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TECHNICAL REFERENCE DOCUMENT: DESIGN & APPLICATION GUIDELINES
Operating Information

Input Voltage

The input voltage range 40 to 60 V (dc) meets the requirements for normal input voltage range in 54 V
systems, 40V to 60 V.

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

Turn on and off input voltage

The product monitors the input voltage and will turn on and turn off at configured thresholds (see Electrical
Specification). The turn-on input voltage threshold, defined by command VIN_ON (0x35), is set higher than
the corresponding turn-off threshold, defined by command VIN_OFF (0x36). Hence, there is a hysteresis
between turn-on and turn-off input voltage levels.

Input voltage transient

The end-user must secure that the transient voltage will not exceed the value stated in the Datasheet
under Absolute maximum ratings of each product.

Input and Output Impedance

The impedance of both the input source and the load will interact with the impedance of the product. It is
important that the input source has low characteristic impedance. The electrolytic capacitors will be
degraded in low temperature. The needed input capacitance in low temperature should be equivalent to
minimum recomended input and output capacitance at 20 °C. The performance in some applications
can be enhanced by addifion of external capacitance as described under External decoupling
capacitors . If the input voltage source contains significant inductance, the addition of a low ESR ceramic
capacitor of 22 — 100 uF capacitor across the input of the product will ensure stable operation. The
minimum required capacitance value depends on the output power and the input voltage. The higher
output power the higher input capacitance is needed.
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External decoupling capacitors

When powering loads with significant dynamic current requirements, the voltage regulation at the point of
load can be improved by addifion of decoupling capacitors at the load.

The most effective technique is to locate low ESR ceramic and electrolytic capacitors as close to the load
as possible, using several parallel capacitors to lower the effective ESR. The ceramic capacitors will handle
high-frequency dynamic load changes while the electrolytic capacitors are used to handle low frequency
dynamic load changes. It is equally important to use low resistance and low inductance PCB layouts and
cabling.

Enabling Output Voltage

The output voltage is confrolled by the EN pin and/or the PMBus command OPERATION, depending on the
settings of the standard PMBus command ON_OFF_CONFIG. By default the output voltage is enabled by
the EN pin using active high logic as default (OPERATION is ignored).

The EN pin in an open collector circuit without internal pull up or down resistor. The external resistor or
conftrol circuit must be able to pull EN pin voltage down below logic low threshold level (see Electrical
Characteristics).

Soft-start

Once enabled, the output voltage willramp up to a 8:1 ratio of the input voltage. The ramp up is
conftrolled monotonic and performed in three steps:

1. FETs start switching at minimum Duty cycle and switching frequency and updated based on Vout/
Vin ratio with low energy transfer. The ramp is monitored to detect short circuits on the output.

2. The output voltage confinues ramping up by increasing the switching frequency to nom.

3. Approaching the end of the soft start, the duty cycle is slowly increasing the duty cycle to nom.

Ramp up waveform
Soft-stop can be disabled through the PMBus command ON_OFF_CONFIG (0x02).

The BMR 323 start-up sequence does not allow to load the module during startup. To fully load the BMR323
the contoller should have initiated a Power Good signal. The startup tfime is input voltage and output
capacitor dependant, for the maximum allowed output capacitance (see Electrical Specification).

Note: The soft-start sequence can not be changed by the user.
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Over temperature protection (OTP)

The product is protected from thermal overload by an internal over temperature shutdown function. The
femperature sensor is located to provide a temperature representative of the module hot spot, see section
Thermal Considerations in the datasheet.

The temperature is continuously monitored and when the temperature rises above the configured fault
threshold level the product will respond as configured. The product can respond in several ways as follows:

1. Immediate shutdown of output voltage until the output voltage is re-enabled (latch). Defaul setting.
2. Ignore fault and continue operation. Not recomended.

The default OTP limit is specified in section Electrical Characteristics in the datasheet. The OTP fault and
warning limits and response are configured using the PMBus commands OT_FAULT_LIMIT(Ox4F),
OT_WARN_LIMIT(0x51) and OT_FAULT_RESPONSE(0x50).

Input Voltage Protections (IUVP, IOVP)

The product monitors the input voltage contfinuously. If the output voltage is enabled, and the input
voltage falls below or rises above the configured threshold levels (see Electrical Specification) the product
will respond as configured. The response can be configured in different ways:

1. Immediate shutdown of output voltage until the output voltage is re-enabled (latch). Defaul setting.
2. Ignore fault and continue operation. Not recomended.

