GE

CP3000/3500AC54TE Global Platform High Efficiency Rectifier
Input: 100-120/200-277 Vac; Default Output: +54 Vdc @ 3000W/3500W; 5 Vdc @ 10W

RoHS Compliant Features

e  Efficiency meets 80plus Titanium requirements
e Compact 1RU form factor with 40 W/in3 density
e  Constant power from 52 - 58Voc

e 3000 or 3500W from nominal 200-277Vac

e 1500W from nominal 100 - 120Vac

e  Output voltage programmable from 42V - 58Vc

e ON/OFF control of the main output
) e Comprehensive input, output and overtemp. protection
M@" e PMBus compliant dual I2C serial bus and RS485
TITANIUM - . .
e Precision measurement reporting such as input power

Applications consumption, input/output voltage & current

e  48Vpc distributed power architectures e  Remote firmware upgrade capable

e Routers/ VolP/Soft and other Telecom Switches e Power factor correction (meets EN/IEC 61000-3-2 and
e LAN/WAN/MAN applications EN 60555-2 requirements)

e File servers, Enterprise Networks, Indoor wireless e Redundant, parallel operation with active load sharing
e SAN/NAS/iSCSI applications e Redundant +5V @ 2A Aux power

e Internally controlled Variable-speed fan

e Hotinsertion/removal (hot plug)

e  Four front panel LED indicators

e UL* Recognized, CAN/ CSAf C22.2 to IEC60950-1,
e CE mark meets 2006/95/EC directive$

e  CBreport available

Description

The CP3000/3500AC54TEP Rectifiers provide significantly higher power density in the same form factor and efficiency
improvements in the Compact Power Line of Rectifiers. The only difference between these rectifiers is output power limit. High-
density front-to-back airflow is designed for minimal space utilization and is highly expandable for future growth. Wide-input
enables the rectifier to be deployed internationally into a wide range of commercially available voltage sources. Configured with
both dual-redundant 12C and RS485 based communications busses, so that it could be positioned into a broad range of
applications. Feature set flexibility makes this rectifier an excellent choice for applications requiring modular AC to - 48Voc
intermediate voltages, such as in distributed power.

* UL is aregistered trademark of Underwriters Laboratories, Inc.

t CSA's a registered trademark of Canadian Standards Association.

¥ VDE is a trademark of Verband Deutscher Elektrotechniker e.V.

§ This product is intended for integration into end-user equipment. All CE marking procedures of end-user equipment should be followed. (The CE mark is placed on
selected products.)

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

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

imagination at work
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a:

CP3000/3500AC54TE Global Platform High Efficiency Rectifier
Input: 100-120/200-277 Vac; Default Output: £54 Vdc @ 3500W; 5 Vdc @ 10W

Absolute Maximum Ratings

Stresses in excess of the absolute maximum ratings can cause permanent damage to the device. These are absolute stress ratings
only, functional operation of the device is not implied at 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 | Symbol | Min | Max Unit
Input Voltage: Continuous Vin 0 300 Vac
Operating Ambient Temperature! Ta -10 75 °C
Storage Temperature Tstg -40 85 °C
I/0 Isolation voltage to Frame (100% factory Hi-Pot tested) 1500 Vac

Electrical Specifications

Unless otherwise indicated, specifications apply over all operating input voltage, Vo=54Voc, resistive load, and temperature
conditions.

INPUT
Parameter
Startup Voltage
Low-line Operation 80 85 90
High-line Operation 185
Operating Voltage Range
Low-line Configuration Uiy 90 100 - 120 140 Vac
High-line Configuration 185 200 - 277 300
Voltage Swell (no damage) 305
Turn OFF Voltage 75 80 85
Hysteresis 5
Frequency Fin 47 66 Hz
Source Impedance (NEC allows 2.5% of source voltage drop inside a 02 0
building) ’
Operating Current; at 110Vac | 15.5 A
at 240Vac w 16 "
Inrush Transient  (220Vkws, 25°C, excluding X-Capacitor charging) Iin 25 40 Apx
Idle Power (at 240Vac, 25°C) 54V OFF P 9 W
54V ON @ lo=0 " 18
Leakage Current (300Vac, 60H2) Iin 2.5 35 mA
Power Factor (50 - 100% load) PF 0.97 0.995
Efficiency?, 240Vac @ 25°C  10% of FL 90
20% of FL 94 %
50% of FL N 9 °
FL 91
Holdup time (output allowed to decay down to 40Voc) T 10 ms
For loads below 1500W 15
Ride through (at 240Vac, 25°C) T 1/2 1 cycle
Power Good Warning®  (main output allowed to decay to 40Voc) PG 3 5 ms
Isolation (per EN60950) (consult factory for testing to this requirement)
Input-Chassis/Signals % 1500 Vac
Input - Output 3000 Vac

