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Stacking in high cell count applications

* In the design of high cell count battery management systems, there may not be
a single-chip solution for monitoring or protection that supports the required
number of cells

* In these cases, it may be necessary to stack multiple devices to implement a
solution that covers the full number of cells in the system

» This presentation reviews how to meet this requirement using TI's non-
automotive battery monitors and protectors in a stacked configuration, focusing
on:

— Secondary protection using the BQ7716/8 and BQ2947 product families
— Primary protection using the BOQ77905 and BQ77915 product family

— Monitoring using the BO76920 (3S-5S), BO76930 (6S-10S), BO76940 (9S-15S),
BQ76942 (3S-10S) and BQ76952 (3S-16S) product families
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http://www.ti.com/product/BQ7718
http://www.ti.com/product/BQ2947
http://www.ti.com/product/BQ77905
http://www.ti.com/product/BQ77915
http://www.ti.com/product/BQ76920
http://www.ti.com/product/BQ76930
http://www.ti.com/product/BQ76940
https://www.ti.com/product/BQ76942
https://www.ti.com/product/BQ76952

Realizing a high cell count secondary
protection solution
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High cell count secondary protection

» TI's multicell secondary protectors, such as the BO7716/8 and BO2947 families,
support packs with up to 4S or 5S configurations

» The devices provide an output which is asserted when one or more cell voltages
exceed the programmed overvoltage (OV) threshold

* The output pin is tolerant of up to 30 V relative to the device’s VSS pin

» Device options are available with the output controlled as an open-drain active-
low or CMOS active-high when a fault is detected

» The output pin can be used to excite a chemical fuse, permanently disabling the
pack in the event of a fault
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http://www.ti.com/product/BQ7718
http://www.ti.com/product/BQ2947

High cell count secondary protection

» For multicell configurations

FUSE Pack+

exceeding 5S, multiple

protectors can be stacked to

realize OV protection for each
individual cell in the pack

« A conceptual diagram of this
approach is shown for a 15S
pack
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High cell count secondary protection

The logic combining each OUT
signal from the individual BQ7718
devices is shown (10S system)

The version of the device with
CMOS active-high output is
selected

The external PNP and associated
circuitry is used to OR the signals
together at ground level

The combined fault signal then
controls the pulldown NFET to
trigger the chemical fuse
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High cell count secondary protection

Cell-16

* A simplified schematic of a 16S system using
4 stacked BQ7718 is shown

* The output of each BQ7718 is converted to a
current, which is summed at the NFET gate
through a 20 kQ resistor

» The series resistance in each path can be
adjusted based on the range of voltages
expected at each location in the cell stack

This circuit is included on the EVM of the BQ76952
(see http://www.ti.com/tool/BQ76952EVM)
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http://www.ti.com/tool/BQ76952EVM

High cell count secondary protection

* This stacking scheme can be extended to higher cell count systems, although
the external circuitry may need modification to support the required range of
voltage expected

* It is important to remember that each individual protector device must have at
least two cells in use

* The system should not be configured with only one cell in use on a device

* For example, to implement a 6S system, do NOT configure one device to
support 5 cells and the second device to support 1 cell
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Realizing a high cell count primary
protection solution
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High cell count primary protection

The BQ77905 and BQ77915 family of
primary protectors support from 3 to 5 series
cells and provide a full suite of protection,
including OV, UV, OW, SCD, OCD1/2, OTC,
OTD, UTC and UTD

The BQ77915 also adds autonomous cell
balancing

Primary protection for systems with over 5
series cells can be realized using multiple
devices stacked

Each device in the stack can implement OV,
UV, OW and temperature protections

The lowest device monitors the sense
resistor and provide current protections
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http://www.ti.com/product/BQ77905
http://www.ti.com/product/BQ77915

High cell count primary protection

PACK+

* The BQ779x5 integrate support for L
stacking, so the external PNP circuitry B —
shown earlier is not required 0" o e
» These devices include CTRC and CTRD 5[ —w o
input pins, which can be used to disable 1 * | ]} F:: [ —
the lower device’s CHG and DSG b 1l r -
drivers based on the decision of the o
upper device
* These products include low side NFET S
drivers, which are utilized on the bottom [M*j w
device %_W
|
[t

PACK-
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High cell count primary protection

« The CTRC and CTRD pins allow an e ﬁﬁ e —
upper device to disable the FETs on the et Ty |
next lower device, so decisions can flow H IV < —
downward to the bottom device 1] W