The limits and fault responses are configured using the PMBus commands:
VIN_UV_WARN_LIMIT(0x58), VIN_UV_FAULT_LIMIT(0x59), VIN_UV_FAULT_RESPONSE(Ox5A),
VIN_OV_WARN_LIMIT(0x57), VIN_OV_FAULT_LIMIT(0x55), VIN_OV_FAULT_RESPONSE(0x56).

Output Voltage Protections (UVP, OVP)

The product includes functionality for under and over voltage warnings and protection of the output
voltage. The product can be configured to respond in different ways when the UVP/OVP fault limit is
passed:

1. Immediate shutdown of output voltage until the output voltage is re-enabled (latch). Defaul setting.
2. Ignore fault and continue operation. Not recomended.

The limits and fault responses are configured using the PMBus commands:
VOUT_UV_WARN_LIMIT(0x43), VOUT_UV_FAULT_RESPONSE(0x45), VOUT_UV_FAULT_LIMIT(Ox44),
VOUT_OV_WARN_LIMIT(0x42), VOUT_OV_FAULT_RESPONSE(0x41), VOUT_OV_FAULT_LIMIT(0x40).

For more information, see Technical Reference Document: PMBUS.

Pre-bias start-up

The product has a pre-bias start up functionality and will not sink current during start up if a pre-bias source
is present at the output terminals. If the pre-bias voltage is lower than the target value, the product will
ramp up o the target value.
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Power supply sequencing and module enabling
The module should only be started using this defined sequences.
1. VCC, VIN and lastly EN.

It is vital that the time from where VCC is applied to when VIN/EN is activated is minimum 50ms. This timing
is important in order to allow the controller to start the module.

Over current protection (OCP)

The product includes robust current limiting functionality for protection at overload at continous operation
as well as tfransients over current protections. The over current protection and its fault response can be
configured using Flex Power Designer software. For more information, see Technical Reference Docu-
ment: PMBuUs.

The OCP functions can be divided into three parts.

1. Fast OCP, MFR_IOUT_OC_FAST_FAULT_LIMIT (OxD1).

2. OCP, IOUT_OC_FAULT_LIMIT (Ox46).

3. A Moving Average, MFR_IOUT_AVG_OC_FAULT_LIMIT (0xDO0), see figure below.
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Short circuit protection

During soft start the output voltage ramp is continuously monitored to detect a short circuit on the output.
If the output voltage is noft rising as expected, switching will stop and raise Startup OC fault. When there is
a short circuit during operation, the module is protected by Over Current Protection.

Power good

The power good pin (PG) indicates when the product is ready to provide output voltage to the load. After
initialization, the PG pin is asserted low (open drain) unfil the output voltage is enabled and the soft-start
procedure has finalized. The product also provides a power good flag in the STATUS_WORD command
that indicates the output voltage is within a specified tolerance of its target level and no-fault condition
exists.

By default, the PG pin is configured as open drain oufput, but it is also possible to set the output in push/
pull mode by the command MFR_MULTI_PIN_CONFIG (0xF?). The polarity is by default configured to active
high, the polarity of PG can be set to active low using the command FW_CONFIG_PMBUS (0xC9).

Note on PG pin:
It is not recommended to use push-pull when paralleling PG-pins.

Peak power considerations

The DC/DC converter has a peak power level warning in the datasheet. This in order to handle higher
power than the thermal design power (TDP) for the converter. The Peak power level is also set in consider-
ation of overshoot from a fast transient, tested from 0 to peak current with a specified di/dt. Thus a higher
peak power, up to few standard OCP level, can be achieved but for a shorter period of time. Faster di/dt
and higher peak load than specified, might cause current overshoot resulting in OCP fault.

For further assistance, contact your local Flex Power Modules’ representative or email us fo
pm.info@flex.com

Switching frequency

The product is optimized at the frequency given in the Dafasheet under part 1- Electrical Specification.
The frequency can not be changed by the user. Please contact your local Flex Power Modules FAE for
more details.

Multi pin configurations

The MFR_MULTI_PIN_CONFIG (0xF?) command can be re-configured using the PMBus interface to enable
or disable different functions and set the pin configuration of the digital header.

