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Five to Ten Series Cell Lithium-lon or Lithium-Polymer Battery Protector
and Analog Front End

FEATURES

5,6, 7, 8,9, or 10 Series-Cell Primary
Protection

PMOS FET Drive for Charge and Discharge
FETs

Capable of Operation with 1-mQ Sense
Resistor

Supply Voltage Range from 7 V to 50 V
Low Supply Current of 450 pA Typical
Integrated 5-V, 25-mA LDO

Integrated 3.3-V, 25-mA LDO
Stand-Alone Mode

Pack Protection Control and Recovery
Individual Cell Monitoring
Integrated Cell Balancing

Programmable Threshold and Delay Time
for

— Overvoltage

— Undervoltage

— Overcurrent in Discharge

— Short Circuit in Discharge
Fixed Overtemperature Protection

Host Control Mode

I°C Interface to Host Controller

Analog Interface for Host Cell Measurement

and System Charge/Discharge Current
Host-Controlled Protection Recovery
Host-Controlled Cell Balancing

APPLICATIONS
Cordless Power Tools
Power Assisted Bicycle/Scooter

A

Uninterruptible Power Supply (UPS) Systems

Medical Equipment
Portable Test Equipment

DESCRIPTION

The bq77PL900 is a five to ten series cell lithium-ion
battery pack protector. The integrated 1°C
communications interface allows the bq77PL900 also
to be as an analog front end (AFE) for a Host
controller. Two LDOs, one 5-V, 25-mA and one 3.3-V,
25-mA, are also included and may be used to power
a host controller or support circuitry.

The bq77PL900 integrates a voltage translation
system to extract battery parameters such as
individual cell voltages and charge/discharge current.
Variables such as voltage protection thresholds and
detection delay times can be programmed by using
the internal EEPROM.

The bq77PL900 can act as a stand-alone
self-contained battery protection system (stand-alone
mode). It can alternatively be combined with a host
microcontroller to offer fuel gauge or other battery
management capabilities to the host system
(host-control mode).

The bq77PL900 provides full safety protection for
overvoltage, undervoltage, overcurrent in discharge,
and short circuit in discharge conditions. When the
EEPROM programmable safety thresholds are
reached, the bq77PL900 turns off the FET drive
autonomously. No external components are needed
to configure the protection features.

The analog front end (AFE) outputs allow a host
controller to observe individual cell voltages and
charge/discharge currents. The host controller’s
analog-to-digital  converter connects to the
bqg77PL900 to acquire these values.

Cell balancing can be performed autonomously, or
the host controller can activate it individually via a cell
bypass path integrated into the bq77PL900. Internal
control registers accessible via the I>C interface
configure this operation. The maximum balancing
bypass current is set via an external series resistor
and the internal FET-on resistance (typically 400 Q).
Optionally, external bypass cell balance FETs can be
used for increased current capability.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 2008-2009, Texas Instruments Incorporated
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

TYPICAL IMPLEMENTATION
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Figure 1. Stand-Alone Mode
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Figure 2. Host-Control Mode
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PIN DETAILS

Pin Out Diagram

DL Package
(Top View)
CPOUT T 1@ 48 —T—1 CHG
NC [T ]2 47 /11 PACK
CP4aT—]3 46 —T—1 PMS
CP3 [T —]4 45 T —1NC
CP2 1T]5 44 T/ GPOD
CP1CT—]6 43 [—T—INC
NC 1T —}7 42 —T—1 VREG1
DSGL_T ]8 411 _1GND
BAT 19 40 —T—/1 VREG2
vC1[—1T—]10 39 [T TOUT
ve2 1T 38T 1TIN
VC3 1112 37 —T—1 GND
VvC4 1113 36 T 1 ZEDE
VC5 1114 35 T CNF2
vC6 C—1T—] 15 34 —T—1 CNF1
VC7 C—1T—] 16 33 [—T—1 CNFO
vCcg C—1T—} 17 32 T 1 VLOG
vCo 1118 31 —1T—1 vOouT
VC10 1T/} 19 30 —T—1 GND
VC11 1T/ 20 29 T 10UT
GND T} 21 28 T 1 XRST
SRBGND [T 22 27 —1T—1 SCLK
SRPGND [T 23 26 T 1 SDATA
EEPROM [T 24 25 T XALERT

P0084-01

TERMINAL FUNCTIONS

NAME PIN # DESCRIPTION

BAT 9 Power supply voltage

CHG 48 Charge FET gate drive

CNFO 33 Used cell for number determination in combination with CNF1 and CNF2

CNF1 34 Used cell for number determination in combination with CNFO and CNF2

CNF2 35 Used cell for number determination in combination with CNFO and CNF1

CP1 6 Charge pump capacitor 2 connection terminal

CP2 5 Charge pump capacitor 2 connection terminal

CP3 4 Charge pump capacitor 1 connection terminal

CP4 3 Charge pump capacitor 1 connection terminal (GND)

CPOUT 1 Charge pump output and internal power source.

DSG 8 Discharge FET gate drive

EEPROM 24 Active-high EEPROM write-enable pin. During normal operation, should be connected to GND
GND 21, 30, 37 | Power-supply ground

GPOD 44 General-purpose N-CH FET open-drain output

GND 41 Should be connected to GND

10UT 29 Amplifier output for charge/discharge current measurement
4 Submit Documentation Feedback Copyright © 2008-2009, Texas Instruments Incorporated
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TERMINAL FUNCTIONS (continued)

NAME PIN # DESCRIPTION
NC 2,7,43, | No connect (not electrically connected)
45
PACK 47 PACK positive terminal and alternative power source
PMS 46 Determines CHG output state for zero-volt charge
SCLK 27 Open-drain bidirectional serial interface clock with an internal 10-kQ pullup to V og
SDATA 26 Open-drain bidirectional serial interface data with an internal 10-kQ pullup to V| og
SRBGND 22 Current sense terminal (Connect Battery to cell's GND)
SRPGND 23 Current-sense positive terminal when discharging relative to SRNGND, current-sense negative terminal when
charging relative to SRGND. (Connect to pack GND)
TIN 38 Temperature sensing input
TOUT 39 Thermistor bias current source
VC1 10 Sense voltage input terminal for most positive cell, balance current input for most positive cell, and battery stack
measurement input
VC2 11 Sense voltage input terminal for second-most positive cell, balance current input for second-most positive cell, and
return balance current for most positive cell
VC3 12 Sense voltage input terminal for third-most positive cell, balance current input for third-most positive cell, and
return balance current for second-most positive cell
VC4 13 Sense voltage input terminal for fourth-most positive cell, balance current input for fourth-most positive cell, and
return balance current for third-most positive cell
VC5 14 Sense voltage input terminal for fifth-most positive cell, balance current input for fifth-most positive cell, and return
balance current for fourth-most positive cell
VC6 15 Sense voltage input terminal for sixth-most positive cell, balance current input for sixth-most positive cell, and
return balance current for fifth-most positive cell
VC7 16 Sense voltage input terminal for seventh-most positive cell, balance current input for seventh-most positive cell,
and return balance current for sixth-most positive cell
VC8 17 Sense voltage input terminal for eighth-most positive cell, balance current input for eighth-most positive cell, and
return balance current for seventh-most positive cell
VC9 18 Sense voltage input terminal for ninth-most positive cell, balance current input for ninth-most positive cell, and
return balance current for eighth-most positive cell
VC10 19 Sense voltage input terminal for tenth-most positive cell, balance current input for tenth-most positive cell, and
return balance current for ninth-most positive cell
VC11 20 Sense voltage input terminal for most negative cell, return balance current for least positive cell
VLOG 32 Data I/O voltage set by connecting either VREG1 or VREG2
VOUT 31 Amplifier output for cell voltage measurement
VREG1 42 Integrated 5-V regulator output
VREG2 40 Integrated 3.3-V regulator output
XALERT 25 Open-drain output used to indicate status register change. (Includes an internal 100-kQ pullup to V| og.)
XRST 28 Power-on-reset output. Active-low open-drain output with an internal 3-kQ pullup to V| og
ZEDE 36 Protection delay test pin. Minimizes protection delay times when connected to V| og. Programmed delay times
used when pulled to GND, normal operation.
Copyright © 2008-2009, Texas Instruments Incorporated Submit Documentation Feedback 5
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FUNCTIONAL BLOCK DIAGRAM
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4 SAFETY STATE OVERVIEW

Power Supply to PACK <

Internal Vgeg, > 2.4V

Current Protection Mode
Discharge Side Vggr > Voc or Vg fora

period of toc or tge

‘ No Power Supply ’

Power Supply to PACK

UVLO Mode

CHG: OFF
DSG: OFF
VREG1: OFF
VREG2: OFF
XRST: LOW

°C: Disabled

UV Protection: Disabled

OV Protection: Disabled
Current Protection: Disabled
Thermal Protection: Disabled

A

Normal Mode

CHG: OFF CHG: ON
DSG: OFF < DSG: ON

VREG1: ON VREG1: ON
VREG2: ON VREG2: ON
XRST: HIGH XRST: HIGH
1°C: Enabled Attach a Charger 12C: Enabled

UV Protection: Enabled
OV Protection: Enabled
Current Protection: Disabled

Thermal Protection: Enabled
Vin< 0975V

Overtemperature Viy>1.075V

Protection Mode

CHG: OFF
DSG: OFF
VREG1: ON
VREG2: ON
XRST: HIGH

°C: Enabled

UV Protection: Enabled

OV Protection: Enabled
Current Protection: Enabled
Thermal Protection: Disabled

\

UV Protection: Enabled
QV Protection: Enabled
Current Protection: Enabled
Thermal Protection: Enabled

Internal Vggg, < 2.3V

Veen < Vuv

Shutdown Mode

CHG: OFF
DSG: OFF
VREG1: OFF
VREG2: OFF
XRST: LOW

°C: Disabled

Current Protection: Disabled
VCELL: Disabled

Watchdog: Disabled
Thermal Protection: Disabled

A

No Supply to PACK

Undervoltage
Protection Mode

CHG: ON

All Cell Voltage >V, + AV,
(0r Vpack = Vat > 0-4 V and Al

Cell Voltage > V)
d

DSG: OFF

VREG1: ON
VREG2: ON
XRST: HIGH

1°C: Enabled

<

el > Vov

Overvoltage
Protection Mode

CHG: OFF
DSG: ON
VREG1: ON
VREG2: ON
XRST: HIGH

°C: Enabled

UV Protection: Enabled

OV Protection: Disabled
Current Protection: Enabled
Thermal Protection: Enabled

All Cell Voltage < Vg, —A Vg,

Figure 3. Stand-Alone Mode

UV Protection: Disabled
OV Protection: Enabled
Current Protection: Enabled
Thermal Protection: Enabled

Table 1. Stand-Alone STATUS Bit, XALERT and FET Transition Summary

B0326-01

MODE TRANSITION STATUS BIT XALERT FET ACTIVITY

Normal to current protection SCDorOCD=|HtoL DSG and CHG off
1

Current protection to normal SCDorOCD=|LtoH DSG and CHG on
0

Normal to overvoltage protection OVP =1 Hto L CHG off

Overvoltage protection to normal OVP =0 LtoH CHG on

Normal to undervoltage protection (when VPACK goes down to 0 V, move to UVP =1 HtoL DSG off

shutdown mode)

Undervoltage protection to normal UVP =0 LtoH DSG on

Normal to overtemperature ovT =1 HtoL DSG and CHG off

Overtemperature to normal OoVvT =0 LtoH DSG and CHG on

Copyright © 2008-2009, Texas Instruments Incorporated
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Current Protection Mode
Discharge Side

CHG: OFF
DSG: OFF
VREG1: ON
VREG2: ON
XRST: HIGH

°C: Enabled

UV Protection: Enabled

OV Protection: Enabled
Current Protection: Disabled
Thermal Protection: Enabled

Vsr > Voc OF Vsc
for a period of or
toc Or tge

Power Supply to PACK

Internal Vgeg, > 2.4V

Firmware
Command

‘ No Power Supply ’

>l
«

Power Supply to PACK

UVLO Mode

CHG: OFF
DSG: OFF
VREG1: OFF
VREG2: OFF
XRST: LOW

I°C: Disabled

UV Protection: Disabled

OV Protection: Disabled
Current Protection: Disabled
Thermal Protection: Disabled