1 See the derating guidelines under the Environmental Specifications section
2 Fan disabled, 5V output at 0 load.

3 Internal protection circuits may override the PG signal and may trigger an immediate shutdown. PG should not indicate normal (H1) until the
main output is within regulation. PG should be asserted if the main output is about to shut down for any detectible reason.
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GE

CP3000/3500AC54TE Global Platform High Efficiency Rectifier

Input: 100-120/200-277 Vac; Default Output: £54 Vdc @ 3500W; 5 Vdc @ 10W

Electrical Specifications (continued)

54Voc MAIN OUTPUT

Parameter

Output Power @ low line input 100 - 120Vac

1500

System power up

@ high line input 200 - 277Vac w 3000/3500 Woe
Factory set default set point 54 Voc
Overall regulation (load, temperature, aging) 0 - 45°C LOAD > 2.5A -1 +1 %

> 45°C Vour -2 +2 °
Output Voltage Set Range* - analog margining 44 58 v

- Set either by I2C or RS485 42 58 o
Output Current - @ 1500W (100 - 120Vac), 54V/52V 1 27.8/28.9
@ 3000W (200 - 277Vac), 54V/52V lout 1 55.5/57.8 Aoc
@ 3500W (200 - 277Vac), 54V/52V 1 64.8/67.3
Current Share ( > 50% FL) -5 5 %FL
Proportional Current Share between different rectifiers® ( > 50% FL) <7 %FL
Output Ripple (20MHz bandwidth, load > 1A)
RMS (5Hz to 20MHz) v 100 MVims
Peak-to-Peak (5Hz to 20MHz) ouT 2506 MVpop
Psophometric Noise 97 MVims
External Bulk Load Capacitance Cour 0 5,000 na
Turn-On (monotonic turn-ON from 30 - 100% of Vnom above 5°C)
Delay 5 s
Rise Time - PMBus mode T 100 ms
Rise Time - RS-485 mode? 5 S
Output Overshoot Vour 2 %
Load Step Response ( lostarr > 2.5A)
Al° lout 50 %FL
AV, Vac < 285ac Vour 2.0 Voc
AV, Vac 2 285ac Vour 3.2 Voc
Response Time T 2 ms
Overload - Power limit @ high line down to 52Voc Pour 3000/3500 Woc
Power limit @ low line down to 52Voc Pour 1500 Woc
High line current limit1© if Vou > 39Voc [3000W/3500W] lour 59/68 Aoc
Low line current limit lout 30 Aoc
Output shutdown (commences as voltage decays below this level) Vour 36 Voc

Upon insertion the rectifier will delay an ov

erload shutdown for 20

Immediate shutdown
Latched shutdown

> 65

seconds allowing for the insertion and startup of multiple rectifiers
within a system.
Overvoltage - 200ms delayed shutdown <60
Vour Voc

Three restart

attempts are implemented w
prior to a latched shutdown.

ithin a 1 minute window

Over-temperature warning (prior to commencement of shutdown) 5
Shutdown (below the max device rating being protected) T 20 °C
Restart attempt Hysteresis (below shutdown level) 10

Isolation Output-Chassis  (Standard, non-POE compliant) v 500 Voc
Output-Chassis/Signals (POE compliant per IEEE802.3) 2250 Ve

IS

o

With existing CP platform of rectifiers
500mVp-p max above 280Vac , 300mV,-, max for POE product

o

~

=3

details.
9 di/dt (output current slew rate) 1A/ps.

