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BCM® Bus Converter
BCM6135AJ2F5880A06

ca4C €

800V Input Automotive Ultra-High-Voltage Fixed-Ratio Bus Converter

Features & Benefits

Up to 80A continuous low-voltage-side current

e 158.8kWI/L typical power density

* 97.3% peak efficiency

e 4242V input-to-output isolation

e Bidirectional start up and steady-state operation

e Parallel operation for multi-kW arrays

e 0V, OC, UV, short-circuit and thermal fault monitoring
e PMBus® management interface

e Automotive APQP process + product
development integration

¢ Integrated AECQ-100 qualified Vicor controller
Typical Applications

e Electric and Mild-Hybrid Vehicles

e Decentralized Architecture

Product Ratings
VLO =50V

Step-Down Vy = 800V _ lo = 80A
Operation (520 — 920V) (32N50 Lg; C‘fv) Max
K=1ne Vi = 800V
Step-Up Vo =50V (52"'(')__ 920V) Iy = 5A
Operation (32.5-57.5V) No Load Max

Product Description

The CM-ChiP BCM is a high-efficiency Bus Converter, operating
from a 520 — 920V high-voltage bus to create an isolated
ratiometric 32.5 — 57.5Vp¢ low-side bus. This ultra-low-profile
module is available in a board-mount form factor, incorporates

a fixed-ratio DC-DC converter and PMBus commands and
controls. The BCM provides low output impedance, low noise,
fast transient response, high efficiency and high power density.

A low-voltage-side-referenced PMBus-compatible telemetry and
control interface provides access to the BCM'’s configuration, fault
monitoring and other telemetry functions.

Owing to its megahertz bandwidth and low series impedance,
the BCM performs as an efficient capacitance multiplier, enabling
bulk capacitance across the low-voltage bus to be scaled down
by a factor of 1/256 across the high-voltage bus. Capacitance
multiplication cuts down the size and number of capacitors
required by PoL regulators while freeing up real estate at the
point-of-load.

The CM-ChiP BCM module offers flexible thermal management
options, with very low top- and bottom-side thermal impedances.
Thermally-adept CM-ChiP-based power components enable
customers to achieve low-cost power system solutions

with previously unattainable system size, weight and

efficiency attributes.

Package Information

e Through-Hole CM-ChiP™ Package
2.42 x 1.39 x 0.29in
[61.3 x 35.4 x 7.3mm]

e Weight: 58g

Note: Product images may not highlight current product markings and cosmetic features.
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BCM6135AJ2F5880A06

Typical Application

3.3V or 5V pull-up

BCM
Host PMBus®
VDR f—
SDA SDA
SCL SCL
SGND
ADDR A Rir
EN [ Tosupenvisory controller
F1 FLT [ To supenisory controller
Unregulated
e _L _L +HI +L0 48V Load
v o AN N
" Lo T L 1 PRM™ Regulated
= T = CouLExr 48V Load
1 I
L | Regulated
ISOLATION BOUNDARY DCM™ 12V Load
UHV BCM6135 CM-ChiP™ with PRM™ and DCM™
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BCM6135AJ2F5880A06

Terminal Configuration

Top View

n
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BCM6135
Pin-Mount CM-ChiP™

Terminal Descriptions

Signal Name 1;;2;‘:: Terminal Functions
+HI 1 Positive High-Side: power terminal
—HI 2 Negative High-Side: power terminal
+LO 3 Positive Low-Side: power terminal
-LO 4 Negative Low-Side: power terminal
SDA 5 Digital serial communication data terminal
SCL 6 Digital serial communication clock terminal
SGND 7 Signal Ground: reference for address resisltor (RADpR); do not reference other signals to SGND;
keep SGND separated from —LO terminal in electrical design
ADDR 8 Digital serial communication address assignment
EN 9 Enable: when EN is asserted high, device is enabled
VDR 10 Factory use only
R0 11 FLT functions as a fault indicator; FLT is active low, and will pull low whenever the powertrain is faulted or disabled:;

configured as a push-pull output from the internal controller; driving this terminal will damage the module
lal Qverbar (FLT) or star (FLT*) marking signify an active low designation.

BCM® Bus C t Rev 1.2
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BCM6135AJ2F5880A06

Part Ordering Information

Part Number

BCM6135AJ2F5880A06

Mounting Style Product Grade

A = CM-ChiP™ Board Mount A = Automotive

Storage and Handling Information

Tray Size

323 x 136 x 16mm
12 parts per tray
Vicor PN 52948

Note: For compressive loading refer to Application Note AN:036, “Recommendations for Maximum Compressive Force of Heat Sinks.”

Attribute

Storage Temperature Range
Operating Internal Temperature Range

Weight
Package Plating

ESD Rating

Comments

Temperature at the hottest internal component
(Tiny) Must not exceed this maximum

Human Body Model
JEDEC JS-001-2023
Charged Device Model
JEDEC JS-002-2022

Safety, Reliability and Agency Approvals

Attribute

Dielectric Withstand

Insulation Resistance

MTTF

FIT

Agency Approvals/Standards

Absolute Maximum Ratings

Comments
Input to output
Input to case
Output to case
+HI to case
—HI to case
Telcordia SR-332 Issue 3, Method | Case 3, Ground Mobile
Telcordia SR-332 Issue 3, Method | Case 3, Ground Mobile

UKCA, electrical equipment (safety) regulations

CE Marked for Low Voltage Directive and RoHS Recast Directive, as applicable

Specification
-40 to 125°C

-40 to 125°C

58g

75um copper with ENiG surface finish

Class 2 =2kV

Class 2a =500V

Value Unit
4242
4242 Ve
1700
100
100 Me
40.7 MHrs
24.6 FIT

The ABSOLUTE MAXIMUM ratings below are stress ratings only. Operation at or beyond these maximum ratings can cause permanent damage to device.
Electrical specifications do not apply when operating beyond rated operating conditions. Operating beyond rated operating conditions for an extended
period of time may affect device reliability. All voltages referenced to —~LO unless otherwise noted. Positive terminal currents represent current flowing

out of the terminal.

Parameter Comments Min Max Unit
Powertrain enabled -5.1 960
Input Voltage (+HI to —HI) \
Powertrain disabled -10.2 1000
Output Voltage (+LO to -LO) -1 60 \
SCL, SDA -0.3 55 \
ADDR to SGND -0.3 3.6 V
EN -0.5 53 \
FLT -0.5 3.6 Y
BCM® Bus Converter Rev 1.2 q
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BCM6135AJ2F5880A06

Electrical Specifications
Specifications apply over all line and load conditions, unless otherwise noted.

Boldface specifications apply over the temperature range of —40°C < T\t < 125°C and are assured to meet performance specification by design, test
correlation, characterization and/or statistical process control. All other specifications are at Tyyr = 25°C unless otherwise noted.

Attribute Symbol Conditions / Notes Min Typ Max Unit

Powertrain Specifications

Step-Down and Step-Up Operation

Input Voltage Slew Rate dV/dt 1 V/us

No-Load Power Dissipation P EN high, Vi, = 800V or Vg = 50V 234 48 W
Vi =800V, I g = 50A, Tcase = 25°C 96.74 97.29

Efficiency, Ambient _— Vi = 800V, I = 25A, Tease = 25°C 96.72 | 97.44 %

Vi = 520 — 920V, I .o = min

(smaller of 80A or 2500W/(Vyy ® K)), Tease = 25°C 93
Vi = 800V, I = 50A, Tease = 70°C 9% 97.02
Efficiency, Hot Mot Vi =800V, lio = 25A, Tease = 70°C 97 97.43 %
Vi = 520 — 920V, I, = min 915
(smaller of 80A or 2500W/(Vyy ® K)), Tcase = 70°C ’
Switching Frequency Fow Over rated line and load 1.2 1.3 1.4 MHz
Pout bc Continuous, Vi =520V or V| = 32.5V 2500 W
Rated Output Power tpeax < 20ms, 25% duty cycle,
Pourpea v 2520V or Vo = 32.5V 3100 w
Array Size NARRAY 7 BCMs