Normal Mode

CHG: ON

l

Firmware Command

DSG: ON

VREG1: ON
VREG2: ON
XRST: HIGH

12C: Enabled

Overtemperature
Protection Mode

CHG: OFF
DSG: OFF
VREG1: ON
VREG2: ON
XRST: HIGH

°C: Enabled

UV Protection: Enabled

OV Protection: Enabled
Current Protection: Enabled
Thermal Protection: Disabled

Turn On T, and
Viy<0.975V

Turn On T, and
Viy>1.075V,

then Firmware
Command

UV Protection: Enabled
QV Protection: Enabled
Current Protection: Enabled
Thermal Protection: Enabled

Internal Vgeg, < 2.3V

Firmware

V,
Command

cell < Vv OF

Shutdown Mode

CHG: OFF
DSG: OFF
VREG1: OFF
VREG2: OFF
XRST: LOW

°C: Disabled

Current Protection: Disabled
VCELL: Disabled

Watchdog: Disabled
Thermal Protection: Disabled

A

No Supply PACK
Voltage Mode

DSG: OFF

| Any State I

o

All Cell Voltage >V, + AV,
(0r Vpack = Vat > 0-4 V and Al
Cell Voltage < V), then
Firmware Command

Veen > Vov

Overvoltage
Protection Mode

CHG: OFF
DSG: ON
VREG1: ON
VREG2: ON
XRST: HIGH

°C: Enabled

UV Protection: Enabled

OV Protection: Disabled
Current Protection: Enabled
Thermal Protection: Enabled

«

All Cell Voltage <V, then
Firmware Command

Figure 4. Host-Control Mode

Undervoltage
Protection Mode

CHG: ON
DSG: OFF
VREG1: ON
VREG2: ON
XRST: HIGH

°C: Enabled

UV Protection: Disabled

OV Protection: Enabled
Current Protection: Enabled
Thermal Protection: Enabled

Firmware Command
and No Supply to PACK

Firmware
Command

B0327-01
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Table 2. Host Control Summary
MODE TRANSITION FUNCTION AND FIRMWARE PROCEDURE
Normal to current protection Vsr > Voc or Vsc for period of toc or tsc
Automatically, DSG and CHG turn off, SCD or OCD status changes = 1, XALERT = L
Current protection to normal 1. Send commands to transition LTCLR from0to 1to O

2. Read status bit. XALERT would change to H.
3. Set CHG and DSG FET ON to enable normal operation

Vcell > Vov for period of tov
Automatically, CHG turns off, UV status changes = 1, XALERT =L

Overvoltage protection to normal 1. Confirm the OVP protection status is cleared
2. Send command LTCLR from 1 to O

3. Read status bit. XALERT changes to H.

4. Set CHG FET ON to enable normal operation

Vcell < Vuv for period of tuv
Normal to undervoltage Automatically, DSG turns off, UV status changes = 1, XALERT = L

protection 1. Vcell < Vuv or for period of tuv, UV status changes = 1, XALERT =L
UVFET_DIS =1

Normal to overvoltage protection

UVFET_DIS =0

Send commands to turn off DSG.

Undervoltage protection
to normal

Confirm the OVP protection status is cleared
Send command LTCLR from 1 to O

Set DSG FET ON to enable normal operation
Read status bit. XALERT changes to H.
Send commands to turn on TOUT

If TIN voltage < 0.975 V, DSG and CHG turn off, OVTEMP status changes = 1,
XALERT =L

Send commands to turn on TOUT (To return to normal mode, bq77PL900 must
acknowledge Vth > 1.075 V)

Send commands to transition LTCLR from 1 to 0
Set CHG and DSG FET ON

Read status bit. XALERT changes to H.

Set DSG FET OFF

Wait until PACK voltage decreases to 0 V

SET shutdown bit to 1

UVFET_DIS = X

Normal to overtemperature

N RPN RN

[

Overtemperature to normal

Any mode to shutdown

W N PA LN

ORDERING INFORMATION

Ta PACKAGED
SSOP48
—40°C to 100°C bq77PL900DL M

(1) The bg77PL900 can be ordered in tape and reel by adding the suffix
R to the orderable part number, l.e., bq77PL900DLR.

Copyright © 2008-2009, Texas Instruments Incorporated Submit Documentation Feedback 9
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ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)® @

VALUE UNIT
Vmax Supply voltage range BAT, PACK —-0.3 to 60 \%
VC1-VC10 —0.3 to 60
VC11 -0.3t00.3
VCntoVCn+1,n=1to0 10 -0.3t0 8
AN Input voltage range \%
PMS —0.3 to 60
SRP, SRN -05t01
SDATA, SCLK, EEPROM, VLOG, ZEDE, CNFO, CNF1, CNF2, TIN -0.3t07
CHG PACK — 20 to 60
DSG BAT — 20 to 60
TOUT, VOUT, IOUT, XRST, XALERT, SDATA, SCLK -0.3t07
Vo Output voltage range \%
CP1, CP2, CP3, CP4, CPOUT, GPOD —0.3 to 60
VREG1 -0.3t08
VREG2 -0.3t03.6
Ice Current for cell balancing 10 mA
Tste Storage temperature range —65 to 150 °C
TsoLDER Lead temperature (soldering, 10 s) 300 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are with respect to ground of this device except VCn — VC(n+1), where n=1 to 10 cell voltage.

DISSIPATION RATINGS

PACKAGE Tp € 25°C DERATING FACTOR T, = 85°C Ta = 100°C
POWER RATING ABOVE Tp 270°C POWER RATING POWER RATING
DL 1388 mwW 11.1 mw/°C 720 mW 555 mW
10 Submit Documentation Feedback Copyright © 2008-2009, Texas Instruments Incorporated
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RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX| UNIT
Supply Voltage PACK, BAT 7 50 \%
V|(STARTUP) Start-up voltage PACK 7.5 \%
Vioc Logic supply voltage 0.8 X VReg2 1.2 x VRec1 \%
Input voltage range VC1 to VC10 0 BAT
VC11 0 0.5
V, SRP, SRN -0.3 0.5 \
VCn - VC(n + 1), (n =1 to 10) 0 7
PACK, BAT 50
Vi Logic level input voltage high SCLK, SDATA, EEPROM, VLOG 0.8 X V| og Vioe
Vi Logic level input voltage low (VLOG = VREGL or VREG2) 0 0.2 x Vi oa
XALERT, SDATA Vios
VGAIN = High 1.2 \
Vo Output voltage range VOUT, IOUT
VGAIN = Low 0.975
GPOD 45 \
Ryex 400 Q
IReGOUT I(regl + reg2) 25 mA
CRreG1 External 5-V REG capacitor 2.2 uF
CRreG2 External 3.3-V REG capacitor 2.2 uF
Ccp1s Ccp2 Charge pump flying capacitor 1 uF
CcpouTt Charge pump output capacitor 4.7 uF
Cvourt Output capacitance 0.1 uF
Ciout Output capacitance 0.1 uF
loL GPOD, XRST 1 mA
fscLk Input frequency SCLK 100 kHz
EEPROM number of writes 3
Topr Operating temperature -25 85 °C
Trunc Functional temperature -40 100 °C
Copyright © 2008-2009, Texas Instruments Incorporated Submit Documentation Feedback 11
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ELECTRICAL CHARACTERISTICS

BAT = PACK =7 V to 50 V, T, = -25°C to 85°C, typical values stated where T, = 25°C and BAT = PACK = 36 V (unless
otherwise noted)

PARAMETER \ TEST CONDITIONS | MIN TYP  MAX| UNIT
SUPPLY CURRENT
No load at REG1, REG2, TOUT, SCLK, SDIN, Ta=25°C 450 550
XALERT, CELLAMP, CURRENTAMP = off
lcca Supply current 1 CHG, DSG = on, cell balance = off, Ta=—40°C to PA
Irec1 = lrecz2 = 0 MA, 100°C 600
Charge pump = off), BAT = PACK = 35 V
No load at REG1, REG2, TOUT, SCLK, SDIN, Ta=25°C 650 750
XALERT, CELLAMP, CURRENTAMP = on,
lecz Supply current 2 CHG, DSG = on, Ta=—40°C to PA
Cell balance = off, IREG1 = IREG2 = 0 mA, 100°C 800
Charge pump = off, BAT = PACK =35V
Ta=25°C 0.1 1.2
| Shutdown mode CHG, DSG = off, VREG1 = VREG2 = off, A
SHUTDOWN PACK = 0V, BAT = 35 V 1’8020640 Cto 2 =
VREG1, INTEGRATED 5-V LDO
8.5V < PACK or BAT <50V, loyr < 25 mA T. = —40°C to 455 5 545
V(reG1) Output voltage A= v
7V <PACK or BAT <85V, loyr < 3 mA 100°C 455 5 5.45
AV (recy) Output temperature drift | PACK or BAT =50V, lgyt =2 mA Ta=25°C +0.2%
AV (ReG1LINE) Line regulation 10 V < PACK or BAT <50V, loyt =2 mA Ta=25°C 10 200 mv
. PACK or BAT =36 V, 0.2 mA < gyt £ 2 mA 7 15
AV (Rec1L0AD) Load regulation T, =25°C mv
PACK or BAT =36 V, 0.2 mA < lgyr < 25 mA 40 100
o PACK or BAT =36 V, VREG1 =45V 35 75 125
IREG1IMAX Current limit Ta=25°C mA
PACK or BAT =36V, VREG1 =0V 5 20 35
VREG2, INTEGRATED 3.3-V LDO
8.5V < PACK or BAT <50V, lgyr < 25 mA 3.05 3.3 3.55
V(rRec2) Output voltage 7V <PACK or BAT £8.5V, loyr =10 mA 180:0640 Cto 3.05 3.3 3.55 \
7V < PACK or BAT <50V, loyr = 0.2 mA 2% 3.3 2%
Output temperature drift | PACK or BAT =50V, lgyt =2 mA 180:0640 Cto +0.2%
AVigecy) Line regulation 7V <PACK or BAT <50V, loyr =2 mA Ta=25°C 10 20 mV
X PACK or BAT =36 V,0.2 mA<Igyr£2 mA 7 15
Load regulation Ta=25°C mV
PACK or BAT =36 V, 0.2 mA < gyt < 25 mA 40 100
L PACK or BAT =36 V, VREG2 =3V 25 50 100
IREG2MAX Current limit Ta=25°C mA
PACK or BAT =36 V, VREG2 =0V 10 20 30
TOUT, THERMISTOR POWER SUPPLY
Viour lout = 0 MA 180:0640 Cto 3.05 355| Vv
Pass-element series lout = =1 MA at TOUT pin, legz = 0.2 MA Ta=-40°C to
RDS(on) resistance RDS(on) = (Vresz — Vrout)/1 MA 100°C 50 100 Q
Thermistor sense . o
VTins voltage Ta =—-40°C to 100°C —5% 0.975 5% \Y
Thermistor sense _ o o
VTINSHYS hysteresis voltage Ta =—40°C to 100°C 50 100 150 mv
THERMAL SHUTDOWN
Ttherm Shutdown threshold PACK or BAT = 36 V@ 150 °C

PMS, PRECHARGE MODE SELECT DISABLE
PMS disable threshold of

VpMSDISABLE BAT PACK = PMS = 20 V, VREG2 = 0 V, CHG = ON — OFF 8 13 16| V
POR, POWER-ON RESET
v, Negative-going voltage | VLOG = VREG1(5 V) V 3.85 4.05 4.25 v
POR- input VLOG = VREG2(3.3 V) V 2.45 2.65 2.8
(1) Charge pump starts working when (lregss + Iregs) > 3 MA.
(2) Not 100% tested, assured by design up to 125°C
12 Submit Documentation Feedback Copyright © 2008-2009, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)

