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Description
TIDA-01400 uses a dedicated bq76PL455A-Q1 device
to act as the communications interface between a
system microcontroller (MCU) and a daisy-chained
stack of bq76PL455A-Q1 battery-monitoring devices.
Using a dedicated bq76PL455A-Q1 allows the pack
controller to take full advantage of the daisy-chain
communication structure and simplifies the process of
communicating to the battery pack, while isolating the
pack controller from potentially high battery pack
voltages. TIDA-01400 also incorporates two fullyisolated amplifiers, which allows for isolated pack
current sensing and offers a separate isolated voltage
measurement.
Resources
TIDA-01400
bq76PL455A-Q1
TPS61093
TPD4E05U06QDQARQ1
SN6501DBVR
TPS76350DBVR
TPS7A1650DGNR
AMC1200BDUBR
bq76PL455 EVM

Features
• Compatible With TMS570 or C2000™ AutomotiveGrade MCUs
• Fully-Isolated Pack Current and User-chosen
Voltage Measurements Reported to MCU or
bq76PL455A-Q1 AUX Pins
• 12-V Rail to Power the bq76PL455A-Q1 From
Existing MCU Power Supply
• Isolated Daisy-Chain Communication Output to
Communicate With Battery Pack
Applications
• Electric and Hybrid Vehicles
• E-Bikes and Electric Scooters
• Energy Storage and UPS
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System Overview

1.1

System Description
The bq76PL455A-Q1 acts as a communication bridge between a system controller's or battery pack
controller's UART commands into the differential daisy-chain protocol used by the bq76PL455A-Q1 stack
used for battery pack monitoring. Universal asynchronous receiver and transmitter (UART) communication
takes place on the TX and RX pins as well as an interrupt pin FAULT_N, which is used to alert the MCU
of a device fault in the battery monitoring stack. A fourth pin, WAKEUP, transitions the device from its
shutdown mode. The device acting as the bridge sends commands to the stack through the COMMH+,
COMMH-, FAUTLTH+, and FAULTH- connections.
The bq76PL455A-Q1 requires a minimum of 12 V of power. In a typical application the bq76PL455A-Q1
derives power from the battery stack. When used as a communication bridge, the bq76PL455A-Q1 will
typically be on the same board as the pack controller, which is isolated from the battery stack. TIDA-01400
implements a 12-V boost converter with the TPS61093, which allows the bq76PL455A-Q1 to be powered
from the same source as the controller.
TIDA-01400 incorporates two AMC1200BDUBR isolated fully-differential amplifiers to sense current
passing through the pack as well as an isolated-voltage measurement. These values are then reported
back to the MCU and the AUX inputs of the bq76PL455A-Q1.
Using a dedicated bq76PL455A-Q1 allows the pack controller to take full advantage of the daisy-chain
communication structure and simplifies the process of communicating to the battery pack, while isolating
the pack controller from potentially high battery pack voltages
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1.2

Block Diagram
OPEN CONNECTOR

12 V+

FAULT
bus

COMM
bus

61 – AUX5
62 – AUX4
63 – AUX3
64 – AUX2
65 – AUX1
66 – AUX0
67 – VREF_2.5
68 – OUT_2
69 – AGND3
70 – VP1
71 – NPN_B
72 – AGND2
73 – OUT_1
74 – AGND1
75 – FUNC_NC
76 – TOP
77 – SENSE16
78 – EQ16
79 – SENSE15
80 – EQ15
bq76PL455A-Q1

AUX6 – 60
AUX7 – 59
V5VAO – 58
FAULTH+ – 57
FAULTL- – 56
COMMH+ – 55
COMMH- – 54
COMML- – 53
COMML+ – 52
FAULTL- – 51
FAULTL+ – 50
WAKEUP – 49
GND – 48
GPIO0 – 47
GPIO1 – 46
GPIO2 – 45
GPIO3 – 44
GPIO4 – 43
GPIO5 – 42
VIO – 41

WAKEUP

21 – SENSE4
22 – EQ4
23 – SENSE3
24 – EQ3
25 – SENSE2
26 – EQ2
27 – SENSE1
28 – EQ1
29 – SENSE0
30 – DGND1
31 – VM
32 – CHP
33 – CHM
34 – VDIG
35 – DGND2
36 – VDD18_1
37 – DGND3
38 – TX
39 – RX
40 – FAULT_N