Step-Down Operation
High-Side Input Voltage Range Vi Continuous, operating 520 800 920 \
Continuous, operating;

Low-Side Output Voltage V 50 \%
P g o Vio =Vu ® K=(lo * Rio)
Vi = 520V, Io = 80A, Cyo ext = OpF 0.4 0.5
Vi =520V, I o = 80A, C = 100pF 0.35 0.4
Low-Side Output Voltage Ripple V0o pkpK & © LT g Vpp
N Vi =800V, lio = 50A, Cio _exr = OpF 0.34 0.5
Vi =800V, lyo = 50A, Cig exr = 100pF 0.3 0.4
) lo pe Continuous, Vi, = 520V [P 80
Low-Side Output Current - A
lLo_peak treak < 20ms, 25% duty cycle, Vyy = 520V bl 100
Low-Side Output Resistance Rio Vi = 800V, P g = 2500W 14.69 30 mQ
High-Side Input Quiescent Current ln_q EN low, V= 800V 5.76 8 mA
High-Side OVLO Threshold Rising Vi ovio+ 943 960 \
High-Side OVLO Hysteresis Vi ovio_Hvs 23 25 \
c Rated capacitance for start up in a single soft-start cycle, 100 r
LO_EXT_S5 see “Start Up (Step-Down Operation)” for details H
Clo.ext Rated capacitance for start up, 1200 uF

see “Start Up (Step-Down Operation)” for details
Parallel array operation; Co agxt ss =N ® 0.5 ® C g ex7 ss max, where N = number of units parallel,
Clo_AEXT S5 rated capacitance for start up in a single soft-start cycle,

see "Start Up (Step-Down Operation), Parallel Array Operation” for details

Parallel array operation; Cio agxr = N © 0.5 ® C o gxr max, where N = number of units parallel,

see "Start Up (Step-Down Operation), Parallel Array Operation” for details

Rated Low-Side Capacitance
(External)

@ LO_AEXT

] See Figure 1 for the power de-rating curve depending on Teace.

BCM® Bus C t Rev 1.2
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BCM6135AJ2F5880A06

Electrical Specifications (Cont.)

Specifications apply over all line and load conditions, unless otherwise noted.

Boldface specifications apply over the temperature range of —40°C < T\t < 125°C and are assured to meet performance specification by design, test
correlation, characterization and/or statistical process control. All other specifications are at Tyyr = 25°C unless otherwise noted.

Attribute

Step-Up Operation
Low-Side Input Voltage Range

High-Side Output Voltage

High-Side Output Voltage Ripple

High-Side Output Current

High-Side Output Resistance
Low-Side Input Quiescent Current
Low-Side OVLO Threshold Rising
Low-Side OVLO Hysteresis

Rated High-Side Capacitance
(External)

Auto Restart Time
High-Side Voltage
Initialization Threshold

Low-Side Voltage
Initialization Threshold

High-Side Undervoltage
Threshold Rising

High-Side Undervoltage Hysteresis

Low-Side Undervoltage
Threshold Rising

Low-Side Undervoltage Hysteresis

High-Side Undervoltage
Start-Up Delay

Low-Side Undervoltage
Start-Up Delay

Low-Side Overcurrent Shut Down

Low-Side Overcurrent
Response Time

Low-Side Short Circuit Shut Down

Low-Side Short Circuit
Response Time

Symbol

Vio

T

VHLPKPK

|HLDC

lh_peak
Rui

llo_q
Vio ovios

Vio_ovio_Hys

@ HI_EXT

C HI_AEXT

tauTO_RESTART
VHi_conTroL
Vio_controL

VHi_uvios
VHI_UVLO_HYS
Vio_uvio+
Vio_uvio_Hys

tHi_Lo_pELay

tLo_HI_pELaY
Ito_oc
tlo_oc
ILo_sHoRT

tLo_sHorT

Conditions / Notes

Powertrain Specifications (Cont.)

Continuous, operating

Continuous, operating;
Vi = (Vio ® 1/K) - (I ® Ry

Vio =325V, lyy = 5A, Cyy exr = OnF

Vio = 50V, ly = 3.125A, Cyy exr = OnF
Continuous, Vg = 32.5V [P

treak < 20ms, 25% duty cycle, Vo = 32.5V 0!
Vio = 50V, Py = 2500W

EN low, Vo = 50V

Excessive capacitance will damage unit,

see “Start Up (Step-Up Operation)” for details
Parallel array operation; excessive capacitance will
damage unit, see “Start Up (Step-Up Operation)”
for details

Fault Detection and Response
Start up into a persistent fault condition. Non-latching
fault detection given Vi > Vi yyios OF Vio > Vio uvios
High-side voltage where internal controller is initialized
(powertrain inactive)
Low-side voltage where internal controller is initialized
(powertrain inactive)

] See Figure 1 for the power de-rating curve depending on Teace.

Min

32.5

58
1.42

440

480

26

30.5

1.61

350

350

Typ

50
800

57
37

6.58

475

380

380

96

120

Max

57.5

60
40

6.25
13

60
1.58

2.1

520

32.5

520

40

32.5

2.53

400

400

110

32

130

Unit

nF

nF

< < <<

ms

s

us
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BCM6135AJ2F5880A06

Electrical Specifications (Cont.)

Specifications apply over all line and load conditions, unless otherwise noted.
Boldface specifications apply over the temperature range of —40°C < T\t < 125°C and are assured to meet performance specification by design, test
correlation, characterization and/or statistical process control. All other specifications are at Tyyr = 25°C unless otherwise noted.

Attribute Symbol Conditions / Notes Min Typ Max Unit

PMBus® Telemetry Characteristics

READ_VIN Accuracy From Vy, = 440 — 960V, across load -10 10 %
READ_VIN Resolution 100 mV
READ_VIN Functional Range 400 960 \
READ_VOUT Accuracy Across line and load -5 5 %
READ_VOUT Resolution 10 mV
READ_VOUT Functional Range 6 60 \
READ_IOUT Accuracy Across all line, >15A load -15 15 %
READ_IOUT Resolution 10 mA
READ_IOUT Functional Range 0 100 A
READ_TEMPERATURE_1 Accuracy Disabled, with Tcase = 25°C -5 5 °C
READ_TEMPERATURE_1 Resolution 1 °C

READ_TEMPERATURE_1

Functional Range -5 130 °c
TON_DELAY Accuracy Across all line and load -50 50 s
TON_DELAY Resolution 1 ms
TON_DELAY Functional Range 0 100 ms
OT_FAULT_LIMIT Accuracy Across all line and load -5 5 °C
OT_FAULT_LIMIT Resolution 12.5 °C
OT_FAULT_LIMIT Functional Range 0 125 °C
OT_WARN_LIMIT Accuracy Across all line and load -5 5 °C
OT_WARN_LIMIT Resolution 12.5 °C
OT_WARN_LIMIT Functional Range 0 125 °C

BCM® Bus C t Rev 1.2
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BCM6135AJ2F5880A06

Electrical Specifications (Cont.)

Specifications apply over all line and load conditions, unless otherwise noted; boldface specifications apply over the temperature range of
—40°C < TinrernaL < 125°C (A-Grade). All other specifications are at Tyrernal = 25°C unless otherwise noted.