BAT = PACK =7 V to 50 V, T, = -25°C to 85°C, typical values stated where T, = 25°C and BAT = PACK = 36 V (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
v Posit i hysteresi VLOG = 3.3V 50 150 250 v
ositive-goin steresis m
PORAYS gomg hy VLOG =5V 100 250 400
trsT Reset delay time 1 5 ms
CELL VOLTAGE MONITOR
VCn—-VCn+1=0V, 20V <BAT <50V, VGAIN = Low 0.925 0.975 1.025
VeeLL out CELL output VCn—-VCn+1=0V, 20V <BAT <50V, VGAIN = High 1.12 1.2 128 V
VCn—-VCn+1=45V,20V <BAT <50V 0.3
REF 1 CELL output Mode®), 20 V < BAT or PACK < 50 V, VGAIN = Low 2% 0.975 2%| V
REF 2 CELL output Mode®, 20 V < BAT or PACK < 50 V, VGAIN = High 2% 1.2 2% | V
PACK CELL output Mode® —-5% PACK/50 5%| V
BAT CELL output Mode® -5%  BAT/50 5% | V
CMRR Common-mode rejection | CELL max to CELL min, 20 V < BAT <50 V 40 dB
K = {CELL output (VC11 = 0 V, VC10 = 4.5 V) — CELL output
(VC11 = VC10 = 0 V)} / 4.5 0.147 0.15 0.153
K CELL scale factor 1 K = {CELL output (VC2 = 40.5 V, VC1 = 45 V) — CELL output (VC2 = VC1
= outpu =405V, = - outpu =
=405 V) /4.5 0.147 0.15 0.153
K = {CELL output (VC11 = 0 V, VC10 = 4.5 V) — CELL output (VC11 =
VC10=0V)}/ 4_5%) 0.197 0.201  0.205
K2 CELL scale factor 2 K = {CELL output (VC2 = 40.5 V, VC1 = 45 V) — CELL output (VC2 = VC1
= outpu =405V, = - outpu =
= 405V)}/ 450 0.197 0.201  0.205
lvcELLOUT Drive current VCn-VCn+1=0V, Vcell=0V, Ty =-40 to 100°C 12 18 HA
Vicr CELL output offset error | CELL output (VC2 =45V, VC1 = 45 V) — CELL output (VC2 =VC1=0V) -1 mV
Cell bal internal . i
ReaL it ermna RDSon for internal FET switch at Vps = 2 V, BAT = PACK = 35 V -50% 400  50%| Q
CURRENT MONITOR
Viout Output voltage VSRP =VSRN=0V ©@ 1.2 \%
v Inout offset volt VSRP = VSRN = 0 V®), T, = 25°C -3 3 v
nput offset voltage m
OFFSET P 9 VSRP = VSRN = 0 V®, T, = ~40°C to 100°C -4 4
DC gain, low —100 mV < SRP < 100 mV 10 2% 10 2%
DC gain, high —20 mV < SRP < 20 mv @Y 2% 50 2%
liouT Drive current Vioutr =0V, Ty =—-40°C to 100°C 12 18 HA
(3) STATE_CONTROL [VGAIN] = 0, FUNCTION_CONTROL [VAEN] = 1, CELL_SEL[CAL2] = 0, [CALO] = 1, [CALO] = 1
(4) STATE_CONTROL [VGAIN] = 1, FUNCTION_CONTROL [VAEN] = 1, CELL_SEL[CAL2] = 0, [CALO] = 1, [CALO] = 1
(5) STATE_CONTROL [VGAIN] = X, FUNCTION_CONTROL [PACK] = 1, [VAEN] = 1
(6) STATE_CONTROL [VGAIN] = X, FUNCTION_CONTROL [BAT] =1, [VAEN] =1
(7) STATE_CONTROL [VGAIN] = 0, FUNCTION_CONTROL [VAEN] = 1, CELL_SEL[CAL2] = 0, [CALO] = 0, [CALO
(8) STATE_CONTROL [VGAIN] = 1, FUNCTION_CONTROL [VAEN] = 1, CELL_SEL[CAL2] = 0, [CALO] = 0, [CALO] = 0
(9) STATE_CONTROL [IGAIN] = X, FUNCTION_CONTROL [IAEN] = 1, [IACAL] = 1
(10) STATE_CONTROL [IGAIN] = 0, FUNCTION_CONTROL [IAEN] =1, [IACAL] =0
(11) STATE_CONTROL [IGAIN] = 1, FUNCTION_CONTROL [IAEN] = 1, [IACAL] = 0
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ELECTRICAL CHARACTERISTICS (continued)
BAT = PACK =7 V to 50 V, T, = -25°C to 85°C, typical values stated where T, = 25°C and BAT = PACK = 36 V (unless
otherwise noted)

PARAMETER \ TEST CONDITIONS | MIN TYP  MAX| UNIT
BATTERY PROTECTION THRESHOLDS

Vov OV detection threshold Default 4.15 45 v
range
AVoy OV detection threshold 50 mv
program step
Voun QV detection hysteresis Default 0 0.3 v
voltage range
OV detection hysteresis
AVoun program step 01 v
UV detection threshold
Vyv range Default 14 2.9 \
UV detection threshold
AVyy program step 100 mv
Vown UV detection hysteresis Default 0.2 12 v
voltage
AV UV detection threshold 200 mv
program step
Vocor OCD detection threshold Default 10 85 mv
range
OCD detection threshold
AVocor program step 5 mv
SCD detection threshold
Vscor range Default 60 135 mV
SCD detection threshold
AVscor program step 5 mv
QV detection threshold o o
Vov_acr accuracy Default (T = 0°C to 85°C) -50 0 50| mv
Vou s UV detection threshold Default _100 0 100 mv
& accuracy
v OCD detection threshold | Vocp =10 mV or 15 mV -4 0 4| mv
OCD_acr accuracy Voep > 20 mV —20% 0 20%
Vsco a SCD detection threshold Default _20% 0 20%
& accuracy
BATTERY PROTECTION DELAY TIMES
foy OV detection delay time Default 500 2050 ms
range
Mgy OV detection delay time 250 ms
step
toy UV detection delay time Default 0 8000 ms
range
Aty UV detection delay time 125 1000 ms
step
OCD detection delay
tocp time range Default 20 1600 ms
OCD detection delay
Atocp time step 20 100 ms
SCD detection delay
tsco time range Default 0 900 ps
SCD detection threshold
Atscp program step 60 Hs
fov aer OV detection delay time Default _15% 0% 15%
B accuracy
UV detection delay time
tov acr accuracy y Default —15% 0%  15%
OC detection delay time
toc acr aceuracy Y Default ~15% 0%  15%
SC detection delay time
Vscp_aer aceuracy y tscp Max ~15% 0%  15%
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ELECTRICAL CHARACTERISTICS (continued)

BAT = PACK =7 V to 50 V, T, = -25°C to 85°C, typical values stated where T, = 25°C and BAT = PACK = 36 V (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
OC/SC recovery timing s o
tsre in stand-alone mode 15% 128s 15%
BATTERY PROTECTION RECOVERY
VRrecsc SC, OC recovery voltage 1 1.4 2 \
Undervoltage recover Vrecuv = Veack- Vear
VREcuv voltage Vo + Vo > Veew > Vo 0.05 0.1 0.3 \%
FET DRIVE
Voretonose) = Vean — V(pse), 8 12 16
v Output voltage, charge | VGS connect 1 MQ, BAT = PACK =35 V v
(FETON) :
and discharge FETS on | v/oceronerie) = Vipack) — Vicho): 8 12 16
VGS connect 1 MQ, BAT = PACK =35V
Output voltage, charge | VoreTorrose) = Vipack) — Vipse): BAT = PACK =35V 0.2
ViFeTore) and discharge FETSs off v
g Vo(rerorreHe) = V(eat) — V(cHe), BAT = PACK =35V 0.2
o Vpse: 10% to 90% 5 15
t Rise time C.=20nF, BAT=PACK=35V us
Vena: 10% to 90% 5 15
_ Vpsa: 90% to 10% 90 140
t Fall time C_ =20 nF, BAT = PACK = 35 V us
Vena: 90% to 10% 90 140
LOGIC
XALERT, loyr = 200 pA, Ta = —40°C to 100°C 0.4
v, Logic-level output SDATA, SCLK, XRST, lgyt =1 mA, 0.4 v
oL voltage Ta = —40°C to 100°C :
GPOD, loyr = 1 MA, T, = —40°C to 100°C 0.6
ILEAK Leakage current GPOD VOUT = 1V, T, = —40°C to 100°C 1| pA
Vi{ SCLK (hysteresis input) | Hysteresis 400 mV
XALERT, T, = —40°C to 100°C 60 100 200
Rup Pullup resistance DATA, SCLK, T, = —40°C to 100°C 6 10 20 kQ
XRST, Tp = —40°C to 100°C 1 6
Ioown Pulldown current CNFO, CNF1, CNF2 = VREG2 4| pA
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I’°C COMPATIBLE INTERFACE

BAT = PACK =7 V to 50 V, T, = -25°C to 85°C, typical values stated where T, = 25°C and BAT = PACK = 36 V (unless
otherwise noted)

PARAMETER MIN MAX UNIT
tr SCLK, SDATA rise time 1000 ns
t SCLK, SDATA fall time 300 ns
tw(H) SCLK pulse duration high 4 us
tw) SCLK pulse duration low 4.7 us
tsu(sTA) Setup time for START condition 4.7 us
th(sTa) START condition hold time after which first clock pulse is generated 4 us
tsuAT) Data setup time 250 ns
thoaT) Data hold time 0 us
tsu(sToP) Setup time for STOP condition 4 us
tsu@uF) Time the bus must be free before new transmission can start 4.7 us
ty Clock low to data-out valid 900 ns
thicH) Data-out hold time after clock low ns
fscL Clock frequency 100 kHz

tsu(sTa) —:4—»: ) ——— :<—>|— twL) t—> — —P :4— t,
. ! | | ! |
T I
SCLK | | | | \! | ’I
| | : | ] |
| | > b e

SDATA : \

SCLK

SDATA : \

SCLK /1\ /2\ /3\

|

|

|

|

|

' | : t

: | ISIIZ)AInput —,4—»:: —Ibl ,f— su(DAT)
| th(STA) —'4—“. th(DAT) — — |

Stop Condition —¢——— P

| |
¢ »— Start Condition |¢—p— SDAChange

/ TN/ 2\/ 3\ 7

1T~

[ XX

¢—»— Start Condition - t,

|
|
|
< tsusur) -P:

SDATA \ wmsB X

A

X N\ ST
Stop Condition —:<—>:

T0369-01

Figure 5. I>C-Like I/F Timing Chart
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GENERAL OPERATIONAL OVERVIEW

Stand-Alone Mode and Host Control Mode

The bq77PL900 has two operational modes, stand-alone mode and host-control mode. The mode is switched by
STATE_CONTROL [HOST]. In stand-alone mode, the battery protection is managed by the bq77PL900 without
the need for any external control. In this mode, the CHG and DSG FETs are driven ON and OFF automatically
and cell balancing is processed by a fixed algorithm if enabled by OCDELAY[CBEN]). In this mode, I°C
communication is enabled, and a host can read the registers and set STATE_CONTROL [HOST] but cannot
control any output or function such as Vcell AMP enable.

In host control mode, a host microcontroller can obtain battery information such as voltage and current from the
bg77PL900 analog interface. This allows the host, such as a microcontroller, to calculate remaining capacity or
implement an alternative cell balancing algorithm. In this mode, the bq77PL900 still detects cell protection faults
and acts appropriately, although the recovery method is different from that in stand-alone mode. The host
controller has control over the recovery method and FET action after the protection state has been entered.
Table 3 contains further details of the protection action differences.

Table 3. Stand-Alone Mode and Host Control Mode Protection Summary

Stand-Alone Mode Host-Control Mode
FUNCTION MODE (HOST = L) (HOST = H)
Automatic
Detection The bq77PL900 detects an OV voltage and
oV protection turns OFF the CHG FET. Must turn off cell
balancing for correct voltage detection.
Recovery Host Control
Host Control
Detection The bq77PL900 detects a UV voltage but no
UV protection Automatic FET action is taken. Must turn off cell
The bg77PL900 detects and recovers from balancing for correct voltage detection.
Recovery protection states and controls the FETSs. Host Control
Automatic
OCD/SCD Detection The bq77PL900 detects OCD and turns CHG
protection and DSG FETs OFF.
Recovery Host Control
Overtemperature Detection Host must turn ON.
protection Recovery Host Control
; Host Control
CHCZS&EIFET — Host carﬁllz)ttodnrqi\?:(t:he FETs The bq77PL900 cannot release from
protection state automatically.
—1. ; Host Control
Cell balancing — é:BBEENN-_Ol'-I\ﬁ) UIESrTcatitl)cn The host can balance any cells at any time
e CBEN = Don't care
PMS = High, Automatic .
Zero-volt chargel ZNVC =X (0-V charge current flows through CHG FET) Automatic
PMS = Low
Zero-volt charge2 ' No support for 0-V charge
9 ZVvC=0 PP g Host Control
Automatic Host should control precharge FET by using
PMS = Low, . GPOD pin
Zero-volt charge3 2VC = 1 (0-V charge current flows through FET that is pin.
B driven by GPOD)
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Normal Operation Mode

When all cell voltages are within the range of Vyy to Vgy, and the CHG and DSG FETs are turned ON, the cells
are charged and discharged at any time.