When Vo > 57Voc or when Vi > 270Vac and Vo < 48Voc power derating starts at 50°C

Complies with ANSI T1.523-2001 section 4.9.2 emissions max limit of 20mV flat unweighted wideband noise limits
Below -5°C, the rise time is approximately 5 minutes to protect the bulk capacitors. Rise time can be changed to 100ms, contact factory for

10 Above 280Vac the current limit reduces to 50A when Vour < 45Voc and to 25A when Vour < 45Voc and Tawe > 55C.
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CP3000/3500AC54TE Global Platform High Efficiency Rectifier
Input: 100-120/200-277 Vac; Default Output: £54 Vdc @ 3500W; 5 Vdc @ 10W

5Voc Auxiliary output

Parameter Symbol Min Typ Max Unit

Output Voltage Setpoint Vour 5 Voc
Overall Regulation -3 +3 %
Output Current 0.005 2 A
Ripple and Noise (20mHz bandwidth) 50 100 mVp-p
Over-voltage Clamp 7 Voc
Over-current Limit 110 175 %FL

The 5Voc should be ON before availability of the 54Voc main output and should turn OFF only if insufficient input voltage exists to
provide reliable 5Voc power. The PG# signal should have indicated a warning that power would get turned OFF and the 54Voc main
output should be OFF way before interruption of the 5Voc output.

General Specifications

Parameter | Min | Typ | Max | Units | Notes
Service Life 10 Years Full load, excluding fans
Unpacked Weight 2.18/4.8 Kgs/Lbs
Packed Weight 2.45/5.4 Kgs/Lbs
Heat Dissipation 190 Watts or 648 BTUs @ 80% load, 250 Watts or 853 BTUs @ 100% load

Signal Specifications

Unless otherwise indicated, specifications apply over all operating input voltage, resistive load, and temperature conditions. Signals are referenced
to Logic_GRD unless noted otherwise. Fault, PG#, OTW, Alert, SCL, SDA need to be pulled HI by external pull-up resistors. Max sink current: 5mA

Parameter | Symbol | Min | Typ | Max | Unit

ON/OFF 54V output OFF Vour 0.7Voo — 5 Voc
54V output ON (should be connected to Logic_GRD) Vour 0 — 0.5 Voc

Margining (through adjusting Vprog) 44 58 Voc

Voltage control range Veontrol 0 33 Voc
Programmed output voltage range Vour 44 58 Voc
Voltage adjustment resolution (8-bit A/D) Veontrol 33 mVoc
Output configured to 54Voc Veontrol 3.0 3.3 Voc
Output configured to 44Voc Veontrol 0 0.1 Voc
AV £ 10Voc, settling time to new value! Teontrol 150 200 ms

Interlock [short pin shorted to VOUT( - ) on system side]

Module Present [short pin shorted to Logic_GRD internally]

Over Temperature Warning (OTW#) Logic HI (temperature normal) v 0.7Voo — 12 Voc
Sink current [note: open collector output FET] I — — 5 mA
Logic LO (temperature is too high) v 0 — 0.4 Voc

Power Good (PG) Logic HI (normal) [ open collector output FET} v 0.7Vop — 12 Voc
Logic LO (temperature is too high) v 0 — 0.4 Voc

Protocol select  Logic HI - Analog/PMBus™ mode Vi 2.7 — 35 Voc

Logic - intermediate - R5485 mode Vi 1.0 2.65 Voc
Logic LO - DSP reprogram mode Vie 0 — 0.4 Voc
Fault# Logic HI (No fault is present) v 0.7Voo — 12 Voc
Logic LO (Fault is present) v 0 — 0.4 Vioc

Alert# (Alert#_0, Alert#_1) Logic HI (No Alert - normal) v 0.7Vop — 12 Vioc
Logic LO (Alert# is set) v 0 — 0.4 Voc

SCL, SDA (SCL_0/1, SDA_0/1) Logic HI vV 0.7Voo — 12 Voc
Logic LO (Alert# is set) v 0 — 0.4 Voc

11 Reducing the output voltage may take longer at light load due to capacitive discharge
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GE

CP3000/3500AC54TE Global Platform High Efficiency Rectifier
Input: 100-120/200-277 Vac; Default Output: £54 Vdc @ 3500W; 5 Vdc @ 10W

