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Topology variation:

48-V system architecture * Microcontroller (MCU)
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48-V system architecture with lithium-titanate
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BQ75614-Q1 overview
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BQ75614: 48-V 14S to 16S battery monitor

ASIL-D Voltage/temperature measurement and communication
ASIL-D current measurement with dedicated 16-bit sigma-delta ADC

Integrated current sensing:
* Input range = +/-100mV with 0.75ms to 12ms conversion time options
» Synchronized current & cell voltage measurements

» Accuracy of +/-0.3% (>300uV input); 1.5uV (<=300uV input)

Integrated fuse & relay diagnostic

Voltage Accuracy +/-3.5mV over full temperature range post soldering

« All 14 cell voltage measurements complete in 112us
» Integrated front end RC filters on voltage measurement path
* _Integrated post ADC digital low pass filters w/ as low as 6.5Hz f

Built-in 2Md level protector for OV/UV/OT/UT

Fault interrupt signal to system MCU for quick action
UART communication to system MCU

External load support to power digital isolator
Internal cell balancing with integrated balancing FET

» Optional device controlled odd/even duty cycle w/out constant host
system monitoring, or

« Complete MCU controlled balancing

» Option to pause CB progress at OT detection and automatically
resume when temp drops

100ms FDTI mode
Package: 64-pin QFP

* Provide device level ASIL-D. No special SW requirement from MCU.
* Part of the ASIL-D family with 16S, 14S,12S monitor for HV system and 48V system
» All devices sharing same package/pinout, functional control and register map
* Learn one, learn all. Maximize MCU code reuse and system level fault analysis.

« Similar time average between current and cell voltage measurements for more
accurate SOC calculation
« Similar timing options on current sense conversion time and cell voltage LPF
setting
 Integrated post ADC low pass filters provides high integrity level of DC voltage
measurement by filtering out system noise (e.g. invertor/charger/heater/motor
rotation etc) for best SOC calculation

 Built-in 2nd |evel protector with user programmable OV/UV/OT/UT threshold independent of
ADC measurement

FUSE Relay

N | —12V
Fuse /relay sanse pM |.|:_

BAT ouT
GRIOK
VDD VCC1 E

WCC2 WCC =1
bq75614 15O MCU
UART h *
Current sense
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BQ75614 block diagram

Current ADC

» High accuracy
* Fast data rate
» SINCS3 low pass filter

Main ADC

* Vcell measurement

 Temperature
measurement

AUX ADC

« Redundant path
« Diagnostic channel
 Measure VBAT etc.

Cell balancing

« 300-mA balancing @ 60
C

« Dynamic thermal
management
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| CBO I
| Charge Pump |
I
I
| CB TWARN : aTP Registers
e |
;I—I:I—I:I—I:I—I:I—I:I—I:—D (] (H |
[T} L= = [ ~
28 838 88 8 z 8 5
= B O
g g o

-
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T

GPIO1
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GPIOS
GPIOG

—

Hardware reset
Emulate POR reset
pure analog
Available in all power
modes

Secondary hardware

protectors
Hardware comparators
independent of ADC

« OV, UV, OT, UT

« Operate in sleep mode

GPIOs

« 8GPIOs

« NTC thermistor

« Analog voltage input
 SPI| master
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Voltage & current measurement
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Why measure voltage and current?

» Continuous current measurement and timing synchronization allows system to
optimize coulomb counting calculation.

* Synchronized V and | measurement allows system to execute optimized
SOC/SOH algorithm.

» Accurate cell voltage and pack current measurements provide the best
SOC/SOH estimations.

9
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Cell voltage measurement

| voltage Is synchronized
Nin 112 us

| voltage is refreshed

* Integrated digital low-pass
filter (6.5 Hz, 53 Hz, etc.