1 – SENSE14
2 – EQ14
3 – SENSE13
4 – EQ13
5 – SENSE12
6 – EQ12
7 – SENSE11
8 – EQ11
9 – SENSE10
10 – EQ10
11 – SENSE9
12 – EQ9
13 – SENSE8
14 – EQ8
15 – SENSE7
16 – EQ7
17 – SENSE6
18 – EQ6
19 – SENSE5
20 – EQ5
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Figure 1. System Block Diagram

TIDUCU3 – May 2017
Submit Documentation Feedback

bq76PL455A-Q1 Communications Bridge Reference Design
Copyright © 2017, Texas Instruments Incorporated

3

System Overview

1.3
1.3.1

www.ti.com

Highlighted Products
bq76PL455A-Q1
The bq76PL455A-Q1 device is an integrated 16-cell battery monitoring and protection device, which is
designed for high-reliability automotive applications. The integrated high-speed, differential, capacitorisolated communications interface allows up to 16 bq76PL455A-Q1 devices to communicate with a host
through a single high-speed UART interface. The bq76PL455A-Q1 monitors and detects several different
fault conditions, which includes overvoltage, undervoltage, overtemperature, and communication faults.
Six GPIO ports and eight analog AUX analog-to-digital converter (ADC) inputs are included for additional
monitoring and programmable functionality. A secondary thermal shutdown is included for further
protection.

1.3.2

TPS61093
The TPS61093 is a 1.2-MHz, fixed-frequency boost converter designed for high integration and high
reliability. The IC integrates a 20-V power switch, input-output isolation switch, and power diode. When the
output current exceeds the overload limit, the isolation switch of the IC opens up to disconnect the output
from the input, thus protecting the IC and the input supply. The isolation switch also disconnects the
output from the input during shutdown to minimize leakage current. When the IC is shut down, the output
capacitor is discharged to a low-voltage level by internal diodes. Other protection features include 1.1-A
peak overcurrent protection (OCP) at each cycle, output overvoltage protection (OVP), thermal shutdown,
and undervoltage lockout (UVLO).

1.3.3

TPD4E05U06QARQ1
The TPDxE05U06-Q1 is a family of unidirectional transient voltage suppressor (TVS) electrostatic
discharge (ESD) protection diodes with ultra-low capacitance. The devices are rated to dissipate ESD
strikes above the maximum level specified in the IEC 61000- 4-2 level four international standard. The
ultra-low-loading capacitance makes these devices ideal for protecting any high-speed signal applications
up to 6 Gbps.

1.3.4

SN6501DBVR
The SN6501 is a monolithic oscillator and power-driver, specifically designed for small form factor, isolated
power supplies in isolated interface applications. The device drives a low-profile, center-tapped
transformer primary from a 3.3-V or 5-V DC power supply. The secondary can be wound to provide any
isolated voltage based on transformer turns ratio. The SN6501 consists of an oscillator followed by a gate
drive circuit that provides the complementary output signals to drive the ground referenced N-channel
power switches. The internal logic ensures break-before-make action between the two switches.

1.3.5

TPS76350DBVR
The TPS763xx family of low-dropout (LDO) voltage regulators offers the benefits of LDO voltage, lowpower operation, and miniaturized packaging. These regulators feature LDO voltages and quiescent
currents compared to conventional LDO regulators. Offered in a 5-pin, small outline integrated-circuit
SOT-23 package, the TPS763xx series devices are ideal for cost-sensitive designs and for applications
where board space is at a premium. A combination of new circuit design and process innovation has
enabled the usual pnp pass transistor to be replaced by a P-channel MOS (PMOS) pass element.
Because the PMOS pass element behaves as a low-value resistor, the dropout voltage is low—typically
300 mV at 150 mA of load current (TPS76333)—and is directly proportional to the load current. Because
the PMOS pass element is a voltage-driven device, the quiescent current is low (140-µA maximum) and is
stable over the entire range of output load current (0 mA to 150 mA). Intended for use in portable systems
such as laptops and cellular phones, the LDO voltage feature and low-power operation results in a
significant increase in system battery operating life. The TPS763xx also features a logic-enabled sleep
mode to shut down the regulator, which reduces quiescent current to 1-µA maximum at TJ = 25°C. The
TPS763xx is offered in 1.6-V ,1.8-V, 2.5-V, 2.7-V, 2.8-V, 3-V, 3.3-V, 3.8-V, and 5-V fixed-voltage versions.
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1.3.6

TPS7A1650DGNR
The TPS7A16 family of ultra-low-power, lLDO voltage regulators offers the benefits of ultra-low quiescent
current, high-input voltage, and miniaturized, high thermal-performance packaging. The TPS7A16 family is
designed for continuous or sporadic (power backup) battery-powered applications where ultra-low
quiescent current is critical to extending system battery life. The TPS7A16 family offers an enable pin (EN)
compatible with standard CMOS logic and an integrated open drain active-high power good output (PG)
with a user-programmable delay. These pins are intended for use in MCU-based, battery-powered
applications where power-rail sequencing is required.

