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Changes from Revision B (November 2016) to Revision C Page
¢ Added values in the Thermal Information table to align with JEDEC Standards. ..........ccccovveeiriiiiiieeiiiee e 7
Changes from Revision A (June 2016) to Revision B Page
N s Qo ) BT T TSRS STT 1

e Table 1 and Table 2, Changed OTC To: UTC in last column under Temperature. Changed bg7790400 and
bq7790503 to Production Data. Updated the bq7790503 CONfIQUIAtION .......c..eeiiiiiiiiiii e 3
e Changed pin nUMDBEr from L16-PiN t0 20-PIN ...iiiiiiiiiiie ettt e et e e b et e e nbb e et et e abe e e s abe e e s breennneesbeeean 5
e Corrected max value 0N the UTD @t —20°C SPEC .....eeiiuuieiiiiieiitieeaiteee ettt e srteeeasteeessteeesbeeeabeeesbeeesbeeeabeeesnteeesnbeeesnbeeesnteeesnneas 8
e X comparator flowcharts With NEW fIOWCHAITS ..........coiiiiiieieee et ne e neeneas 15

¢ Corrected CTRC and CTRD delay time entries

Changes from Original (June 2016) to Revision A Page
I R Ny U e T TN 4 1 e oY OO OO OO OO OO OO RS URRURTRRO 1

5 Device Comparison

NUMBER OF TYPICAL NORMAL
DEVICE CELLS PROTECTIONS MODE CURRENT (A) PACKAGE
bq77904 3,4 ov, uv, Ow, OTD, OTC, UTD, UTC, OCD1, 5 20-TSSOP
bq77905 3.4,5 0OCD2, SCD, CTRC, CTRD

Unless otherwise specified, the devices in Table 1 and Table 2 come, by default, with the state comparator
enabled with a 2-mV threshold. Filtered fault detection is used by default. Contact Texas Instruments for new
configuration options or devices in preview.

Table 1. bq77904 Device Comparison

ov uv ow ocp1 ocp2 scD C“R"em Pl Temperature (°C)®
ecovery

Load Removal Recovery(Y/N)

= N N N

£ < ~ | E E E

=] - | E - z = 0 = 0 o

] @ > = > > = o £ o £ ) 0

= - S £ - £ = = ~ = e < e

- RN N P |8| =2 |8z | 8 |=
PartNumber | £ | & | £ | £ | & = 3 = a8 = a8 = a8 Method | OTD | OTC | UTD | UTC
bq7790400 4225| 2 | 100 |2200| 2 400 Yol disgble) 40 | 1420 | 60 | 350 100 0 |LoadRemoval| 70 | 50 | —20 | -5

(1) These thresholds are target based on temperature, but they are dependent on external components that could vary based on customer
selection. The circuit is based on the 103AT NTC thermistor connected to TS and VSS, and a 10-kQ resistor connected to VTB and TS.
Actual thresholds must be determined in mV. Refers to the overtemperature and undertemperature mV threshold in the Electrical
Characteristics table.

Copyright © 2016-2018, Texas Instruments Incorporated 3


http://www.ti.com.cn/product/cn/bq77904?qgpn=bq77904
http://www.ti.com.cn/product/cn/bq77905?qgpn=bq77905
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS
bq77904, bq77905
ZHCSF60H —JUNE 2016—REVISED SEPTEMBER 2018 www.ti.com.cn
Table 2. bq77905 Device Comparison
ov wv ow ocD1 ocp2 scp (CliE: [FEi Temperature (°C)®
Recovery
z
z
=
(7]
>
o
(5]
[
o — — —
= > > >
z = s _ | & g £
=1 = E < o 0 o m o
b — — z o o i)
<) ™ > ~ > > 9] = <) £ <) £ <) «
< < [S = < [S o = = ~ = ~ = ~
s | & | 5| 8| =& 7 2 £ 4 oy 8 | ® 4 oy
PartNumber | £ | & | £ | £ | & £ g 3 S a S a S a8 Method | OTD | OTC | UTD | UTC
bq7790500 4200 | 05 | 100 | 2600 | 1 400 Y 100 30 | 1420 | s0 | 700 120 1 Loaf g:lr;‘;"a' 70 | 50 | 20 | o
bg7790502 4250 | 1 | 200 2700 | 1 200 Y 100 85 700 | 120 | 350 240 — | LoadRemoval| 70 | 50 | —20 | -5
bq7790503 4200 1 | 100 |2700| 2 400 Y 100 80 | 1420 | 160 | 350 320 — | Load Removal | 70 | 50 | —20 | -5
bq7790505 4250 | 1 | 200 |2700| 1 200 N 0 60 10 80 5 100 9 "oaf g;g‘;’"a' 65 | 45 | 20 | ©
bq7790508 3900 1 | 200 |2000| 1 400 Y 100 50 700 | 100 | 90 200 1 Loaf g:lr;‘;"a' 70 | 50 | 20 | -5
bq7790509 4250 | 1 | 100 |2500| 1 400 Y 100 50 700 | 100 | 90 200 1 Loaf g;’;‘;"a' 70 | 50 | 20 | -5
bq7790511 4250 | 1 | 200 2700 | 1 200 Y 100 50 350 | 120 | 90 280 — | Load Removal | 65 | 45 | —20 | o0
bq7790512 4175 | 1 | 100 |2800| 1 400 Y 100 75 | 1420 | 150 | 350 300 1 L°af g:lg‘;"a' 65 | 45 | 20 | o
bq7790518@ | 4250 | 1 | 100 | 2750 | 1 200 Y 100 70 180 | 140 | 20 300 1 |LoadRemoval| 70 | 50 | —20 | ©

(1) These thresholds are target based on temperature, but they are dependent on external components that could vary based on customer
selection. Circuit is based on 103AT NTC thermistor connected to TS and VSS, and a 10-kQ resistor connected to VTB and TS. Actual
thresholds must be determined in mV. Refers to the overtemperature and undertemperature mV threshold in the Electrical
Characteristics table.

(2) Contact Tl for more information.

4 Copyright © 2016-2018, Texas Instruments Incorporated
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6 Pin Configuration and Functions

PW Package
20-Pin TSSOP
Top View
e ~
O
VDD 1 20 DVSS
AVDD 2 19 CTRD
VC5 3 18 CTRC
VCa 4 17 CCFG
VC3 5 16 VTB
VC2 6 15 TS
VC1 7 14 LD
AVSS 8 13 CHG
SRP 9 12 CHGU
SRN 10 11 DSG
\ y,
Not to scale
Pin Functions
PIN
l/o® DESCRIPTION
NAME NO.
AVDD Analog supply (only connect to a capacitor)
AVSS P Analog ground
CCFG 17 | Cell in series-configuration input
CHG FET driver. Use on a single device or on the bottom device of a stack
CHG 13 o configuration.
CHGU 12 o CHG FET signal.Use for the upper device of a stack configuration to feed the CHG
signal to the CTRC pin of the lower device.
CTRC 18 | o
CHG and DSG override inputs
CTRD 19 |
DSG 11 o DSG FET driver
DVSS 20 P Digital ground
LD 14 | PACK- load removal detection
SRN 10 | Current sense input connecting to the PACK- side of sense resistor
SRP 9 | Current sense input connecting to the battery side of sense resistor
Ts 15 | Thermistor measurement input. Connect a 10-kQ resistor to AVSS pin if the function is
not used.
VC1 7 |
VC2 6 | .
Cell voltage sense inputs
VC3 5 |
VC4 4 |
VC5 3 | Cell voltage sense inputs (Pin 3 must be connected to Pin 4 on the bq77904 device.)
VDD 1 P Supply voltage
VTB 16 Thermistor bias output
(1) 1= Input, O = Output, P = Power

Copyright © 2016-2018, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings

Over operating free-air temperature range (unless otherwise noted). All values are referenced to VSS unless otherwise
noted.®

MIN MAX UNIT

VDD, VC5, VC4, VC3, VC2, VC1, CCFG, CTRD, CTRC -0.3 36 \Y

\ Input voltage LD -30 20 \%

SRN, SRP, TS, AVDD, CCFG -0.3 3.6 \Y

DSG, CHGU -0.3 20 \Y

Vo Output voltage range CHG =30 20 \%

VTB -0.3 3.6 \Y

I Input current LD, CHG 500 HA
I Input current CHGU, DSG 1 mA
lo Output current CHG 1 mA
lo Output current CHGU, DSG 1 mA
Storage temperature, Tgy —65 150 °C

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

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +1000
V(EsD) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-C101?) +250

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
VBaT Supply voltage VDD 3 25 Y
VC5-VC4, VC4-VC3, VC3-VC2, VC2-VC1, 0 5
VC1-VSS
CTRD, CTRC 0 (VDD + 5)
vV Input voltage CCFG 0 AVDD v
SRN, SRP -0.2 0.8
LD 0 16
TS 0 VTB
Vo Output voltage CHG, CHGU, DSG 0 16 v
VTB, AVDD 0 3
Ta Operating free-range temperature -40 85 °C

6 Copyright © 2016-2018, Texas Instruments Incorporated
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7.4 Thermal Information

bq77904

bq77905
THERMAL METRIC® PW (TSSOP) UNITS

20 PINS
Rgia Junction-to-ambient thermal resistance 98.4 °C/W
Roactop) Junction-to-case (top) thermal resistance 37 °C/W
RgiB Junction-to-board thermal resistance 49.3 °C/W
T Junction-to-top characterization parameter 2.9 °C/W
ViB Junction-to-board characterization parameter 48.7 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

7.5 Electrical Characteristics

Typical values stated at T, = 25°C and VDD = 16 V (bq77904) or 20 V (bq77905). MIN and MAX values stated with T, =
—40°C to +85°C and VDD = 3 to 20 V (bq77904) or VDD = 3 to 25 V (bq77905) unless otherwise noted.

