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Why 48V system?

 Legislation
— Electrification is a trend (XEV/ EV) driven by the government commitment to lower the
CO:2 (g/km) emission

» Safety
— Carries a low risk of dangerous electrical shock (low DC voltage)

* Infrastructure
— No need of home installed, public charging infrastructure

« OEM Cost
— Lower cost to decrease the fleet carbon footprint
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Global HEV/EV vehicle sales and projections

95M 95M 92M 95M 98M 101M 104M 106M 108M 110M total vehicle sales
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[ | B - . = ] . . . l Battery Electric 9.2Mu, 31% CAGR
0 — — I - L — Plug-In Hybrid 8.3Mu, 31% CAGR
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 Full Hybrid 3.7My, 3% CAGR
SMHEV =FHEV mPHEV mBEV - ICE M Hybrid (48Y)  14.3Wu, 32% CAGR
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Topology variation:

48V BMS system architecture + MCU on 48V side, isoCAN
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*Also supports lithium-titanate battery chemistry
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48V system major care abouts

* Integrated 300mA
balancing FET

» Dynamic thermal
management, pause
balancing based on

. cell/ die temp
Synchronized V/I

measurement

High accuracy V/I
measurement

Dedicated current ADC
Main/Aux voltage ADCs
Integrated post ADC
digital low pass filters w/
as low as 6Hz f . option

VIIT

Functional Safety-
Compliant ASIL-D
targeted on V/I/T
measurement and
communication

FDTI 100ms

Functional

safety

measurement

* Robust to automotive
industrial standard test,
e.g. CISPR25, EFT, surge,
etc. .

Cell
balancing

* Robust for random cell
connection

» Optimized for BOM saving:

v" No external Zener needed

v' LV cap used instead of

HV cap

« Learn one, learn all

« Part of the family with 16S,
14S,12S monitor for HV
system and 48V system

« All devices share same
package/pinout and
register map

Longer battery life
Scalability/

Longer miles
SW reuse

Safer operation

5

Wip TEXAS INSTRUMENTS




BQ75614-Q1 reference schematic

Filtered Vcell
measurements

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

CELL 14

CELL 13

CELL1

Integrated current sense |

=
ey

l\l—
et

0220F|

T a

2000 1000

300
WA

10nF

—iH

1000

——AAN———————
o47ur|_

: 1000 T

T
|

I 047uEL_

. M

T :

L

1000

0.47uF|

1000 T

0 47uE

N

Sync’d current & cell
voltages measurements for
best SOC/SOH calculation

:: Rsense

I
[

VoD
CVsS

DVDD
DVSS

REFHP
REFHM

AVDD

NEG5V
AVSS

LDOIN

NPNB

BAT

V(14

V(13

Vel

SRP

SRN

TSREF

GPIO1

GPIO2
GPIO3
GPIO4
GPIOS
GPIOG
GPIO7
GPIOB

RX
™
NFAULT

8 GP

10s

All can be used for thermistor connection, or

/
10k
VW i

analog input measurement

I
! CVDD to power digital isolator

CVDD can support up to 5mA in SHUTDOWN

and 10mA in ACTIVE and SLEEP

Vout
PMIC
¥ TO CVDD pin
100k 100k0)
VCC2 Ve
veel L
100k0S
INA - OUTA L
INB  OUTB Ry McU
INC  OUTC INT
GND

100

100
| Toamr e oceus

100

100

4:——0 ATUF_AAA——0 CELLL

:E\a:n.r

J_—GNDI GND.
L 150774x

1

&
&

CELL14

CELL1

BAT [T
CB16 [
SW2VC16 [T
cB15 [T
SWINC15 [T
CcB14[T]
vCi14 [T
ce13 [T
ve13 [T
ce12 [T
vz [
ca11 [T
vet [
cB10 ]
velo O

cag [T

PAP Package
64-Pin HTQPF
Top View
Lz258838858 lbgg
P Looo oo oo oo - 6 =5
T 2060606606 EEFBB
HOHHHHAHHHHBHEHAAAH
TEEER8BRERBASDRRR®
l. a8
2 a7
3 a6
a a5
5 M
6 43
7 a1
g 64-HTQPF (PAF) a1
9 10 mm x 10 mm m
10 3%
11 38
12 37
13 36
14 35
15 34
16 33
22 RAAOGRNURBARA M
Ooudodggugunogdd
w© o - = o oo o=
8 &8 8 & 8528

L1 NPNB
[T LDOIN
[ cvss
[T] cvoD
[T NEGSV
[ NG
mufle
M1 ne
[T1NC
[ AVSS
1 AVDD
[ REFHP
[[T] REFHM
1] vco
[T cBo
(11 vet

6

Wip TEXAS INSTRUMENTS



Start design with Tl solution

o o  Click here for product page
Home / Power management v / BatterymanagementICs v / Battery monitors & balancers v A Subscribe to updates (Samples and EVMS)

NEW

14-S automotive precision battery monitor, balancer and integrated protector

with ASIL-D compliance * To know more about the TI's
roadmap and see what is
coming, please contact your
sales representative to set-up
a call