1.3.7

AMC1200BDUBR
The AMC1200 and AMC1200B are precision-isolation amplifiers with an output separated from the input
circuitry by a silicon dioxide (SiO2) barrier that is highly resistant to magnetic interference. This barrier has
been certified to provide galvanic isolation of up to 4250 VPEAK (AMC1200B) or 4000 VPEAK (AMC1200)
according to UL1577 and VDE V 0884-10. Used in conjunction with isolated power supplies, these
devices prevent noise currents on a high common-mode voltage line from entering the local ground and
interfering with or damaging sensitive circuitry. The input of the AMC1200 or AMC1200B is optimized for
direct connection to shunt resistors or other low-voltage level signal sources. The excellent performance of
the device supports accurate current control resulting in system-level power saving and, especially in
motor-control applications, lower torque ripple. The common-mode voltage of the output signal is
automatically adjusted to either the 3-V or the 5-V low-side supply.

1.4
1.4.1

Design Considerations
bq76PL455A-Q1
For bq76PL455A detailed design considerations, see the bq76PL455A-Q1 Design Recommendations[6]
application report.
When using the AUX pins to monitor a voltage, such as the output of the AMC1200B isolated amplifier,
Equation 1 can be used to convert between the voltage at the AUX pin and the ADC reading.
2 Vref
VAux
u ADC _Read _ Value
65535
(1)

1.4.2

12-V Boost Converter
For a detailed design procedure of the boost converter, see Section 9.2.1.2 of the TPS61093 Low-Input
Boost Converter With Integrated Power Diode and Input/Output Isolation[4] datasheet..

1.4.3

Isolated-Current Sense and Voltage Measurements
For a detailed procedure of generating the isolated 5-V power supply, see the SN6501 Transformer Drive
for Isolated Supplies datasheet[3].
When using the ACM1200B isolated op-amp, a differential-input voltage of no more than 250 mV should
be applied to the VINP and VIN- pins to prevent the output from clipping. The output voltage should also
be considered as it is possible for the op-amp to generate more than 3.3 V at the output when using an
isolated 5-V supply. If an MCU is used to monitor the voltages, the voltage can exceed the maximum
voltage rating of the pins and damage the part. The bq76PL455A-Q1 AUX pins are rated to 5 V, so no
damage should occur.
When designing the input-resistor networks, note that the op-amp will have a gain of four if using the opamp in a single-ended mode of operation, and there will be a 2.55-V offset at the output. Using the 100mΩ shunt resistor on the board means that largest current that can be sensed without damaging the 3.3-V
pin on the MCU is 1.875 A. This current can be found using Equation 2.
3.3 2.5
Max Sense Current
4 u RSHUNT
(2)
In general, the pack current can always be determined by replacing 3.3 V with the sampled ADC value
and Rshunt with the desired shunt resistance.
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A second AMC1200B is provided to allow for an isolated-voltage measurement. A simple voltage divider
can be used to sample the desired voltage, but the user must scale the resistor divider according to the
voltage to be measured. For example, TIDA-01400 is currently set up to measure an external 12-V supply
using 50 kΩ of series resistance, and 499 Ω of shunt resistance across the input terminals of the op-amp.
The voltage detected by the MCU or bq76PL455A-Q1 can be calculated by Equation 3.
Rshunt
Vsense 2.55 4
Rshunt Rstack
(3)
If measuring a larger voltage such as the pack voltage, the resistor divider must be scaled so that the 250mV maximum input-voltage requirement is satisfied.

WARNING
TIDA-01400 was designed with intentions to measure a separate
12-V battery to be used in active cell balancing. If modifying the
design to measure high voltages, use proper safety precautions.
By default, two 0Ω resistors are present on the isolated side of the board. Resistor R32 connects the two
ground planes at a single point, while resistor R33 connects the ISO_SUP net to the PISO_5V net,
powering the op-amp U8. These resistors should be left on when measuring voltage and current of the
same battery or pack. If measuring current from one battery, a separate 12V battery for active cell
balancing for example, and pack voltage then resistors R32/R33 should be removed, and jumpers J5/J6
should be placed. In this configuration, both measurement circuits will be fully isolated from each other, as
well as the MCU/455 bridge circuitry. Table 1 summarizes the jumper and resistor configurations required
for having both amplifiers isolated together or separately. A situation with both the resistors and jumpers
on should be avoided as a precaution.
Table 1. Isolation Jumper Configurations
ISOLATION
CONFIGURATION

J5

J6

R32/R33

COMMENT

Voltage and current from
same battery

OFF

OFF

ON

Default

Current and voltage of
separate batteries

ON

ON

REMOVE

Both measurement circuits isolated
from each other.