threshold (ratio of V1g)

PARAMETER | TEST CONDITIONS ’ MIN TYP MAX UNIT
SUPPLY VOLTAGE
V(PoR) POR threshold VDD rising, 0 to 6 V 4 \%
V(sHuT) Shutdown threshold VDD falling, 6 to 0 V 3.25 \%
V(AVDD) AVDD voltage C(VDD) =1 HF 2.1 2.5 3.25 \Y
SUPPLY AND LEAKAGE CURRENT
| NORMAL mode current Celll through Cell5 =4 V, 6 9 A
cc (bg77904/bq77905) VDD = 20 V (bq77905) H
l(crauLT) Fault condition current State comparator on 8 12 pA
lorr SHUTDOWN mode current | VDD < Vgyut 0.5 HA
Input leakage current at VCx | All cell voltages =4 V,
lLkeow_pis) pins Open-wire disable configuration -100 0 100 nA
Open-wire sink current at All cell voltages =4 V,
kG (o0na) VCx pins 100-nA configuration 30 110 175 nA
Open-wire sink current at All cell voltages = 4 V,
Ik (200n4) VCx pins 200-nA configuration 95 210 315 nA
Open-wire sink current at All cell voltages =4 V,
Ik (400na) VCx pins 400-nA configuration 220 425 640 nA
PROTECTION ACCURACIES
Overvoltage programmable
Vov threshold range 3000 4575 mv
Undervoltage programmable
Vuv threshold range 1200 3000 mv
Ta = 25°C, OV detection accuracy -10 10 mV
. Ta = 25°C, UV detection accuracy -18 18 mV
Vva) QV, UV, detection accuracy
Ta =0 to 60°C —-28 26 mv
Ta = —40 to 85°C —40 40 mv
OV hysteresis
Vhys(ov) programmable threshold 0 400 mV
range
UV hysteresis programmable
Vhysuy) threshold range 200 800 mv
Overtemperature in Threshold for 65°C™ 19.71% 20.56% 21.86% \Y
Votp discharge programmable 1
Threshold for 70°C 17.36%  18.22%  19.51%| VTB

(1) Based on a 10-KQ pull-up and 103AT thermistor

Copyright © 2016-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Typical values stated at T, = 25°C and VDD = 16 V (bq77904) or 20 V (bq77905). MIN and MAX values stated with T, =

—40°C to +85°C and VDD =3 to 20 V (bq77904) or VDD = 3 to 25 V (bg77905) unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Recovery threshold at 55°C for
Overtemperature in when VOyTD is at 65°C(l) 25.24% 26.12% 27.44% VTB
VoTbREC) discharge recovery (ratio of R hreshold C1
Vre) Recovery thresnoid g0 © or 2212%  232%  24.24%| VTB
oTD
Overtemperature in charge | Threshold for 45°C® 32.14%  32.94%  34.54%| VTB
Votc programmable threshold 1
(ratio of Vrg) Threshold for 50°C®) 29.15%  29.38%  31.45%| VTB
. Rec0\_/ery thrtoesrzi))ld at 35°C when 38.63% 40.97% 40.99% VTB
Overtemperature in charge | Vorp is at 45°C
Vorc(rec) recovery (ratio of V) Recovery threshold at 40°C when
V. is at 50°C @ 36.18% 36.82% 38.47% VTB
oTD
Undertemperature in Threshold for —20°C® 86.41%  87.14%  89.72%| VTB
VuTp discharge programmable 1
threshold (ratio of Vyg) Threshold for —10°C® 80.04%  80.94%  83.10%| VTB
Recovery threshold at —10°C
Undertemperature in when VU):'D is at —20°Cc® 80.04%  80.94%  83.10% | VTB
VUTD(REC) discharge recovery (ratio of R hreshold cwh
Vre) Recovery threshoy 2 0°C when 7170%  7318%  74.86%| VTB
uTD —
Undertemperature in charge | Threshold for -5°C® 75.06%  77.22%  78.32%| VTB
Vute programmable threshold 1
(ratio of Vrg) Threshold for 0°C® 71.70%  73.18%  74.86%| VTB
. Rec0\_/ery thrssrzgld at 5°C when 68.80% 69.73% 71.71% VTB
Undertemperature in Charge | Vurc is at —5°C
Vurerec) Recovery (ratio of V1) Recovery threshold at 10°C when
vV, is at 0°c) 64.67% 65.52% 67.46% VTB
uTC
Overcurrent discharge 1
rogrammable threshold
Vocoi fange’ -85 -10| mv
(Vsrp — VsrN)
Overcurrent discharge 2
rogrammable threshold
Vocp2 Pange -20 -170 mV
(Vsrp — VsrN)
Vscp \S/hort circuit discharge programmable threshold range, (Vsrp — _40 —340 mv
SRN)
OCDL1 detection accuracy at o o
Veea lower thresholds Vocpy > -20 mV —30% 30%
0CD1, OCD2, SCD Vocp1 £ —20 mV; all OCD2 and oo .
Veean detection accuracy SCD threshold ranges 20% 20%
Open-wire fault voltage .
Vow threshold at VCx per cell | 3% 29¢ faling on VCx, 3.6 Vi 450 500 550| mv
with respect to VCy_;
Hysteresis for open wire Voltage rising on VCx, 0 V to
Vow(Hvs) fault P 36V ’ 100 mv
CHARGE AND DISCHARGE FET DRIVERS
VDD 212V, CL =10 nF 11 12 14 \%
V(rETON) CHG/CHGU/DSG on
VDD <12V, CL =10 nF VDD -1 VDD \%
V(FETOFF) CHG/CHGU/DSG off No load when CHG/CHGU/DSG is 05 \Y
off.
. CHG off for > tcygppn and pin
R(cHGoFR) CHG off resistance held at 2 V/ 0.5 kQ
R(pscorr) CHGU/DSG off resistance g:}GU/DSG off and pin held at 10 16 Q
IcHG(cLAMP) CHG clamp current CHG off and pin held at 18 V 450 A
8 Copyright © 2016-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Typical values stated at T, = 25°C and VDD = 16 V (bq77904) or 20 V (bq77905). MIN and MAX values stated with T, =

—40°C to +85°C and VDD =3 to 20 V (bq77904) or VDD = 3 to 25 V (bg77905) unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VCHG(CLAMP) CHG Clamp voltage ICHG(CLAMP) =300 IJA 16 18 20.5 \Y
tcHGON CHG on rise time CL =10 nF, 10% to 90% 50 150 us
tbscon CHGU/DSG on rise time CL =10 nF, 10% to 90% 2 75 us
tcHGOFF CHG off fall time CL =10 nF, 90% to 10% 15 30 us
tbsGoFF CHGU/DSG off fall time CL =10 nF, 90% to 10% 5 15 us
CTRC AND CTRD CONTROL
Verri Enable FET driver (VSS) XAVXQ respect to VSS. Enabled < 0.6 \Y,
VeTR2 Enable FET driver (Stacked) | Enabled > MIN VDD + 2.2 \Y
VcTrROIS) Disable FET driver Disabled between MIN and MAX 2.04 VDD + 0.7 \%
CTRC and CTRD clam
VCTR(MAXV) voltage p ICTR =600 nA VDD + 2.8 VDD + 4 VDD + 5 \Y
@ CTRC and CTRD deglitch
[CTRDEG_ON) for ON signal 7 ms
@ CTRC and CTRD deglitch
lcTRDEG_OFF for OFF signal 7 ms
CURRENT STATE COMPARATOR
Discharge qualification
V(sTATE_D1) threshold1 Measured at SRP-SRN -3 -2 -1 mV
Charge qualification
V(STATE_Cl) threshold1 Measured at SRP-SRN 1 2 3 mV
terare @ State detection qualification 12 ms
time
LOAD REMOVAL DETECTION
VLD(CLAMP) LD clamp voltage I(LDCLAMP) =300 },lA 16 18 20.5 \Y
ILD(CLAMP) LD clamp current V(LDCLAMP) =18V 450 HA
VipT LD threshold Load removed < when V| pt 1.25 1.3 1.35 \%
LD input resistance when
RLD(INT) enabled Measured to VSS 160 250 375 kQ
Lo pEG LD detection deglitch 1 15 2.3 ms
CCFG PIN
Viceron) CCFG threshold low (ratio of 3-cell configuration 10% vV
Vavob)
V(ccFGH) CCFG threshold high (ratio 4-cell configuration 65% 100% \%
of Vavop)
CFG threshold high-Z (ratio | 5-cell configuration, CCFG o o 0
Vicerehz) of Vavop) floating, internally biased 25% 33% 45% v
tCCFG_DEG(Z) CCFG deglitch 6 ms
CUSTOMER TEST MODE (CTM)
Customer test mode entry — 5RO
V(CTM) voltage at VDD VDD > VC5 + V(CTM)’ TA =25°C 8.5 10 \Y
@) Delay time to enter and exit - o5o
feTm_EnTRY Customer Test Mode VDD > VC5 + V(ctm), Ta = 25°C 50 ms
® Delay time of faults while in — oEs
feTm_pELAY Customer Test Mode Ta=25°C 200 ms
Fault recovery time of
® OCD1, OCD2, and SCD ) ~opo
feTm_oc_Rrec faults while in Customer Test | 1 S @nd 8 s options, Ta = 25°C 100 ms
Mode