Attribute Symbol Conditions / Notes Min Typ Max Unit
Serial Clock: SCL
Serial Data: SDA
Serial Voltage Range VseriaL 33 5 \%
SCL Frequency Fsc 10 400 kHz
Input High Voltage Viy 2.3 \
Input Low Voltage Vi 1 \%
Output High Voltage Vou 2.8 \%
Output Low Voltage Vor 0.5 \%
Signal Sink Current lLoap VoL = 0.4V 4 20 mA
Address: ADDR
Address Registration Delay tsADDR 1 ms
Enable / Disable Control: EN
Enable Current len Vey =5V 1.61 mA
EN High Voltage VEN_HiGH 3.51 \
EN Low Voltage Ven_Low 1.36 \
Output Turn-On Delay ten Vi oc > Vi _uvios EN high 2 ms
Fault: FLT
FLT Inactive Pull-Up Voltage VAT INACTIVE 2.8 33 v
Powertrain Active to FLT Time T Powertrain active to FLT high 250 s
FLT Active Sink Current [T AcTive Fault active, Vgg = 400mV 4 mA

BCM® Bus Converter
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BCM6135AJ2F5880A06

Specified Operating Area

Figure 1 — Specified thermal operating area: equal top and bottom surface temperatures at full rated output power
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BCM6135AJ2F5880A06

Typical Performance Characteristics, Step-Down Operation

Temperature controlled via non-pin-side cold plate, unless otherwise noted. All data presented in this section are collected from units processing power in the
forward direction (high side to low side). See associated figures for general trend data.
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BCM6135AJ2F5880A06

Typical Performance Characteristics, Step-Up Operation

Temperature controlled via non-pin-side cold plate, unless otherwise noted. All data presented in this section are collected from units processing power in the

reverse direction (low side to high side). See associated figures for general trend data.
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BCM6135AJ2F5880A06

Typical Performance Characteristics, No-Load Operation

Temperature controlled via non-pin-side cold plate, unless otherwise noted. See associated figures for general trend data.
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BCM6135AJ2F5880A06

Timing Diagram (Forward Direction)
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BCM6135AJ2F5880A06

BCM in a CM-ChiP™

A A

Yo

HI

LO

Figure 17 — BCM DC model

The BCM uses a high-frequency resonant tank to move energy
from the high-voltage side to low-voltage side and vice versa.
The resonant LC tank, operated at high frequency, is amplitude
modulated as a function of the high-side voltage and the low-
side current. A small amount of capacitance embedded in

the high-voltage-side and low-voltage stages of the module

is sufficient for full functionality and is key to achieving

high power density.

The BCM6135 can be simplified into the model shown in Figure 17.

At no load:
V,=V,*K (1)
K represents the “turns ratio” of the BCM.
Rearranging Equation 1:
\%4
K=~ (2)
VH[
In the presence of a load, V g is represented by:
VL0: VHI.K_ILO.RLO (3)
and | g is represented by:
I, -1
HI HI_Q
Ly = —fg (4)

Rio represents the impedance of the BCM, and is a function of the
Rps_on Of the high-voltage-side and low-voltage-side MOSFETs and
the winding resistance of the power transformer. Iy, q represents
the quiescent current of the BCM controller, gate drive circuitry
and core losses.

The effective DC voltage transformer action provides additional
interesting attributes. Assuming that R .o = 0Q and

Iy _q = OA, Equation 3 now becomes Equation 1 and is essentially
load independent, resistor R is now placed in series with Vy,.

BCM
K=1/16

HI

Figure 18 — K = 1/16 BCM with series high-voltage-side resistor

The relationship between Vy, and V, g becomes:

Vio=(Vy—1,°R)*K (5)
Substituting the simplified version of Equation 4
(Iyi_q is assumed = 0A) into Equation 5 yields:
VLO:VH,’K—ILO'R°K2 (6)

This is similar in form to Equation 3, where R g is used to represent
the characteristic impedance of the BCM. However, in this case a
real resistor, R on the high-voltage side of the BCM is effectively
scaled by K2 with respect to the low-voltage side.

Assuming that R = 1Q, the effective R as seen from the low-voltage
side is 3.9mQ, with K = 1/16.

BCM® Bus Converter
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BCM6135AJ2F5880A06

A similar exercise can be performed with the additon of a
capacitor or shunt impedance at the high-voltage side of the
BCM. A switch in series with Vy, is added to the circuit. This is
depicted in Figure 19.

I — ]
S
BCM v
vV, T ¢ K=1/16 to
E — ]

Figure 19 — BCM with high-voltage-side capacitor

A change in Vi, with the switch closed would result in a change in
capacitor current according to the following equation:

i (7)

Assume that with the capacitor charged to Vy, the switch is
opened and the capacitor is discharged through the idealized
BCM. In this case,

I.=1,°K (8)
substituting Equation 1 and 8 into Equation 7 reveals:

LO

K? dt

9)

The equation in terms of the low-voltage side has yielded a K?
scaling factor for C, specified in the denominator of the equation.

A K factor less than unity results in an effectively larger
capacitance on the low-voltage side when expressed in terms
of the high-voltage side. With K = 1/16 as shown in Figure 19,
C = 0.39pF would appear as C = 100uF when viewed from the

low-voltage side.

Low impedance is a key requirement for powering a high-current,
low-voltage load efficiently. A switching regulation stage

should have minimal impedance while simultaneously providing
appropriate filtering for any switched current. The use of a BCM
between the regulation stage and the point of load provides a
dual benefit of scaling down series impedance leading back to
the source and scaling up shunt capacitance or energy storage

as a function of its K factor squared. However, these benefits are
not achieved if the series impedance of the BCM is too high. The
impedance of the BCM must be low, i.e., well beyond the crossover
frequency of the system.

A solution for keeping the impedance of the BCM low involves
switching at a high frequency. This enables the use of small
magnetic components because magnetizing currents remain low.
Small magnetics mean small path lengths for turns. Use of low-loss
core material at high frequencies also reduces core losses.

The two main terms of power loss in the BCM are:

No load power dissipation (P n): defined as the power
used to power up the module with an enabled powertrain
at no load.

Resistive loss (Pg ): refers to the power loss across
the BCM modeled as pure resistive impedance.

P DISSIPATED — P HI_NL +P RO (10)
Therefore,
P Lo_our — P HIIN P DISSIPATED — P HIIN P HINL P Rio (11)

The above relations can be combined to calculate the overall
module efficiency:

P P, =P, u—P

LO_OUT HIIN ~ * HINL Rio
n= —— = (12)
HI_IN HI_IN
L] 2 (]
_ Vir® L HI NL -(1 o)
Vir® Ly

]_(HINL+(O)2 )
Vir ® Ty
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Input and Output Filter Design

A major advantage of BCM systems versus conventional PWM
converters is that the transformer based BCM does not require
external filtering to function properly. The resonant LC tank,
operated at extreme high frequency, is amplitude modulated as a
function of high-voltage-side voltage and low-voltage-side current
and efficiently transfers charge through the isolation transformer.
A small amount of capacitance embedded in the high-voltage-side
and low-voltage-side stages of the module is sufficient for full
functionality and is key to achieving power density.

This paradigm shift requires system design to carefully evaluate
external filters in order to:

Guarantee low source impedance:

To take full advantage of the BCM's dynamic response, the
impedance presented to its high-voltage-side terminals must be
low from DC to approximately 5MHz. The connection of the bus
converter module to its power source should be implemented
with minimal distribution inductance. If the interconnect
inductance exceeds 100nH, the input should be bypassed with a

RC damper to retain low source impedance and stable operation.

With an interconnect inductance of 200nH, the RC damper
may be as high as 1uF in series with 0.3Q. A single electrolytic
or equivalent low-Q capacitor may be used in place of the
series RC bypass.

Further reduce high-voltage-side and/or low-voltage-side
voltage ripple without sacrificing dynamic response:

Given the wide bandwidth of the module, the source response
is generally the limiting factor in the overall system response.
Anomalies in the response of the high-voltage-side source

will appear at the low-voltage side of the module multiplied
by its K factor.

Protect the module from overvoltage transients imposed
by the system that would exceed maximum ratings and
induce stresses:

The module high- and low-voltage-side voltage ranges shall not
be exceeded. An internal overvoltage lockout function prevents
operation outside of the normal operating high-voltage-side
range. Even when disabled, the powertrain is exposed to the
applied voltage and the power MOSFETs must withstand it.

Owing to the wide bandwidth and minimal low-voltage-side
impedance of the module, low-frequency bypass capacitance and
significant energy storage may be more densely and efficiently
provided by adding capacitance at the high-voltage side of the
module. At frequencies <500kHz the module appears as an
impedance of R g between the source and load.