For more information, see Technical Reference Document: PMBUS.
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Output ripple and noise

Output ripple and noise measured according to figure below using evaluation board ROA 170286.
See Design Note 022 for detailed information
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Output ripple and noise test setup

Non-Volatile Memory (NVM)

The product incorporates two Non-Volatile Memory areas for storage of the PMBus command values; the
Default NVM and the User NVM. The Default NVM is pre-loaded with Flex factory default values. The De-
fault NVM is write-protected and can be used to restore the Flex factory default values through the com-
mand RESTORE_DEFAULT_ALL (0Ox12).

The User NVM is pre-loaded with Flex factory default values. The User NVM is writable and open for customi-
zation. The values in NVM are loaded during initialization according to section Initialization Procedure,
where after commands can be changed through the PMBus Interface.

The module contains a one-time programmalble memory (OTP) used to store configuration settings, which
will not be programmed into the device OTP automatically. The STORE_USER_ALL(Ox15) commands must be
used to commit the current settings are fransferred from RAM to OTP as device defaults.

Note: The one-time programmable memory (OTP) has limited storing fimes, frequent use of
STORE_USER_ALL command can lead to memory space exhaustion.

Parallel operation

Two or more products may be paralleled for redundancy. The products provide output voltage droop
resistance in secondary fransformer winding, which enables direct paralleling. To achieve optimum opera-
fion when paralleling modules, it is important to ensure the same PCB routing path resistances between the
input ferminals and merged output terminals. The output voltage will decrease with increased load
current. This feature allows the product to be connected in parallel and share current within 10% accuracy
at max output power. This means that up to 0% of max rated current from each module can be utilized.

In applications with several modules in parallel, the PG signal of all modules should be connected
together. Further, load shall not be applied unless PG signal is high (= all modules have successfully ramped

up).

For further information please contact your local Flex Power Modules’ representative or email us at
pm.info@flex.com.
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Power management
PMBUS overview

This product is equipped with a PMBus interface. The product incorporates a wide range of readable and
configurable power management features that are simple to implement with a minimum of externall
components. Additionally, the product includes protection features that continuously safeguard the load
from damage due to unexpected system faults. The following product parameters can continuously be
monitored by a host: Input voltage, output voltage/current and internal femperature.

The product is delivered with a default configuration suitable for a wide range operation in terms of input
voltage, output voltage, and load. The configuration is stored in an internal Non-Volatile Memory (NVM). All
power management functions can be reconfigured using the PMBus interface.

Throughout this document, different PMBus commands are referenced. The Flex Power Designer software
suite can be used to configure and monitor this product via the PMBus interface. More information is found
on our website.

SMBus interface

This product provides a PMBus digital interface that enables the user to configure many aspects of the
device operation as well as fo monitor the input and output voltages, output current and device
temperature. The product can be used with any standard two-wire 12C (master must allow for clock
stretching) or SMBus host device. In addition, the product is compatible with SMBus version 3.0 and includes
an SALERT line to help mitigate bandwidth limitations related to continuous fault monitoring. The product
supports 100 kHz and 400 kHz bus clock frequency only. The SMBus signals, SCL, SDA and SALERT require
passive pull-up resistors as stated in the SMBus Specification. Pull-up resistors are required to guarantee the
rise fime as follows:

TszCpS] MS

where Rp is the pull-up resistor value and Cp is the bus load. The maximum allowed bus load is 400 pF. The
pull-up resistor should be tied to an external supply between 2.7 to 3.8 V, which should be present prior to
or during power-up. If the proper power supply is not available, voltage dividers may be applied. Note that
in this case, the resistance in the equation above corresponds to parallel connection of the resistors
forming the voltage divider.

PEC (Packet Error Check) is not supported.
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PMBus addressing

The following figure and table show recommended resistor values with min and max range for hard-wiring
PMBus addresses (series E?6, 1% tolerance resistor suggested).

The XADDR pin can be configured with a resistor fo GND according to the following table.

Index. 1% RADDR PMBus Address =

0 0 0x60
1 0.576 Oxé1

2 1.05 Ox62
3 1.62 0x63
4 2.26 Ox64
5 3.16 0x65
6 4.22 Ox66
7 5.76 Ox67
8 7.68 Ox68
9 10.5 O0x69
A 14.3 Ox6A
B 20 Oxé6B
C 28.4 0x6C
D 46.4 O0x6D
E 86.6 Ox6E
F 205 Ox6F

The PMBus address is calculated as:
PMBus Address = Base Address + Index

where the base address is defined by bits [31:24] in the PMBus command PMBUS_ADDRESS (0xC?9). The
standard default value for the base address is (0x60), giving an address range from (0x60) to (0x6F).
Specific product variants may have a different default value.