R T

Pack+

' Bat | Pack
_|_

Battery bq77PL900

|

|

i
—

I
I
I
|
I
1
|
I
|
: Load
I
I
I
I
I
|
I
1
|

B S )

Pack—

$0345-01

Figure 6. Normal Operation Mode
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Battery Protection

The bq77PL900 fully integrates battery protection circuits including cell overvoltage, undervoltage, and
overcurrent in discharge and short circuit in discharge detection. Each detection voltage can be adjusted by

programming the integrated EEPROM. Also, the detection delay time can be programmed as shown in Table 4.

Only a maximum of three programming cycles should performed to ensure data

stability.
Table 4. Detection Voltage, Detection Delay Time Summary
PARAMETER MIN MAX STEP BITS
Voltage 415V 45V 50 mV 3
Overvoltage Delay 05s 2.25s 0.25s 3
Hysteresis 100 mVv 400 mV 50 mV 2
Voltage 1.4V 29V 100 mVv 4
Delay 0ms 30 ms 1.25 ms-10 ms 4
Undervoltage
1s 8s 1s
Hysteresis 100 mVv 1200 mV 0.2V,04V 2
o Voltage 10 mVv 85 mV 5mVv 4
Overcurrent in discharge
Delay 20 ms 1600 ms 20 ms or 100 ms 5
o Voltage 60 mV 135 mV 5mVv 4
Short circuit in discharge
Delay 0 us 900 us 60 us 4

Cell Overvoltage and Cell Undervoltage Detection

The cell overvoltage and cell undervoltage detection circuit consists of a sample-and-hold (S/H) circuit and two

comparators.

The S/H period is about 120 ps for each cell, and S/H is performed sequentially on each cell. Once all of the
cells are checked, the bq77PL900 waits about 50 mS for the next S/H.

Copyright © 2008-2009, Texas Instruments Incorporated
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l Sample-and-Hold Circuit | — =
QOV/UV Comparator
| a |
| I
: | | OV Comparator |
.
_ O - |
VC8 Delay )
0—:E8;O—0 l | + Counter
— ] L L |
VCo © | T ovin |
[ O—o | | |
__€C10 : o l l UV Comparator |
¢ O——o 0—0/ + ! | |
1 1 _ I | - Delay )
VG | | | + | Counter
Ir—l—( y O—olo/o% | |
.

l¢—p 120 ps x Number of Cells
| | /Monitor OV and UV

| |
!4— Sampling Sequence: 50 ms —>!

$0346-01

Figure 7. Cell Voltage Monitoring Circuit

Cell Overvoltage Detection and Recovery

Cell overvoltage detection is the same as host control mode for the FET OFF state, but the recovery conditions
are different. The CHG FET is turned OFF if any one of the cell voltages remains higher than Vg for a period
greater than toy. As a result, the cells are protected from an overcharge condition. Also XLAERT changes from
High to Low. Both Vqy and toy can be programmed in the internal EEPROM.

Recovery in Host Control Mode

The recovery condition is as follows:

1. All cell voltages become lower than Vqy (AVgyy is ignored).

2. Additionally, the host must send a sequence of firmware commands to the bq77PL900 to turn ON the CHG
FET.

The command sequence required is as follows:

1. The host must toggle LTCLR from 0 to 1 and then back to 0.

2. Then set the CHG control bit to 1. To reset XLAERT high, the host must read the status register.

Figure 8 illustrates the circuit schematic in overvoltage protection mode in Host Control Mode. Figure 9 illustrates
the timing of this protection mode.
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Figure 8. Overvoltage in Host-Control Mode
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OV Detect

|
| » All Cell Voltage < Vg,
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|

|

Charger \
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CHG | |
I I
I I
I I I
: | | | Host Reads STATUS Register
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T0370-01
Figure 9. OV and OV Recovery Timing in Host-Control Mode
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Recovery in Stand-Alone Mode
The recovery condition occurs when all cell voltages become lower than (Vgy — AVoyw)-

Figure 10 illustrates the circuit schematic in overvoltage protection mode in stand-alone mode. Figure 11
illustrates the timing of this protection mode.

B BT

Pack+

L
Bat I Pack

Charger

I
p— 1
T I
| 1 Cell Voltage
1
: ! Vov=AVoyn
Battery : :
| : Overvoltage
| | Detect Comparator
' I
' I
L I
T I
1

S0348-01

Figure 10. Cell Overvoltage Protection Mode in Stand-Alone Mode
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Charger \

|
|
Load :
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[ [
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| |
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Figure 11. OV and OV Recovery Timing in Stand-Alone Mode
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7.14.1 Cell Undervoltage Detection and Recovery

When any one of the cell voltages falls below V,, for a period of ty,, the bq77PL900 enters the undervoltage
mode. At this time, the DSG FET is turned OFF and XALERT driven low. Both V|, and t,y, can be programmed
in the internal EEPROM.

Pack+

or 1AL 140 on ?

‘ Bat | Pack
T

Charge Currrent
Detect Comparator

Battery

Undervoltage
Detect Comparator

I
1
I
|
I
1
|
I
| |
| |

| | Load
| 1
| |
1 I
T 1
I
|
I
1
|

S0349-01

Figure 12. Cell Undervoltage Protection Mode in Host Mode and Stand-Alone Mode (Attaching a Charger)

In Host-Control Mode

Cell undervoltage protection recovery conditions are when:

1. All cell voltages become higher than (Vyy + AVyyy), Or

2. All cell voltages are higher than V, AND a charger is connected between PACK+ and PACK—, noting that
PACK+ voltage must be higher than BAT due to the diode forward voltage.

The bg77PL900 monitors the voltage difference between the PACK+ and BAT pins. When a difference higher
than 0.4V (typ.) is seen, it is interpreted that a charger has been connected.

Figure 12 illustrates the circuit schematic in undervoltage protection mode.

In some applications, it is required not to turn OFF the DSG FET suddenly. In these cases, by setting UVLEVLE
[UVFET_DIS] = 1, only XALERT is driven low in response to entering an undervoltage condition. The host can
turn OFF the DSG FET to protect the undervoltage condition. When the bq77PL900 recovery condition is
satisfied, the host must send a sequence of firmware commands to the bq77PL900. The firmware command
sequence to turn ON the DSG FET is as follows:

1. The host must toggle LTCLR from 0 to 1 and back to O.
2. Then the host must set the DSG ON bit to 1.
3. Then the host can read the status register to reset XALERT high.

Figure 13 and Figure 14 illustrate the timing chart of protection mode.
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Figure 13. UV and UV Recovery Timing Host-Control Mode (UVFET_DIS = 0)
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Figure 14. UV and UV Recovery Timing Host Control Mode (UVFET_DIS = 1)
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In Stand-Alone Mode
On detecting entry to undervoltage mode, the bq77PL900 moves to the shutdown power mode.

When a charger is attached, the bq77PL900 wakes up from shutdown mode. If cell voltages are lower than the
undervoltage condition, the DSG FET is turned OFF and XALERT driven low. During periods when a charger is
attached, the bq77PL900 never changes to shutdown mode.

When the undervoltage recovery condition is satisfied, the DSG FET turns ON and XLAERT is reset high.

UV Detection

\Change to Shutdown Wake Up /
|

PACK
C | Connect a Charger : :
| \ | | Al Cell Voltage > (Vyy *+ AVyyy) or
| | | All Cell Voltage > V;y
: : : : and Detecting (PACK+) — Vg > 0.1V
| Il |
I
L
DSG | :/l
I
| I |
I Il I
| I |
| |
CHG | |_| |
| o |
| I |
| (I |
T ¥ T
| I 1 |
REG1/REG2 I I I
| | |
I I I
I I I

T0374-01

Figure 15. UV and UV Recovery in Stand-Alone Mode

Overcurrent in Discharge (OCD) Detection

The overcurrent in discharge detection feature detects abnormal currents in the discharge direction via
measuring the voltage across the sense resistor (Vocp) and is used to protect the pass FETSs, cells, and any
other inline components from abnormal discharge current conditions. The detection circuit also incorporates a
blanking delay period (tocp) before turning OFF the pass FETs. Both Voep and tocp can be programmed in
internal EEPROM.

Short Circuit in Discharge (SCD) Detection

The short circuit in discharge detection feature detects severe discharge current via measuring the voltage
across the sense resistor (Vgcp) and is used to protect the pass FETSs, cells, and any other inline components
from severe current conditions. The detection circuit also incorporates a blanking delay period (tscp) before
turning OFF the pass FETs. Both Vg¢p and tgcp can be programmed in the internal EEPROM.
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7.14.1 Overcurrent in Discharge and Short Circuit in Discharge Recovery

In host-control mode, the host must send a sequence of firmware commands to the bg77PL900 to recover from
overcurrent and short-circuit currents. The command sequence to turn ON the DSG and CHG FETs is as follows:
1. The host must toggle LTCLR from 0 to 1 and back to 0.

2. Then set the DSG and CHG control bits to 1. To reset XALERT high, the STATUS register must be read.

In stand-alone mode, the bq77PL900 has two methods to recover from overcurrent and short-circuit conditions
by setting the SOR bit of OCD_CFG.

SOR = 0: Recover comparator is active after 12.8 s. An internal comparator monitors the PACK+ voltage and
when the PACK+ voltage reaches Vgecse, the overcurrent in discharge recovers. When the bq77PL900
detects a charger is attached, the DSG and CHG FETSs turn ON and XALERT is reset High.

SOR = 1: After 12.8 s, the bg77PL900 automatically recovers from OC and SC. The DSG and CHG FETs
turn ON and XALERT is reset high. If the OC or SC condition is still present, OC and SC is detected again
and the recovery/detection cycle continues until the fault is removed.

Pack+

-

Battery
Comparator

1
I
I
I
1
I
I
| : OL/SC Release
' I
' I
' I
|
e |
I
I

I
1
I
|
I
1
|
I
|
: Load
I
I
1
1
I
|
I
1
|

Pack—

S$0350-01

Figure 16. Overcurrent and Short-Circuit Protection Modes
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Table 5. Detection and Recovery Condition Summary (Stand-Alone Mode)

CELL OVERVOLTAGE

CELL UNDERVOLTAGE

OVERCURRENT IN

SHORT CIRCUIT IN

DISCHARGE DISCHARGE
Detection condition Any cell voltage > Vgy Any cell voltage < Vyy (Vsrp — Vsrn) > Vocb (Vsrp — VsrN) > Vscep
CHG FET ON — OFF ON ON — OFF ON — OFF
DSG FET ON ON — OFF ON — OFF ON — OFF
SOR = 0: Attach a SOR = 0: Attach a
. All cell voltage < All cell voltages > charger charger
Recovery condition 1 Vov — AVour) (Vov + AV SOR = 1: OC condition is | SOR = 1: SC condition is
released released
All cell voltages > Vy
Recovery condition 2 AND
PACK+ — Va7 > 0.1V
CHG FET OFF — ON ON OFF — ON OFF — ON
DSG FET ON OFF — ON OFF — ON OFF — ON

Table 6. Detection and Recovery Condition Summary (Host-Control Mode)

CELL OVERVOLTAGE

CELL UNDERVOLTAGE

OVERCURRENT IN

SHORT CIRCUIT IN

DISCHARGE DISCHARGE
Detection condition Any cell voltage > Vgy Any cell voltage < Vv (Vsrp — Vsrn) > Vocp (Vsrp — VsrN) > Vscp
CHG FET ON — OFF ON ON — OFF ON — OFF
DSG FET ON (UV?:NE{Sg':: 0) ON — OFF ON — OFF
Recovery condition 1 (%ILSS(LI t\gtﬁggt;zg\s’) AEI\IlﬁleVXI\t/i%i; None None
All cell voltage > Vv
Recovery condition 2 AND
VPACK - VBAT >0.1V
CHG FET® OFF — ON ON OFF — ON OFF — ON
DSG FET®W ON OFF — ON OFF — ON OFF — ON

(1) Host is required to set and clear LTCLR, then turn on the FETSs.