(2) Not production tested parameters. Specified by design
(3) The device is in a no fault state prior to entering Customer Test Mode.
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7.6 Timing Requirements
MIN TYP MAX UNIT
PROTECTION DELAYS®
0.5-s delay option 0.4 0.5 0.8
tovn DELAY Overvoltage detection delay time 1-s delay option 08 ! 14 s
- 2-s delay option 1.8 2 2.7
4.5-s delay option 4 4.5 5.2
1-s delay option 0.8 1 15
. . 2-s delay option 1.8 2 2.7
tuvn_DELAY Undervoltage detection delay time 4.5 delay option 4 a5 s s
9-s delay option 8 9 10.2
town DELAY Open-wire detection delay time 3.6 4.5 5.3 S
torc pELAY C(j)‘;/lg;tetinr%peeralture charge detection 36 45 5.3 s
tuTe_DELAY g;gsrzﬁnn;perature charge detection 36 45 53 s
w45 sa s
WIOOEA  detoation delay fme 36 45 53] s
10-ms delay option 8 10 15
20-ms delay option 17 20 26
45-ms delay option 36 45 52
. . 90-ms delay option 78 90 105
tocb1 DELAY Overcurrent 1 detection delay time - ms
- 180-ms delay option 155 180 205
350-ms delay option 320 350 405
700-ms delay option 640 700 825
1420-ms delay option 1290 1420 1620
5-ms delay option 4 5 8
10-ms delay option 8 10 15
20-ms delay option 17 20 26
. . 45-ms delay option 36 45 52
tocp2 DELAY Overcurrent 2 detection delay time - ms
- 90-ms delay option 78 90 105
180-ms delay option 155 180 205
350-ms delay option 320 350 405
700-ms delay option 640 700 825
tscp RELAY Short-circuit detection delay time 360-ps delay option 220 400 610 us
oo rec Overcurrent 1, Overcurrent 2, and | 1- opt?on 0.8 1 14 s
- Short-circuit recovery delay time 9-s option 8 9 10.2

(1) Not production tested parameters. Specified by design
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7.7 Typical Characteristics
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Typical Characteristics (T X)
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8 Detailed Description

8.1 Overview

The bg77904 and bq77905 families are full-feature stackable primary protectors for Li-ion/Li-Polymer batteries.
The devices implement a suite of protections, including:

e Cell voltage: overvoltage, undervoltage

e Current; Overcurrent discharge 1 and 2, short circuit discharge

« Temperature: overtemperature and undertemperature in charge and discharge

» PCB: cell open-wire connection

e FET body diode protection

Protection thresholds and delays are factory-programmed and available in a variety of configurations.

The bqg77904 supports 3-series-to—4-series cell configuration and bg77905 supports 3-series-to—5-series cell
configuration. Up to four devices can be stacked to support 26-series cell configurations, providing protections up
to 20-series cell configurations.

The device has built-in CHG and DSG drivers for low-side N-channel FET protection, which automatically open
up the CHG and/or DSG FETSs after protection delay time when a fault is detected. A set of CHG/DSG overrides
is provided to allow disabling of CHG and/or DSG driver externally. Although the host system can use this
function to disable the FETs' control, the main use of these pins is to channel down the FET control signal from
the upper device to the lower device in a cascading configuration in 26-series battery packs.

8.1.1 Device Functionality Summary

In this and subsequent sections, a number of abbreviations are used to identify specific fault conditions. The fault
descriptor abbreviations and their meanings are defined in 3% 3.

% 3. Device Functionality Summary

FAULT DESCRIPTOR FAULT DETECTION THRESHOLD and DELAY OPTIONS FAULT RECOVERY METHOD and SETTING OPTIONS
oV Overvoltage 3V to4.575V (25-mV step) 05,1,2,45s Hysteresis 0, 100, 200, 400 mV
L2Vio3V Hysteresis OR
uv Undervoltage (100-mV step for < 2.5V, 1,2,45,9s H steresyis + Load Removal 200, 400 mV
50-mV step for 2 2.5 V) 4

ow Qpen wire _(cell to peb 0 (disabled), 100, 200, or 400 45s Restore bad VCx to pcb connection VCX > Vow

disconnection) nA

Overtemperature during .

(&) o o o,
OTD discharge 65°C or 70°C 45s Hysteresis 10°C
oTcw Overtemperature during 45°C or 50°C 45s Hysteresis 10°C

charge
uTD® Undertemperature during —20°C or -10°C 45s Hysteresis 10°C
discharge
uTC @ Undertemperature during ~5°C or 0°C 455 Hysteresis 10°C
charge
ocDl Qvercurrentl during 10 mV to 85 mV (5-mV step) 10, 20, 45, 90, 180, 350, 700,
discharge 1420 ms
Delay OR
ocD2 Qvercurrentl during 20 MV to 170 mV (10-mV step) 5, 10, 20, 45, 90, 180, 350, 700 Delay + Load Removal OR lsor9s
discharge ms Load Removal
SCD Short circuit discharge 40 mV to 340 mV (20-mV step) 360 ps
Dlsgble via ex;ernal control or Enable via external control or via CHGU
CTRC CHG signal override control via CHGU.5|grjal from the t signal from the upper device in the stack t
upper device in the stack CTRDEG_ON N - CTRDEG_OFF
i : configuration.
configuration.
) ] 3:32%";%‘;:}?:2;' fﬁgtglpzrr Enable via external contr_ol or via DSG
CTRD DSG signal override control device in the stack terroEG_ON signal from the upper d_ewce in the stack terrRoEG_OFF
i ; configuration.
configuration.

(1) These thresholds are target based on temperature, but they are dependent on external components that could vary based on customer
selection. The circuit is based on a 103AT NTC thermistor connected to TS and VSS, and a 10-kQ resistor connected to VTB and TS.
Actual thresholds must be determined in mV. Refers to the overtemperature and undertemperature mV threshold in the Electrical
Characteristics table.
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8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Protection Summary

The bq77904 and bg77905 have two comparators. Both are time multiplexed to detect all protection fault
conditions. Each of the comparators runs on a time-multiplexed schedule and cycles through the assigned
protection-fault checks. Comparator 1 checks for OV, UV, and OW protection faults. Comparator 2 checks for
OCD1, OCD2, SCD, OTC, OTD, UTC, and UTD protection faults. For OV, UV, and OW protection faults, every
cell is checked individually in round-robin fashion, starting with cell 1 and ending with the highest-selected cell.
The number of the highest cell is configured using the CCFG pin.

Devices can be ordered with various timing and hysteresis settings. See the Device Comparison section for a
summary of options available per device type.

Check OV VCELLl

4

Check OV VCELLZ

n = the highest call
configured by CCFG pin

L

Check OV V¢eiin

i |

T~ B —
///ﬁne to check— NO _—Time to check—~NO

»
} =

T~ uv? T~ ow?

~ _— ~_ _—

~ —

T |
YES v YES

Check OW VCELLx x starts
* | from1

Check UV Vceiin X=x+1 at POR

Check UV V¢g1n

A

Resetx=1, if x>
the highest cell

Check UV V¢giin configured via
CCEG pin

v
Turn off Comp1 until
next cycle start -« R ——

8. Comparator 1 Flowchart

Check SCD

i ~— ~— —

firetochetk—  NO _Timeto chock—.  NO _Timetocheck—  NO _—Tim ock— NO
__Time to check~ - __~Time to check~__ __—Time to check~__ __—Time to check~_

o1 T o022 o~ o
- . —
l YES l YES Tvss v YES
Check Check Check OT Check UT
ocp1 ocp2
‘ %
§< < R« Re——

9. Comparator 2 Flowchart
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Feature Description (3T )
8.3.2 Fault Operation

8.3.2.1 Operation in OV

An OV fault detection is when at least one of the cell voltages is measured above the OV threshold, Vqoy. The
CHG pin is turned off if the fault condition lasts for a duration of OV Delay, tovn peLay. The OV fault recovers
when the voltage of the cell in fault is below the (OV threshold — OV hysteresis, Vyys ov) for a time of OV Delay.

The bq77904 and bg77905 assume OV fault after device reset.

8.3.2.2 Operation in UV

An UV fault detection is when at least one of the cell voltages is measured below the UV threshold, V. The
DSG is turned off if the fault condition lasts for a duration of UV Delay, tyyn peiay- The UV fault recovers when:
» The cell voltage in fault is above the (UV threshold + UV hysteresis, V,ys yy) for a time of UV Delay only OR

* The cell voltage in fault is above the (UV threshold + UV hysteresis) for a time of UV Delay AND load removal
is detected.

If load removal is enabled as part of the UV recovery requirement, the CHG FET Rgg value should change to
around 3 MQ. Refer to the Using Load Detect for UV Fault Recovery section of this document for more detail.
This requirement applies to load removal enabled for UV recovery only. Therefore, if load removal is selected for
current fault recovery, but not for the UV recovery, a lower CHG FET Rgg value (typical of 1MQ) can be used to
reduce the CHG FET turn off time.

To minimize supply current, the device disables all overcurrent detection blocks any time the DSG FET is turned
off (due to a fault or CTRD being driven to the DISABLED state). Upon recovery from a fault or when CTRD is no
longer externally driven, all overcurrent detection blocks reactivate before the DSG FET turns back on.

8.3.2.3 Operation in OW

An OW fault detection is when at least one of the cell voltages is measured below the OW threshold, Voy. Both
CHG and DSG are turned off if the fault condition lasts for a duration of OW Delay, town peLay- The OW fault
recovers when the cell voltage in fault is above the OW threshold + OW hysteresis, Vo wys for a time of OW
Delay.

The town peLay time starts when voltage at a given cell is detected below the Vg threshold and is not from the
time that the actual event of open wire occurs. During an open-wire event, it is common that the device detects
an undervoltage and/or overvoltage fault before detecting an open-wire fault. This may happen due to the
differences in fault thresholds, fault delays, and the VCx pin filter capacitor values. To ensure both CHG and
DSG return to normal operation mode, the OW, OV, and UV faults recovery conditions must be met.

8.3.2.4 Operation in OCD1

An OCDL1 fault is when the discharge load is high enough that the voltage across the Rgys resistor, (Vsrp-Vsrn),
is measured below the OCD1 voltage threshold, Vocp1- Both CHG and DSG are turned off if the fault condition
lasts for a duration of OCD1 Delay, tocpi peiay-

The OCD1 fault recovers when:

* Load removal is detected only, V p <V, pr OR

+ Overcurrent Recovery Timer, tcp gec, €xpiration only OR

» Overcurrent Recovery Timer expiration and load removal are detected.