DATA SHEET BQ75614-Q1 145 or 16S Standalone Precision Automotive Battery Monitor, Balancer and Integrated Current Sense | Online data sheet
with up to SafeTITM-26262 ASIL-D ASIL-D Compliance datasheet

Product details Technical documentation Design & development Ordering & quality Support & training

Product details

Parameters ~ Package|Pins|Size  Features  Description

Number of series cells (Min) 6

Number of series cells (Max) 16

Features Cell Balancing, Integrated ADC, Multi-cell Support, Open
Ny

T1 offers automotive solution covering from 12V to 1500V+ application!
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https://www.ti.com/product/BQ75614-Q1
https://e2e.ti.com/support/power-management/f/196/t/921598

VOLTAGE & CURRENT
MEASUREMENT
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Cell voltage measurement

vC, [~ v +/-
ey A vy i Vcell Accuracy +/-1.5mV @ 25C
VG, Lfiters [T apC]  LPF v/ Main path and redundant aux path
€ — for cell measurement
B, — e : v Ruild i e
o Artee |y ﬂ Build in anti-aliasing filters
B 4 v Integrated digital low pass filter
(6.5Hz, 53Hz, etc. configurable)
Main SAR ADC v' Cell voltage is synchronized with
Round robin .
«—— Typical 192us n 112US

-
« Typ8us »

v’ Cell voltage is refreshed every

DieTemp1}..{ TSREF >< Celll > < Cell12 >< Cell13 >< Cell14 ><:’(WI1H‘,”><SCWﬁ1%r>_ A vem Spare 192us
2 e

Typical 96us

« Typical 112us
¢ Typical 128us )
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Fuse and relay diagnostic

e Channels 16/15 can be used to

T : i
oo > LoaD diagnose the state of fuse and switch
300
NMW—1— BAT . .
1°”FI Diagnostic Open/Blown | Close
1000 = Fuse (SW1-VC14) <<0V SW1-VC14 = ~0V
A A _T_ SW2/VC16
o cB16 L Channel 16 e SW1 will be pull » depends on
1000 T down by the load current flow and
—VW\— SW1/VC15 — fuse impedance
l CB15 (eg +/'03V)
047 — Channel 15
1000 T Relay (SW2-SW1) <<0V (SW2-VC1) = ~ OV
A\ * VCl4 -
JL 100 * SW2 will be pull + depends on
CELL 14 + VW _I_ CB14 down by the load current flow and
T — fuse impedance
: 047uF I 047uF T (e.g. +/-0.3V)
back
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Current measurement

| ot ‘ R Parameter | Value Comment
| cror m* |
Y

if[CS_RDY_EN] = 1
Input range +/- 125mV

L E@E
| ‘ ‘ NI Offset drift +/- 1.5uV

‘4—»4—»‘ \
\ \
I_ __________ J \ \ . 5
___________ ; Yo\ Gain error drift  +/- 0.3%
| CS ADC \\ \\
| et | R ENOB 16.5 bits @ 1ksps
sgp | | Sigma-Delta ADC F 8 || \ GESJ
I T | SINC3 low 24bit | | | .
rhuts | K Mod > T b reicr | > Data rate 1ksps Configurable
SRN
L / _________ ) Resolution 14.6nVILSB  24bit result

4MHz sampling
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Voltage/current synchronization

Single ADC conversion

T0=0 Sec

ADC_Go 140uS 33208 524uS 716uS 908uS 1100uS 1292uS 1484uS  1612uS 16765
< M M o M M M MR
Voltage conversion £DC_DELAY = 14045, 1 2 3 4 5 6 7 8
T1=56uS 1592us
5  Data Read out TV / | =128
Current conversion 1 > Syn C= us
4 VISyncy..
128us

Continuous ADC conversion

T0=0 Sec

ADC_Go
> 190us ¢
. 1 2 3 4 5 6 7 8 9 10 11
Voltage conversion
I
}Tl:SB S
| v
i I'f—=>  Tconv=512us ¢
Current conversion T V/I —_ 1
! 1 2 3 4 SynC = 1ms
! —
I
i Read Response
I ADC
I
O 3 bous L > 950-us (Read of 89 bytes) G baCk
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CELL BALANCING & THERMAL
MANAGEMENT
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Max cell balancing current

Cell balancing current 300mA with Ta = 60C
240mA with Ta = 80C

Device

: R ’ijc
VCELL ADC signal path ‘ AN [ " VCELL ADC signal path

%
Ve, Tl |
, I s
e Ces - Cve | “. TJ“

) N Rye VCi
VCELL ADC signal path :
CBys

VCELL ADC signal path

o } CB Control VG, l'—_—_‘ i ,JE(L.. | CR Control
e i
Single channel o D;J Adjacent channels
VCell Sum of two VCELL
ICB = ICB =
(2 X RCB) + RdSOTlQCB (2 X RCB) + RdSOTlQCBn + RdsonQCBn—l
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CB thermal pause

« CB TWARN Thermistor OTCB

Monitor through external thermistor

Monitor through internal die
temperature Pause CB if thermistor measurement

Pause CB if die temp > 105°C > OTCB threshold (programmable)

Resume CB with COOLOFF
hysteresis (programmable)

Recover with 10°C hysteresis

Always on

Register bit enable

back
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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
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