Low-Dropout Regulators (REG1 and REG2)

The bq77PL900 has two low dropout (LDO) regulators that provide power to both internal and external circuitry.
The inputs for these regulators can be derived from the PACK or BAT terminals (see the Initialization section for
further details). The output of REGL1 is typically 5 V, with a minimum output capacitance of 2.2 pF required for
stable operation. It is also internally current-limited. During normal operation, the regulator limits the output
current, typically to 25 mA. The output of REG2 is typically 3.3 V, also with a minimum output capacitance of 2.2
HF for stable operation, and it is also internally current-limited.

Until the internal regulator circuit is correctly powered, the DSG and CHG FETSs are driven OFF.

Initialization

From a shutdown situation, the bq77PL900 requires a voltage greater that the start-up voltage (VstarTup) @pplied
to the PACK pin to enable its integrated regulator and provide the regulator power source. Once the REG1 and
REG2 outputs become stable, the power source of the regulator is switched to BAT.

After the regulators have started, they then continue to operate through the BAT input. If the BAT input is below
the minimum operating range, then the bg77PL900 does not operate until the supply to the PACK input is
applied.

If the voltage at REG2 falls, the internal circuit turns off the CHG and DSG FETs and disables all controllable
functions, including the REG1, REG2, and TOUT outputs.
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Series Configuration of Five to Ten Cells

Unused cell inputs are required to be shorted to the uppermost-voltage-connected terminal. For example, in a
five-cell configuration, VC1 to VC5 are shorted to VCB6. In a 9-cell configuration, VC1 is shorted to VC2.

The CNFO, CNF1, and CNF2 pins should be connected to VLOG = logic 1 (through al10-kQ resistance) or GND =
logic O (directly) according to the desired cell configuration as seen in Table 7.

Table 7. Cell Configuration

CNF2 PIN CNF1 PIN CNFO PIN CONFI%EJLFL_ATION

0 0 0 10-cell
0 0 1 9-cell
0 1 0 8-cell
0 1 1 7-cell
1 0 0 6-cell
1 0 1 5-cell

All other combinations 10-cell

Delay Time Zero

The ZEDE pin enables EEPROM-programmed detection delay times when connected with GND (normal
operation). The detection delay time is set to 0 when this pin is connected with VLOG. This is typically used in
battery manufacturing test only.

Cell Voltage Measurement

The cell voltage is translated to allow a host controller to measure individual series elements of the battery. The
series element voltage is presented on the VOUT terminal. The cell voltage amplifier gain can be selected as
one of the following two equations. The VOUT voltage gain is selected by STATE_CONTROL [VGAIN]. VOUT is
internally connected to ground when disabled.

Voutl = 0.975 — {(Cell voltage) x 0.15} when VGAIN =0

or

Vout 2 = 1.2 — {(Cell voltage) x 0.20} when VGAIN = 1
The total pack voltage can also be monitored. The PACK voltage output is enabled or disabled by
FUNCTION_CONTROL [PACK].

Vout3 = (Total pack voltage) x 0.02 when PACK =1
The total pack voltage can also be monitored. The BAT voltage output is enabled or disabled by
FUNCTION_CONTROL [BAT].

Vout4 = (Total battery voltage) x 0.02 when BAT =1

Cell Voltage Measurement Calibration
The bq77PL900 cell-voltage monitor consists of a sample-and-hold (S/H) circuit and differential amplifier.
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Sample-and-Hold Circuit

VC8 :O r ____________ 1
¢ O——o Differential Amp Circuit
VC9 I o
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— VREF=0.975Vor1.2V

I
I
I
" I
]
I
______________ R A

A
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Figure 17. Cell Voltage Monitoring Circuit

To calibrate the VCELL output, it must measure a 2.5-V signal, but 2.5 V is beyond the ADC input range of most
analog-to-digital converters used in these applications. The bq77PL900 is designed to measure the 2.5 V
through a differential amplifier first, which is where the calibration procedure starts.

Step 1 Vdg1(0V)
N Step 5 Vout(VREF_m) L N

Step 6 Vout(2.5V)

|
| Step 3 Vdg,r(VREF_m)
|
|

Step 4 Vdgr(2.5V)

Step 2 VREF_m

! Calculate VREF_2.5V from Step 1-4

e

|
|
|
|
|
|
|
|
|
|
|
|
|
|
9

- . =
ov VREF_2.5V Vemsn—Ven ov VREF 25y Differential Amp
VREF_m(0.975V or 1.2V) VREF_m(0.975V or 1.2V) Input

MO0122-01

Figure 18. Calibration Method
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Step 1
Set CAL2 =0, CAL1 =0, CALO =1, CELL[4:1]=0,VAEN =1

Measure the output voltage of the differential amplifier at 0-V input (both inputs of the differential amplifier are
connected to GND). The output voltage includes the offset and is represented by:

Vdgoyt(0V) = measured output voltage of differential amplifier at 0-V input
(This value includes an offset voltage (Vos) and a reference voltage.)

Step 2
Set CAL2=0,CAL1=1,CALO=1,VAEN =1

VREF is trimmed to 0.975 V or 1.2 V within £2%. Then measure internal reference voltage VREF directly from
VOUT:

VREF_m = measured reference voltage (0.975 V or 1.2 V)

Step 3
Set CAL2 =0, CAL1 =1, CALO=0, CELL[4:1] =0, VAEN =1
Measure the scaled REF voltage through the differential amplifier.
Vdoyur(VREF_m) = The output voltage, including the scale factor error and offset
= VREF + (1 + K) x VOS — K x VREF
= VREF_m + (1 + KdACT) X VOS - KdACT X VREF_m
where: VREF_m + (1 + Kdact) X Vos = Vdgout(0V)
Kdact = ( Vdout(0V) — Vdour(VREF_m)) / VREF_m
= (measured value at step 1 — measured value at step 3)/ measured value at step 2
Calibrated differential voltage is calculated by:
Vdout = VREF + (1 + K) x Vgg — K % Vdin
= VdOUT(OV) - KdACT x Vdin
Where: Vdin = input voltage of differential amp lifier

Step 4
Set CAL2 =1, CAL1 =0, CALO =0, CELL[4:1] =0, VAEN =1
Measure scaled REF(2.5V) though differential amp,

Some TI-Benchmarq gas gauges cannot measure 2.5 V directly, because the ADC input voltage is 1 V. So to
measure the 2.5-V internal reference voltage, use a differential amplifier as a method to scale down the
measurement value.

Vdout(2.5V) = measured differential amp output voltage at the 2.5-V input
Already, differential amplifier calibration was performed in steps 1, 2, and 3.

So VREF_2.5V is presented by
VREF_2.5V = { Vdoy7(0V) — Vdout(2.5V)}/KdacT

Step 5
Set CAL2 =1, CAL1 =0, CALO =1, CELL2 =0, CELL1 =0, VAEN =1
Vout(0.975V or 1.2V) = Measure scaled REF (0.975-V or 1.2-V) output voltage S/H and differential amplifier.
Step 6
Set CAL2 =1, CAL1 =1, CALO =0, CELL[4:1] =0, VAEN =1
Vout(2.5V) = Measure scaled REF (2.5-V) output voltage S/H and differential amp.

Scale factor
Kact = —(Vout(2.5V) — Vour(0.975V or 1.2V)/(VREF_2.5V — VREF_m)
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Vout(0V) = Vour(2.5V) + Kaer X VREF_2.5V
OR
Vout(0V) = Vour(0.975V or 1.2V) + Kyt X VREF_m

Cell voltage is calculated by as follows:
VCn - VC(n + 1) = {VOUt(OV) - VOUT} / KACT

Current Monitor

Discharge and charge currents are translated to allow a host controller to measure accurately current, which
measurement can then be used for additional safety features or calculating the remaining capacity of the battery.
The sense resistor voltage is converted using the following equation. The typical offset voltage is Vcell orr
(1.2 V typical), although it can be presented on the IOUT pin for measurement, if required. -

The output voltage increases when current is positive (discharging) and decreases when current is negative
(charging).
Veurr = 1.2 + (Ipack % Rsense) X (IGAIN)
where
State_Control [IGAIN] = 1 then IGAIN =50
State_Control [IGAIN] = 0 then IGAIN = 10
The current monitor amplifier can present the offset voltage as shown in Table 8. The IOUT pin is enabled or

disabled by FUNCTION_CONTROL [IACAL, IAEN] and has a default state of OFF. IOUT is internally connected
to ground when disabled.

Table 8. IACAL and IAEN Configuration

IACAL IAEN CONDITION
0 1 NORMAL
1 1 OFFSET
X 0 OFF

Cell Balance Control

The integrated cell balance FETs allow a bypass path to be enabled for any one series element. The purpose of
this bypass path is to reduce the current into any one cell during charging to bring the series elements to the
same voltage. Series resistors placed between the input pins and the positive series element nodes limits the
bypass current value. Series input resistors between 500 Q and 1 kQ are recommended for effective cell
balancing.

In host-control mode, individual series element selection is made via CELL_BALANCE [CBAL1, CBAL2, CBAL3,
CBAL4, CBAL5, CBAL6, CBAL7, and CBAL8] and FUNCTION_CONTROL [CBAL9, CBAL10].

In stand-alone mode, cell balancing works as shown in Figure 19. When a certain cell (cell A) voltage reaches
cell overvoltage, the battery charging stops and then cell balance starts working at ta. The cell-A voltage
decreases by the bypass current until the voltage reaches (Voy — AVoyy). Cell-B voltage does not change during
the period because cell balancing works only for the cell that reached Vqy. At th, battery charging starts again.
Cell A and cell B have been charged in this period until cell-A voltage reaches Vg, again. The voltage difference
between cell A and cell B becomes smaller when the bq77PL900 repeats the foregoing cycle. The bq77PL900
stops cell balance when cell overvoltage protection has released.

The bg77PL900 is designed to prevent cell balancing on adjacent cells or on every other cell. For example, if cell
overvoltage happened to cell 8, cell 7 (cell 7 is next to cell 8) and cell 3 (cell 3 is not next to cell 8 or cell 7), then
cell balancing starts for cell 8 and cell 3 first. When the cell-8 voltage is back to normal, then cell balancing starts
for cell 7.

While the bg77PL900 monitors the overvoltage and undervoltage, cell balancing is automatically turned off. This
configuration is supported for both modes (host-control and stand-alone modes).
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Figure 19. Cell Balancing Timing Chart (Automatic)

Thermistor Drive Circuit (TOUT), Thermistor Input (TIN)

The TOUT pin is powered by REG2, can be enabled via FUNCTION_CONTROL [TOUT] to drive an external
thermistor, and is OFF by default. A 10-kQ, 25°C NTC (e.g., Semitec 103AT) thermistor is typical. The maximum
output impedance is 100 Q.

The bqg77PL900 monitors the battery temperature as shown in Figure 20. A voltage divided by the NTC
thermistor and reference resistor is connected to TIN. The bq77PL900 compares the TIN voltage with the internal
reference voltage (0.975V), and when V1 < Vgee the bq77PL900 turns OFF the CHG and DSG FETs and sets
STATUS [OVTEMP].

In host-control mode, the host should enable and disable TOUT.

RTHERM TOUT
o o 33V

TIN
VREF «i}

S0352-01

Figure 20. Temperature Monitoring Circuit

General-Purpose Open-Drain Drive (GPOD)

The GPOD output is enabled or disabled by OUTPUT_CONTROL [GPOD] and has a default state of OFF.

In stand-alone mode, this pin is used for driving the 0-V/precharge FET for zero-voltage battery charging by
OCD_CFG [zVC] = 1.

Alerting the Host (XALERT)

In both modes, the XALERT pin is available and is driven low when faults are detected. The method to clear the
XALERT pin is different in stand-alone mode than in host-control mode. In stand-alone mode, XLAERT is cleared
when all of the faults are cleared. In host-control mode, the host must toggle (from 0, set to 1, then reset to 0)
OUTPUT_CONTROL [LTCLR] and then read the STATUS register.
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Alerting the Host (LTCLR)

In host-control mode, when a protection fault occurs, the state is latched. The fault flag is unlatched by toggling
(from 0, set to 1 then reset to 0) OUTPUT_CONTROL [LTCLR]. The OCD, SCD, OV, and UV bits are unlatched
by this function. Now the FETs can be controlled by programming the OUTPUT_CONTROL register, and the
XALERT output can be cleared by reading the STATUS register. When detecting overvoltage or undervoltage
faults, LTCTR changes are ignored. After a period of 1 ms, it must send an LTCLR command.

