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bg77915 cell balancing information

» See the data sheet www.ti.com/lit/gpn/bg77915 section 9.3.4

» This references various sections and diagrams
» Look for a future cell balance apnote
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http://www.ti.com/lit/gpn/bq77915

Cell balance control pin

|VCB|L CBl low threshold

« Cell balance is controlled by the CBI pin.
— CBI has an internal pull up
— It is current limited

— If controlled it should be pulled low with an
open drain/open collector output

* It should not be driven high, this can force
current into the part and voltage on the
AVDD pin which powers the circuit

— If always enabled CBI may be tied to VSS
— |If stacked, CBI should have a resistor

Tl Information — Selective Disclosure
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Cell balancing general

» Cell balancing requires charge
current, voltage qualification, and
absence of certain faults

— Current must be above the state
comparator threshold
« ~1.875mV to ~ 0.625 mV

— Voltage expected to rise during

charge
* A cell voltage must be above the
start threshold

« Cell voltage must be sufficiently —

separated during charge

* A VFC target defined from OV
changes balance behavior

Tl Information — Selective Disclosure

CURRENT STATE COMPARATOR

VsTATE D Discharge qualification threshold1 | Measured at SRP-SRN —1.875 mYy
Discharge qualification threshold1
VSTATE_D_HYS hysteresis Measured at SRP-SRN 125 mv
VeTaTE € Charge qualification threshold1 Measured at SRP-SRN 1.875 my i
Charge qualification threshold1
MSIATE C_HYS hysteresis Measured at SRP-SRN 1.25 mvy
tsraTE 12 ms
Table 2. Cell Balancing Threshold Summary
NAME Description Options
>  Vswrr Start Threshold for Cell Balancing 35V,38V
Vi, Hysteresis between overvoltage and full charge voltage range 50 mV, 100 mV, 150 mV, 200
HYST (VOV — VFC) my
% Varer Difference between the cell balancing threshold voltages (VCBTH — 50 mV, 100 mV, 150 mV, 200
S mv
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Cell balance mechanism

Tek Prevu | [

1 ceicontrol of

« As other BMS devices, pins pull S - o -
together

— Current through input filter resistors ; M L Ll i
bypasses the cell and power is . R
dissipated o ST R o

— Internal resistance is small T e (T

ch3 5.00V [& 1.00V 29 Jun 2018
18:40:02

— Bypassed current is small during T S
high current charge, becomes more T A
significant portion as charge current | o S

tapel’S 4! + L g:lrli:jlancing

— Duty cycle is fixed by device timing J--j oo T

vC4
vC3
i A
Cell balancing interal FET Celll through Cell5 =4V, VDD = - : - : : :
ReaL resistance 20V 8 12 20 Q .
DaaL Cell balancing duty cycle Only one cell balanced in the stack 90 % -
T ; ; ; ;
r\ch1| 5.00V  [Ch2[ 5.00V  M20.0ms A ch2 f 15.8V
0N — ; ; Ch3[ 5.00v [@E] 1.00V 29 Jun 2018
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External balancing

R:,D’r, PACK+
Cioo % <|3v|:n L[ VDD CTRO[}——
« Internal balance current is high, - L# LI oA S —
- - - - RCE [
but limited, reduces input filter 5% T S Ve ool
resistance iy ] | r— e i B 1
. . Lo el |||[e b1 =
 External balancing allows higher N ST - b =
current or more filter, can be R g s d—
. . Ree DSG CHG
done similar to other BMS ICs EW, f[ ]7
[] L’ Cuw ‘i; Ros :/i Reha
N or P channel Y T
— N-channel shown in data sheet Y - Sh
rl T :
R Vi o
ABS '™, | )
MAX [ h I L
Rue TC“; R RGS%’ — — RGSf::
Out‘put current I Cell Balancing current (VC5, VC4, VC3, VC2, VC1, VCO) ‘ 50 I mA i Ak hd \f?GiHF ]ﬁ‘j{’:—rj J'
= PACK-
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Figure 8. Cell Balancing with External MOSFETs
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Cell balance start with voltage