8.3.2.5 Operation in OCD2

An OCD2 fault is when the discharge load is high enough that the voltage across the Rgys resistor, (Vsrp-Vsrn),
is measured below the OCD?2 voltage threshold, Vocp,. Both CHG and DSG are turned off if the fault condition
lasts for a duration of OCD2 Delay, tocpz peLay-

The OCD2 fault recovers when:

* Load removal detected only, V,p < V pt OR

» Overcurrent Recovery Timer, tcp grec, €xpiration only OR
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Feature Description (3T )

» Overcurrent Recovery Timer expiration and load removal are detected.

8.3.2.6 Operation in SCD

An SCD fault is when the discharge load is high enough that the voltage across the Rgyg resistor, (Vsgrp-Vsrn), iS
measured below the SCD voltage threshold, Vscp. Both CHG and DSG are turned off if the fault condition lasts
for a duration of SCD Delay, tscp peiav-

The SCD fault recovers when:

e Load removal detected only, V|p < V| pt OR

+ Overcurrent Recovery Timer, tcp rec, €xpiration only OR

e Overcurrent Recovery Timer expiration and load removal are detected.

8.3.2.7 Overcurrent Recovery Timer

The timer expiration method activates an internal recovery timer as soon as the initial fault condition exceeds the
OCD1/0OCD2/SCD time. When the recovery timer reaches its limit, both CHG and DSG drivers are turned back
on. If the combination option of timer expiration AND load removal is used, then the load removal condition is
only evaluated upon expiration of the recovery timer, which can have an expiration period of tcp rec-

8.3.2.8 Load Removal Detection

The load removal detection feature is implemented with the LD pin (see I 4). When no undervoltage fault and
current fault conditions are present, the LD pin is held in an open-drain state. Once any UV, OCD1, OCD2, or
SCD fault occurs and load removal is selected as part of the recovery conditions, a high impedance pull-down
path to VSS is enabled on the LD pin. With an external load still present, the LD pin will be externally pulled high:
It is internally clamped to V| pciavp @nd should also be resistor-limited through R, externally to avoid conducting
excessive current. If the LD pin exceeds V,pr, this is interpreted as a load present condition. When the load is
eventually removed, the internal high-impedance path to VSS should be sufficient to pull the LD pin below V| pt
for t.p peg. This is interpreted as a load removed condition and is one of the recovery mechanisms selectable for
undervoltage and overcurrent faults.

PACK+

bq77094/5

When load detect is
Vipr enabled, the LD pin is

|
Load Detect |
} block L ! connected to Vss via the
pin
\ RLD_INT.

R Loap | Theload, RLD and RLD_INT
Lo create a resister divider,

[]
[]
[ ]
L]
[ ]
.
.
. .
= ! which the load detect
[]
L]
[]
[ ]
.
.
.

circuit is used to detect
when the load is removed.

PACK-

10. Load Detection Circuit for Current Faults Recovery
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ik 4. Load State

LD PIN LOAD STATE
2 Vipr Load present
< Vot for t.p peg Load removed

8.3.2.9 Load Removal Detection in UV

During a UV fault, only the DSG FET driver is turned off while the CHG FET driver remains on. When load
removal is selected as part of the UV recovery condition, the active CHG FET driver would alter the resistor
divider ratio of the load detection circuit. To ensure the load status can still be detected properly, it is required to
increase the CHG FET external Rgg value to about 3 MQ. Refer to the Using Load Detect for UV Fault Recovery
section for more detail. Note that if load removal is only selected for the current fault recovery (and is not used
for UV recovery), it is not required to use a larger CHG FET Rgg value.

8.3.2.10 Operation in OTC

An OTC Fault occurs when the temperature increases such that the voltage across an NTC thermistor goes
below the OTC voltage threshold, Vorc. CHG is turned off if the fault condition lasts for an OTC delay time,
totc peLay- The state comparator is turned on when CHG is turned off. If a discharge current is detected, the
device immediately switches the CHG back on. The response time of the state comparator is typically in 700 ps
and should not pose any disturbance in the discharge event. The OTC fault recovers when the voltage across
thermistor gets above OTC recovery threshold, Vorc rec, for OTC delay time.

8.3.2.11 Operation in OTD

An OTD fault is when the temperature increases such that the voltage across an NTC thermistor goes below the
OTD voltage threshold, Vop. Both CHG and DSG are turned off if the fault condition lasts for an OTD delay
time, totp peLay- The OTD fault recovers when the voltage across thermistor gets above OTD recovery threshold,
Vorp rec: a time of an OTD delay.

8.3.2.12 Operation in UTC

A UTC fault occurs when the temperature decreases such that the voltage across an NTC thermistor gets above
the UTC voltage threshold, Vyrc. CHG is turned off if the fault condition lasts for a time of a UTC delay,
tutc peLay- The state comparator is turned on when CHG is turned off. If a discharge current is detected, the
device will immediately switch CHG back on. The response time of the state comparator is typically in 700 ps
and should not pose any disturbance in the discharge event. The UTC fault recovers when the voltage across
thermistor gets below UTC recovery threshold, V¢ rec, @ time of a UTC delay.

8.3.2.13 Operation in UTD

A UTD fault occurs when the temperature decreases such that the voltage across an NTC thermistor goes above
the UTD voltage threshold, Vy1p. Both CHG and DSG are turned off if the fault condition lasts for a UTD delay
time. The UTD fault recovers when the voltage across the thermistor gets below the UTD recovery threshold,
VuTp rec, @ time of the UTD delay.

8.3.3 Protection Response and Recovery Summary

# 5 summarizes how each fault condition affects the state of the DSG and CHG output signals, as well as the
recovery conditions required to resume charging and/or discharging. As a rule, the CHG and DSG output drivers
are enabled only when no respective fault conditions are present. When multiple simultaneous faults (such as an
OV and OTD) are present, all faults must be cleared before the FET can resume operation.

18 MY © 20162018, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/bq77904?qgpn=bq77904
http://www.ti.com.cn/product/cn/bq77905?qgpn=bq77905
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS
bq77904, bq77905
www.ti.com.cn ZHCSF60H —JUNE 2016—REVISED SEPTEMBER 2018
#% 5. Fault Condition, State, and Recovery Methods
FAULT FAgéLgﬁ'I%?\]ER CHG DSG RECOVERY METHOD TRIGGER DELAY RESS_\;\EYRY
CTRC disabled g(;rl:?tit#;abled for deglitch OFF — CTRC must be enabled for deglitch delay time
- - tcTRDEG_ON tcTRDEG_OFF
CTRD disabled g;:ftii'feabled for deglitch — OFF | CTRD must be enabled for deglitch delay time
ov Xg;‘;"gir:ies above Voy for OFF — | V(Cell) drops below Voy — Vyys_ov for delay tovn DELAY
uv Xg;‘;"gigeops below Vyy for — OFF | V(Cell) rises above Vyy + Viys_uy for delay tuvn_DELAY
VCyx — VCyx_1 < Vow for delay Bad VCy recovers such that VCyx — VCy_; > Vow
ow time OFF OFF |, Vow_nys for delay town_pELAY
OCD1. OCD2 (VSRP - VSRN) < VOCD1, Recovery delay expires OR tocoa_pELAY,
sSCD ! ! VOCD?2, or VSCD for delay OFF OFF | LD detects <V pr OR tocp2_pELAY, tep rec
time Recovery delay expires + LD detects < V| pr tsco_pELAY,
Temperature rises above
oTc®W TOTcpfOF delay time OFF — | Temp drops below Torc — Torc_rec for delay torc_peLAY
Temperature rises above
oTDW TOTDpfor delay time OFF OFF | Temp drops below Torp — Torp_rec for delay toto_pELAY
@ Temperature drops below _ Temperature rises above Tyrc + Tyrc_rec for
utc Turc for delay time OFF delay te_peLay
utD® g:lr:)‘/)tcijr;oeps below Tyrp for OFF OFF | Temp rises above Tyrp + Tyrp_rec for delay tutp_pELAY

(1) Tures Tutps Tutc Recs and Tyrp_rec correspond to the temperature produced by Vyrc, Vytp, Vutc rec, and Vyrp_rec Of the selected
thermistor resistance.

For bq77904 and bg77905 devices to prevent CHG FET damage, there are times when the CHG FET may be
enabled even though an OV, UTC, OTC, or CTRC low event has occurred. See the State Comparator section for
details.

8.3.4 Configuration CRC Check and Comparator Built-In-Self-Test

To improve reliability, the device has built in CRC check for all the factory-programmable configurations, such as
the thresholds and delay time setting. When the device is set up in the factory, a corresponding CRC value is
also programmed to the memory. During normal operation, the device compares the configuration setting against
the programmed CRC periodically. A CRC error will reset the digital circuitry and increment the CRC fault
counter. The digital reset forces the device to reload the configuration as an attempt to correct the configurations.
A correct CRC check reduces the CRC fault counter. Three CRC faults counts will turn off both the CHG and
DSG drivers. If FETs are opened due to a CRC error, only a POR can recover the FET state and reset the CRC
fault.

In addition to the CRC check, the device also has built-in-self-test (BIST) on the comparators. The BIST runs in a
scheduler, and each comparator is checked for a period of time. If a fault is detected for the entire check period,
the particular comparator is considered at fault, and both the CHG and DSG FETs is turned off. The BIST
continues to run by the scheduler even if a BIST fault is detected. If the next BIST result is good, the FET driver
resumes normal operation.