Within this frequency range, capacitance at the high-voltage side
appears as effective capacitance on the low-voltage side per the
relationship defined in Equation 13.

c
C,p = 7*;’ (13)

This enables a reduction in the size and number of capacitors used
in a typical system.

Start Up (Step-Down Operation)

Non-capacitive loading of the BCM must be delayed until the
completion of soft-start. The FLT signal terminal voltage can used
to determine when soft-start has successfully completed and the
load can be safely enabled. A load must not be present on the
low-side if the powertrain is not actively switching and high-side
voltage is present.

Single-Module Operation

If a capacitive load greater than Cio gxt ss is present on the low-
side and no precharge voltage or a precharge voltage less than
Vio_precHarae IS applied, the BCM will register the capacitor inrush
current as an overcurrent event and shutdown. Once tayro restarT
expires the BCM will attempt to start again. During these restart
periods a small amount/pulse of energy will be transferred from the
high-side to the low-side. This energy transfer allows for the BCM
to charge an external capacitor value up to C o gxr.

Depending on the value of C o gx; the voltage applied to high-side
of the BCM; and the voltage applied to the low-side of the BCM,
the time required to complete soft-start will be in the range of

2.5 to 12 seconds.

In order for the BCM to start in the same amount of time as
Clo_ext_ss With a capacitance greater than Co gxr ss, @ precharge
voltage must be applied.

Equation 14 can be used to determine the minimum precharge
voltage required to start the BCM in a single soft-start cycle with a
capacitance greater than Cip gxt ss:

v
1% M qv (14)

LO_PRECHARGE — ] &

Failure to follow these guidelines will result in the BCM never
completing soft-start and the unit will fail to turn on. This will
continue until power is removed.

Parallel Array Operation

If a capacitive load greater than Cio_aext ss is present on the low-
side and no precharge voltage or a precharge voltage less than
Vio_precHarae IS applied, the BCM(s) will register the capacitor
inrush current as an overcurrent event and shut down.

Once tayto_restart €xpires the BCM(s) will attempt to start again.
During these restart periods a small amount/pulse of energy will
be transferred from the high-side to the low-side. This energy
transfer allows for the BCM to charge an external capacitor value

up to Cio_aext

The maximum capacitance value that an array of n BCMs can
start up in a single soft-start cycle can be derived from the
following equation:

C =Ne05C

LO_AEXT_SS LO_EXT_SS

(max) (15)

The maximum capacitance value that an array of n BCMs can start
up into can be derived from the following equation:
C =Ne05C (max) (16)

LO_AEXT LO_EXT

Depending on the value of C,o_aext; the voltage applied to high
side of the BCM; and the voltage applied to the low-side of the
BCM, the time required to complete soft-start will be in the range
of 2.5 to 12 seconds.
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In order for the BCM to start in the same amount of time as
CLO?AEXT?SS with a capacitance greater than CLO?AEXT?SS! a
precharge voltage must be applied.

Equation 14 can be used to determine the minimum precharge
voltage required to start the BCM in a single soft-start cycle with a
capacitance greater than Cig agxt ss-

Failure to follow these guidelines will result in the BCMs never
completing soft start and the units will fail to turn on. This will
continue until power is removed.

Start Up (Step-Up Operation)

BCMs are capable of reverse power operation. Any loading of the
BCM must be delayed until the completion of soft-start regardless
of the load type. Once the unit is started, energy will be transferred
from the low-voltage side back to the high-voltage side whenever
the low-voltage-side voltage exceeds Vi, ® K. The module

will continue operation in this fashion for as long as no faults
occur. Any energy storage applied to the low-side may result in
unintentional reverse power operation if Vi, is less than Vg ® 1/K.

The FLT signal terminal voltage can used to determine when
soft-start has successfully completed and the load can be safely
enabled. A load must not be present on the high-side if the
powertrain is not actively switching and low-side voltage is present.

In order to avoid damaging the BCM a precharge voltage must be
applied if the capacitance applied to the high-side terminals of the
BCM is greater than Cyj gxr.

The following equation can be used to determine the minimum
precharge voltage required to start the BCM in safely with a
capacitance greater than Cy;_gxr or Cyj_agxt:

V V,,*16)-4V (17)

HI_PRECHARGE = (

If a fault occurs when in step-up operation an external circuit

is required to guarantee that the pre-charge voltage is applied
before the BCM restarts after tayro_grestart €xpires or attempting to
manually restart the BCM.

BCM high-side short circuit events will result in damage to the
powertrain of the BCM.

These restrictions apply to both a single BCM in step-up operation,
as well as an array of BCMs in step-up operation.

Current Sharing

The performance of the BCM topology is based on efficient
transfer of energy through a transformer without the need of
closed loop control. For this reason, the transfer characteristic
can be approximated by an ideal transformer with a positive
temperature coefficient series resistance.

This type of characteristic is close to the impedance characteristic
of a DC power distribution system both in dynamic (AC) behavior
and for steady state (DC) operation.

When multiple BCMs of a given part number are connected in an
array, they will inherently share the load current according to the
equivalent impedance divider that the system implements from the
power source to the point of load. Ensuring equal current sharing
among modules requires that BCM array impedances be matched.

Some general recommendations to achieve matched array
impedances include:

Dedicate common copper planes within the PCB to deliver and
return the current to the modules.

Provide as symmetric a PCB layout as possible among modules

A dedicated input filter for each BCM in an array is required to
prevent circulating currents.

For further details see:
AN:016 Using BCM Bus Converters in High Power Arrays.

v Zin_eat BCM®1 Zout_Eat v
PRI SEC
E' o Ro_1 N
e AAA -1
Zin_Ea2 BCM®2 Zout a2
o Ro_2 i
C_)Dc s YW= Load
1
1 pp—
= 1
1
1
Zin_Ean BCM®n Zout_Ean
i -: Ro n v
e ANA -

Figure 20 — BCM parallel array
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Fuse Selection

In order to provide flexibility in configuring power systems,
CM-ChiP™ modules are not internally fused. Input line fusing
of CM-ChiP products is recommended at the system level to
provide thermal protection in case of catastrophic failure.

The fuse shall be selected by closely matching system
requirements with the following characteristics:

Current rating
(usually greater than maximum current of BCM)

Maximum voltage rating
(usually greater than the maximum possible input voltage)

Ambient temperature
Nominal melting 12t

Recommend fuse: See safety agency approvals.

Reverse Operation

BCMs are capable of reverse power operation. Once the unit is
started, energy will be transferred from the low-voltage side back
to the high-voltage side whenever the low-voltage-side voltage
exceeds Vy, ® K. The module will continue operation in this fashion
for as long as no faults occur.

Transient operation in reverse is expected in cases where there is
significant energy storage on the output and transient voltages
appear on the input.

Fault Handling

HI-Side Undervoltage

Module Behavior

The Hi-side undervoltage status is checked when the module EN
terminal is asserted in the active state, prior to powertrain start
up from the Hi-side input. If the Hl-side voltage is below the
HI-side undervoltage threshold rising (Vi _yvio4) by more than
the undervoltage hysteresis (Vi _yvio_nys) at the time the EN
terminal is asserted, the converter recognizes a fault condition
and is prevented from starting up. Once the HI-Side UVLO fault is
detected by the fault protection logic, the converter waits for the
HI-side voltage to rise above the Vi yyLo4 threshold. Provided the
unit’'s EN terminal is still held in the active state, the module will
start automatically.

The FLT terminal will be logic-low during a Hl-side UVLO condition.

PMBus Reporting Characteristics

A HI-side UVLO condition is registered by the PMBus® telemetry
and reporting interface. In STATUS_BYTE (78h), the VIN_UV_FAULT
bit is asserted. In the high byte of STATUS_WORD (79h), the INPUT
FAULT OR WARNING bit is asserted. In STATUS_INPUT (7Ch), the
VIN_UV_FAULT bit is asserted.