Digital Interface Specifications

Parameter Conditions
PMBus Signal Interface Characteristics??
Input Logic High Voltage (CLK, DATA) v 15 36 Voc
Input Logic Low Voltage (CLK, DATA) Y 0 0.8 Voc
Input high sourced current (CLK, DATA) I 10 HA
Output Low sink Voltage (CLK, DATA, ALERT#) lour=3.5mA % 0.4 Voc
Output Low sink current (CLK, DATA, ALERT#) I 3.5 mA
gtjég#;t)l-hgh open drain leakage current (CLK,DATA, Vour=3.6V | 0 10 VA
PMBus Operating frequency range Slave Mode FPMB 10 400 kHz
Measurement System Characteristics
Clock stretching Tstretch 25 ms
lour measurement range Ing 0 80 Aoc
lour measurement accuracy 25°C > 1288 loutiace) i + %o FL
<12.8A 5 5 %
lour measurement accuracy 0 - 40°C13 >12.8A loutiac) -2 +2 % of FL
Vour measurement range Voutimg) 0 70 Voc
Vour measurement accuracy4 Voutlacel -1 +1 %
Temp measurement range Tempimng 0 150 °C
Temp measurement accuracy?!s Tempiaca) -4 +4 °C
Vin measurement range Vinirng) 0 320 Vac
Vin > 120Vac -1.25 +1.25
Vin measurement accuracy @ 25°C Vi < 120Vac Vintacel 2 > %
In measurement range lin(rng) 0 30 lac
e e FE 4| wan
!IN measurement accuracy - > 1A lnoca -2.5 2.5 %
improved measurement @ 25°C <1A -400 400 mA
Pin measurement range Pinirng) 0 4000 Win
P measurement accuracy - > 350W p. -5 +5 %
standard measurement @ 25°C < 350W ioc] 35 50 w
P measurement accuracy - > S00W L ! L %
improved measurement @ 25°C 100 - 500W Pinlace) -2.0 15 +2.0 %
< 100W -20 15 20 W
Fan Speed measurement range 0 30k RPM
Fan Speed measurement accuracy -10 10 %
Fan speed control range 0 100 %

12 Clock, Data, and Alert# need to be pulled up to Voo externally.
13 Below 20% of FL; 10 - 20% of FL: +0.64A; 5 - 10% of FL: +0.45A; 2.5 - 5% of FL: +0.32A.
4 Above 2.5A of load current

15 Within 30° of the default warning and fault levels.
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GE

Environmental Specifications

Data sheet

CP3000/3500AC54TE Global Platform High Efficiency Rectifier
Input: 100-120/200-277 Vac; Default Output: £54 Vdc @ 3500W; 5 Vdc @ 10W

Parameter Min Typ Max Units Notes
Ambient Temperature -4016 5517 °C Air inlet from sea level to 5,000 meters.
Exhaust Air Temperature 15 °C Maximum allowed internal temperature rise
Storage Temperature -40 85 °C

Operating Altitude 5000/16400 m/ ft

Non-operating Altitude 8200/30000 m/ ft

Power Derating with Temperature 2.0 %/°C 55°Cto 75°C

Acoustic noise 55 dbA Full load

Over Temperature Protection 125/11 oC Shutdown / restart [internally measured

0 points]

Humidity
Operating 5 95 % Relative humidity, non-condensing
Storage 5 95 %

Shock and Vibration acceleration 2.4 Grms IPC-95928, Class I

EMC

stondard

Conducted emissions | EN55022, FCC Docket 20780 part 15, subpart J A +6dB 0.15 - 30MHz
Meets Telcordia GR1089-CORE by a 3dB margin
AC input?® Radiated emissions EN55022 A +6dB 30 - 10000MHz
Line harmonics EN61000-3-2 Table 1 0 -2 KHz
THD (230V, FL, 25°C) 5%
Parameter Measurement Standard Criteria®?
Line sags and EN61000-4-11 B -30%, 10ms
interruptions B ~60%. 100ms
B -100%, 5sec
i Output will stay above 40Voc @ 75% load A 25% line sag for 2 seconds
Immuan::y Sag must be higher than 80Vrms. 1 cycle interruption
Lightning surge EN61000-4-5, Level 4, 1.2/50ps - error free A 4kV, common mode
A 2kv, differential mode
ANSI C62.41 - level A3 B 6kV, common & differential
Fast transients EN61000-4-4, Level 3 B 5/50ns, 2kV (common mode)
Conducted RF fields EN61000-4-6, Level 3 A 130dBpV, 0.15-80MHz, 80% AM
Enclosure Radiated RF fields EN61000-4-3, Level 3 A 10V/m, 80-1000MHz, 80% AM
immunity ENV 50140 A
ESD EN61000-4-2, Level 4 B 8kV contact, 15kV air

16 Designed to start and work at an ambient as low as -40°C, but may not meet operational limits until above -5°C

17 At 277V input line operation the maximum ambient is reduced to 50°C. See operational limitations in other sections of this document
18 Emissions requirements can be verified using either the J2007001 or J85480 GE shelf. Standalone the additional margin is not required.