The CRC check and BIST check do not affect the normal operation of the device. However, there is not a
specific indication when a CRC or BIST error is detected besides turning off the CHG and DSG drivers. If there is
no voltage, current, or temperature fault condition present, but CHG and DSG drivers remain off, it is possible
that either a CRC or BIST error is detected. Users can power-on reset (POR) the device.
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8.3.5 Fault Detection Method

8.3.5.1 Filtered Fault Detection

The device detects a fault once the applicable fault is triggered after accumulating sufficient trigger sample
counts. The filtering scheme is based on a simple add/subtract. Starting with the triggered sample count cleared,
the counts go up for a sample that is taken across the tested condition (for example, above the fault threshold
when looking for a fault) and the counts go down for a sample that is taken before the tested condition (that is,
below the fault threshold). B 11 shows an example of a signal that triggers a fault when accumulating five counts
above the fault threshold. Once a fault has been triggered, the triggered sample counts reset, and counts are
incremented for every sample that is found to be below the recovery threshold.

x

/.

With a filtered detection, when the input signal falls below the fault threshold, the sample
count does not reset, but only counts down as shown in @ 11. Therefore, it is normal to
observe a longer delay time if a signal is right at the detection threshold. The noise can
push the delay count to be counting up and down, resulting a longer time for the delay
counter to reach its final accumulated trigger target.

Based on Fault Trigger After 5 Counts

/ \
Fault Threshold — -} - = £ ——————- |- e i e e e e e \ Y ————————————————————————————

Recovery Threshold - —f —— -~ - —- - — oo om0 X -fF- ?\t 7777777777
| S

FAULT

FAULT

Sample

Triggered Sample Count

\

o AN

012343212345 0000000000001212345000
A

| J
AN %

ﬁ\\ ’/,,
¥

Looking for a Fault

ﬁ\\ ’/,,
¥

Looking for a Recovery

N

v

Looking for a Fault

11. Fault Trigger Filtering

8.3.6 State Comparator

A small, low-offset analog state comparator monitors the sense-resistor voltage (SRP-SRN) to determine when
the pack is in a DISCHARGE state less than a minimum threshold, Vgrate p of 2 CHARGE state greater than a
maximum threshold, Vgrate ¢. The state comparator is used to turn the CHG FET on to prevent damage or
overheating during discharge in fault states that call for having only the CHG FET off, and vice versa for the DSG
FET during charging in fault states that call for having only the DSG FET off.

% 6 summarizes when the state comparator is operational. The state comparator is only on during faults
detected that call for only one FET driver to be turned off.
#k 6. State Comparator Operation Summary

STATE COMP CHG DSG
OFF ON ON

MODE

Normal

20 MY © 20162018, Texas Instruments Incorporated
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5k 6. State Comparator Operation Summary (¥ T 3)
STATE COMP CHG DSG MODE
VSTATE_C Detection ON OFF UV, CTRD
VstaTe p Detection OFF ON OV, UTC, OTC, CTRC
OFF OFF OFF ocD1, OCD2, SCD, UTD, OTD, OW

PACK IS DISCHARGING PACK IS CHARGING

|-
|

A

SRP - SRN

|
Vsrate b ovVv Vsrate ¢

12. State Comparator Thresholds

8.3.7 DSG FET Driver Operation

The DSG pin is driven high only when no related faults (UV, OW, OTD, UTD, OCD1, OCD2, SCD, and CTRD
are disabled) are present. It is a fast switching driver with a target on resistance of about 15-20 Q and an off
resistance of Rpsgorr. It is designed to allow users to select the optimized Rgg value to archive the desirable
FET rise and fall time per the application requirement and the choice of FET characteristics. When the DSG FET
is turned off, the DSG pin drives low and all overcurrent protections (OCD1, OCD2, SCD) are disabled to better
conserve power. These resume operation when the DSF FET is turned on. The device provides FET body diode
protection through the state comparator if one FET driver is on and the other FET driver is off.

The DSG driver may be turned on to prevent FET damage if the battery pack is charging while a discharge

inhibit fault condition is present. This is done with the state comparator. The state comparator (with the Vgrate ¢

threshold) remains on for the entire duration of a DSG fault with no CHG fault event. -

e If (SRP-SRN) =< Vgrate ¢ and no charge event is detected, the DSG FET output will remain OFF due to the
present of a DSG fault.”

» If (SRP-SRN) > Vg1ate ¢ @nd a charge event is detected, the DSG FET output will turn ON for body diode
protection.

See the State Comparator section for details.
The presence of any related faults, as shown in & 13, results in the DSGFET_OFF signal.

DSGFET_OFF_UVn
DSGFET_OFF_OCD1
DSGFET_OFF_OCD2-

DSGFET_OFF_SCD DSGFET_OFF

DSGFET_OFF_UTD -
DSGFET_OFF_OTD —
Oown

CTRD
13. Faults that Can Qualify DSGFET_OFF
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8.3.8 CHG FET Driver Operation

The CHG and CHGU pins are driven high only when no related faults (OV, OW, OTC, UTC, OTD, UTD, OCD1,
OCD2, SCD, and CTRC are disabled) are present or the pack has a discharge current where (SRP-SRN) <
Vstate p1- The CHG pin drives the CHG FET, which is for use on the single device configuration or by the bottom
device in a stack configuration. The CHGU pin has the same logic state as the CHG pin and is for use in the
upper device (in a multi-stack configuration) to provide the drive signal to the CTRC pin of the lower device. The
CHGU pin should never connect to the CHG FET directly.

Turning off the CHG pin has no influence on the overcurrent protection circuitry. The CHG pin is designed to
switch on quickly and the target on resistance is about 2 kQ. When the pin is turned off, the CHG driver pin is
actively driven low and will fall together with PACK~—.

The CHG FET may be turned on to protect the FET's body diode if the pack is discharging, even if a charging
inhibit fault condition is present. This is done through the state comparator. The state comparator (with the
Vsrate_p threshold) remains on for the entire duration of a DSG fault with no CHG fault event.

» If (SRP-SRN) > Vgrare p and no discharge event is detected, the CHG FET output will remain OFF due to the
present of a CHG fault.

» If (SRP-SRN) < Vgrate p and a charge event is detected, the CHG FET output will turn ON for body diode
protection.

The CHGFET_OFF signal is a result of the presence of any related faults, as shown in § 14.

CHGFET_OFF_OVn

CHGFET_OFF_UTC—

CHGFET_OFF_OTC—
CHGFET_OFF_OCD1

CHGFET_OFF_OCD2 CHGFET OFF

CHGFET_OFF_SCDJ
CHGFET_OFF_UTD
CHGFET_OFF_OTD———
OWn
CTRC

14. Faults That Can Qualify CHGFET OFF

8.3.9 External Override of CHG and DSG Drivers

The device allows direct disabling of the CHG and DSG drivers through the CTRC and CTRD pins, respectively.
The operation of the CTRC and CTRD pins is shown in & 15. To support the simple-stack solution for higher-cell
count packs, these pins are designed to operate above the device’'s VDD level. Simply connect a 10-MQ resistor
between a lower device CTRC and CTRD input pins to an upper device CHGU and DSG output pins (see the
schematics in Stacking Implementations.

CTRC only enables or disables the CHG pin, while CTRD only enables or disables the DSG pin. When the CTRx
pin is in the DISABLED region, the respective FET pin will be off, regardless of the state of the protection
circuitry. When the CTRx pin is in either ENABLED region, the protection circuitry determines the state of the
FET driver.

Both CTRx pins apply the fault-detection filtered method to improve the robustness of the signal detection: The
counter counts up if an ENABLED signal is sampled; the counter counts down if a DISABLED signal is sampled.
When the counter counts up from 0% to > 70% of its full range, which takes about 7 ms typical of a solid signal,
the CTRx pins take the signal as ENABLED. If the counter counts down from 100% to < 30%, of its full range,
which takes about 7 ms typical of a solid signal, the CTRx pins take the signal as DISABLED. From a 0 count
counter (solid DISABLE), a solid ENABLE signal takes about tcrrpeg on time to deglitch. From a 100% count
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(solid ENABLE), a solid DISABLE signal takes about tctrpeg orr time to deglitch. Although such a filter scheme
provides a certain level of noise tolerance, it is highly recommended to shield the CTRx traces and keep the
traces as short as possible in the PCB layout design. The CTRx deglitch time will add onto the FET response
timing on the OV, UV, and OW faults in a stack configuration. The tctrpec orr time adds an additional delay to
the fault detection timing and the tcrrpeg_on time adds an additional delay to the fault recovery timing.

ENABLED
Verre
Verrois (Max)
VDD —
DISABLED
(FET OFF)
Verrois (Min)
Verri
ENABLED
VSS
CHG driver set by CTRC

DSG driver set by CTRD
15. External Override of CHG and DSG Drivers

8.3.10 Configuring 3-S, 4-S, or 5-S Mode

The bq77904 supports 3-S and 4-S packs, while the bq77905 supports 3-S, 4-S, and 5-S packs. To avoid
accidentally detecting a UV fault on unused (shorted) cell inputs, the device must be configured for the specific
cell count of the pack. This is set with the configuration pin, CCFG, which is mapped as in & 7. The device
periodically checks the CCFG status and takes tcceg peg time to detect the pin status.

# 7. CCFG Configurations

CCFG CONFIGURATION CONNECT TO
< Vccral for tecre peg 3 cells AVSS

Within Veepem for tecre pec 4 cells AVDD

> Vecereh for tecrs pec 5 cells Floating

The CCFG pin should be tied to the recommended net from 3k 7. The device compares the CCFG input voltage
to the AVDD voltage and should never be set above the AVDD voltage. When the device configuration is for 5 S,
leave the CCFG pin floating. The internal pin bias is approximately 30% of the AVDD voltage for the 5-S
configuration. Note that the bq77904 should not be configured in 5-S mode, as this results in a permanent UV
fault.