 These pins are connected to the local T b L
DVSS on the top device in the stack S Sl e

0 e T = e

« When stacked, the DSG and CHGU pins g = =
of an upper device connect to the CTRD y i W
and CTRC pins of t_he next lower device g R ST
through 10 MQ resistors | ﬁ ,,,,,,, -

« The pins include ~7 ms filtering % W= =
internally to avoid unintentional turnoff l? I Q

Iy JAT )
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High cell count primary protection

» This stacking scheme can be extended to higher cell count systems, although
the delay for a signal in the upper device to reach the lowest device will
accumulate through each set of debouncing

* It is important to remember that each individual protector device must have at

least three cells in use, shorting unused cells beginning at the top (cell-5, then
cell-4)

* It is recommended to eliminate cells from the lowest devices in a stack first, to
provide stronger signals from the upper device to the lower device CTRXx pins

» Application notes focused on stacking these devices can be found at:
— http://www.ti.com/lit/an/slua774a/slua774a.pdf

— http://www.ti.com/lit/an/slua906/slua906.pdf
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Realizing high cell count monitoring
using BQ769x0 battery monitors
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High cell count battery monitoring using BQ769x0
[ ,

« The BO76920 (3S-5S), BQ76930 (6S- g " -
10S) and BQ76940 (9S-15S) family of 5 L
battery monitor + protectors support up 0" =
to 15 series cells and provide cell ¢ —
voltage, current and temperature D T = ’
monitoring, as well as primary protection g: t Jen anb )
for OV, UV, SCD and OCD 1 e =

¥! i v

« When stacked, the protection signals 1 gE Fotwr L ]
need to be combined at ground level to T v
control the low-side protection FETs EZWJ% “% T %

« A mechanism is also needed to 0~ i P e jﬂ e
communicate with each device’s 12C N {on comm
interface —F TN =
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http://www.ti.com/product/BQ76920
http://www.ti.com/product/BQ76930
http://www.ti.com/product/BQ76940

High cell count battery monitoring using BQ769x0

PACK+

O
Step Down
FET Step Down
r————————— FET
|

BQ76930 1ISO1541

 The Tl Design TIDA-01093
demonstrates a 20S system using two
BQ76930 (10S) devices

» External circuitry is used to control the
low side protection NFETSs
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* The I2C buses from each device are
routed to a host MCU, with the upper
device using an 1SO1541 2.5 kV I°C
isolator
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* This scheme can be used to realize
higher cell count systems, such as

stacking two or more BQ76940 (15S)
devices — YT T¥T1 T,
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| or [ | or |
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http://www.ti.com/tool/TIDA-01093
http://www.ti.com/tool/TIDA-01093
http://www.ti.com/tool/TIDA-01093
http://www.ti.com/product/ISO1541

High cell count battery monitoring using BQ769x0

Combined protection solution

» The protection signals from the two
stacked devices are combined using a
level shifting circuit network, shown here
from TIDA-01093

* The series FETs Q26/27/28/29/30/31/32
are used for level shifting, disabling the
FET drive signal whenever either signal

from the upper or lower device triggers l
(falls) x 1.

* The circuitry involving Q33/34/35/36/37
and diodes D41/42/44 are included to
provide a faster turnoff of the FETs
when a protection triggers.

I
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High cell count battery monitoring using BQ769x0
Wakeup from SHUTDOWN

A solution is also required to wake the pack from SHUTDOWN mode

» The BQ769x0 devices require a positive voltage on the TS1 pin of each device to
awaken them from SHUTDOWN

« This can be accomplished using a charger detect scheme or a pushbutton

* The charger detect scheme used in TIDA-01093 relies on PACK- being pulled ~4 V or
more below BAT- when a charger is attached and the CHG FET is disabled. The
circuitry generates a level change when the charger is first attached.