19 Criteria A: The product must maintain performance within specification limits. Criteria B: Temporary degradation which is self recoverable.
Criteria C: Temporary degradation which requires operator intervention.
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GE

Data sheet

CP3000/3500AC54TE Global Platform High Efficiency Rectifier
Input: 100-120/200-277 Vac; Default Output: £54 Vdc @ 3500W; 5 Vdc @ 10W

Characteristic Curves
The following figures provide typical characteristics for the CP3500AC54TE rectifier and 25°C.
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Figure 1. Rectifier Efficiency versus Output Current.

60
58
56
54
52
50
48
46
44
42
40

OUTPUT VOLTAGE

25

26 27 28 29 30
OUTPUT CURRENT

Figure 3. 54Vpc output: Power limit, Current limit and
shutdown profile at Vin= 90Vac.
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CP3000/3500AC54TE Global Platform High Efficiency Rectifier
Input: 100-120/200-277 Vac; Default Output: £54 Vdc @ 3500W; 5 Vdc @ 10W

Characteristic Curves (continued)
The following figures provide typical characteristics for the CP3500AC54TE rectifier and 25°C.
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Figure 7. Transient response 54Voc load step 10 - 60%, Figure 8. Transient response 54Voc load step 10 - 60%,
Slew rate: 1A/ps, Vin= 230Vac Slew rate: 1A/ps, Vin= 230Vac.
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CP3000/3500AC54TE Global Platform High Efficiency Rectifier
Input: 100-120/200-277 Vac; Default Output: £54 Vdc @ 3500W; 5 Vdc @ 10W

Characteristic Curves (continued)
The following figures provide typical characteristics for the CP3500AC54TE rectifier and 25°C.
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GE

CP3000/3500AC54TE Global Platform High Efficiency Rectifier
Input: 100-120/200-277 Vac; Default Output: £54 Vdc @ 3500W; 5 Vdc @ 10W

Timing diagrams

Response to input fluctuations
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T1 - ride through time - 0.5 to 1 cycles [ 10 - 20ms] Vout remains within regulation - load dependent

T2 - hold up time - 15ms - Vour stays above 40Voc

T3 - delay time - 10s - from when the AC returns within regulation to when the output starts rising in 12C mode

T4 - rise time - 120ms - the time it takes for Vour to rise from 10% to 90% of regulation in 12C mode

T5 - power good warning - 3ms - the time between assertion of the PG signal and the output decaying below 40Vpc.

T6 - hold up time of the SVAUX output @ full load - 1s - from the time AC input failed

T7 - rise time of the 5VAUX output - 3.65ms - 5VAUX is available at least 450ms before the main output is within regulation
Blinking of the input/AC LED - Vin < 80Vac (the low transitioned signal represents blinking of the input LED.
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GE

CP3000/3500AC54TE Global Platform High Efficiency Rectifier
Input: 100-120/200-277 Vac; Default Output: £54 Vdc @ 3500W; 5 Vdc @ 10W

Control and Status

The Rectifier provides three means for monitor/control:
analog, PMBus™, or the GE Galaxy-based R5485 protocol.

Details of analog control and the PMBus™ based protocol
are provided in this data sheet. GE will provide separate
application notes on the Galaxy RS485 based protocol for
users to interface to the rectifier. Contact your local GE
representative for details.

Control hierarchy: Some features, such as output voltage,
can be controlled both through hardware and firmware. For
example, the output voltage is controlled both by a signal
pin (Vprog) and firmware (Vout_command; 0x21).

Using output voltage as an example, the Vprog signal pin
voltage level sets the output voltage if its value is

< 3Voc. (see the Vprog section). When the programming
signal Vprog is either a no connect or > 3Voc, the output
voltage is set at the default value of 54Voc.

The signal pin controls the feature it is configuring until a
firmware command is executed. However, once the
firmware command has been executed, the signal pin is
ignored. In the above example, the rectifier will no longer
‘listen’ to the Vprog pin if the Vout_command has been
executed.

In summary, signals such as Vprog are utilized for setting
the initial default value and for varying the value until
firmware based control takes over. Once firmware control is
executed, hardware based control is relinquished so the
processor can clearly decide who has control.

Analog controls: Details of analog controls are provided in
this data sheet under Feature Specifications.

