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1 Introduction

1.1 Definition of a busbar

In battery packs for electric mobility, a busbar is used to connect battery cells or modules. In automotive battery
packs, busbars are used to connect battery modules together. Busbars are made of copper. In a schematic, a
very small resistance represents the busbar. Busbars typically have very low impedance.
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Figure 1. Busbar example

2 Busbar location determination

2.1 Conventional design requirement

If a cluster has fewer cells than the maximum number of cells, the usage of cell terminal pins CT_x and cell
balancing pins CB_x has to fulfill some constraints. Stacked cells in an arrangement from 7 cells to 14 cells are
described in Table 1.
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Table 1. Arrangement when the cluster has fewer cells than the maximum number of cells for MC33771B/C

Busbar design application note

Cell |Stacked cells
14 13 12 1 10 9 8 7
1 CT_REF/CT_1 CT_REF/CT_1 CT_REF/CT_1 CT_REF/CT_1 CT_REF/CT_1 CT_REF/CT_1 CT_REF/CT_1 CT_REF/CT_1
2 CT_1/CT_2 CT_1/CT_2 CT_1/CT_2 CT_1/CT_2 CT_1/CT_2 CT_1/CT_2 CT_1/CT_2 CT_1/CT_2
3 CT_2/CT_3 CT_2/CT_3 CT_2/CT_3 CT_2/CT_3 CT_2/CT_3 CT_2/CT_3 CT_2/CT_3 CT_2/CT_3
4 CT_3/CT_4 CT_3/CT_4 CT_3/CT_4 CT_3/CT_4 CT_3/CT_4 CT_3/CT_4 CT_3/CT_4 CT_3/CT_4
5 CT_4/CT_5 CT_5/CT_6 CT_6/CT_7 CT_7/CT_8 CT_8/CT_9 CT_9/CT_10 CT_10/CT_11 CT_11/CT_12
6 CT_5/CT_6 CT_6/CT_7 CT_7/CT_8 CT_8/CT_9 CT_9/CT_10 CT_10/CT_11 CT_11/CT_12 CT_12/CT_13
7 CT_6/CT_7 CT_7/CT_8 CT_8/CT_9 CT_9/CT_10 CT_10/CT_11 CT_11/CT_12 CT_12/CT_13 CT_13/CT_14
8 CT_7/CT_8 CT_8/CT_9 CT_9/CT_10 CT_10/CT_M CT_11/CT_12 CT_12/CT_13 CT_13/CT_14
9 CT_8/CT_9 CT_9/CT_10 CT_10/CT_M CT_11/CT_12 CT_12/CT_13 CT_13/CT_14
10 |CT_9/CT_10 CT_10/CT_11 CT_1/CT_12 CT_12/CT_13 CT_13/CT_14
11 |CT_10/CT_11 CT_11/CT_12 CT_12/CT_13 CT_13/CT_14
12 |CT_M/CT_12 CT_12/CT_13 CT_13/CT_14
13 |CT_12/CT_13 CT_13/CT_14
14 |CT_13/CT_14

In summary, channel 5 to channel 11 could be short when the system needs fewer cells. Therefore, the busbar could assemble these channels.
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2.2 The pattern of busbar arrangement

There are two possibilities to add the busbar.

* Busbar is assembled to one channel independently.
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Figure 2. Busbar is connected to one channel independently

Advantage: The busbar is connected to one channel itself, it does not influence the accuracy of the adjacent
cells.

Disadvantage: The busbar occupies one channel.

Note: Negative voltage may be generated when the battery is discharged. The negative voltage limit for

every channel is —0.3 V. If this voltage is exceeded, the measurement accuracy of adjacent channels would be
influenced. In worst case, the device may be damaged. The user must control the busbar resistance and makes
sure that in the worst case current condition, the drop is not higher than 0.3 V. If it is not possible, this option
cannot be used.

Note: If the busbar occupies one channel as shown in Figure 2, CT_x OV/UV functional verification (SMO01)
must be disabled. Otherwise it triggers a false alarm.

AN12969 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

Application note Rev. 2 — 15 May 2023

5/10



NXP Semiconductors

AN12969

¢ Busbar and cell are assembled to the same channel.
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Figure 3. Busbar and cell are connected to the same channel
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Advantage: The busbar does not occupy any channel.

Disadvantage: When large current goes through the busbar, the voltage drop on busbar influences the
accuracy of the channel.

2.3 Special design requirements

As a system requirement, some users may add a busbar to the channel that is out of the range of channel 5
to channel 11. For this application, the condition to add a busbar should be listed in detail. The most important
limitation for busbar location is the voltage requirement of every CT_x pin. If the voltage cannot satisfy the
requirement, the accuracy of CT_x may be impacted. The voltage requirement is listed in Table 2.