Vov

» At lower voltages, cells must
be separated by the threshold
or greater

Veers

Veer

Varasr
Prev L = b . . N
Telc Pre E“ | : Ll - Figure 7. Cell-Balancing Algorithm
: : : : : Balance starts, TekStop | [ - ]
L 1 - - - =
vC3
TP 1 Ch3 Mean
313V
: ; : : Voltage rise
ve2 k : : . CBI - . . starts balancing
...... 438 - P —— -
L= vea i (Cell 5 voltage
: : 3 : ve3 H
_______________ HH H H ﬂ - et [1S€ CAUSES VC4,
: ; : 1T “ : : : ;
veo ¢ | : ] : : : ; VC3to drop)
l*’cm\ 200V Ch2| 2.00v M 200ms | Pattern HH Tr
ch3 2.00v [oE 2.00v | 3Jul 2018 m
6000 % 21:16:55 Chil 5.00V [Ch2| 5.00v  |M[200ms| A] Chd F 680mv|
. . . ch3 5.00V 200mv 29 2018
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Thresholds will advance as cell voltages rise

» Balance may start and stop during charge

VSTART

No Balance No Balance
balance balance
o
VCBTH
(u] (u]
v ) v = -
o CBTH CBTH o CBTL o
B . g8 "
B gl Ve 1g® L2551/ S
a®

Tl Information — Selective Disclosure

Time charging
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Cells above V.. balance

» Balance continues with charge current

VSTART

No Balance Balance Balance Balance
balance
(] (] (m]
_____ (| o o n o n=n .
Vet Vet [ o VeTH o & VesTH o VCBTH
(] (] o o (] (]
[

[ o VCBTL [ VCBTL VCBTL VCBTL VCBTL

o (]

Tl Information — Selective Disclosure

Time charging
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Well matched cells don’t balance

 Cells above V. will balance

» Balance stops when current drops sufficiently

VSTART

No No No No Balance
balance balance balance balance
_________________________________________________________________ o
VCBTH EEE O VCBTH
(u]
VCBTH () VCBTH VCBTL VCBTL
ooo o
0
o VCBTH VCBTL aug o VCBTL
ooo o
L 1 o I V2 e e e e e e i R
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Time charging

10

*jﬁ TEXAS INSTRUMENTS



Non-adjacent cell balancing

e Cells will balance

simultaneously when not

adjacent
—Any 1, 3,5
—2and 4

Tl Information — Selective Disclosure

Tek

5top |

o jvel

- |wveo

2.00 V

ch2|

2.00¥

M200ms| A Ch4 S 920mV

2.00 V¥

2.00V

60.00%

Balance 1, 3

Ch3 Mean
2.14 ¥

3Jul 2018

21:32:33
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Adjacent cells balancing

« Adjacent cells won't balance S ﬁ// T
simultaneously . |
. . . ] . U
— Typically important for differential / ,,,,,,, :
voltage limit on inputs, but bq77915 -
does not have such limit !
— Important to allow signal for external -
balancing
« The part will duty cycle between odd
and even cells when balancing
adjacent cells is required et .
e R S AT A P T R T R T
Ch3] 2.00V gl 2.00V
tgaL 0dd and even cell group 521 ms Figure 6. Balancing cells 1, 2, and 3
balancing duration
Tl Information — Selective Disclosure 12
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Balance stop