If changing the base address, the change will take effect after the VCC voltage is cycled.
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12C/SMBus timing

The setup fime, tset, is the time data, SDA, must be stable before the rising edge of the clock signal, SCL.
The hold time thoia, is the time data, SDA, must be stable after the rising edge of the clock signal, SCL. If
these times are violated incorrect data may be captured or meta-stability may occur and the bus
communication may fail. All standard SMBus protocols must be followed, including clock stretching.

This product supports the BUSY flag in the status commands to indicate product being too busy for SMBus
response. A bus-free time delay between every SMBus transmission (between every stop & start
condition) must occur. Refer to the SMBus specification, for SMBus electrical and timing requirements.

Sef-up and hold timing diagram
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Monitoring via PMBus

It is possible to continuously monitor a wide variety of parameters through the PMBus interface. These in-
clude, but are not limited to, the parameters listed in the table below.

Parameter PMBus command

Input voltage READ_VIN

Output voltage READ_VOUT

Output current READ_IOUT
Temperature READ_TEMPERATURE_1

These PMBus commands are updated every 0.25 ms.

The temperature sensor is located to provide a temperature reading representative of the module hot
spot P1, see section Thermal Considerations in the datasheet.

Monitoring faults

The user may read PMBus status commands to find out what fault or warning condition occurred, see
table below:

Fault and warning PMBus command
status

Overview, Power Good | STATUS_BYTE
STATUS_WORD

Output voltage level STATUS _VOUT

Output current level STATUS_IOUT
Input voltage level STATUS_INPUT
Temperature level STATUS_TEMPERATURE

PMBuUs communication | STATUS_CML

Miscellaneous STATUS_MFR_SPECIFIC

Status bits are asserted until faults and/or warnings are cleared by the CLEAR_FAULTS (0x03) command. A
re-enable of the output voltage will not clear the status bits.
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BLACK BOX/EVENT READER

Overview
A black box, or history event recorder, is provided to capture brick data at the fime of fault occurrence.
The infent is o assist in fault diagnosis.

Black box will respond to following faults: OVF (output), OCF, OTF. For each fault a block of data will be
stored into a dedicated black box memory partition. This partition consists of 4KiB non-volatile memory and
can store a total of 102 events. When the memory section for event recording is filled up, no more black
box data can be stored.

When a fault occurs, the following data will be stored:

° Telemetry for Vin, Vout, lout, femperature and duty

° All PMBus status registers

o Regulation state of module, current and prior to fault.
° Time stamp

If several subsequent faults of the same type occur only the first fault of same type will be recorded.
Though, if fault is cleared e.g. with RC or PMBus a new fault of same type will activate a new recording.

All telemetry values are two's complement numbers:

Telemetry m (BY:]

Input voltage 16 125 mV
Output voltage 16 244.14pV
Output current 16 0.5A
Temperature 16 1°C
Duty 16 0.25%

The PMBus status registers have the same form as their corresponding PMBus registers. See section 17 of
PMBus specification part Il rev 1.3 for details.

Regulation states upper 4 bits represent state prior to fault. Lower 4 bits represent current state.

0 IDLE

1 TON_DELAY
RAMP UP
REGULATING
TOFF_DELAY
RAMP DOWN
FAULT

o~ O N WN
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Black box/event reader

Time stamp:
ficks_hi 8 ~1563.75h
ticks 32 1310.72 s

Max: ~45years. Note, due to Non-Volatile memory, ticks counter will restart at 0 each time power is cycled.

Method of retrieving event data

1. Read the number of total events by performing a Read Word on 0xDB (MFR_EVENT_INDEX). The index
of the first event is 0 and the index of the last event is number of total events - 1.

2. Set the current index by performing a Write Word on OxDB (MFR_EVENT_INDEX).

3. Read the event data by performing a Block Read on 0xD7 (MFR_READ_EVENT). The format of the re-

sponse data can be seen in the table below.

4. Unless done, choose a new index and continue from 2.

READ_EVENT response (Block Read 0xD7, 26 bytes):

in

Index
Vout
Temperature
STATUS_WORD
STATUS_INPUT STATUS_TEMPERATURE
Ticks byte 4

Error state | Old state

Ticks byte 2 Ticks byte 3

\

|ouf

Duty
STATUS_VOUT STATUS_IOUT
STATUS_CML STATUS_MFR
Ticks byte 0 Ticks byte 1



