has one front LED showing the status of the supply. The LED is bi-colored: green and amber, and indicates AC
and DC power presence and warning or fault conditions. 7able 7 lists the different LED status.

OPERATING CONDITION 1 LED SIGNALING
No AC or AC Line in UV condition, Vsgnot present from paralleled power supplies Off
PSON_L High

Blinking Green 1 Hz
Hot-Standby Mode
No AC or AC Line in UV condition, Vss present from paralleled power supplies
Wi or Vs out of regulation
Over temperature shutdown

Solid Amber
Output over voltage shutdown (14 or l&g)
Output over current shutdown (14 or l&g)
Fan error (>15%)
Over temperature warning

Blinking Amber 1 Hz
Minor fan regulation error (>5%, <15%)
Firmware boot loading in process Blinking Green 2 Hz

Out