Fault Timeout STATUS Register
Expired Read

FET Control Access by Host

Fault Flag Set

LTCLR Bit

XALERT Output

T0376-01

Figure 21. LTCLR and XLAERT Clear Timing (Host-Control Mode)

POR

The XRST open-drain output pin is triggered on activation of the VREG1 or VREG2 output. This holds the host
controller in reset for tgst, allowing Vyreg1 OF Vyreg? 10 stabilize before the host controller is released from reset.

The XRST output and monitoring voltage is supplied by the source of VLOG. When VLOG is connected to
VREG1, the XRST output level is Vygreg: and monitors the activation of VREG1. When VLOG is connected to
VREG?2, the XRST output level is Vyreg2 @and monitors the activation of VREG2.

When Vyree1 Or Vyrego Voltage is below the output specifications, XRST is active-low (0.8 x VLOG). When Vgar
is below 7 V, VREG1 and VREG2 stop, then XRST goes low. If a host has a problem with a sudden reset signal,
it is recommended monitoring the battery voltage to avoid it, e.g., burnout detection.

REG Output

XRST Output

A

T0377-01

Figure 22. XRST Timing Chart — Power Up and Power Down
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EEPROM Write Sequence

The bq77PL900 has integrated configuration EEPROM for OV, UV, OCD, and SCD thresholds and delays. The
appropriate configuration data is programmed to the configuration registers, and then 0xe2 is sent to the
EEPROM register to enable the programming supply voltage. By driving the EEPROM pin (set high and then
low), the data is written to the EEPROM.

When supplying BAT, care should be taken not to exceed VCnh — VC(n + 1), (h =1 to 10) > 5 V. If BAT and VC1
are connected onboard, it is recommended that all cell-balance FETs be ON where each input voltage is divided
with the internal cell-balance ON resistance.

The recommended voltage at BAT or PACK for EEPROM writing is 20 V. When supplying VBAT, care is needed
to ensure VBAT does not exceed the VCn — VC(n + 1), (n = 1 to 10) absolute maximum voltage. If BAT and VC1
are connected onboard, supplying 7.5 V is recommended to activate the bq77PL900 and turn ON all cell-balance
FETs.

Then increase the power supply up to 20 V. By this method, each input voltage is divided with the internal
cell-balance ON resistance.
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Figure 23. EEPROM Data-Writing Flow Chart
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Power Modes

The bq77PL900 has two power modes, normal and shutdown. Table 9 outlines the operational functions during
the two power modes.

Table 9. Power Modes

POWER TO ENTER MODE DESCRIPTION
MODE NORMAL MODE

The battery is in normal operation with protection, power management, and battery monitoring
Normal functions available and operating. The supply current of this mode varies, as the host can enable and
disable various features.

Add supply at the When undervoltage is detected in stand-alone mode, or shutdown command at host-control mode, the

Shutdown Vpack < Vwake bq77PL900 goes into shutdown: all outputs and interfaces are OFF and memory is not valid.

Shutdown Mode

In host-control mode, the bg77PL900 enters shutdown mode when it receives the shutdown command,
STATE_CONTROL [SHDN] set. First, the DSG FET is turned OFF, and then after the pack voltage goes to 0 V,
the bq77PL900 enters shutdown mode, which stops all functions of the bq77PL900.

In stand-alone mode the bq77PL900 enters shutdown when the battery voltage falls and UV is detected. It turns
the DSG FET OFF, and after the pack voltage goes to 0 V, the bq77PL900 enters shutdown mode, which stops
all functions.

Exit From Shutdown

If a voltage greater than Vsrartup IS applied to the PACK pin, then the bq77PL900 exits from shutdown and
enters normal mode.

Parity Check

The bq77PL900 uses EEPROM for storage of protection thresholds, delay times, etc. The EEPROM is also used
to store internal trimming data. For safety reasons, the bq77PL900 uses a column parity error checking scheme.
If the column parity bit is changed from the written value, then OUT_CONTROL [PFALT] is set to 1 and XALERT
driven low. In stand-alone mode, both DSG and CHG outputs are driven high, turning OFF the DSG and CHG
FETs. The GPOD output is also turned off.

In host-control mode, only OUT_CONTROL [PFALT] and the XALERT output are changed, allowing the
microprocessor host to control bq77PL900 operation.

Communications

The 1°C-like communication provides read and write access to the bq77PL900 data area. The data is clocked via
separate data (SDATA) and clock (SCLK) pins. The bqg77PL900 acts as a slave device and does not generate
clock pulses. Communication to the bq77PL900 can be provided from the GPIO pins of a host controller. The
slave address for the bq77PL900 is 7 bits and the value is 0010 000.

(MSB) I°C Address + R/W Bit (LSB)
(MSB) I°C Address (LSB)
Write
0 0 1 0 0 0 0
Read

The bq77PL900 does NOT have the following functions compatible with the 1°C specification.
» The bq77PL900 is always regarded as a slave.

« The bq77PL900 does not support the general code of the I°C specification and therefore does not return an
ACK, but may return a NACK.

« The bq77PL900 does not support the address auto-increment, which allows continuous reading and writing.

 The bq77PL900 allows data to be written to or read from the same location without resending the location
address.
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Figure 24. I2C-Bus Write to bq77PL900
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SDATA 1 A6 | A5 |--*] A0 | R/W | ACK R7 | R6 |+ RO|ACK | A6 |-+ AO|R/W|ACK| D7 | D6 |--+ DO |NACK r
0 0o 0 170 Slave Dri Master |
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Repeated NACK and
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Figure 25. I°C-Bus Read From bq77PL900: Protocol A

« T -Tuysuy putguuyksuy

SDATA 1 A6 | A5 || AO | R/'W | ACK R7 | R6 |--+ RO|ACK | | A6 | A5 |*-*| A0 | RIW|ACK]| D7 |--*] DO |NACK f
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the Data NACK and
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Figure 26. 1°C-Bus Read From bq77PL900: Protocol B
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Register Set

The bq77PL900 has 12 addressable registers. These registers provide status, control, and configuration
information for the battery protection system.

Table 10. Register Descriptions

NAME TPEISNT ADDR | MEMORY R/W DESCRIPTION
STATUS X 0x00 Read R Status register
OUTPUT CONTROL 0x01 RAM RIW sotziﬂgt pin control from system host-control mode and external pin
STATE_CONTROL X 0x02 RAM R/W State control from system host and external pin status
FUNCTION_CONTROL X 0x03 RAM R/W Function control from system host and external pin status
CELL BALANCE X 0x04 RAM R/W Battery cell select for balance bypass
CELL _SEL X 0x05 RAM R/W Battery cell select for balance bypass and for analog output voltage
OV CFG X 0x06 | EEPROM | R/W® | Overvoltage level and delay time register
UV LEVEL X 0x07 | EEPROM | R/WW | Undervoltage level register
OCV & UV DELAY X 0x08 | EEPROM | R/W® | Overload voltage level and undervoltage delay time register
OCDELAY X 0x09 | EEPROM | R/W® | Overload delay time register
SCD CFG X Ox0a | EEPROM | R/W® | Short-circuit in discharge current level and delay time register
EEPROM X 0x0b RAM R/W EEPROM read and write enable register

(1) Write and read data will be match after write EEPROM writing procedure.

Table 11. Register Map

NAME 12C ADDR B7 B6 B5 B4 B3 B2 Bl BO
STATUS 0x00 CHG DSG VGOOD OVTEMP uv ov OCD SCD
OUTPUT_CONTROL 0x01 FS PFALT 0 0 GPOD CHG DSG LTCLR
STATE_CONTROL 0x02 IGAIN VGAIN 0 0 0 0 HOST SHDN
FUNCTION_CONTROL 0x03 CBAL10 CBAL9 TOUT BAT PACK IACAL IAEN VAEN
[Cell(9,10) balance register]
CELL_BALANCE 0x04 CBALS CBAL7 CBAL6 CBAL5 CBAL4 CBAL3 CBAL2 CBAL1
CELL_SEL 0x05 0 CAL2 CAL1 CALO CELL4 CELL3 CELL2 CELL1
OV_CFG 0x06 ovD2 OovD1 OvDO OVH1 OVHO ov2 ovi oVvo
UV_CFG 0x07 0 UVFET_DIS UVH1 UVHO uv3 uv2 uvi uvo
OCV&UV_DELAY 0x08 uUvD3 uvD2 uvD1l uvDO OCD3 OCD2 OCD1 OCDO
OCD_CFG 0x09 CBEN ZNVC SOR OCDD4 OCDD3 OCDD2 OCDD1 OCDDO
SCD_CFG 0x0a SCDD3 SCDD2 SCDD1 SCDDO SCD3 SCD2 SCD1 SCDO
Read-writing 0 1 1 0 0 0 1 0
EEPROM Writing (0x41) 0x0b 0 1 0 0 0 0 0 1
Reading (except above) 0 0 0 0 0 0 0 0
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Register Control
0x01 to 0x05 should be controlled during host-control mode.

STATUS: Status Register

STATUS REGISTER (0x00)

7 6 5 4 3 2

CHG DSG VGOOD OVTEMP uv ov

OCD

SCD

The STATUS register provides information about the current state of the bq77PL900.

STATUS b0 (SCD):
0 = Current is below the short-circuit in discharge threshold (default).

This bit indicates a short-circuit in discharge condition.

1 = Current is greater than or equal to the short-circuit in discharge threshold.

STATUS bl (OCD): This bit indicates an overload condition.
0 = Current is less than or equal to the overload threshold (default).

1 = Current is greater than the overload threshold.

STATUS b2 (OV): This bit indicates an overvoltage condition.
0 = Voltage is less than or equal to the overvoltage threshold (default).
1 = Voltage is greater than the overvoltage threshold.

STATUS b3 (UV): This bit indicates an undervoltage condition.

0 = Voltage is greater than or equal to the undervoltage threshold (default).

1 = Voltage is less than the undervoltage threshold.

STATUS b4 (OVTEMP):  This bit indicates an overtemperature condition.

0 = Temperature is lower than or equal to the overtemperature threshold (default).

1 = Temperature is higher than the overtemperature threshold.

STATUS b5 (VGOOD):

This bit indicates a valid EEPROM power-supply voltage condition.

0 = Voltage is smaller than specified EEPROM power-supply voltage (default).

1 = Voltage is greater than or equal to the specified EEPROM power-supply voltage.

STATUS b6 (DSG): This bit reports the external discharge FET state.
0 = Discharge FET is off.
1 = Discharge FET is on.

STATUS b7 (CHG): This bit reports the external charge FET state.
0 = Charge FET is off.
1 = Charge FET is on.
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OUTPUT_CONTROL: Output Control Register
OUTPUT_CONTROL REGISTER (0x01)
7 6 5 4 3 2 1 0
FS PFALT 0 0 GPOD CHG DSG LTCLR

The OUPTUT_CONTROL register controls some of the outputs of the bq77PL900 and can show the state of the
external pin corresponding to the control.

OUTPUT_ CONTROL b0 (LTCLR): When a fault is latched, this bit releases the fault latch when toggled
(default).

0—1—0 clears the fault latches, allowing STATUS to be cleared on its next read.

OUTPUT_ CONTROL b1 (DSG): This bit controls the external discharge FET.
0 = Discharge FET is OFF in host-control mode.
1 = Discharge FET is ON in host-control mode.

OUTPUT_ CONTROL b2 (CHG): This bit controls the external charge FET.
0 = Charge FET is OFF in host-control mode.
1 = Charge FET is ON in host-control mode.

OUTPUT_CONTROL b3 (GPOD): This bit enables or disables the GPOD output.
0 = GPOD output is high impedance (default).
1 = GPOD output is active (GND).

OUTPUT_CONTROL b6 (PFALT): This bit indicates a parity error in the EEPROM. This bit is read-only.
0 = No parity error (default)
1 = A parity error has occurred.
OUTPUT_CONTROL b7 (FS): This bit selects the undervoltage detection sampling time.
0 = Sampling time is 50 ms/cell (typ) (default).
1 = Sampling time is 100 ps/cell (typ)

OUTPUT_CONTROL b6-b4: These bits are not used and should be set to O.
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STATE_CONTROL: State Control Register
STATE_CONTROL REGISTER (0x02)
7 6 5 4 3 2 1 0
IGAIN VGAIN 0 0 0 0 HOST SHDN

The STATE_CONTROL register controls the states of the bq77PL900.