Signal Reference: Unless otherwise noted, all signals are
referenced to Logic_GRD. See the Signal Definitions Table at
the end of this document for further description of all the
signals.

Logic_GRD is isolated from the main output of the rectifier
for PMBus communications. Communications and the 5V
standby output are not connected to main power return
(Vout(-)) and can be tied to the system digital ground point
selected by the user. (Note that RS485 communications is
referenced to Vout(-), main power return of the rectifier).

Logic_GRD is capacitively coupled to Frame_GRD inside the
rectifier. The maximum voltage differential between
Logic_GRD and Frame_GRD should be less than 100Voc.

bits, up to sixteen (16) rectifiers can be independently
addressed on a single 12C bus. These four bits are configured
by two signal pins, Unit_ID and Rack_ID. The least
significant bit x (LSB) of the address byte is set to either
write [0] or read [1). A write command instructs the rectifier.
A read command accesses information from the rectifier.

Address Bit Assignments
(Most to Least Significant)

Device | Address

P 40 - 4F

7
1

Broadcast 00 0|0|0|0O]| O 0 0|0
M

Unit_ID: Up to 10 different units are selectable.

A voltage divider between 3.3V e poner sy
and Logic_GRD configures Unit_ID. 3:3vde
Internally a 10kQ resistor is pulled
up to 3.3VDC. A pull down resistor 10k
Rs needs to be connected between
pin Unit_ID and Logic_GRD. Unit_ID
Rs
Logic_GRD
Unit_ID Voltage level Rs (+ 0.1%)
Invalid 3.30

1 3.00 100k

2 2.67 453k

3 2.34 24.9k

4 2.01 15.4k

5 1.68 10.5k

6 1.35 7.15k

7 1.02 4,99k

8 0.69 2.49k

9 0.36 1.27k

10 0 0

Rack_ID: Up to 8 different combinations are selectable.

. Inside power supply
A voltage divider between

5Voc and Logic_GRD

configures Rack_ID. The
10k-20kQ divider sets the 10k
initial voltage level to 3.3Voc.

5vdc

Control Signals A switch between each Rs o
o . ) " value changes the Rack_ID

Protocol: This signal pin defines the communications mode g i Rs 20k

X i ) level according to the table
setting of the rectifier. Two different states can be below
configured. State #1 is the 12C application in which case the ' | Logie 6RO
protocol pin should be left a no-connect. State #2 is the
RS485 mode application in which case a resistor value
between 1kQ and 5kQ should be present between this pin
and Vout ( -).
Device address in 12C mode: Address bits A3, A2, A1, AO set
the specific address of the pP in the rectifier. With these four
July 22,2016 ©2016 General Electric Company. All rights reserved. Page 11
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Rack_ID Voltage level Rs (+ 0.1%)

1 3.3 open
2 2.8 35.2k
3 2.3 15k
4 18 8k

5 14 4,99k
6 1 2.87k
7 0.5 1.27k
8 0 0

Configuration of the A3 - A0 bits: The rectifier will
determine the configured address based on the Unit_ID and
Rack_ID voltage levels as follows (the order is A3 - AQ):

0000 0001 0010 | 0011

0100 0101 0110 | 0111

1000 1001 1010 | 1011

1100 1101 1110 | 1111

Rack_ID

0000 0001 0010 | 0011 | 0100

0101 0110 0111 | 1000 | 1001

oINS | W|IN| =

1010 1011 1100 | 1101 | 1110

UnitxRack: 4x4and5x3

Unit_ID

0000 0001

0010 0011

0100 0101

0110 0111 0000 | 0001 | 0010

HECKER 1000 | 1001 | 0011 | 0100 | 0101

1010 1011 0110 | 0111 | 1000

1100 1101 1001 | 1010 | 1011

1110 1111 1100 | 1101 | 1110

Unitx Rack: 2x8and3x5

Address detection: The Slot_ID pin must be shorted to
Vout(-) in order to deliver output power. This connection
provides a second interlock feature. (In RS485 mode the
slot_ID resistance to Voutl-) is sufficient to sense the
interlock feature)
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Device address in RS485 mode: The address in RS485 mode
is divided into three components; Bay_ID, Slot_ID and
Shelf_ID

Bay_ID: The Unit_ID definition in 12C mode becomes the bay
id in RS485 mode.

Slot_ID: Up to 10 different rectifiers could be positioned
across a 19” shelf if the rectifiers are located vertically within
the shelf. The resistor below needs to be placed between
Slot_ID and Vout (- ). Internal pull-up to 3.3V is 10kQ.