» This level is then AC-coupled to the TS1 pins of each device, generating a short pulse
to wake each device

A pushbutton can also be used to similarly AC-couple a signal to each TS1 pin
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High cell count battery monitoring using BQ769x0
Wakeup from SHUTDOWN

» Charger detect generates a signal at e
CHG_DET, which AC-couples through 1ok
C29 to generate the CHG_ACTIVATE A g »
S|gnal ( :I ! 13‘51‘ VCSX B > VCEX_B
 The CHG_ACTIVATE signal generates :;Zw.?.: .
a pulse on the TS1 pins of both devices {NH' B T
—il l l o
|+

—<BAT+ P> TS1_U_CTRL o1 g -
1N4148W-7-F ';32 %I
Qa9 o 4 QTokF Themistor 1N4148W.T-F
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{H\ 1 Ri124 ci1 BSS123 = D31 —
A 100k «| Q18 GND_B 13 BAT-
N E_.I \ | 51414375651 Re7 D3
= Lz T T=T 3.3k
D55 o~
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19

W3 TEXAS INSTRUMENTS



High cell count battery monitoring using BQ769x0

Load detect

» Load detection is often important, in order to
determine whether the load has been
disconnected, after a short circuit discharge
event has occurred

» The circuit shown implements a detect signal
which can be read by the host processor

« When a short is detected and the DSG FET
is disabled, but no charger is attached,
PACK- will rise to PACK+

« If the load is removed, the circuit will pull
PACK- to BAT- with a small leakage current

VCC B

(8]
LOAD RM DET 2

{—|
L
—'Q19

Q15
»[EN7002-7-F

_|
-
_|

BSS84W-7-F

10k
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D28
MMSZ5232BS-7-F
5.6V

D33
MMSZ5232BS-7-F
5.6V

BAT-
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High cell count battery monitoring using BQ769x0

I2C communication

« Communication is necessary between the host processor and each device in the stack

« The I2C bus on the host processor is muxed to the two devices based on a GPIO from
the host. This allows both devices to use the same I12C address.

« The communication to the upper device

is realized using an 1SO1541 H>
2.5 kV I2C isolator ar. fij— ey
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Realizing high cell count monitoring
using BQ769x2 battery monitors
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High cell count battery monitoring using BQ769x2

« The BQ76942 (3S-10S) and BQ76952
(3S-16S) family of battery monitor +

protectors support up to 16 series cells
and provide cell voltage, current and
temperature monitoring, as well as
primary protection for OV, UV, SCD,

OCD1/2/3, OCC, OTC, OTD, UTC, UTD,

OTF, precharge timeout and a host
watchdog

» The devices include high side FET
drivers, but the high side DSG driver is
difficult to use in a stacked configuration

» Thus, the protection signals can be
combined at ground level to control low
side protection FETs
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High cell count battery monitoring using BQ769x2

» Multiple BQ769x2 devices can be
stacked to implement a high cell count
system, as depicted here

Step Down

LM25018

» External circuitry is used to control low
side protection NFETs

| ‘ | AAAT ‘ | h——’i
( 1
sive Balancing Circui

ISO
Transceiver

* The I2C buses from each device are
routed to a host MCU, with the upper
device using an 1SO1541 2.5 kV I°C
isolator

 Additional circuitry is required to wake
both devices from SHUTDOWN mode
and for load detection when protection
FETs are disabled

Wake,
.
T

DD
DOSC W W G- drivers
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T
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|
|
|
|
|
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|
|
|
|
1
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High cell count battery monitoring using BQ769x2

Combined protection solution

 The BQ769x2 devices
provide logic-level P e
outputs that match the | — DDSG
controls used for the e —
high side FET drivers I DCHG

« These outputs are X " 12V sunply
driven based on the = 7 generation
local LDO of each - \28
monitor, which has T :3Y) ° Voo
programmable voltage S o o
up tob5V i% parese2 INB ouTB

DCHG

« The signals can be I : T
combined from stacked vss 2] 7
devices to control low i
side NFETs e

Wip TEXAS INSTRUMENTS



High cell count battery monitoring using BQ769x2

Wakeup from SHUTDOWN

 The BQ769x2 devices integrate two
methods of wakeup from SHUTDOWN:
— A voltage applied to the LD pin (normally
occurs when a charger is connected)

— The TS2 pin provides a weak ~5 V level
with ~5 MQ source impedance while in
SHUTDOWN

— Pulling this pin to VSS, such as by a
button press or driven low from an external
signal, will wake the device, as shown
here

* Wakeup by charger attach can also be
implemented using the LD pin on each
device, with appropriate circuitry to limit
the voltage at each pin

| ol Lol B |2
1 1 || 1

| L

Iyl
> CHG
I
BQ76952
r 52
VsS
|
REG1
I —_— 3:3V)
I

BQ76952
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GPIO
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High cell count battery monitoring using BQ769x2

Serial communication

 The BQ769x2 devices
support up to 400 kHz 12C,
SPIl and HDQ
communications. Each
device can be configured
with a separate I°C address.