8.3.11 Stacking Implementations

Higher than 5-S cell packs may be supported by daisy-chaining multiple devices. Each device ensures OV, UV,
OTC, OTD, UTC, and UTD protections of its directly monitored cells, while any fault conditions automatically
disable the global CHG and/or DSG FET driver. Note that upper devices do not provide OCD1, OCD2, or SCD
protections, as these are based on pack current. For the bq77904 and bg77905 devices used on the upper
stack, the SRP and SRN pins should be shorted to prevent false detection.

£ 8. Stacking Implementation Configurations

CONFIGURATION CHG PIN CHGU PIN
Bottom or single device Connect to CHG FET Leave unconnected
Upper stack Leave unconnected Connect to CTRC of the lower device
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To configure higher-cell packs, follow this procedure:

Each device must have a connection on at least three lowest-cell input pins.

Tl recommends to connect a higher-cell count to the upper devices (for example, for a 7-S configuration,
connect four cells on the upper device and three cells on the bottom device). This provides a stronger CRTX
signal to the bottom device.

Ensure that each device's CCFG pin is configured appropriately for its specific number of cells (three, four, or
five cells).

For the bottom device, the CHG pin should be used to drive the CHG FET and leave the CHGU pin
unconnected. For the upper device, the CHGU pin should be used to connect to lower device’s CTRC pin
with a Rctry @nd leave the CHG pin unconnected.

Connect the upper DSG pins with a Rctry to the immediate lower device CTRD pin.

All upper devices should have the SRP and SRN to its AVSS pin.

If load removal is not used for UV recovery, connect the upper device LD pin to its AVSS pin, as shown in
16 and [ 17. Otherwise, refer to B 24 for proper LD connection.

24
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PACK+
Rvop
[ J\N‘T
CVDD ==
Cuos | VDD DVSS |
—|— | avpp CTRD |/
—— | vcs CTRC | |
—— | vea CCFG | | Rre mo
V8 7005 VT Rrs
| ve2 TS b
p— V7 LD
— | Avss CHG
—L | sRrP CHGU
|—D SRN DSG
— | vop DVSS
— | avbp CTRD
VCs CTRC
>_,—D vca CCFG
—1 | V1B
L VG pq77905
— I va2 TS
vcl |
—1 | Avss CHG | |
—1| srp CHGU| |
SRN DSG v
DSG RLD
q
Res pse > Res_cHe
WA o1, 1) |
Rsns b ¢ PACK-
16. 10S Pack Using Two bq77905 Devices
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PACK+
VDD DVss | |
AVDD CTRD | |
VCs5 CTRC | |
vca CCFG | | Rrs oo
VTB /
VG pq77905 Rrs
ve2 ) !
vci ||
AVSS CHG | |
SRP CHGU | ]
SRN DSG | ———
LT\ N—
Cvog .| VDD pvss| — o
¢—— avop CTRD | Rornc
——-—] vcs CTRC |
N [ vca CCFG | | Rrs o
]| VTB /
VE3  pq77905 Ea Rrs
| ve2 Ts | *
| va [ —T
AVSS CHG | |
SRP CHGU |
SRN DSG |
LT\ N—
| vbD pvss | — R
CTRD
c:VDD |—E AVDD CTRD :)__’\M,_RCTRC
VC5 CTRC
vca CCFG | | R I
VE3  pq77905 Rrs
ve2 TS || fi
vci LD |
AVSS CHG | ! ANN—
SRP CHGU | | Rere
SRN DSG
RDSG RLD%
q
Res > Res
A TAT/ AT |
Rsns St e | PACK-

17. 13S Pack Using Three bq77905 Devices
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8.3.12 Zero-Volt Battery Charging Inhibition

Once the device is powered up, it can pull the CHG pin up if the VDD = Vg1, Which varies from about 1 V per
cell on a 3-S configuration to about 0.6 V per cell on a 5-S configuration. If the battery stack voltage falls below
Vsuut, the device is in SHUTDOWN mode and the CHG driver is no longer active and charging is not allowed
unless VDD rises above Vpor again.

8.4 Device Functional Modes
8.4.1 Power Modes

8.4.1.1 Power-On Reset (POR)

The device powers up when VDD = Vpgg. At POR, the following events occur:

* A typical 5-ms hold-off delay applies to both CHG and DSG drivers, keeping both drivers in the OFF state.
This provides time for the internal LDO voltage to ramp up.

e CTRC and CTRD deglitch occurs. During the deglitch time, the CHG and DSG driver remains off. Note that
deglitch time masks out the 5-ms hold-off delay.

e The device assumes OV fault at POR; thus, the CHG driver is off for OV recovery time if all the cell voltages
are < (Vov — Vuys ov). The OV recovery time starts after the 5-ms hold-off delay. If the device reset occurs
when any cell voltage is above the OV hysteresis range, the CHG driver will remain off until an OV recovery
condition is met.

8.4.1.2 FAULT Mode

If any configured protection fault is detected, the device enters the FAULT mode. In this mode, the CHG and/or
DSG driver can be turned off depending on the fault. Refer to the fault response summary, Table 5, for detalil.
When one of the FET drivers (either CHG or DSG) is turned off, while the other FET driver is still on, the state
comparator is activated for FET body diode protection.

8.4.1.3 SHUTDOWN Mode

This is the lowest power consumption state of the device when VDD falls below Vgyyr. In this mode, all fault
detections and theCHG and DSG drivers are disabled. The device will wake up and enter NORMAL mode when
VDD rises above Vpgg.

8.4.1.4 Customer Fast Production Test Modes

The bq7790x device supports the ability to greatly reduce production test time by cutting down on protection fault
delay times. To shorten fault times, place the bq7790x device into Customer Test Mode (CTM). CTM is triggered
by raising VDD to V1 voltage above the highest cell input pin (that is, VC5) for tcry_entry time.

The CTM is expected to be used in single-chip designs only. CTM is not supported for stacked designs. Once
the device is in CTM, all fault delay and non-current fault's recovery delay times reduce to a value of tcry peiay-
The fault recovery time for overcurrent faults (OCD1, OCD2, and SCD) is reduced to tcry_oc_rec-

Verification of protection fault functionality can be accomplished in a reduced time frame in CTM. Reducing the
VDD voltage to the same voltage applied to the highest-cell input pin for tcry_entry Will exit CTM.

In CTM, with reduced time for all internal delays, qualification of all faults will be reduced to a single instance.
Thus in this mode, fault condition qualification is more susceptible to transients, so take care to have fault
conditions clearly and cleanly applied during test mode to avoid false triggering of fault conditions during CTM.
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9 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The bg77904 and bq77905 devices are low-power stackable battery pack protectors with an integrated low-side
NMOS FET driver. The bg77904 and bq77905 devices provide voltage, current, temperature, and open-wire
protections. All the devices protect and recover without MCU control. The following section highlights several
recommended implementation when using these devices.

9.1.1 Recommended System Implementation

9.1.1.1 CHG and DSG FET Rise and Fall Time

The CHG and DSG FET drivers are designed to have fast switching time. Users should select a proper gate
resistor (Rcye and Rpgg in the reference schematic) to set to the desired rise/fall time.

DSG CHG

Select proper gate
resistor to adjust
the desired rise/fall

-~ time -

Res_pse

AVAYAY .
l Rsns

18. Select Proper Gate Resistor for FET Rise and Fall Time

PACK-

The CHG FET fall time is generally slower, because it is connected to the PACK- terminal. The CHG driver will
pull to Vsg quickly when the driver is signaled to turn off. Once the gate of the CHG FET reaches ground or
Vgsth, the PACK- will start to fall below ground and the CHG signal will follow suit in order to turn off the CHG
FET. This portion of the fall time is strongly dependent on the FET characteristic, the number of FETs in parallel,
and the value of gate-source resistor (Rgs che)-
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Application Information (T R)

i

- Strong pill- down by the CHG driver - - - -
when the device is initially signaled to
AU Off CHG g :

"0 ‘charge gate .

&
k: — . . . :
"~ © "t Once the CFET gate voltage reach PACK-, PACK-
- voltage starts to fall below groynd. The gate

: / voltage'is then relying on RGS“CHG to fall with
\Z PACK- to keep the;CHG FET off:

PACK-

19. CHG FET Fall Time

9.1.1.2 Protecting CHG and LD

Because both CHG and LD are connected to the PACK- terminal, these pins are specially designed to sustain
an absolute max of —30 V. However, the device can be used in a wide variety of applications, and it is possible to
expose the pins lower than —30 V absolute max rating.

To protect the pins, Tl recommends to put a PMOS FET in series of the CHG pin and a diode in series of the LD
pin as shown below.

CHG

Res ps

Q2

14

Ras_cHe
g A

| |
| i i Q3 and the LD pin diode are used to
| }‘}_D zg ! keep CHG and LD away from any
= . ! voltages below VSS. Apply these
|

|

components when CHG and LD pins can
be exposed beyond the absolute -30V.

Q3 will allow Rgs_cne to keeps Q1 OFF,

since all voltages below this FET can
“follow” PACK- as it goes below VSS.