Slot |Resistor Voltage Slot | Resistor | Voltage

invalid none 3.3V 6 7.15k 1.35V
1 100k 3V 7 499k 1.02V
2 45.3k 2.67V 8 2.49k 0.69V
3 24,9k 2.34V 9 1.27k 0.36V
4 15.4k 2.01V 10 0 0
5 10.5k 1.68V

Shelf_ID: When placed horizontally up to 10 shelves can be
stacked on top of each other in a fully configured rack. The
shelf will generate the precision voltage level tabulated
below referenced to Vout ( - ).

Shelf | Vmin Vnom
1 2.3 2.5 2.7
2 4.7 5.0 53
3 7.4 7.5 7.6
4 9.5 10.0 10.5
5 118 125 13.2
6 14.2 15.0 15.8
7 16.6 175 184
8 19 20.0 21
9 213 22.5 23.6
10 23.8 25.0 26.3

Global Broadcast: This is a powerful command because it
instruct all rectifiers to respond simultaneously. A read
instruction should never be accessed globally. The rectifier
should issue an ‘invalid command’ state if a ‘read’ is
attempted globally.

For example, changing the ‘system’ output voltage requires
the global broadcast so that all paralleled rectifiers change
their output simultaneously. This command can also turn
OFF the ‘main’ output or turn ON the ‘main’ output of all
rectifiers simultaneously. Unfortunately, this command
does have a side effect. Only a single rectifier needs to pull
down the ninth acknowledge bit. To be certain that each
rectifier responded to the global instruction, a READ
instruction should be executed to each rectifier to verify that
the command properly executed. The GLOBAL BROADCAST
command should only be executed for write instructions to
slave devices.

Voltage programming (Vprog): Hardware voltage
programming controls the output voltage until a software
command to change the output voltage is executed.
Software voltage programming permanently overrides the
hardware margin setting and the rectifier no longer listens
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to any hardware margin settings until power to the
controller is interrupted, for example if input power or bias
power is recycled.

When bias power is recycled to the controller the controller
restarts into its default configuration, programmed to set
the output as instructed by the Vprog pin. Again, subsequent
software commanded settings permanently override the
margin setting. As an example, adding a resistor between
Vprog and Logic_GRD is an effective way of changing the
factory set point of the rectifier to whatever voltage level is
desired by the user during initial start-up.

The Vprog pin level should be set by a divider from 3.3Vdc to
Logic_GRD external to the rectifier as shown in the graph.
Programming can be accomplished either by a resistor
divider or by a voltage source injecting a precision voltage
level into the Vprog pin. Above 3Vdc the rectifier sets the
output to its default state.

An analog voltage on this signal can vary the output voltage
from 44Vdc to 58Vdc.

58

54

46
44

Output Setpoint (Vdc)

Vprog (Vdc) 30

Factory default setting driven by Vprog

Load share (Ishare): This is a single wire analog signal that
is generated and acted upon automatically by rectifiers
connected in parallel. Ishare pins should be connected to
each other for rectifiers, if active current share among the
rectifiers is desired. No resistors or capacitors should get
connected to this pin.

ON/OFF: Controls the main 54Voc output when either
analog control or PMBus protocols are selected, as
configured by the Protocol pin. This pin must be pulled low
to turn ON the rectifier. The rectifier will turn OFF if either the
ON/OFF or the Interlock pin is released. This signal is
referenced to Logic_GRD. Note that in R5485 mode this pin
is ignored.

Interlock: This is a shorter pin utilized for hot-plug
applications to ensure that the rectifier turns OFF before the
power pins are disengaged. It also ensures that the rectifier
turns ON only after the power pins have been engaged.
Must be connected to V_OUT ( - ) for the rectifier to be ON.

8V_INT: Single wire connection between rectifiers, Provides
bias to the DSP of an unpowered rectifier.
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Status Signals

Module Present: This signal is tied to Logic_GRD inside the
rectifier. It's intent is to provide a signal to the system that a
rectifier is physically present in the slot.

Power Good Warning (PG#): This signal is Hl when the
main output is being delivered and goes LO if the main
output is about to decay below regulation. Note that should
a catastrophic failure occur, the signal may not be fast
enough to provide a meaningful warning. PG# also pulses
at a 1ms duty cycle if the unit is in overload.