—

ON

ON

ON

Avoid this situation.
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2.1

Hardware
•
•
•
•
•
•

2.2

Software
•
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GW INSTEK SPD-3606 dual-range DC-power supply
KIKUSUI PLZ1004W electronic load
bq76PL455A-Q1 communication bridge board
bq76PL455A EVM
Resistor ladder board
USB-serial cable

bq76PL455A EVM GUI
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3

Testing and Results

3.1

Communications Bridge
To set up the communications bridge board, several connections must be made:
•
•
•

Connect the communication bridge board to the PC with a USB-serial cable.
Connect the bridge board high-side differential communication head to the bq76PL455A EVM low-side
differential communication header.
Connect the GW INSTEK power supply to a resistive load board, emulating a 16-S battery connection.
Set the voltage to 61.2 V.

Figure 2 summarizes these connections

bq76PL455A EVM

Communication Bridge
Board

USB-Serial Converter
Allows Communication
Bridge to
Communicate with PC
GUI
62.1 V Power Supply
and Resistor Ladder
Board Emulate 16S
H Battery at ~3.8 V per
e
Cell
a
d
i
n
g

bq76PL455A-Q1
Differential
Communications

Figure 2. Communication Bridge Board Setup
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After setting up the boards, open the bq76PL455A EVM GUI. After selecting the appropriate COM port, a
dialog box confirming that two bq76PL455A devices were detected will appear. Figure 3 shows this dialog
box.

Figure 3. bq76PL455A GUI Detecting Two Board Stack
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To communicate with the bq76PL455A that is monitoring the cells, board one should be selected. This
selection will tell the GUI to communicate to the second board in the stack by translating the UART
commands into the proprietary daisy-chain protocol. Figure 4 demonstrates selecting board address one.

Figure 4. Addressing Top of the Stack Through the Bridge
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Next move to the Cell tab, and click the Poll Start button, which is demonstrated in Figure 5. If the correct
board is addressed and the resistor ladder is set up so 1/16th of the voltage is detected at each branch,
the board should report those cell voltages back to the GUI through the communication bridge .

Figure 5. Reporting Cell Voltage to GUI Through Bridge
The bq76PL455A-Q1 communication bridge was developed to be a BoosterPack™, so firmware can be
developed on an automotive-grade MCU, such as the TMS570 or C2000, once a project is mature
enough.

10

bq76PL455A-Q1 Communications Bridge Reference Design
Copyright © 2017, Texas Instruments Incorporated

TIDUCU3 – May 2017
Submit Documentation Feedback

Testing and Results

www.ti.com

3.2

Isolated-Voltage Measurement
To set up the isolated-voltage measurement, the bq76PL455A-Q1 communication bridge board must be
connected to the GUI through a USB-serial connection. The voltage to be measured must also be
connected to header J3, as seen in Figure 6.

Power Supply
Connections

USB-Serial
J3 Header

Figure 6. Isolated-Voltage Measurement Setup
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Once the board has been set up, the bq76PL455A GUI must be set up to read the voltage reported by the
AMC1200B isolated op-amp. To do so, the GUI must be opened and Board 0 selected if there are more
boards than just the communication bridge in the stack. Because the communication bridge is isolated
from the cells and powered by a 12-V boost converter, all cell measurements can be deselected, and
AUX0 should be enabled. Figure 7 shows the proper setup of the GUI.

Figure 7. GUI Setup for Isolated Voltage Measurement
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Moving to the Aux and I/O tab and then clicking the Poll Start button will cause the bq76PL455A-Q1 to
begin sampling the AUX0 pin, which is connected to the output of an AMC1200B isolated op-amp. The
AMC1200B has a 2.54-V offset at the output, which AUX0 should measure with no input attached to J3,
as shown in Figure 8.

With No Input, 2.54V
Offset is Present at
AMC1200B Output
Poll Start to Begin
Sampling AUX0

Figure 8. AUX0 Reading With No Input Voltage
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Connecting the GW INSTEK DC power supply to J3 will allow the user to apply a voltage to the voltage
divider present at the input of the AMC1200B. TIDA-01400 has been set up to measure a separate 12-V
battery used for active cell balancing. To ensure that the 250-mV input voltage limit of the AMC1200B is
not violated, the input resistor network has been set up with 50-kΩ of series resistance and a 499-Ω shunt
resistance. Figure 9 shows that AUX0 measures roughly 3 V with 12 V present.