STATE_CONTROL b0 (SHDN): This bit enables or disables the shut down mode in host mode.
0 = Disable shutdown mode (default).
1 = Enable shutdown mode (if PACK voltage = 0 V).

STATE_CONTROL bl (HOST): This bit selects stand-alone mode or host-control mode.
0 = Stand-alone mode (default)
1 = Host control mode

STATE_CONTROL b6 (VGAIN): This bit controls the cell amplifier scale.
0 = SCALE is 0.15 (default).
1= SCALE is 0.2.

STATE_CONTROL b7 (IGAIN): This bit controls the current monitor amplifier gain.
0 = GAIN is 10 (default).
1= GAIN s 50.

STATE_CONTROL b5-b2: These bits are not used and should be set to 0.
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FUNCTION_CONTROL: Function Control Register, [Cell (9, 10) Balance Register]
FUNCTION CONTROL REGISTER (0x03)
7 6 5 4 3 2 1 0
CBAL10 CBAL9 TOUT BAT PACK IACAL IAEN VAEN

The FUNCTION_CONTROL register controls some features of the bq77PL900.

FUNCTION_ CONTROL b0 (VAEN): This bit controls the internal cell-voltage amplifier.
0 = Disable cell-voltage amplifier (default).
1 = Enable cell-voltage amplifier.

FUNCTION _CONTROL b1 (IAEN): This bit controls the internal current-monitor amplifier.
0 = Disable current-monitor amplifier (default).
1 = Enable current-monitor amplifier.

FUNCTION_CONTROL b2 (IACAL): This bit controls the internal current-monitor amplifier offset-voltage output.
0 = Disable offset voltage output (default).
1 = Enable offset voltage output.

FUNCTION_CONTROL b3 (PACK): When VAEN = 1, PACK input is divided by 50 and presented on VCELL
0 = Disable pack total voltage output (default).
1 = Enable pack total voltage output.

FUNCTION_ CONTROL b4 (BAT): When VAEN = 1, BAT input is divided by 50 and presented on VCELL.
0 = Disable pack total voltage output (default).
1 = Enable pack total voltage output.
This bit priority is higher than PACK(b3).

FUNCTION _CONTROL b5 (TOUT): This bit controls the power to the thermistor.

0 = Thermistor power is off in host-control mode (default).

1 = Thermistor power is on in host-control mode.
FUNCTION _CONTROL b7-b6 (CELL10-9): This bit enables or disables the cell 9 and cell 10 balance charge
bypass path

0 = Disable bottom series cell 9 or cell 10 balance charge bypass path (default).

1 = Enable bottom series cell 9 or cell 10 balance charge bypass path.
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CELL_BALANCE: Cell (1 to 8) Balance Register
CELL_BALANCE REGISTER (0x04)
7 6 5 4 3 2 1 0
CBALS CBAL7 CBAL6 CELL5 CBAL4 CBAL3 CBAL2 CBAL1

The CELL_BALANCE register controls cell balancing of the bq77PL900.

CELL_BALANCE b7(CBALS8): This bit enables VC3-VC4 cell balance charge bypass path.
CELL_BALANCE b6(CBAL7): This bit enables VC4-VC5 cell balance charge bypass path.
CELL_BALANCE b5(CBALS6): This bit enables VC5-VC6 cell balance charge bypass path.
CELL_BALANCE b4(CBALD5): This bit enables VC6-VC7 cell balance charge bypass path.
CELL_BALANCE b3(CBAL4): This bit enables VC7-VC8 cell balance charge bypass path.
CELL_BALANCE b2(CBAL3): This bit enables VC8-VC9 cell balance charge bypass path.
CELL_BALANCE b1(CBAL2): This bit enables VC9-VC10 cell balance charge bypass path.

CELL_BALANCE bO(CBAL1): This bit enables VC10-VC11 cell balance charge bypass path.
0 = Disable series cell balance charge bypass path (default).
1 = Enable series cell balance charge bypass path.

CELL_SEL: Cell Translation Selection and Cell Translation Status Register
CELL_SEL REGISTER (0x05)
7 6 5 4 3 2 1 0
0 CAL2 CAL1 CALO CELL4 CELL3 CELL2 CELL1

The CELL_SEL register determines the cell selection for voltage measurement and translation. The register also
determines operation mode of the cell voltage monitoring.

The CELL_SEL b6-b4 (CAL2—-CALO) bits should be 0 when VAEN(bO) in register 3 is changed from 0 to 1 or the
VOUT pin will not go active.

This register is don’t care when either BAT(b4) or PACK(b3) is set or VAEN(bO) is cleared in register 3.

CELL_SEL b3-b0 (CELL4-1): These four bits select the series cell for voltage measurement translation.
These are don’t care when CAL2-0 are not equal to 0xO.

CELL4 | CELL3 | CELL2 | CELL1 SELECTED CELL
0 0 0 0 VC10-VC11, Bottom series element (default)
0 0 0 1 VC9-VC10, Second-lowest series element
0 0 1 0 VC8-VCY, Third-lowest series element
0 0 1 1 VC7-VC8, Fourth-lowest series element
0 1 0 0 VC6-VC7, Fifth-lowest series element
0 1 0 1 VC5-VCB6, Sixth-highest series element
0 1 1 0 VC4-VC5, Seventh-highest series element
0 1 1 1 VC3-VC4, Eighth-highest series element
1 0 0 0 VC2-VC3, Ninth-highest series element
1 0 0 1 VC1-VC2, Top series element
Other VC10-VC11, Bottom series element
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CELL_SEL b6-b4 (CAL2-0): These three bits determine the mode of the voltage monitor block.
CAL2 |CAL1 | CALO SELECTED MODE
0 0 0 | Cell translation for selected cell (default), VOUT output depends on CELL4-1.
0 0 1 Monitor offset of differential amplifier (both inputs of differential amplifier are
connected to GND).
0 1 0 | Monitor the scaled Vger™® value.
0 1 1 | Monitor Vgee® directly.
1 0 0 Monitor the scaled 2.5-V value to the measured 2.5 V.
1 0 1 | Monitor Vgge—0 V, through the sample-and-hold circuit.®
1 1 0 Monitor 2.5 V-0 V through the sample-and-hold circuit.
1 1 1 Monitor 2.5 V-1.2 V through the sample-and-hold circuit.
(1) When VGAIN = 0, VREF = 0.975 V; when VGAIN =1, VREF = 1.2 V.
CELL_SEL b7: These bits are not used and should be set to 0.
OV_CFG: Overvoltage Delay Time, Hysteresis, and Threshold Configuration Register
OV CFG REGISTER (0x06)
7 6 5 4 3 2 1 0
OvD2 OvVD1 OVDO OVH1 OVHO ov2 oVl OoVv0

The OV register determines cell overvoltage threshold, hysteresis voltage, and detection delay time.

OV_CFG b2-b0 (OV2-0) configuration bits with corresponding voltage threshold with a default of 000.
Resolution is 50 mV.

0x00 415V 0x02 425V 0x04 435V 0x06 445V
0x01 42V 0x03 43V 0x05 4.4V 0x07 45V

OV_CFG b4-b3 (OVH1-0) configuration bits with corresponding hysteresis voltage with a default of 00.
Resolution is 100 mV.

| o0 | oav | ooz | o2v | o2 [ o03v | ox03 | ov |

OV_CFG b7-b5 (OVD2-0) configuration bits with corresponding delay time for overvoltage with a default of 000.
Resolution is 250 ms.

0x00 05s 0x02 1s 0x04 15s 0x06 2s
0x01 0.75s 0x03 1.25s 0x05 1.75s 0x07 225s
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UV_CFG: Undervoltage Hysteresis and Threshold Configuration Register

UV LEVEL REGISTER (0x07)

7 6 5 4 3 2 1

0

0 UVFET _-DIS UVH1 UVHO uv3 uv2 uvl

UVvo

The UV register determines the cell undervoltage threshold, hysteresis voltage, and detection delay time.

UV_CFG b2-b0 (UV3-0) configuration bits with corresponding voltage threshold with a default of 000. Resolution

is 100 mV.
0x00 14V 0x04 18V 0x08 22V 0x0c 26V
0x01 15V 0x05 19V 0x09 23V 0x0d 27V
0x02 16V 0x06 2V 0x0a 24V 0x0e 28V
0x03 1.7V 0x07 21V 0x0b 25V 0xO0f 29V

UV_CFG b5-b4 (UVH1-0) configuration bits with corresponding hysteresis voltage with a default of 00.

Resolution is 200 mV.

0x00 | 0.2V \ 0x01 | 0.4V \ 0x02 | 0.8V \ 0x03

| 12V

When the undervoltage threshold and the hysteresis values are high, then undervoltage recovery may not occur.

To avoid this, Table 12 should be used for assistance in configuration.

Table 12. Combination of UV Release Voltage vs Hysteresis

HYSTERESIS
02v | 0.4V | 08V 12V
1.4 16 18 2.2 2.6
15 17 1.9 2.3 2.7
16 18 2 2.4 2.8
17 1.9 2.1 25 2.9
18 2 2.2 2.6 3
1.9 2.1 23 2.7 3.1
2 2.2 2.4 2.8 3.2
2.1 2.3 25 2.9 3.3
Cell undervoltage (V)
2.2 2.4 26 3 3.3
2.3 25 27 3.1 3.3
2.4 2.6 2.8 3.2 3.3
25 2.7 2.9 3.3 3.3
2.6 2.8 3 3.3 3.3
2.7 2.9 3.1 3.3 3.3
2.8 3 3.2 3.3 3.3
2.9 3.1 3.3 3.3 3.3

UV_CFG b6 (UVFET_DIS):
host-control mode.

0 = DSG output changes to OFF when UV is detected (default).
1 = DSG output does not change to OFF when UV is detected.
But the UV bit of the status register (0x00) is changed, even if this bit = 1.

UV_CFG b7: This bit should be set to 0, so that the bq77PL900 protects battery cell safety.

This bit disable automatically turns off the DSG output when UV is detected in
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OC&UV_DELAY: Overcurrent and Undervoltage Delay Register

OC&UVDELAY REGISTER (0x08)

7

6

5

4

3

2

1

0

uvD3

uvD2

uUvD1

uUvDO

OCD3

OCD2

OCD1

OCDO

The FUNCTION and OCDV CFG register determines overcurrent in discharge voltage threshold and controls

functions.

OC&UV_DELAY b3-b0 (OCD3-0) configuration bits with corresponding voltage threshold. Resolution is 5 mV.
0x00 10 mV 0x04 30 mvV 0x08 50 mV 0x0c 70 mV
0x01 15 mV 0x05 35 mv 0x09 55 mV 0x0c 75 mV
0x02 20 mVv 0x06 40 mV Ox0a 60 mV 0x0e 80 mV
0x03 25 mVv 0x07 45 mV 0x0b 65 mVv 0xOf 85 mV

OC&UVDELAY b7-hb4 (UVD3-0) configuration bits with corresponding delay time for undervoltage with a
default of 000. Resolution is 1 s when the FS bit = 0.

OC&UVDELAY
b7-b4 (UVD3-0)

FS bit (OUTPUT_CONTROL b7)

1 0

0x00 See the following table. 1s

0x01 2s

0x02 3s

0x03 4s

0x04 5s

0x05 6s

0x06 7s

0x07 8s

0x08 1ls 1ls

0x09 2s 2s

0x0a 3s 3s

0x0b 4s 4s

0x0c 5s 5s

0x0d 6s 6s

0x0e 7s 7s

0xOf 8s 8s

DELAY TIME (ms), FS=1
uUvD<3:0> Internal Count
5 Cells 6 Cells 7 Cells 8 Cells 9 Cells 10 Cells
0x00 0 0 0 0 0 0 0
0x01 2 1.25 15 1.75 2 2.25 25
0x02 4 25 35 4 45 5
0x03 8 5 7 8 9 10
0x04 10 6.25 7.5 8.75 10 11.25 12.5
0x05 12 7.5 9 10.5 12 135 15
0x06 16 10 12 14 16 18 20
0x07 24 15 18 21 24 27 30
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OCD_CFG: Overcurrent in Discharge Configuration Register
OCD_CFG REGISTER (0x09)
7 6 5 4 3 2 1 0
CBEN zZvC SOR OCDD4 0OCDD3 0CDD2 0oCDD1 OCDDO

The FUNCTION & OCD_CFG register determines function and overload-detection delay time.