« Communication to the upper
device(s) can be realized
using an 1SO1541 2.5 kV I?C
Isolator, as in the Tl Design
TIDA-01093

« Another option is level
shifting using discrete
circuitry. An example using
SPI is shown here.

|
130

b  CHC ear
L (5V)
e SPI_MISO
= BQ76952
£l
= SPI_MOSI
: SPI_SCLK
4 SPI_CS
Vss *
[ (W
REG1
T (33V)
I
: : BQ76952 DC
<L T F
l 1 SCLK
VSS SDA i

VDD
MCU

SPI_MISO
SPI_MOSI
SPI_SCLK
SPI_CS
12C_SCLK
12C_SDA

=
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High cell count battery monitoring using BQ769x2

Load detection

PACK+

 The BQ769x2 devices include load detect ]
functionality to determine if the load has been > PACK|—

= LD

removed from a pack while the FETs are disabled

BQ76952

» This detection can be used for recovery after a
short/overcurrent has resulted in the FETs being :
disabled T i vss

» The load detect functionality is designed for use
with high side FETs o
— With FETs off, the device will periodically source a L

~100 pA current out of LD and measure the voltage on ~ ,——- paress?
the pin

— If the voltage is above a ~4 V threshold, the device will T
detect the load has been removed ‘ ‘ L

« This feature can be used in a stacked configuration PACK-
with low side FETs with additional external circuitry 28

SO .| .| Lol |
TTU7T T

PACK —

[
1
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Additional considerations
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Additional considerations

» Avoid imbalance caused by unequal
power dissipation within the stack

— Each device in the stack should be
configured to enable the same set of
modules / components internally, to
keep their power dissipation balanced

— Especially ensure any external
circuitry powered from the LDOs of the
stacked devices is also balanced

— If this is a concern, the supply voltage
for each monitor and their associated
LDOs can be drawn from top of stack

=

Pl CHG
I BREG
sl REGIN {
4] —W\ REG1
;_‘_ N (3.3V) 1uF | 22nF
E=5) BQ76952 J
£
VSS
|
P II REGIN
- REG1 —{ VDD
= (3.3V) 1uF | 22nF
e L1

BQ76952

VSS

MCU

1H
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Additional considerations

« Random cell attach across the entire stack of cells is not always supported; this
needs careful attention to follow the guidelines for each device

» Cell attach must be done in a way that avoids blowing an inline fuse

* The BQ769x2 battery monitor family supports customer production line
programming of settings into one-time programmable (OTP) memory
— If this will be utilized, it is important to plan to make sure this can be implemented
properly
— For example, each device will initially have the same 1°C address. It is necessary to
communicate with one specific device, to modify its I2C address, without also

programming other devices.

— This can generally be achieved by driving particular cell inputs with specific voltages
while programming a selected device on the production line
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Summary

» Battery monitoring and protection systems for high cell count systems can be
iImplemented by stacking individual protectors and monitors

» Additional circuitry is generally needed to support communications, protections,
load detection and wakeup from a shutdown state

» Special considerations must be taken during production, to ensure each device
in the stack can be programmed as needed, requirements for attaching cells is
followed and an inline fuse is not inadvertently blown
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Aiming to provide you with convenience

Buying on Tl.com: from concept to production, inventory when you need it.

Custom quantity reels
now available

Convenience delivered.

Everything v  Searchthe T

Buy on Tl.com - convenience delivered

Purchasing on Tl.com is the easiest way to access the largest inventory of immediately available, authentic Tl parts at lower online prices. From prototype
to production, you can get what you need from Tl - production quantities, preproduction parts, multiple payment options and flat-rate shipping
anywhere, every day.

ti.com/buy

Largest inventory of authentic Tl products
Immediately available inventory

Lowest online prices*

Cut tape, custom and full quantity reels
Exclusive access to preproduction devices

Multiple payment options: line of credit (select
regions), credit cards, PayPal, AliPay, WeChat
Pay, and Union Pay

Flat-rate shipping anywhere, every day

33

Wip TEXAS INSTRUMENTS



I3 TEXAS

INSTRUMENTS

©2020 Texas Instruments Incorporated. All rights reserved.

The material is provided strictly "as-is" for informational purposes only and without any warranty.
Use of this material is subject to Tl's Terms of Use, viewable at Tl.com