All fault flags, if set, will remain asserted until cleared by the
user or once the module’s internal bias generation is disabled by
VHI_DC < VHI_CONTROL or VLO_DC < VLO_CONTROL-

HI-Side Overvoltage

Module Behavior

The Hl-side overvoltage status is checked when the module EN
terminal is asserted in the active state, prior to powertrain start up
from the Hl-side input. If the HI-side voltage is above the Vi ovio0+
threshold at the time the EN terminal is asserted, the converter
recognizes a fault condition and is prevented from starting up.
After an OVLO fault occurs, the converter will wait for the Hl-side
voltage to fall below the HI-side overvoltage threshold rising
(Vii_ovios) by more than the Hi-side overvoltage hysteresis

(Vi1 ovio_mys)- Provided the unit's EN terminal is still held in the
active state, the module will start automatically.

The FLT terminal will be logic-low during a Hl-side OVLO condition.

PMBus Reporting Characteristics

A HI-Side OVLO condition is registered by the PMBus telemetry and
reporting interface. In the high byte of STATUS_WORD (79h), the
INPUT FAULT OR WARNING bit is asserted. In STATUS_INPUT (7Ch),
the VIN_OV_FAULT bit is asserted.

All fault flags, if set, will remain asserted until cleared by the
user or once the module’s internal bias generation is disabled by
Vhi_pc < VHi_conTroL OF Vio_pc < Vio_conTro-
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LO-Side Undervoltage

Module Behavior

The LO-side undervoltage status is checked when the module EN
terminal is asserted in the active state, prior to powertrain start
up from the LO-side input. If the LO-side voltage is below the
LO-side undervoltage threshold rising (Vo uvio4+) by more than
the LO-side undervoltage hysteresis (Vo yvio_nys) at the time the
EN terminal is asserted, the converter recognizes a fault condition
and is prevented from starting up. Once the LO-side UVLO fault is
detected by the fault protection logic, the converter waits for the
LO-side voltage to rise above the Vo yyi04 threshold. Provided the
unit’s EN terminal is still held in the active state, the module wiill
start automatically.

If the converter is running and the LO-side voltage falls below

V1o _uvio_Hys threshold during powertrain operation, the converter
recognizes a fault condition, the powertrain stops switching,

and the LO-side output of the unit falls. Once the UVLO fault is
detected by the fault protection logic, the converter shuts down
and waits for the LO-side voltage to rise above the Vo yyios
threshold. Provided the unit’s EN terminal is not held in the inactive
state, the module will restart automatically.

The FLT terminal will be logic-low during a UVLO condition.

PMBus Reporting Characteristics

A LO-side UVLO condition is registered by the PMBus® telemetry

and reporting interface. In the high byte of STATUS_WORD (79h),
the VOUT FAULT OR WARNING bit is asserted. In STATUS_VOUT

(7Ah), the VOUT_UV_FAULT bit is asserted.

All fault flags, if set, will remain asserted until cleared by the
user or once the module’s internal bias generation is disabled by

VHI_DC < VHI_CONTROL or VLO_DC < VLO_CONTROL-
LO-Side Overvoltage

Module Behavior

The LO-side overvoltage status is checked when the module EN
terminal is asserted in the active state, prior to powertrain start

up from the LO-side input. If the LO-side voltage is above the
Vio-ovio+ threshold at the time the EN terminal is asserted, the
converter recognizes a fault condition and is prevented from
starting up. After an OVLO fault occurs, the converter will wait for
the LO side voltage to fall below the LO-side overvoltage threshold
rising (Vio_ovios) by at least the LO-side overvoltage hysteresis
(Vio_ovio_Hys)- Provided the unit’s EN terminal is still held in the
active state, the module will start automatically.

When the LO-side voltage is higher than the V,o_gvi0. threshold
during powertrain operation, an OVLO fault is detected, the
powertrain stops switching, and the LO-side output of the unit
falls. Once the OVLO fault is detected by the fault protection logic,
the converter shuts down and waits for the LO-side voltage to fall
below the LO-side overvoltage threshold rising (V| ovio4) by at
least the LO-side overvoltage hysteresis (Vo _ovio_nys)- Provided the
unit’s EN terminal is not held in the inactive state, the module will
restart automatically.

The FLT terminal will be logic-low during an OVLO condition.

PMBus Reporting Characteristics

An OVLO condition is registered by the PMBus telemetry and
reporting interface. In STATUS_BYTE (78h), the VOUT_OV_FAULT
bit is asserted. In the high byte of STATUS_WORD (79h), the VOUT
FAULT OR WARNING bit is asserted. In STATUS_VOUT (7Ah), the
VOUT_OV_FAULT bit is asserted.

All fault flags, if set, will remain asserted until cleared by the
user or once the module’s internal bias generation is disabled by

Vhi_pc < VHi_conTroL OF Vio_pc < Vio_conTro-
LO-Side Output Overcurrent

Module Behavior

When the LO side output current of the unit exceeds the LO side
overcurrent trip threshold, an overcurrent fault is detected, the
powertrain stops switching, and the LO-side output of the unit
falls. The unit will automatically try to restart according to a defined
tauto_restarT Until the overcurrent condition is removed and normal
operation resumes.

The FLT terminal will be logic-low during an overcurrent fault
condition. Upon removal of the overcurrent condition and
completion of soft-start, the FLT terminal will be asserted high.

PMBus Reporting Characteristics

An overcurrent condition is registered by the PMBus telemetry and
reporting interface. In STATUS_BYTE (78h), the IOUT_OC_FAULT
bit is asserted. In STATUS_IOUT (7Bh), the IOUT_OC_FAULT bit is
asserted. In STATUS_MFR_SPECIFIC (80h), the VTM_OCS_FAULT
bit is asserted.

All fault flags, if set, will remain asserted until cleared by the host
or once the BCM Hil-side input power is removed.

LO-Side Output Short Circuit

Module Behavior

When the LO-side output current of the unit exceeds the LO-side
short-circuit trip threshold, an overcurrent fault is detected, the
powertrain stops switching, and the LO-side output of the unit
falls. The unit will automatically try to restart according to a defined
tauTo_restarT Until the short circuit condition is removed and normal
operation resumes.

The FLT terminal will be logic-low during a short circuit fault
condition. Upon removal of the short circuit condition and
completion of soft start, the FLT terminal will be asserted high.

PMBus Reporting Characteristics

A short circuit condition is registered by the PMBus telemetry and
reporting interface. In STATUS_BYTE (78h), the IOUT_OC_FAULT
bit is asserted. In STATUS_IOUT (7Bh), the IOUT_OC_FAULT bit is
asserted. In STATUS_MFR_SPECIFIC (80h), the VTM_OCF_FAULT
bit is asserted.

All fault flags, if set, will remain asserted until cleared by the host
or once the BCM Hil-side input power is removed.
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Soft-Start Ramp Fault

Module Behavior

An overload condition during soft start is monitored by the
powertrain. Should the LO-side output voltage fail to reach steady
state prior to the end of the soft-start timer, a start-up overload
or start-up short circuit fault is registered, the powertrain stops
switching, and LO-side output of the unit falls. Provided the

unit’s EN terminal is not held in the inactive state, the module will
attempt to restart according to a defined tayro grestart Until the
overload or short circuit condition is removed.

The FLT terminal will be asserted low during the soft-start sequence
as an indication to downstream connected power modules and/or
loads that their operation should be held off until the completion
of BCM soft start.

PMBus Reporting Characteristics

A soft-start ramp fault is registered by the PMBus telemetry
and reporting interface. In STATUS_MFR_SPECIFIC (80h), the
VTM_SS_TOUT_FAULT bit will be asserted.

All fault flags, if set, will remain asserted until cleared by the host
or once the BCM Hl-side or LO-side input power is removed.

Overtemperature

Module Behavior

The BCM features a thermal shut down, Tor, which is designed to
protect against catastrophic failure due to excessive temperatures.
The overtemperature shut down cannot be used to ensure the
device stays within the recommended operating temperature
range, because it engages when the product is operated above the
maximum rated temperature. As with other fault protections, when
overtemperature shut down occurs, the BCM stops processing
power and FLT drives low. Provided the converter’s EN terminal

is not held in the inactive state, the BCM will restart after the
temperature has decreased.