Sw2/  * o
CELL16 T C_e
Wit
SWA/ 4] bq75614
CELL15 T .Ce
-hh"""'--...,_.
CELL 14 —— ’”‘”a'ﬂg\ MUK SAR | [ Digital every 192 us
— filters ADC LPF _
: | —
N
T configurable)
Main SAR ADC
Round robin
< Typical 192us

<« Typ8us —»

SW1 or SW2 or
Cell13
DieTemp1). < TSREF >< Cell1 > <<:e||12 >< e >< Cell14 >< il >< e > < VCM2 >< Spare >

Typical 96us

Typical 112us ->

Typical 128us

10

Wi TEXAS INSTRUMENTS



current measurement

— m
T
if[CS_RDY_EN]=1 <« .

| | N Input range +/-122.5 mV
' N th I/ N+1th \ \
' I<conver5|oanonverS|on>I B § \\
i< e ,i AN Offset +/- 1.5 uV Full temp
NN range
\ \
1\ Gain error +/- 0.4% Full temp 0.3%
CS ADC \\ \\
______________________________________________________ 'nt]ﬁ;;um L > Host Effective 16.5 bits @ 1 ksps
crp | | Sigma-Delta ADC | \ M?:SU number of bits
T SINC3 low | 24bit ENOB
Rshut 3 == < el | == pass filter | Register g ( )
SRN /— \ Data rate 1 ksps Configurable
,/ l ¥ Resolution 14.6 nV/ILSB  24-Dbit result
AMH . -3db Bandwidth Data rate
z sampling
~270Hz ~1ksps
\_ ~ /)

Configurable from
0.25ksps to 4ksps




VI signal path

Cell 16
|

Chto Ch Cell 2
skew  Cell 1

SAR
ADC

Digital
Lagic
Cora

Digital
LPF

T=0us
Start time
ADC GO

CS
ADC

Digital
Logic

Veell
Registers

Vel

Registars

Vcell analog-to-digital converter (ADC)
has a digital low-pass filter (LPF) in the
data path. This LPF needs to be
accounted for when considering accuracy
of voltage measurement.

For accurate voltage and current sync,
the current measurement needs to have
the same amount of filtering as the
voltage.

This filter time constant can be much

greater than the difference between V
and | data readout rates.
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Voltage/current synchronization

Cell voltage average through digital low-pass filter
Average time based on selected f

112 us tskew |
1
\:\

Celll4

cut-off

Celll

|
|
:
Currenti D G O I R I
|
|
|
|

MCU to read current at every current conversion time
« MCU to integrate current for coulomb counting

|
1 MCU to average
current readings
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Vcell filter impact on voltage and current

synchronization

1" accurate voltage reading after 9mS with

111 Hz filter setting nd
2~ accurate measurement

| 3" accurate measurement
T WAy
B Lt
i .+ Moving
I : E ]EIELIS : : Average ~
l .
Voltage IIIIII EE =
512u54‘
wurrent '- L7 T8 F--
Time lT 0 s)
ADC GO

« Example with 111-Hz Vcell filter setting

shown.

* When filter is used for accurate voltage

measurement, Iits settling time is much
larger than the readout time delta
between voltage and current. Filter
settling time Is also larger than the
conversion rates.

For accurate average current
measurement over this same period
(Vcell filter time constant), the current
averaging can be done using the micro
controller over this time.

14

Wi TEXAS INSTRUMENTS



Time delay between voltage and current readout

— 192“5 ................................................. §

VC: 12 oo Ny 06

T Ve(n)-T Ve(n-1) = 8usS
- Voltage Conversion
\Start delay between VC ch

8us

L 72uS -56u§
TO=0 Sec — — — —
ADC. Go 192uS 384uS 576uS 768uS 960uS 1152uS 1344uS 1536uS 1728uS
Y 4 q 4 b ; i
Voltage 1 2 3 4 5 : 6
conversion
. J
|
Current i 1 g 3
conversion |
|
L
|
.
GPIO1 | i
|
L I
|
L 72uS

Host starts

read sequence

" Current data
Transfer start

* The sync delay at the

end of the current sense
(CS) ADC ready is 8 uS,
72 uS and -56 uS
respectively for the first 3
CS ADC readouts. 8 uS,
/2 uS and -56 uS delay
cycles in this order for
subsequent CS ADC
readouts.