Fault#: A TTL compatible status signal representing
whether a Fault occurred. This signal needs to be pulled HI
externally through a resistor. This signal goes LO for any
failure that requires rectifier replacement. These faults may
be due to:

® Fan failure

® Over-temperature shutdown
® Over-voltage shutdown

® |nternal Rectifier Fault

Over temp warning (OTW#): A TTL compatible status signal
representing whether an over temperature exists. This signal
needs to be pulled HI externally through a resistor.

If an over temperature should occur, this signal would pull
LO for approximately 10 seconds prior to shutting down the
rectifier. In its default configuration, the unit would restart if
internal temperatures recover within normal operational
levels. At that time the signal reverts back to its open
collector (HI) state.

Power_CAP: This signal is Hl when the main output is 3000w
and goes LO when the main output is 1400w.

Serial Bus Communications

The 12C interface facilitates the monitoring and control of
various operating parameters within the unit and transmits
these on demand over an industry standard 12C Serial bus.

All signals are referenced to ‘Logic_GRD'".

Pull-up resistors: The clock, data, and Alert# lines do not
have any internal pull-up resistors inside the rectifier. The
customer is responsible for ensuring that the transmission
impedance of the communications lines complies with 12C
and SMBus standards.

Serial Clock (SCL): The clock pulses on this line are
generated by the host that initiates communications across
the 12C Serial bus. This signal needs to be pulled HI externally
through a resistor as necessary to ensure that rise and fall
time timing and the maximum sink current is in compliance
to the 12C /SMBus specifications.

Serial Data (SDA): This line is a bi-directional data line. This
signal needs to be pulled HI externally through a resistor as
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necessary to ensure that rise and fall time timing and the
maximum sink current is in compliance to the 12C /SMBus
specifications.

SMBUSAlert#: This hardware signal pin is normally HI.
When asserted (logic LO) it signifies to the system controller
that the state of the power supply has changed or that
communication errors occurred.

The SMBusAlert# line exciting the rectifier combines the
Alert# functions of rectifier control and dual_bus_control.

Digital Feature Descriptions

PMBus™ compliance: The rectifier is fully compliant to the
Power Management Bus (PMBus™) rev1.2 requirements. This
Specification can be obtained from www.pmbus.org.

‘Manufacturer Specific’ commands are used to support
additional instructions that are not in the PMBus™
specification.

All communication over the PMBus interface 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 rectifier.

Non-volatile memory is used to store configuration settings.
Not all settings programmed into the device are
automatically saved into this non-volatile memory. Only
those specifically identified as capable of being stored can
be saved. (see the Table of Commands for which command
parameters can be saved to non-volatile storage).

Non-supported commands: Non supported commands are
flagged by setting the appropriate STATUS bit and issuing an
Alert# to the ‘host’ controller.

If a non-supported read is requested the rectifier will return
0x00h for data.

Data out-of-range: The rectifier validates data settings and
sets the data out-of-range bit and Alert# if the data is not
within acceptable range.

Master/Slave: The ‘host controller’ is always the MASTER.
Rectifiers are always SLAVES. SLAVES cannot initiate
communications or toggle the Clock. SLAVES also must
respond expeditiously at the command of the MASTER as
required by the clock pulses generated by the MASTER.

Clock stretching: The ‘slave’ pController inside the rectifier
may initiate clock stretching if it is busy and it desires to
delay the initiation of any further communications. During
the clock stretch the ‘slave’ may keep the clock LO until it is
ready to receive further instructions from the host controller.
The maximum clock stretch interval is 25ms.
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The host controller needs to recognize this clock stretching,
and refrain from issuing the next clock signal, until the clock
line is released, or it needs to delay the next clock pulse
beyond the clock stretch interval of the rectifier. Note that
clock stretching can only be performed after completion of
transmission of the 9t ACK bit, the exception being the
START command.

J85480 List 29 shelf CP2725ACS4

159 ps LeCroy ‘ Ch1 SDA_0
1.0 W Ch2 SCL_0
| ‘ lout 0A
A start 1117 09:09:59
==j { date stamp
g A
| ——— = Clock
|| T T T Stretch

Figure 15. Example waveforms showing clock stretching.

12C Bus Lock-Up detection: The device will abort any
transaction and drop off the bus if it detects the bus being
held low for more than 35ms.

Communications speed: Both 100kHz and 400kHz clock
rates are supported. The recti