The FLT terminal will be logic-low during an overtemperature
fault condition. Upon return of the module to safe operating
temperatures and completion of soft start, the FLT terminal will
be asserted high.

PMBus Reporting Characteristics

An overtemperature fault is registered by the PMBus telemetry
and reporting interface. In STATUS_BYTE (78h), the TEMPERATURE
FAULT OR WARNING bit is asserted. In STATUS_TEMPERATURE
(7Dh), the OT_FAULT bit is asserted.

The default overtemperature shut down threshold is 125°C. The
user may configure the overtemperature shutdown threshold from
0 - 100% of the rated 125°C max through the OT_FAULT_LIMIT
(4Fh) command.

The module’s temperature monitoring is also used to warn the user
of a high-temperature operating condition via the OT_WARNING
bit in STATUS_TEMPERATURE (7Dh). A monitored temperature
exceeding a user-defined threshold asserts the OT_WARNING

bit. The user may set an warning threshold from 0 — 100% of

the 125°C maximum internal operating temperature through

the OT_WARN_LIMIT (51h) command. The default warning
threshold is 100%.

All fault and warning flags, if set, will remain asserted until cleared
by the host or once the BCM HI-side input power is removed.
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Thermal Considerations

The CM-ChiP™ module provides a high degree of flexibility in
that it presents several pathways to remove heat from the internal
power dissipating components. Heat may be removed from the
non-pin side and pin-side surfaces of the package as well as the
power and signal pins. The extent to which these surfaces are
cooled is a key component in determining the maximum power
that is available from a CM-ChiP.

Module Maximum Internal Temperature

Since the CM-ChiP has a maximum internal temperature rating,

it is necessary to estimate this internal temperature based on

a system-level thermal solution. Given that there are multiple
pathways to remove heat from the CM-ChiP, it is helpful to simplify
the thermal solution into a roughly equivalent circuit where power
dissipation is modeled as a current source, isothermal temperatures
are represented as voltage sources and the thermal resistances are
represented as resistors.

Maximum Internal Temperature 0

INT_MAX \

T

Figure 8 shows the “thermal circuit” for a BCM6135 CM-ChiP

in a two-sided cooling application, where the product is cooled
through a heat sink at the pin side and a separate heat sink at the
non-pin side. In this case, the BCM non-pin side and pin side (each
heat sink) surface temperatures are represented as Tyon-pin_siDE
and Tpy_sipe- This thermal system can now be very easily analyzed
as an electrical network with simple resistors, voltage sources and
a current source. The results of the simulation provide an estimate
of heat flow through the various dissipation pathways as well as
internal temperature.

PMBus Temperature Reporting

The PMBus® command READ_TEMPERATURE_1 (8Dh) returns
the internally monitored junction temperature of the controller
IC. READ_TEMPERATURE_1 is not sufficient to design or validate
any module level thermal solution. Correct thermal design must
use the module power dissipation and the module thermal
resistance model given in Figure 8 to ensure that all areas of

the module internal circuitry are kept below the maximum
operating temperature.

NON-PIN_SIDE
°C/W

eHI eLO eSICyNALS
°C/W °C/W °C/W
Power
Dissipation QD
(W) THI TLO TSIGNALS
°C °C °C

6

TOP-BOTTOM
°C/w

TNON-PIN,S‘I,DCE (P

BPIN,SIDE
°C/wW

TPIN,SIDE
°C

Figure 21 — Two-sided cooling thermal model

Thermal Impedance

Symbol C /W)
eNON-PIN_SIDE 1.4
0y 19
0.0 23
eS\GNALS 27
ePIN_SIDE 1.4
6TOP-BOTTOI\/I 6.1

Table 1 — Thermal impedances

Definition of Estimated Thermal Resistance

From the hottest component inside the BCM to NON-PIN_SIDE

From the hottest component inside the BCM to the circuit board it is mounted on at HI

From the hottest component inside the BCM to the circuit board it is mounted on at LO

From the hottest component inside the BCM to the circuit board it is mounted on at SIGNALS
From the hottest component inside the BCM to PIN_SIDE

From NON-PIN_SIDE to PIN_SIDE

NON-PIN_SIDE

HI Lo

SIGNALS

PIN_SIDE

Figure 22 — Thermal model boundary conditions; area defined as shaded
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PMBus Interface Reported DATA Formats

Refer to “PMBus® Power System Management Protocol The BCM controller employs a direct data format where
Specification Revision 1.3, Part | and II” for complete PMBus all reported measurements are in volts, amperes, degrees
specifications details at http:/pmbus.org. Celsius or seconds. m, b and R are two's complement integers

defined as follows:

Device Address Command Code m R b
The PMBus address (ADDR terminal) should be set to one of the OT_FAULT_LIMIT 4Fh 1 2 0
predetermined 16 possible addresses shown in the table below OT WARN LIMIT 51h 1 5 0
using a resistor between the ADDR terminal and SGND terminal. To& DELA; coh ] 3 0
The BCM accepts only a fixed and persistent address and does not =
support SMBus address resolution protocol. At initial power up, the READ_VIN 88h 1 1 0
BCM controller will sample the address terminal voltage and will READ_VOUT $Bh 1 2 0
keep this address until device power is removed. READ_ IOUT 8ch 1 5 0
READ_TEMPERATURE_1 8Dh 1 0 0
7-bit Resistor Value, 1% READ_POUT 96h 1 0 0
Hex Address (k) READ_K_FACTOR D1h 1 4 0
50h 0.487
51h 1.05
52h 187 No special formatting is required when lowering the supervisory
limits and warnings.
53h 2.8
54h 3.92
55h 5.23
56h 6.81
57h 8.87
58h 11.3
59h 14.7
5Ah 19.1
5Bh 25.5
5Ch 35.7
5Dh 53.6
SEh 97.6
5Fh 316
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Supported Command List

Command Code Function Default SMBus W_rite SMBus Rf:ad Data PEC
Data Content  Transaction Transaction Bytes Supported
OPERATION 01h  Turn BCM on or off 80h Write Byte Read Byte 1 Yes
Defines startup when power is
ON_OFF_CONFIG 02h  applied as well as immediate on/off 1D N/A Read Byte 1 Yes
control over the BCM

CLEAR_FAULTS 03h | Clear all faults N/A Send Byte N/A None No
CAPABILITY 19h E%ﬁirl;ey capabilities set AOh N/A Read Byte 1 Yes
gy s geein gy e Sdamemen
son | fembaaReeans o | s fedemd
STATUS_BYTE 78h | Summary of faults 00h Write Byte Read Byte 1 Yes
STATUS_WORD 79h ' Summary of fault conditions 00h Write Word Read Word 2 Yes
STATUS_VOUT 7Ah | Low side voltage fault status 00h N/A Read Byte 1 Yes
STATUS_IOUT 7Bh ' Overcurrent fault status 00h N/A Read Byte 1 Yes
STATUS_INPUT 7Ch gﬁ{"s‘zgfugse and undervoltage 00h N/A Read Byte 1 Yes
STATUS_TEMPERATURE 7Dh Sgggﬁ;“ﬁ;gg‘i;‘jeapadul  status 00h N/A Read Byte 1 Yes
STATUS_CML 7Eh | PMBus communication fault 00h Write Byte Read Byte 1 Yes
STATUS_MFR_SPECIFIC 80h | Other BCM status indicator 00h Write Byte Read Byte 1 Yes
READ_VIN 88h | Reads high side voltage FFFFh N/A Read Word 2 Yes
READ_VOUT 8Bh | Reads low side voltage FFFFh N/A Read Word 2 Yes
READ_IOUT 8Ch | Reads low side current FFFFh N/A Read Word 2 Yes
READ_TEMPERATURE_1 8Dh | Reads internal temperature FFFFh N/A Read Word 2 Yes
READ_POUT 96h | Reads low side power FFFFh N/A Read Word 2 Yes
MFR_ID 99h | Internal controller ID "I N/A Block Read 2 Yes
MFR_MODEL 9Ah  Internal controller or BCM model Part Number N/A Block Read 18 Yes
MFR_DATE gph | ternal controller or BCM YYWW” N/A Block Read 4 Yes

manufacturing date

MFR_SERIAL ogp | Internal controller or BCM Serial Number N/A Block Read 16 Yes
serial number

BCM® Bus C t Rev 1.2
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OPERATION Command (01h)

OPERATION (01h)

Reserved —

Unit is On
when asserted (default)

76‘5‘4‘32‘1‘0‘
‘1‘0 0 O‘O‘O 0/0|b

The OPERATION command and the BCM EN terminal can both
be used to turn on and off the connected BCM. Note that the
Host OPERATION command will not enable the BCM if the BCM
EN terminal is disabled in hardware with respect to the pre-set
terminal polarity. The OPERATION command provides ON/OFF
control only with the BCM EN terminal active.