The max delay between
V and | readout Is
therefore 72 uS.
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Reference schematic and hotplug
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What Is a hotplug event?

* A hotplug event is different than an electrostatic
discharge (ESD) event in several ways:

— The Input voltage in a hotplug event doesn’t collapse as
In an ESD event (because a battery cell is an energy
source).

— The current path, peak current and RC response in a
hotplug event varies depending on the hotplug path.

ﬂ .—W\;—? BAT

10nF |
L NPNB
1000
VC16 > LDOIN
+
CELL 16 —

CB16

VC15

S * To protect from a hotplug event, the goal Is to size
protecton the RC constant and control the ESD/hotplug
protection circuit so that the majority of the current

flow Is routed through the external RC components.

+
CELL 15 —/=

T

VCO

—" ' » Device pins absolute max rating are also sized with
_} the goal to sustain during the hotplug event.
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Reference schematic — hotplug
» Support hotplug with only simple different RC filters:

1000
—NW VC1
0.4?@_

1000 T

| 1000 — Low voltage and <1-uF cap (16-V rated cap)
AN~ rl VC16 _
. oo E — No diode clamp
CELL16 —— ve i VeTs _ _
S OATIEL | — No single-ended high-voltage cap
CELLTS : : — No additional cell-side differential cap

- — VWV VCO : . .
LT T oarue L Two options on cell sensing pins RC:
1_:_
CELL16 O———AM————¢—— (B16
CELL 15 DM CB1S VCpins R =100 Q R=100Q
: : ; C=0.47uF/16 V C=0.1uF/16V
) 100 ) )
CELL1 O—AM——3—| (B1 CB pins R = Dbase on balancing current R = base on balancing current
et -2 | cao C = 0.47 UF/16 V C=1uF/16V

ﬂ.d?uF__

1:
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BQ75614 reference schematic

Filtered Vcell
measurements

Built-in front-end filters +
programmable post ADC
digital LPF for best
SOC/SOH calculation

Integrated current sense
Sync’d current and cell
voltages measurements for
best SOC/SOH calculation

Il 0.1uF

| 1uF I'—

VoD

| cvss

| TuF ||
I} l

||}—
—

|||[ 1uF ||
|||—_|_

H))ur

1CI[]I.'I ~ |

300
AN

CELL 14

1
100 l

1000

L L E———
0.47uF,
1000

-
Ay

CELL 13

D.ATuUE L
T

10002

>
T?-':sense

TED

|||—<

ovDD
DWSS

REFHP
REFHM

AVDD

NEGSY
AVSS

LDOIN

NPNB

BAT

V(14

W13

V1

vCo

SRP

SRN

TSREF

GPIO1

GPIO2
GPIO3
GPIO4
GPIOS
GPIOG
GPIO7
GPIOB

RX

4
NEALILT

CB14

CB13

CB1

CBO

1uF

—

10k

8 GPIOs

counting calculation)

All can be used for thermistor connection, or
option to take 1 GPIO to single MCU whenever
current conversion is done (for coulomb

CVDD to power digital isolator
CVDD can support up to 5 mA in shutdown
and 10 mA in active and sleep modes

10k
* T0 cvoD phh
—
100k L 100k0
§ VCC2 vCC
Vet
100k
INA  OUTA X
INB OUTB . RX
aptonal INC  OUTC INT
GND

Mcu

BAT T

CB16 [T
SW2VC16 [T
CB15 [T
swanvec1s [
CB14 [T

fGNDl GND?Z
- 150774x

I

2]
-
w

1000

—AM 0 CELL 14

100

J04TUF _an 0 CELL13

1060 .
—ANV— 0O CELL1

_Iad? F 1000
4:—”—\.‘\/\/‘——12 CELL1-

]Iid?uF

vC14 [T
CB13 [T
vic13 [T
ce1z [
vz [
ce11 1]
ve11
ce10 [
veto O
cBo [ 1]