Table 2. Voltage requirement of every MC33771x pin

MC33771x pin

Minimum voltage to AGND (V)

Minimum absolute voltage to VPWR (V)

CT_REF

CT_1

CT 2

CT 3

CT_4

CT 5

CT 6

cT 7

CT 8

CT 9
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Table 2. Voltage requirement of every MC33771x pin...continued
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MC33771x pin

Minimum voltage to AGND (V)

Minimum absolute voltage to VPWR (V)

CT_10

CT_11 - 6
CT 12 . )
CT 13 . -
CT 14 . -

The user should configure the busbar based on the application cell voltages, making sure that the conditions in
Table 2 are met in all cases. Typical battery operation voltage ranges are shown in Table 3.

Table 3. Voltage range of battery

Technology Acronym Nominal voltage (V) Full charge voltage (V) End of discharge voltage (V)
LiNiMnCoO, NMC 3.6t03.7 42 25t 3.0

LiNiCoAIO, NCA 3.6 42 27

LiFePO, LFP 3.2 3.6 2.0

LiCoO, LCO 3.7 42 24

Li,TiO3 LTO 24 3t03.9 1.5

LiMn,04 LMO 3.0 35 2.0

3 Busbar installation during battery pack assembly

To avoid damaging the battery cell controller (BCC) during the installation, all the busbars of the battery must be
connected first. Then the MC33771x could be plugged in.

Table 4. Busbar configuration examples

MC33771x

3 x 3 cells

3 x4 cells

2 x 6 cells

13 cells

Position between pin CT_14 and pin CT_13

module 3 cell 3

module 3 cell 4

module 2 cell 6

module 1 cell 13

Position between pin CT_13 and pin CT_12

module 3 cell 2

module 3 cell 3

module 2 cell 5

module 1 cell 12

Position between pin CT_12 and pin CT_11

module 3 cell 1

module 3 cell 2

module 2 cell 4

module 1 cell 11

Position between pin CT_11 and pin CT_10

busbar

module 3 cell 1

module 2 cell 3

module 1 cell 10

Position between pin CT_10 and pin CT_9

module 2 cell 3

busbar

module 2 cell 2

module 1 cell 9

Position between pin CT_9 and pin CT_8

module 2 cell 2

module 2 cell 4

module 2 cell 1

module 1 cell 8

Position between pin CT_8 and pin CT_7

module 2 cell 1

module 2 cell 3

busbar

module 1 cell 7

Position between pin CT_7 and pin CT_6

0Q

module 2 cell 2

module 1 cell 6

module 1 cell 6

Position between pin CT_6 and pin CT_5

0Q

module 2 cell 1

module 1 cell 5

module 1 cell 5

Position between pin CT_5 and pin CT_4

0Q

busbar

0Q

0Q

Position between pin CT_4 and pin CT_3

busbar

module 1 cell 4

module 1 cell 4

module 1 cell 4

Position between pin CT_3 and pin CT_2

module 1 cell 3

module 1 cell 3

module 1 cell 3

module 1 cell 3

Position between pin CT_2 and pin CT_1

module 1 cell 2

module 1 cell 2

module 1 cell 2

module 1 cell 2

Position between pin CT_1 and pin CT_REF

module 1 cell 1

module 1 cell 1

module 1 cell 1

module 1 cell 1
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4.1 Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

4.2 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.
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Suitability for use in automotive applications — This NXP product has
been qualified for use in automotive applications. If this product is used

by customer in the development of, or for incorporation into, products or
services (a) used in safety critical applications or (b) in which failure could
lead to death, personal injury, or severe physical or environmental damage
(such products and services hereinafter referred to as “Critical Applications”),
then customer makes the ultimate design decisions regarding its products
and is solely responsible for compliance with all legal, regulatory, safety,
and security related requirements concerning its products, regardless of
any information or support that may be provided by NXP. As such, customer
assumes all risk related to use of any products in Critical Applications and
NXP and its suppliers shall not be liable for any such use by customer.
Accordingly, customer will indemnify and hold NXP harmless from any
claims, liabilities, damages and associated costs and expenses (including
attorneys’ fees) that NXP may incur related to customer’s incorporation of
any product in a Critical Application.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of non-
infringement, merchantability and fitness for a particular purpose. The entire
risk as to the quality, or arising out of the use or performance, of this product
remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers

be liable to customer for any special, indirect, consequential, punitive

or incidental damages (including without limitation damages for loss of
business, business interruption, loss of use, loss of data or information, and
the like) arising out the use of or inability to use the product, whether or not
based on tort (including negligence), strict liability, breach of contract, breach
of warranty or any other theory, even if advised of the possibility of such
damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors,

its affiliates and their suppliers and customer’s exclusive remedy for all of
the foregoing shall be limited to actual damages incurred by customer based
on reasonable reliance up to the greater of the amount actually paid by
customer for the product or five dollars (US$5.00). The foregoing limitations,
exclusions and disclaimers shall apply to the maximum extent permitted by
applicable law, even if any remedy fails of its essential purpose.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

NXP B.V. - NXP B.V. is not an operating company and it does not distribute
or sell products.
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NXP — wordmark and logo are trademarks of NXP B.V.

4.3 Trademarks

Notice: All referenced brands, product names, service names, and
trademarks are the property of their respective owners.
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