<

Vv

Rsns

|

9.1.1.3 Protecting CHG FET

20. Protecting CHG and LD

PACK-

When the CHG driver is off, CHG is pulled to Vgs, the PACK- terminal can be pullup to the PACK+ level when a
load is connected. This can put the gate-source voltage above the absolute max of the MOSFET rating. Hence, it
is common to place a Zener diode across the CHG FET's gate-source to protect the CHG FET. Additional
components are added when a Zener is used to limit current going into the CHG pin, as well as reducing the
impact on rise time. See B 21 for details.
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Application Information (T R)
DSG CHG

This diode allows CHG to | A Rchs drops the voltage and limits the

pull the Q1 gate high, } ! current going into the CHG pin when

bypassing the path through , " Rche pACK-is pulled high and zener across Q1

|

Rete and Res_cie Which will | (AMQ ) vgs is used.

divide down the CHG ON
§RDSG voltage

[

[ 1 This zener clamp may be
} needed to prevent the Vgs of Q1
R } Ras che excesses absolute max rating.
GS_DS Se- ™ Q) 16V
= Q2 Q1 = .
|
AN ‘ . |
l Rsns L N PACK-
21. Protect CHG FET from a High Voltage on PACK-
DSG CHG @
—
H>
Lk IS
Q3
Rche
§RDSG SZ (1MQ ) RLD%
4
R
R GS_CHG 16V
GS_DS! (>=1MQ)
NV —e |
l Rsns PACK-

22. Optional Components Combining B 20 and B 21 Protections

9.1.1.4 Using Load Detect for UV Fault Recovery

A larger CHG FET gate-source resistor is required if load removal is enabled as part of the UV recovery criteria.
When the load removal circuit is enabled, the device is internally connected to Vss. Because in a UV fault the
CHG driver remains on, it creates a resistor divider path to the load detect circuit.
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Application Information (T R)

PACK+
bq77094/5
--..::.:::::‘.-.\; ........ ‘:.:::L 77777777777777777777777777 |
} Load Detect | +or ‘ L'D }
} block | pin |
|
S | o |
| ' |
Rio_ T H [
| ' |
| ' |
v ' |
— ! |
| FET driver ! W } 1R
" block | Veeron p:n !
e e - _ ] |
. [
|
|
|
|
|
RLD % |
|
|
|
|
|
|
|
|
16V }
|
CFET }
]
|

23. Load Detect Circuit During UV Fault

To ensure load removal is detected properly during a UV fault, TI recommends to use 3.3 MQ for Rgs cHg
(instead of a typical of 1 MQ when load removal is NOT required for UV recovery). Rcys can stay in 1 MQ as
recommended when using CHG FET protection components. The CHG FET rise time impact is minimized as
described in the Protecting CHG FET section. On a stacked configuration, connect the LD pin, as shown in § 24
if load removal is used for a UV fault recovery. If load detection is not required for a UV fault recovery, a larger
value of Rgs cHg can be used (that is, 10 MQ) and the LD pin on the upper devices can be left floating.
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Application Information (T R)

bq77094/5 Ra is used to keep the LD.pin -pl'JII
SITERIITTILETTT) down when load detect circuit is
not activated

Upper
device Must have block
A diode on the upper
.............. device.
>
bq77094/5
Diode for the bottom
Bottom deviFe is optio‘nal. -
device Use if the LD pin will
be exposed lower
than -30V.
PACK-

24. Simplified Circuit: LD Connection on Upper Device When Using for UV Fault Recovery

9.1.1.5 Temperature Protection

The device detects temperature by checking the voltage divided by Rys py and Rys, with the assumption of using
10-KQ Rys py and 103AT NTC for Rys. System designers should always check the thermistor resistance
characteristics and refer to the temperature protection threshold specifications in the Electrical Characteristics
table to determine if a different pullup resistor should be used. If a different temperature trip point is required, it is
possible to scale the threshold using this equation: Temperature Protection Threshold = Rys / (Rts + Rrs pu)-

Example: Scale OTC trip points from 50°C to 55°C

The OTC protection can be set to 45°C or 50°C. When the device's OTC threshold is set to 50°C, it is referred to
configure the Vo parameter to 29.38% of VTB (typical), with the assumption of Ryg py = 10 KQ and Ryg =
103AT or similar NTC (which the NTC resistance at 50°C = 4.16 KQ). The Vgy¢ specification is the resistor
divider ratio of Ryg py and Rys.

The Vore, Votos Vute, and Vyrp configuration options are fixed in the device; thus, the actual temperature trip
point can only adjust by using a different B-value NTC and/or using a different Rrs_py.

In this example, the 103AT NTC resistance at 55°C is 3.536 KQ. By changing the Rrs py from 10 KQ to 8.5 KQ,
users can scale the actual OTC temperature trip point from 50°C to 55°C. Because the Rys py Value is smaller,
this change affects all the other temperature trip points and scales OTD, UTC, and UTD to ~5°C higher as well.

9.1.1.6 Adding Filter to Sense Resistor

Current fault is sense through voltage across a sense resistor. Optional RC filters can be added to the sense
resistor to improve stability.

32 MY © 20162018, Texas Instruments Incorporated
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Application Information (T R)

SRP SRN

0.1 uF 0.1 pF 0.1 pF
] ] 1]
100 O 100 Q

AN G

RSNS PACK-

25. Optional Filters Improve Current Measurement

9.1.1.7 Using a State Comparator in an Application

The state comparator does not have built-in hysteresis. It is normal to observe the FET body diode protection
toggling on and off with the Vsrate c1 Or Vstate_p1 @ccuracy range. In a typical application, the sense resistor is
selected according to the application current, which usually is not close to the state comparator threshold.

9.1.1.7.1 Examples

As an example, using a 5-Ah battery, with 1C-rate (5 A) charge and 2C-rate (10 A) discharge, the sense resistor
is 3 mQ or less. The typical current to turn on the FET body diode protection is 667 mA using this example.
Because there is no built-in hysteresis, noise can reset the state comparator counter and toggle off the FET body
diode protection and vice versa; thus, it is normal to observe the device toggles the FET body diode protection
on or off within a 1-mV to 3-mV range. With a 3-mQ sense resistor, it is about 330 mA to 1 A. As this behavior is
due to noise from the system, the FET toggling behavior usually occurs right at the typical 2-mV state
comparator threshold. As current increases or decreases from the typical value, the detection is more solid and
has less frequent FET toggling. Using this example, either charge or discharge should provide a solid FET body
diode protection detection.

Look at the device behavior during an OV event (and no other fault is detected). In an OV event, CHG FET is off
and DSG FET is on. If a discharge of > -1 A occurs, the device would turn on the CHG FET immediately to allow
the full discharge current to pass through. Once the overcharged cell is discharged to the OV recovery level, the
QV fault is recovered and the CHG driver turns on (or remains on in this scenario) and the state comparator is
turned off.

If the discharge current is < 1 A when the device is still in an OV fault, the CHG FET may toggle on and off until
the overcharged cell voltage is reduced down to the OV recovery level. When the OV fault recovers, the CHG
FET is solidly turned on and the state comparator is off.

Without the FET body diode protection, if a discharge occurs during an OV fault state, the discharge current can
only pass through the CHG FET body diode until the OV fault is recovered. This increases the risk of damaging
the CHG FET if the MOSFET is not rated to sustain this amount of current through its body diode. It also
increases the FET temperature as current is now carried through the body diode.
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9.2 Typical Application

RVDD

VWA

CVDD

[ \

0

DVSS
CTRD
CTRC
CCFG
bq77905 VTB

TS ——|

_L C
—

[

Rrs_pu

)
4
n

PACK+

LD
CHG
CHGU
DSG

Rche

g\_ILJLJ

RDSG

|||—

Res l(.l_%ﬁ%_bl ; Res | |

PACK-
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26. bg77904 and bq77905 with Four Cells

9.2.1 Design Requirements

For this design example, use the parameters shown in & 9.

Fz 9. Design Parameters

PARAMETER DESCRIPTION VALUES
Rin Cell voltage sensing (VCx pins) filter resistor 1 kQ +5%
Cin Cell voltage sensing (VCx pins) filter capacitor 0.1 pF £10%
Rvpp Supply voltage filter resistor 1 kQ +5%
Cvbp Supply voltage filter capacitor 1 puF £20%
Rts NTC thermistor 103AT, 10 kQ +3%
Rts_pu Thermistor pullup resistor to VTB pin, assuming using 103AT NTC or NTC with similar 10 kO +1%

resistance-temperature characteristics -
Res cHe CHG FET gate- Load removal is enabled for UV recovery. 3.3 MQ +5%
source resistor Load removal is disabled for UV recovery. 1 MQ 5%
Res pse DSG FET gate-source resistor 1 MQ +5%
RcHe CHG gate resistor System designers should adjust this parameter to meet the 1 KO 5%
desired FET rise/fall time. =70
If additional components are used to protect the CHG FET 1 MO +5%
and/or to enable load removal detection for UV recovery. -
Rpsc DSG gate resistor, system designers should adjust this parameter to meet the desired 4.5 KO +5%
FET rise/fall time. ’ =7
Rcrtc @and Retrp | CTRC and CTRD current limit resistor 10 MQ 5%
Rip LD resistor for load removal detection 450 KQ +5%
Rsns Current sense resistor for current protection. System designers should change this
. S - ; 1 mQ +1%
parameter according to the application current protection requirements.
34 MY © 20162018, Texas Instruments Incorporated
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9.2.2 Detailed Design Procedure

The following is the detailed design procedure.

1. Based on the application current, select the proper sense resistor value. The sense resistor should allow
detection of the highest current protection, short circuit current.

2. Temperature protection is set with the assumption of using a 103AT NTC (or NTC with similar specification).
If a different type of NTC is used, a different Rrs py may be used for the application. Refer to the actual
temperature detection threshold voltage to determine the Rrs py value.

3. Connect the CCFG pin correctly based on the number of cells in series.

4. Review the Recommended Application Implementation to determine if optional components should be added
to the schematic.

9.2.2.1 Design Example

To design the protection for a 36-V Li-ion battery pack using 4.2-V LiCoO2 cells with the following protection
requirements:

Voltage Protection

 OVat4.3V,recoverat4.lV

» UVat2.6V,recover at 3V and when load is removed.

Current Protection

* OCDL1 at 40 A with 300-ms—400-ms delay

* OCD2 at 80 A with the shortest delay option
* SCD at 100 A with < 500-us delay

* Requires load removal for recovery

Temperature Protection
e Charge — OTC at 50°C, UTC at -5°C
» Discharge — OTD at 70°C, UTD at —10°C

To start the design:
1. Start the schematic.