PAP Package
64-Pin HTQPF
Top View
|_
= - L

o z3200588838558 2 o8

o ow oL O O o A O O A w0 = =

BB Z O 00O aaaa0na ?f ¥ oo

= M ™ ~ o o o ™ o ow = M ™ A o om \‘

(e ] LU I B T ) inow un 3] uwow W un [ =t
1 . 48
2 47
3 46
4 45
g 44
6 43
7 42
g G4-HTQFF (FAP) 41
g 10 mm x 10 mm a0
10 39
11 38
12 37
13 368
14 35
15 Ea
16 33

T NPNE
T LDOIN
T CVSS
11 cvDoD
[T1 NEGSV
T NG
T NC

[ TInNC
[T NG
11 AvSS
T1 AVDD
| T1REFHP
[T REFHM
mmRel]
[T CBO
T vt

[Tl 17
1] 1
1] 1=
1] =
] =

CB6[T] 22
LL] =3

CBS[T] 24
[ =

CB‘D: =
[T z7

CB3[T] =
[ =

CE2[T]

VC2 [T 7

CB1[ =2
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BQ/75614 fuse and relay diagnostic

100Q

100Q

10Q

100Q)

0.47uF —

0.47uF

+
CELL 14 —=

BAT

SW2/VC16
CB16

SW1/VC15
CB15

VC14

CB14

LOAD
Fuse

Relay

« SW1 will be pull
down by the load

(SW2-SW1) <<0V

« SW2 will be pull
down by the load

o Open’blowr

(SW1-VC14) <<0V

SW1-VC14 = ~0V

* Depends on
current flow and
fuse impedance
(e.g. +/-0.3V)

(SW2-VC1) = ~ OV

* Depends on
current flow and
fuse impedance
(e.g. +/-0.3V)
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Reference schematic — power supplies

) VoD Power-supply capacitors:
| " 1] cuss  100-V cap (10 nF on BAT and 2 2 nF on NPN collector)
O " | VDD — Device designed to work with small capacitance to minimize bill of
1 1| pvss materials (BOM) cost of the 100-V cap.
i —_— * The rest of the power supplies capacitors are low-voltage rating (10-V rated).
1 |||— REFHM
1| 1uF AVDD NPN transistors and resistor on NPN collector:
0T L INEGsV « Resistor values and NPN transistor can be further optimized (from the
" AVSS reference schematic values) based on the min and max module voltages for
Tl different projects.
tl—=""" T O - Choosing R on the NPN collectors:
— System shall ensure the NPN collector will have >=8 V.
— Equation: R on collector = (Min Vmodule — 8 V)/ 20 mA
[ ?j}'nlﬁi}[l‘-.,.-":_{ ......................... ® ChOOSIﬂg NPN tranSIStOr
a0 666 r Q1 | NPn — Voltage rating = max Vmodule - Rcollector IR drop — VLDOIN
A A dewien A o o K ¢ » Rcollector IR drop = (Max ACTIVE mode current * Rcollector)
"WV BAT « VLDOIN = 6V
[mnwmw \ « System designer shall also add additional margin for transient.
CELL16 == 1= — DC gain (equal to hfe) shall be >100.
Keep a minimum 8 V at the NPN collector to ensure — Power rating = (Max VYmodule - Rcollector IR drop — VLDOIN)/Max
enough headroom for device pre-regulation ACTIVE current 21
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Reference schematic — thermistor

» Use pull-up resistor to TSREF to form
1 | a negative temperature coefficient
. (NTC) thermistor connection.

6701 [yt » Device supports ratiometric
% measurement through the ADC.
o T R 10k, R2 =0 . The integrated OT, UT comparators
290 % T Comparator range have a wide range of programmable

e L - t threshold to support different R1 and
comparalor range

__________ R2 resistor ratio.

B W
DD

O P D ¢

S 3D

FTEREEER
I

-40-35-30-25-20-1510-5 0 5 10152025303540455055606570 7580859095100

degC
22
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ESD protection

ESD

300
Q—’V\/\,—T BAT
n

NPNB

LDOIN

rotection

ESD/
hotplug

1000 E—
A~ V(15
100 T
E A AR 1B CB15
LT
: p
1000
— VWAt VCO
100 —
_AAN CBO

* [n an ESD event, the on-chip ESD production
circuit provides a low impedance path to
discharge the ESD strike.