If synchronous start up is required in the system, it is recommended
to use the command from Host PMBus or the BCM EN terminal in
order to achieve simultaneous array start up.

ON_OFF_CONFIG Command (02h)

ON_OFF_CONFIG (02h)

Turn off the output and stop transferringmf
energy to the output as fast as possible

Reserved —
Unit requires the BCM EN terminal™

to be asserted to start the unit

Unit requires that the on/off portion of the'”

OPERATION command is instructing the unit to run

Unit does not power up until commanded by
the BCM EN terminal and OPERATION command

Reserved —

1 4 4

4 31 2 1 0
ofofofr]1]1]1]1]b

ldl The BCM EN terminal is ALWAYS to be asserted for power up.
lel With respect to the BCM EN terminal if used in system.
1 The BCM powertrain once disabled cannot sink current.

CLEAR_FAULTS Command (03h)

This command clears all status bits that have been previously set.
Persistent or active faults are re-asserted again once cleared. All
faults are latched once asserted in the BCM. Registered faults will
not be cleared when disabling the BCM powertrain by the EN
terminal, sending the OPERATION command, or by lowering the
high-side voltage below the undervoltage lockout threshold. There
is no data byte for this command.

CAPABILITY Command (19h)

CAPABILITY (19h)

Reserved —

SMBALERT# and SMBALERT
alert response protocol support

Maximum supported bus speed
is 400kHz

Packet Error Checking supportedj

4
0|0

7 6 5 4
RICIRACIEIEY

The BCM returns a default value of AOh. This value indicates that
the PMBus® frequency supported is up to 400kHz and that Packet
Error Checking (PEC) is supported. SMBALERT# is not supported.

QUERY Command (1Ah)

The QUERY command is used to ask a PMBus device if it supports

a given command, and if so, what data formats it supports for that
command. This command uses the Block Write — Block Read format
described in the PMBus Specification 1.3 Part Il.

Bit Value Description

; 0 Command not supported
1 Command supported

6 0 Command not supported for write
1 Command supported for write

c 0 Command not supported for read
1 Command supported for read

000 LINEAR11, ULINEAR16, or SLINEAR16 (9]
001 16 bit signed number

010 IEEE Half Precision Floating Point format
011 Direct Mode format

4:2 . ; ;

100 8 bit unsigned integer

101 VID Mode format

110 Manufacturer specific format

1M1 Command does not return numeric data [l
1.0 XX Reserved

9] As defined by specification of the command being queried.
T Also used for commands that return blocks of data or the
SEND BYTE protocol
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COEFFICIENTS Command (30h)

The command returns the coefficients (m, R and B) for data in
the DIRECT Mode format. The command is read-only and uses
the Block Write/Block Read process call. The write portion of the
process call is composed of two bytes, including the command
code of interest followed by a byte indicating the data access
type of the requested coefficients. The command returns 5 bytes
corresponding to the m, R and B coefficients during the read
portion of the process call. The coefficient values are also given in
the Reported Data Formats section of this document.

Write portion (byte count is always 2)

Byte Value Description
1 User input Command code of interest
5 00 Retrieve coefficients for write transaction
01 Retrieve coefficients for read transaction

Read portion (byte count is always 5)

Byte Value Description

1 Varies per command = Lower byte of m coefficient
2 Varies per command = Upper byte of m coefficient
3 Varies per command = Lower byte of B coefficient
4 Varies per command = Upper byte of B coefficient
5 Varies per command | R coefficient

It is recommended that the QUERY command be executed prior
to the COEFFICIENTS command to confirm support for the
command of interest and to determine the applicable data
access types. Unsupported commands, unsupported command
transaction types or commands not following the DIRECT Mode
format will return 0 for all m, R and B coefficients and will set the
STATUS_CML Invalid/Unsupported Data Received bit.
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STATUS_BYTE (78h) and STATUS_WORD (79h)

STATUS_WORD (79h)

STATUS_BYTE (78h)

Low Byte

High Byte

NONE OF THE ABOVE—
PMBUS COMMUNICATION EVENT—
TEMPERATURE FAULT OR WARNING
VIN_UV_FAULT
IOUT_OC_FAULT
VOUT_OV_FAULT
UNIT IS OFF
UNIT IS BUSYT .

7 5| 4 3] 2 1 0O
[ [afofa[a]a]r]o]

POWER_GOOD#
STATUS_MFR_SPECIFIC
INPUT FAULT OR WARNING
IOUT/POUT FAULT OR WARNING
VOUT FAULT OR WARNING T
6

7 5 4 3 2 1 0
fof1[1]1]1]o]o]0]®

Unspecified bits are not supported

All fault or warning flags, if set, will remain asserted until cleared
by the Host or once the BCM input power is removed.

This includes undervoltage fault, overvoltage fault, overtemperature
fault, overtemperature warning, undertemperature fault and
communication faults.

Asserted status bits in all status registers, with the exception of
STATUS_VOUT, STATUS_INPUT, STATUS_TEMPERATURE and
STATUS_IOUT, can be individually cleared. This is done by sending
a data byte with one in the bit position corresponding to the
intended warning or fault to be cleared. Status bits in the
STATUS_WORD and STATUS_BYTE cannot be individually
cleared, with the exception of the UNIT IS BUSY bit by writing
80h to STATUS_BYTE (78h). Refer to the PMBus® Power

System Management Protocol Specification - Part Il - Revision

1.3 for details.

The POWER_GOOD# bit reflects the state of the device and does
not reflect the state of the POWER_GOOD# signal limits. The
POWER_GOOD_ON COMMAND (5Eh) and POWER_GOOD_OFF
COMMAND (5Fh) are not supported. The POWER_GOOD# bit is
set, when the BCM is not in the active state, to indicate that the
powertrain is inactive and not switching. The POWER_GOOD#
bit is cleared, when the BCM is in the active state, 5ms after the
powertrain is activated allowing for soft start to elapse.

POWER_GOOD# and UNIT IS OFF bits cannot be cleared as they
always reflect the current state of the device.

Fault reporting, such as SMBALERT# signal output, and
Host notification by temporarily acquiring bus parent status
is not supported.

If the BCM is pOWered by VH| = VHLCONTROLI it will retain the last
telemetry data and this information will be available to the user

via a PMBus Status request. This is in agreement with the PMBus
standard, which requires that status bits remain set until specifically
cleared. Note that in the case where the BCM Vy is lost, i.e.,
VH|_CONTROL < VHI < VHI_UVLO+: the status will alWayS indicate an
undervoltage fault, in addition to any other fault that occurred.

NONE OF THE ABOVE bit will be asserted if either the
STATUS_MFR_SPECIFIC (80h) or the High Byte of the
STATUS WORD s set.

STATUS_VOUT (7Ah)

STATUS_VOUT (7Ah)

VOUT_UV_FAULT

VO UT?OV?FAULTW

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

Unspecified bits are not supported. A one indicates a fault.