e Balance will start with current and
sufficient voltage difference

— Stops when current drops below state
comparator level

» With sufficient voltage difference

— Balance starts with current
application

— Stops with certain faults, here
simulated OCC

— Does not resume on current drop,
fault must be recovered

Tl Information — Selective Disclosure

Tek Stop |

SRP

veg

Ch3[ 5.00V [@E 20.0mV F

7 ) ; 1
r\Chl\ 5.00V Ch2[ 5.00V M4.00s Al Ch4 L 6.00mv

29 Jun 2018
21:24:23

Tekstop | i | ]
. : = : Al 57.6mV
' @: 57.6mv
i JAar 2255
. : . @: 7.445s
| with sufficient
SRP f 4+ voltage,
B> * o balancing starts
; with curren t
! : : increase, stops
Gl b with OCC fault
vez !
esnlrivehomlintsh il L

ch3[ 5.00V |®EE] 20.0mvV &

Chil 5.00V  |Ch2[ 5.00V M 4.005] A Ch4 1 6.00mV

29 Jun 2018
21:18:44
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Balance control when stacking r—=——_—

» Balance is manually controlled by

bottom part CBI
e Balance command is communicated 10k CBO to
up the stack by CBO to next CBI upper B!
— CBO is a current sink, current is limited balancing up
— Use 10k nominal resistor for isolation
Ez CBI enables
g stack
2 g; balancing
-DI?E.E ’ o 2\" CBB;-TOIZJAOT ST-;CK IV}B.E o Figure 13. 10-Series Configuration with Internal Cell Balancing and HIBEF{HAI.:I; Made Enabled
TI Information — Selective Disclosure Figure 4. CBO Current Input at 18 V 14
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CBO output control for upper

 When no faults

» CBI signals CBO with charge
current

» Charge current flow signals CBO
with CBI low

Tl Information — Selective Disclosure

art

kstop | —1

CBO Ul

»h]ﬂ 1.00V  |ChZ 20.0mV

ch3[ 1.00V  [Chd[ 5.00V

lek Stop |

M400ms] A Chl L 920mv|

12Jul 2018
22:57:53

4.0V & 3.6V,
balances

X | cal
chil 1.00v  [®E# 20.0mY

ch3[ 1.00V [chd] 5.00V

|
[20.20 %

M 1005 A Ch2 7 7.20mV]

12Jul 2018
23:11:36 15
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Balance in OV

CBO

» OV will stop balance for upper 5
devices

» Cell will balance in OV
— CBI required

- Current nOt reqUired | 1.(::(']\! %Ch2[ 20.0mY ;wM\Z.OOS A| Ch1 - 420m\/E
. . Ch3| 1.00V &Chd] 5.00V 17 Jul 2018
— Balance continues until the cell 2
TekStop | E - ]
voltage drops to Vecor Vov— Vivs_ov, T T 7
whichever occurs earlier.
« If upper device has OV, CHG low
— CTRC low on lower device sets CBO SR
low even with no current so upper
device can balance the OV cell(s) o

@GHl 20.0mV ®Cha| 5.00V WM 1.008] A Ch1 v 220mV]
, - Ch3[ 5.00V WCh4[ 2.00V )
Tl Information — Selective Disclosure 16
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Cells above OV balance

« Balance continues until V- or OV removed
» Current stops with OV

VSTART

Balance

Tl Information — Selective Disclosure

Balance Balance Balance No
(OV) (OV) (OV) balance
________ s T )
- (oV)
0
O Veath O Vst T VeBTH W LT VestH T
@g U9 { @g U9 { @mg O { @mg O
VCBTL VCBTL VCBTL VCBTL
CHG off and Still OV this
current stops example,
no current
Time

17

*jﬁ TEXAS INSTRUMENTS



	bq77915 Cell Balancing
	bq77915 cell balancing information	
	Cell balance control pin
	Cell balancing general
	Cell balance mechanism
	External balancing
	Cell balance start with voltage
	Thresholds will advance as cell voltages rise
	Cells above VFC balance
	Well matched cells don’t balance
	Non-adjacent cell balancing
	Adjacent cells balancing
	Balance stop
	Balance control when stacking
	CBO output control for upper part
	Balance in OV
	Cells above OV balance