* The Input voltage (spike voltage) collapses as
the ESD protection Is triggered, resulting in
short event.

* Current flow path in an ESD Is similar on
each pin.

23
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Cell balancing & thermal management
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Why cell balancing?

* Helps extend runtime and ensure safe battery operation.
» Corrects iImbalances in the battery itself. It helps to equalize aging of the cells.

* A battery can only deliver a charge until its weakest cell has discharged completely, even
though other cells may have plenty of charge left.

* Increases battery life by maximizing the capacity of the battery pack and ensuring that all of its
energy Is available

* Ensures safe operation of the battery by preventing cell overcharge and overdischarge, both of
which can lead to accelerated cell degradation and create potentially hazardous operating
scenarios.

* There are two common approaches to cell balancing: active cell balancing and passive cell
balancing.

25
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Cell balancing control

_ Auto CB control Manual CB control

Control Always duty cycle between odd and even Only turn on the channels that are enabled
Stop conditions Timers (up to 10 hr) and cell voltage threshold Timers (up to 10 hr) and cell voltage threshold
Thermal pause Yes Yes

C
B
5
Invalid setting Total enabled channels >, or
> 2 consecutive channels are enabled

Valid Ok, device turns on the enabled channels

« Auto CB control can support all the configurations listed above.
26
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CB thermal pause

TSREF

CB TWARN Thermistor OTCB S

* Monitor through external thermistor.

* Monitor through internal die | |
temperature. « Pause CB If thermistor measurement

> OTCB threshold (programmable).

 Resume CB with COOLOFF hysteresis
(programmable).

» Pause CB if die temp > 105°C.
* Recover with 10° C hysteresis.

* Always on. - Register bit enable.

27
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CB remaining timers

« Each cell can set with a different

Celll Cell2 Cell3 Cell4 . .
balancing time.

60 mint 130 mint 20 ming 90 ming * CB thermal pause function:
— Good for hardware thermal control.
X min later ... — But system may lose track of the total

balancing time for SOC calculation.

* CB remaining timers:

— Keep track of the remaining balancing
time on each cell.

— MCU can read this information anytime
(only valid if CB Is running).

MCU can read out the remaining balancing time.
Better balancing time tracking and capacity
estimation. ”
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Cell balancing current

Device Device
Ruc ALve, , Lve,
AN » ! VCELL ADC signal path L VCELL ADC signal path
| Reg CB, |i.'H
: Tk VC o ‘_{4
. S 11 PHIﬂL
- T EI:E — Cue | ' [\l
R AVCy
VCELL ADC signal path ;_|_1 - VCELL ADC signal path
Reg l_._l[:B”'l"n
L
ve |
CB Control N o CB Control
: | Lo
----------- I
¢ L]
I

ICB =

VCell

ICB =

Sumof two VCELL

(2 X RCB) + Rdsongcp (2 X RCB) + Rdsongcpn + Rdsongcpn—1

29
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Conclusion

» 48-V systems are trending in automotive, micro-mobility and energy storage
because they provide:

— Higher output than 12-V systems.
— Higher power capabillity.
— Lower load currents compared to 12 V.

 When designing 48-V systems, there are a few challenges to consider:
— Accurate and synchronous on V/I measurement to enable accurate SOC/SOH.
— Avoid thermal runways with ASIL rated HW protector.
— Proper balancing the voltage of the cells in the pack to extend the runtime and battery life.
— Avoid hotplug issues that could damage the cell monitor.

 The BQ75614-Q1 offers a robust and best-in-class performance solution to monitor
and balance 48-V battery-management systems.

30

Wi TEXAS INSTRUMENTS



SLYP810

|

TEXAS
INSTRUMENTS

© Copyright 2021 Texas Instruments Incorporated. All rights reserved.

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



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