STATUS_IOUT (7Bh)

STATUS_IOUT (7Bh)

IOUT_OC_FAULTW

7 6 5 4 3 2 1 0
1fofof1lofolo]0

Unspecified bits are not supported. A one indicates a fault.
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STATUS_INPUT (7Ch)

STATUS_INPUT (7Ch)

Reserved
VIN_UV_FAULT VTM_OCF_FAULT
VTM_UV_FAULT
VIN. OV FAULT VTM_SS_TOUT_FAULT

717 6 5 4
(1] ]o]1]

3.2 1 0
O‘O‘O‘O

Unspecified bits are not supported. A one indicates a fault.

STATUS_TEMPERATURE (7Dh)

STATUS_TEMPERATURE (7Dh)

UT_FAULT

OT_WARNING

OT_FAULT 1

Reserved —

3’—2r—’—0‘

70 6/ 5 4
(1] ]o]1]

O‘O‘O‘O

Unspecified bits are not supported. A one indicates a fault.

STATUS_CML (7Eh)

STATUS_CML (7Eh)

Memory Fault Detected
Packet Error Check Failed

Invalid or Unsupported
Data Received

Invalid or Unsupported
Command Received

Other Communication Faults —

Reserved —

STATUS_MFR_SPECIFIC (80h)

STATUS_MFR_SPECIFIC (80h)

MICRO_SS_TOUT_FAULT —
VTM_OTP_FAULT —
VIM_OV_FAULT —
VTM_OCS_FAULT —

70 6/ 5 4 3 2/ 1 0
[t o1 [1]1]1]®

The BCM consists of a supervisory microcontroller and a powertrain
controller. This register reports powertrain controller faults. The
VTM_SS_TOUT_FAULT, if asserted, indicates a soft-start timeout
fault. VTM_UV_FAULT and VTM_QOV_FAULT report undervoltage
and overvoltage fault conditions reported by the powertrain
controller. In the event of an short circuit condition, the
VTM_OCF_FAULT will be asserted. An overcurrent condition is
indicated by the VTM_OCS_FAULT bit. The powertrain controller
monitors the BCM internal temperature. An overtemperature
shut-down condition is indicated by assertion of the
VTM_OTP_FAULT bit.

The MICRO_SS_TOUT_FAULT bit, if asserted, refers to a soft-start
time-out condition detected by the supervisory controller.

Unspecified bits are not supported. A one indicates a fault.

READ_VIN Command (88h)

The READ_VIN command returns the BCM'’s high-side voltage Vy
in direct format.

READ_VOUT Command (8Bh)

The READ_VOUT command returns the BCM'’s low-side voltage Vo
in direct format.

READ_IOUT Command (8Ch)

The READ_IOUT command returns the BCM's low-side current g
in direct format.

READ_TEMPERATURE_1 Command (8Dh)

The READ_TEMPERATURE_1 command returns the BCM’s
temperature in direct format.

READ_POUT Command (96h)

The READ_POUT command returns the BCM's low-side power P\ g
in direct format.

7 6 5 4 3 2/ 1 0
[1[1]1]o]o]o]1]o]b

Unspecified bits are not supported. A one indicates a fault.

The STATUS_CML data byte will be asserted when an unsupported
PMBus® command or data or other communication fault occurs.
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PMBus Communication Fault

Module Behavior

Corrupted data, unrecognized commands or other PMBus®
protocol violations have no impact on powertrain functionality.
PMBus Reporting Characteristics

The below tables summarize data transmission and data content
faults as implemented in the BCM.

Response to Host STATUS_BYTE STATUS_CML
Section Description Notes
p NACK FFh CML Other Unsupported PEC
Fault Data Failed
10.8.1 Corrupted data X
10.8.2 Sending too few bits
10.8.3 Reading too few bits
10.8.4 Host sends or reads X X
too few bytes
10.85 Host sends X X
too many bytes
10.8.6 Reading too many bytes X X X
Device will ACK own address;
10.8.7 Device busy X X BUSY bit in STATUS_BYTE even if
STATUS_WORD is set
Table 2 — Data transmission faults
Response  gratus_BYTE STATUS_CML
to Host
Section Description — U g U ; Notes
ther nsupporte: nsupporte:
DLESK ciL Fault Command Data
Improperly set read bit
10.9.1 in the address byte X X X No Response
10.9.2 Unsupported X X X
command code
Invalid or
109.3 unsupported data X X
10.9.4 Data out of range X X
10.9.5 Reserved bits No response; not a fault
Table 3 — Data content faults
BCM® Bus Converter Rev 1.2 Q
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Outline Drawing
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Recommended Hole Pattern

BCM6135 TC9
(Reference DWG # 49103 Rev 2)
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Package Marking Specification

Top View

Data matrix
Size: 5 x 5mm :
/ Cell contrast value: >25% Part number (alphanumerIC)

Content: serial number

| Agency labels

VICOR | /

CM-ChiP 61358 d M

Example 16-digit serial number
A 023 10 0400004143

Year 2023
Month October
Day (4

Module count (4143 of this day)

~ T |
e W ! 3
/ .
RoHS label PID (alphanumeric)
Date code Serial number
Data matrix
Z'éﬁ:ci:tfa'?twalue: . Part number (alphanumeric)
Bottom V|ew / Content: serial number
© VICOR ©
CM-ChiP 6135BC ©
©
— ©
©
L ] ©
©
©

©

Date code
RoHS label

PID (alphanumeric)

Serial number
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Revision History

Revision Date
1.0 06/14/24
1.1 09/05/24
1.2 10/07/24

Initial release

Corrected output ripple and output resistance specifications

Description

Revised list of supported commands

Updated features and benefits

Page Number(s)

n/a

56
23,25

1
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Vicor's comprehensive line of power solutions includes high density AC-DC and DC-DC modules and
accessory components, fully configurable AC-DC and DC-DC power supplies, and complete custom
power systems.

Information furnished by Vicor is believed to be accurate and reliable. However, no responsibility is assumed by Vicor for its use. Vicor
makes no representations or warranties with respect to the accuracy or completeness of the contents of this publication. Vicor reserves
the right to make changes to any products, specifications, and product descriptions at any time without notice. Information published by
Vicor has been checked and is believed to be accurate at the time it was printed; however, Vicor assumes no responsibility for inaccuracies.
Testing and other quality controls are used to the extent Vicor deems necessary to support Vicor's product warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Specifications are subject to change without notice.

Visit https://www.vicorpower.com/dc-dc/isolated-fixed-ratio/bus-converter-module for the latest product information.

Vicor’s Standard Terms and Conditions and Product Warranty

All sales are subject to Vicor’s Standard Terms and Conditions of Sale, and Product Warranty which are available on Vicor’s webpage
(https://www.vicorpower.com/termsconditionswarranty) or upon request.

Life Support Policy

VICOR'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESS PRIOR WRITTEN APPROVAL OF THE CHIEF EXECUTIVE OFFICER AND GENERAL COUNSEL OF VICOR CORPORATION. As used
herein, life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected to
result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness. Per Vicor Terms
and Conditions of Sale, the user of Vicor products and components in life support applications assumes all risks of such use and indemnifies
Vicor against all liability and damages.

Intellectual Property Notice

Vicor and its subsidiaries own Intellectual Property (including issued U.S. and Foreign Patents and pending patent applications) relating to the
products described in this data sheet. No license, whether express, implied, or arising by estoppel or otherwise, to any intellectual property
rights is granted by this document. Interested parties should contact Vicor's Intellectual Property Department.

The products described on this data sheet are protected by the following U.S. Patents Numbers:
9,516,761 and other patents pending.

Contact Us: https://www.vicorpower.com/contact-us

Vicor Corporation
25 Frontage Road
Andover, MA, USA 01810
Tel: 800-735-6200
Fax: 978-475-6715
WWW.VICOrpower.com

email
Customer Service: custserv@vicorpower.com
Technical Support: apps@vicorpower.com

©2024 Vicor Corporation. All rights reserved. The Vicor name is a registered trademark of Vicor Corporation.
PMBus® is a registered trademark of SMIF, Inc.
All other trademarks, product names, logos and brands are property of their respective owners.
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