Wth 12 V Present, the
AUX0 Pin Reads 3.01
V From the AMC1200B
Output

Figure 9. AUX0 Reading With 12-V Input
If a larger voltage, such as the pack voltage, is going to be measured the resistor divider should be scaled
accordingly. Failure to scale the resistor divider can result in a voltage larger than 3.3 V at the output of
the AMC1200B, which can result in damage to some MCUs.

14

bq76PL455A-Q1 Communications Bridge Reference Design
Copyright © 2017, Texas Instruments Incorporated

TIDUCU3 – May 2017
Submit Documentation Feedback

Testing and Results

www.ti.com

3.3

Isolated Current-Sense Measurement
TIDA-01400 also offers a second AMC1200B for dedicated current-sense measurements. To test the
current-sense measurement, an electronic load was used to draw current from the GW INSTEK DC power
supply with an onboard 10-mΩ shunt resistor connected in series with the load. Figure 10 shows the
board connections.

Figure 10. Isolated Current-Sense Measurement Setup
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To configure the GUI, deselect all of the cell measurements and enable the AUX1 measurement. Move to
the Aux and I/O tab, and click the Poll Start button to enable sampling of the AUX1 pin. With no current
passing through the sense resistor, 2.54 V should be present at the AUX1 pin.

C_Sense is
Measured at the
AUX1 Pin

Poll Start to Begin
Sampling

No Cells
Connected to the
Communication
Bridge Board

Figure 11. AUX1 Reading With No Current Passing Through a 10-mΩ Sense Resistor
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Increasing the current drawn by the electronic load will increase the output voltage of the AMC1200B.
Increasing the current to 2 A resulted in the AUX1 voltage to increase to 2.62 V with a 10-mΩ resistor, as
seen in Figure 12.

Figure 12. AUX1 Reading With 2 A Passing Through a 10-mΩ Resistor
The TIDA-01400 PCB was not laid out with high currents in mind, so there is insufficient copper to
measure true pack voltages. It is recommended that the current being measured be less than 3 A if using
the onboard shunt resistor. If larger currents are desired, it is suggested to remove the shunt resistor R7
and use an external shunt with parallel connections to header J4. When using the isolated current-sense
measurement, it is important to size the shunt resistor so that the output of the AMC1200B remains less
than 3.3 V; otherwise, damage to the MCU can occur.
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Table 2 summarizes some common shunt-resistor values and maximum currents without damaging a 3.3V MCU.
Table 2. Common Shunt Resisters and Maximum Current
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EXTERNAL/ONBOARD

RESISTANCE

MAXIMUM CURRENT

Onboard

10 mΩ

18.75 A

Onboard

50 mΩ

3.75 A

Onboard'

100 mΩ

1.875 A

Onboard

500 mΩ

0.375 A

External

100 µΩ

1875 A

External

200 µΩ

937.5 A

External

500 µΩ

375 A

External

1 mΩ

187.5 A
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Design Files

4.1

Schematics
To download the schematics, see the design files at TIDA-01400.

4.2

Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01400.

4.3

PCB Layout Recommendations

Keep decoupling capacitors
as close to the IC pins as
possible.
Keep boost-converter
switching node small and
away from sensitive
communication lines.

Maintain a healthy amount
of copper area under the
VP regulator for better
thermal performance.

Keep out area helps
prevent PCB noise from
coupling in and out of daisychain communications.

Isolated-voltage plane and
ground plane isolate
measurements from the
pack level as well as
prevent large commonmode voltages from
coupling noise into the
application circuit.

Copyright © 2017, Texas Instruments Incorporated

Figure 13. TIDA-01400 Layout Recommendations

TIDUCU3 – May 2017
Submit Documentation Feedback

bq76PL455A-Q1 Communications Bridge Reference Design
Copyright © 2017, Texas Instruments Incorporated

19

Design Files

4.3.1

www.ti.com

Layout Prints
To download the layer plots, see the design files at TIDA-01400.

4.4

Altium Project
To download the Altium project files, see the design files at TIDA-01400.

4.5

Gerber Files
To download the Gerber files, see the design files at TIDA-01400.

4.6

Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01400.
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ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
You agree to fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your noncompliance with the terms and provisions of this Notice.
This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, TI products and services.
These include; without limitation, TI’s standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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