OCD_CFG b4-b0 (OCDD4-0) configuration bits with corresponding delay time. Units are in ms and resolution is
20 ms or 100 ms.

0x00 20 ms 0x08 180 ms 0x10 100 ms 0x18 900 ms
0x01 40 ms 0x09 200 ms 0x11 200 ms 0x19 1000 ms
0x02 60 ms O0x0a 220 ms 0x12 300 ms Oxla 1100 ms
0x03 80 ms 0x0b 240 ms 0x13 400 ms 0x1b 1200 ms
0x04 100 ms 0x0c 260 ms 0x14 500 ms Oxlc 1300 ms
0x05 120 ms 0x0d 280 ms 0x15 600 ms 0x1d 1400 ms
0x06 140 ms 0x0e 300 ms 0x16 700 ms Oxle 1500 ms
0x07 160 ms 0xO0f 320 ms 0x17 800 ms Oox1f 1600 ms

OCD_CFG b5 (SOR): Recover condition from SC and OC with stand-alone mode

0 = Recover by attaching a charger. Recover comparator is active after 12.8 s for OC/SC
detection (default).

1 = Recover by SC/OC condition released. Recovery from OC/SC after 12.8 s.

OCD_CFG b6 (ZVC): This bit controls the 0-V/precharge of the GPOD output.
0 = Disable the GPOD output 0-V/precharge mode with stand-alone (default).
1 = Enable the GPOD output 0-V/precharge mode with stand-alone.

OCD_CFG b7 (CBEN): This bit controls cell balancing.
0 = Disable the cell balancing function (default)
1 = Enable the cell balancing function.
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SCD_CFG: Short-Circuit in Discharge Configuration Register
SCD_CFG REGISTER (0x0a)
7 6 5 4 3 2 1 0
SCDD3 SCDD2 SCDD1 SCDDO SCD3 SCD2 scD1 SCDO

The SCD_CFG register determines the short-circuit voltage threshold and detection delay time.

SCD_CFG b3-b0 (SCD3-0): These lower-nibble bits select the value of the short-circuit in discharge voltage
threshold with 0000 as the default, units in mV, and a resolution of 5 mV.

0x00 60 mV 0x04 80 mV 0x08 100 mV 0x0c 120 mV
0x01 65 mV 0x05 85 mVv 0x09 105 mV 0x0d 125 mVvV
0x02 70 mV 0x06 90 mV 0x0a 110 mV 0x0e 130 mVv
0x03 75 mV 0x07 95 mV 0x0b 115 mV 0xOf 135 mV

SCD_CFG h7-b4 (SCDD3-0): These upper nibble bits select the value of the short circuit in discharge delay time.
0000 is the default, units of ps and a resolution of 60us.

0x00 0 ps 0x04 240 ps 0x08 480 s 0x0c 720 ps
0x01 60 s 0x05 300 ps 0x09 540 ps 0x0d 780 s
0x02 120 ps 0Xx06 360 ps 0x0a 600 s 0x0e 840 s
0x03 180 ps 0x07 420 ps 0x0b 660 s 0XOf 900 ps

EEPROM: EEPROM Write Enable and ConfiguratiOn Register
EEPROM REGISTER (0x0b)
7 6 5 4 3 2 1 0
EEPROM7 EEPROM6 EEPROM5 EEPROM4 EEPROM3 EEPROM?2 EEPROM1 EEPROMO

EEPROM b7-b0 (EEPROM7-0):
These bits enable data write to EEPROM(0x06-0x9a) with 0100 0001 (0x41).
Prewriting data is available by setting these bits with 0110 0010 (0x62).
Default is 0000 0000 (0x00).

Zero-Volt Charging

In order to charge cells, the CHG FET must be turned on to create a current path. When the battery voltage
(Vgat) is low and the CHG is ON, the pack voltage (Vpack) is as low as the battery voltage. In cases where the
level is below the supply voltage for the bq77PL900 is too low to operate, there are two configurations to provide
the appropriate 0-V/precharge function.

Common FET mode does not require a dedicated 0-V/precharge FET. The CHG FET is ON. This method is
suitable for a charger that has a 0-V/precharge function. The second mode is to use a 0-V/precharge FET which
establishes a dedicated 0-V/precharge current path by using an additional open drain (GPOD output) for driving
an external FET (PCHG FET). This configuration sustains the PACK+ voltage level. Any type of charger can be
used with this configuration.

Table 13. 0-V Charge Summary

PROTECTION DEMANDED CHARGE
MODE 0-V CHARGE TYPE FUNCTION APPLICATION CIRCUIT
Host-control mode Common FET (1) Fast charge PMS = PACK
Precharge GPOD output not used
0-V/precharge FET (2) Fast charge PMS = GND
GPOD output: Drives 0-V charge FET (PCHG FET)
Stand-alone mode Common FET (1) Fast charge PMS = PACK
Precharge GPOD output not used
0-V/precharge FET (2) Fast charge PMS = GND
GPOD output: Drives 0-V charge FET (PCHG FET)
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Common FET
In this mode, the PMS pin is connected to PACK+. In this configuration, the charger must have a 0-V/precharging
function which is typically controlled as follows:
« The cell voltage is lower than a certain constant voltage (normally about 3 V/cell).
— Apply 0-V/precharging current.
» The cell voltage is higher than a certain constant voltage (normally about 3 V/cell).
— Apply fast-charging current.
When the charger is connected and VPMS is greater than or equal to 0.7 V, the CHG FET is turned ON. The
charging current flows through the CHG FET and the back diode of the DSG.
Vpack+ = Veat + 0.7 V (VF: forward voltage of a DSG-FET back diode) + Vps(CHG-FET)

Charger

DSG-FET CHG-FET cc

I-PC
BAT PACK+ S~
— p— <
0—0\(}—@
DSG CHG ac
PACK
Battery —— bq77PL900
Y PMS Lo o cv —
vV

GPOD J7

REG
I-PC: Precharge Current
$ Open I-QC: Quick-Charge Current

$0353-01

Figure 27. Common FET Circuit Diagram

When the PACK pin voltage is maintained at higher than 0.7 V and the precharging current is maintained, the
PACK voltage and BAT voltage are under the minimum bg77PL900 supply voltage, so the regulator is inactive.

When the BAT voltage rises and the PACK pin voltage reaches the bg77PL900 minimum supply voltage, an
internal 3.3-V regulator is turned ON. Then, the CHG FET state is controlled by UVP and OVP functions. When
the all the cell voltages reach fast-charge voltage (about 3 V per cell), the charger starts the fast-charging mode.
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Figure 28. Signal Timing of Pins During 0-V/Precharging

8.22.2 0-V/Precharge FET in Host Control Mode

In this configuration, the charger does not have a requirement to support a precharge function. Thus, the host
controller and bq77PL900 must limit the fast charging current to a suitable 0-V/precharge level.

The PMS pin is connected to GND and a 0-V/precharge current flows through a dedicated 0-V/precharge FET
(PCHG FET).
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Figure 29. 0-V/Precharge FET Circuit in Host-Control Mode

The 0-V/precharge FET is driven by the GPOD output. By setting the GPOD bit to 1, the GPOD output turns ON,
and then the PCHG FET. The 0-V/precharge current is limited by the 0-V/precharge FET (PCHG FET) and a
series resistor (R(PCHG)) as follows.

lovieche = Ip = ( Vpack+ — Vear — Vbs ) / Rp

A load curve of the PCHG FET is shown in Figure 30. When the gate-source voltage (Vpg) is high enough, the
FET operates in the linear region and has low resistance. By approximating Vps as 0 V, the 0-V/precharge
current (loypchc) IS expressed as follows.

lovieche = (Vpack+ — Veat) / Rp

ID = (VPACK)

VDS

M0123-01

Figure 30. OV/PCHG FET ID and VDS Characteristics
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During the 0-V/precharge, the CHG FET is turned OFF and the PCHG FET is turned ON. When the host
controller detects that all the cell voltages have reached the fast-charge threshold, it then turns ON the CHG FET
and turns OFF the PCHG FET. The signal timing is shown in Figure 31.

The CHG, DSG and PCHG FETs are turned OFF when the charger is connected. Then, the charger applies its
maximum output voltage (constant-voltage-mode output voltage) to the PACK+ pin. Then, the bq77PL900 3.3-V
regulator becomes active and supplies power to the host controller. As the host controller starts up, it turns on
the GPOD output and the 0-V/precharge current begins to flow.

In this configuration, attention is needed to control high power consumption at the PCHG FET and the series
resistor (Rp). The highest power is consumed at 0-V cell voltage (highest voltage between PACK+ and BAT pins)
and it results in highest heat generation. For example, the power consumption in 10 series batteries with 42-V
fast charge voltage and 1-kQ Rp is expressed as follows.

IOV/PCHG = (42 V-0 V) /1 kQ =42 mA
(Power consumption at Rp) =42V x 42 mA=16 W
It is recommended to combine the resistor (Rp) and the thermistor to reduce the consumption. Once the cell

voltage reaches the fast-charge threshold, the host controller turns ON the CHG and DSG FETs and also turns
OFF the PCHG FET.

|
Charge CV
PACK
I
fffffffffffff [————— 0V
| uP: Active |
1< f
. 3.3V
REG2 |
************* ————— 0V
| |
| I
PCHG FET = ON
OFF OFF
GPOD o —
77777 Y
| |
CHG-FET = OFF CHGFET=ON
CHG
L
|
I DSG-FET=ONbyuc !
I< |
DSG |
- L
|
I
Battery Voltage
ov
Quick-Charge Current
Charge Current 0-V and Prechg Current
0A

OV Charge and Quick-
Precharge Mode  Charge
Mode

T0382-01

Figure 31. Signal Timing of Pins During 0-V Charging and Precharging (Precharge FET) With
Host-Control Mode
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0-V/Precharge FER in Stand-Alone Mode

The circuit configuration is the same as 0-V/precharge FET in host-control mode, although in stand-alone mode
the bq77PL900 automatically turns on the GPOD output. When the battery voltage reaches 0 V, the charger
disable voltage (= PMS disable voltage), the GPOD output is turned OFF, and then the DSG and CHG FETs are
controlled by an internal UV comparator function. To activate this mode, set OCDELAY register [ZVC].

PCHG-FET

Repcho)
Charger

DSG-FET CHG-FET
CcC

BAT PACK _@
i 90 o
_)

I-QC
DSG CHG
PACK oo ov |
Battery ——
m—————- | GPOD
bq77PL900 | T
vV | _| |
I I I-QC: Quick-Charge Current
: : PMS
L __ |
REG
S0354-01
Figure 32. 0-V/Precharge FET Circuit Diagram In Stand-Alone Mode
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————————————— ————— 0V
| |
| |
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OFF
GPOD | +—
|
T _,_,_,_,—mmmmM 0 V
| |
CHG-FET = OFF CHGFET=ON
CHG
L
|
L DSG-FET = ON by uC :
DSG I |
L L L
| |
| |
Battery Voltage : —————————— — ——— 0V Charge Disable Voltage
|

oV
Quick-Charge Current

Charge Current 0-V and Prechg Current
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Figure 33. Signal Timing of Pins During 0-V/Precharging (PCHG FET) In Stand-Alone Mode
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty

BQ77PL900DL ACTIVE SSOP DL 48 25 Green(RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

BQ77PL900DLG4 ACTIVE SSOP DL 48 25 Green(RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

BQ77PL900DLR ACTIVE SSOP DL 48 1000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

BQ77PL900DLRG4 ACTIVE SSOP DL 48 1000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sbh) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MsSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
+ —> KO |e— P1—»]
% { I
iy’
& & & || 8o
x | l
A T {
Cavity AR <
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
BQ77PL900DLR SSOP DL 48 1000 330.0 32.4 11.35| 16.2 3.1 16.0 | 32.0 Q1
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ77PL900DLR SSOP DL 48 1000 367.0 367.0 55.0
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46C and to discontinue any product or service per JESD48B. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale supplied at the time
of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics Www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors  www.ti.com/omap Tl E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity
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