— A 36-V pack using LiCoO, cells requires 10-S configuration; thus, two bq77905 devices in a stackable
configuration is needed.

— Follow the 10-S reference schematic in this document. Follow the recommended design parameters listed
in the Design Requirements section of this document.

— The power FET used in this type of application usually has an absolute of 20 V Vgs. For a 36-V pack
design, Tl recommends to use the additional components to protect the CHG FET Vgs. See the Using
Load Detect for UV Fault Recovery section for details.

— Because load removal for UV recovery is required, a 3-MQ Rgs chg Should be used for the schematic.
2. Decide the value of the sense resistor, Rgys.

— When selecting the value of Rgys, ensure the voltage drop across SRP and SRN is within the available
current protection threshold range.

— In this example, select Rgys = 1 mQ (any value < 2 mQ will work in this example).
3. Determine all of the bq77905 protection configurations (see %% 10).

4. Review the available released or preview devices in the Device Comparison section to determine if a suitable
option is available. If not, contact Tl representative for further assistance.

#z 10. Design Example Configuration

Protection Threshold Hysteresis Delay Recovery Method
(0)Y] 43V 200 mVv 1 s (default setting) Hysteresis
uv 26V 400 mV 1 s (default setting) Hysteresis + load removal
100 nA .
ow (default setting) — — (VC4 — VCy_1) > 600 mV (typical)
OCD1 40 mV — 350 ms Load removal only
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% 10. Design Example Configuration (3T &)

Protection Threshold Hysteresis Delay Recovery Method
OCD2 80 mV — 5ms Load removal only
SCD 100 mV — Fixed at 360 ps Load removal only
OoTC 50°C 10°C 45s Hysteresis
OTD 70°C 10°C 45s Hysteresis
uTC -5°C 10°C 45s Hysteresis
UTD -10°C 10°C 45s Hysteresis

9.2.3 Application Curves

Tek stop

Tek stop

DSG remains on

DSG

=

Pl

DSG

@

DSG remains on

CHG recovers after
27d-QV fault is remd

ved /

CHG falls due to
detection of 13t OV fault

MM’”<

Vi

OCD2 fault inserted

IS

@ 200V & @2 J[SOOS/S

10K points

@ 500V &% @ 50.0mvV &) [2.005

=

29. OV and OCD2 Faults Protection

13 Nov 2015
18:52:37

({cell 2 [icell 2 / /
= - nd
B{cel 1 15t OV Fault Blcen 1 1st Fault removed 2" Fault removed
3 . 3 . .00k .
(@ 200v &~ @ @ 50V & @ 200V %) [1 00s J[}O(I(Opzf:lsJ @ 5 400VJ (@ 200v & @ @ 500V % @ 200V &) [1.005 J[}&o;z{:lsJ @ 4.00v]
27. OV Fault Protection 28. OV Fault Recovery
Tek Stop T S T T =
Device is sétto'recovery after "
. current recovery delay. Both t
tState E%rgpgratsr de[ectsgl\icfha‘rtg‘e and ¢ CHG/DSG turns back on, but
umns ackoneven aultis prese : device detects OCD2 fault and
turns off both FET driver ag;in P —— gr— 1
I [l =11 | i .. |
Blosa N . ! P on Sate comparator detects
/ 3 discharge current and
Both CHG/DSG are turns CHG back on after
CHG falls due to OV fault. / off in OCD2 fault ERoHG, R P20 it o el
EACHG st 2 L i
State comparator is on to detect any " Temperature reached OTC !
discharge activity threshold and OTC protection
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\ TRl
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30. Detect OTC Fault While in 30-A Discharge

36
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10k points

Tek stop —
DSG falls after ~ 1s due to
/ UV fault on ¥C2
#{psc
CHG fallsafter ~'1s due to
/ OV fault oh VC3
[Z3{cHG
Relay opens — open cell2 to pch connection
In real application, an open wire event will deplete the filter
capacitor connects to the-device cell voltage sensing-pin. The
depleted capacitor will trigger the UV fault. It also causes the upper
cell voltage sensing pin ta'see a sum of 2 cell.voltages, which will
trigger an OV fault. 4
[i{cell 2
OV and UV delays are shorter than OW delay, hence, the OV and
UV will triggered before OW protection activates.
(@ 200V & @ @ 500V & J[1.005 ][1.00k5/s J @ 1.00vJ

Tek stop

In réal application, OV. and UV are usually
ggered first in an open wire event, masking out

DSG falls due to i
the OW protection. This capture is to demonstrate

UV fault on VC2

&

the OW protection by observing the CHG delay
time
BDSG |
CHG falls After . ey
-5s due to OW
[2:CHG

VC2 ramped to 0V, while other cell
voltages stay in normal

o |

Cell 2

(@ 200V & @ @ 500V & )[1.005

1.00KS/s
10k points

)

31. OW Fault Protection—Open Cell2 To PCB 32. OW Fault Protection—Ramping Down Cell2 Voltage
Connection
9.3 System Examples
|
PACK+
| voo pvss| ———
— | AvbD CTRD | |
VC5 CTRC | }
_CIN
\_I_|—D vca CCFG | |
Rts_pu
—1
VE3  pq77905 Rrs
— | ve2 TS ——]I
vcl D | |
— | Avss CHG | | AAN—
— R
L - SRP CHGU | | cHe
[~ “IN
SRN DSG v
DSG ) RLD
CIN
—J: Ras > Res
f N LA/ N\AT . |
- Rsns bt ¢ ! PACK-
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33. bq77905 with Five Cells

10 Power Supply Recommendations

The recommended cell voltage range is up to 5 V. If three cells in series are connecting to bq77905, the unused
VCx pins should be shorted to the highest unused VCx pin. The recommended VDD range is from 3 V-25 V.
This implies the device is still operational when cell voltage is depleted down to approximately 1.5-V range.

MR © 2016-2018, Texas Instruments Incorporated
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11 Layout

11.1 Layout Guidelines
1. Match SRN and SRP traces.
2. Ry filters, VDD, AVDD filters, and the Cy,pp capacitor should be placed close to the device pins.

3. Separate the device ground plane (low current ground) from the high current path. Filter capacitors should
reference to the low current ground path or device Vss.

4. In a stack configuration, the Rc1rp and Retrc should be placed closer to the lower device CTRD and CTRC
pins.
5. Rgs should be placed near the FETSs.

11.2 Layout Example

High current Path PACK+
Please filters
close to IC pins |vDD DVsS
b T
+ " Connect AVSS and DVSS
I AVDD .
| 7" to device ground plane
VCs oS
RC .
Filters p
K
Vel _-Low current, local
y 4« ground for each device
+
I AVSS CHGU
|
DSG
Connect the device ground at
the lower cell’s cell- on each
cell group
Please filters DVSS -
+ dosetolCpins PP SN Please CTRs
-1 AVDD CTRD —f’—/\/\/\/i | resistors close to
! | the lower device
VCS CTRC—AA;
RC o
Filters
Vel Low. current, local
n - device ground.
—1 “ Separate from high
AVSS power path
Connect the bottom
device ground at BAT-.
Using BAT- as the mutual
point to connect high PACK-
and low current path AN TTT TIT

34. Layout Example
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
(6)
BQ7790400PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790400 Samples
BQ7790400PWR ACTIVE TSSOP PW 20 2000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790400 Samples
BQ7790500PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790500
BQ7790500PWR ACTIVE TSSOP PW 20 2000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790500 Samples
BQ7790502PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790502 Samples
BQ7790502PWR ACTIVE TSSOP PW 20 2000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790502
BQ7790503PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790503
BQ7790503PWR ACTIVE TSSOP PW 20 2000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790503 Samples
BQ7790505PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790505 Samples
BQ7790505PWR ACTIVE TSSOP PW 20 2000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790505
BQ7790508PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790508 Samples
BQ7790508PWR ACTIVE TSSOP PW 20 2000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790508 Samples
BQ7790509PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790509
BQ7790509PWR ACTIVE TSSOP PW 20 2000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790509
BQ7790511PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790511 Samples
BQ7790511PWR ACTIVE TSSOP PW 20 2000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790511 Samples
BQ7790512PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790512
BQ7790512PWR ACTIVE TSSOP PW 20 2000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790512 Samples
BQ7790518PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790518 Samples
BQ7790518PWR ACTIVE TSSOP PW 20 2000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790518 Samples
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
6)

BQ7790521PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790521 m
BQ7790521PWR ACTIVE TSSOP PW 20 2000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790521 Samples

BQ7790522PW ACTIVE TSSOP PW 20 70 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790522
BQ7790522PWR ACTIVE TSSOP PW 20 2000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 B7790522 Samples

@ 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI'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.

Addendum-Page 2



http://www.ti.com/product/BQ77905?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ77905?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ77905?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ77905?CMP=conv-poasamples#samplebuy

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 10-Dec-2020

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 Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS
5 [ KO [+—P1—»
IS T
Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

1 Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*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)
BQ7790400PWR TSSOP PW 20 2000 330.0 16.4 695 | 7.1 1.6 8.0 | 16.0 Q1
BQ7790500PWR TSSOP PW 20 2000 330.0 16.4 695 | 7.1 1.6 8.0 | 16.0 Q1
BQ7790502PWR TSSOP PW 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
BQ7790503PWR TSSOP PW 20 2000 330.0 16.4 6.95 | 7.1 1.6 8.0 | 16.0 Q1
BQ7790505PWR TSSOP PW 20 2000 330.0 16.4 695 | 7.1 1.6 8.0 | 16.0 Q1
BQ7790508PWR TSSOP PW 20 2000 330.0 16.4 695 | 7.1 1.6 8.0 | 16.0 Q1
BQ7790509PWR TSSOP PW 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
BQ7790511PWR TSSOP PW 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
BQ7790512PWR TSSOP PW 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
BQ7790518PWR TSSOP PW 20 2000 330.0 16.4 695 | 7.1 1.6 8.0 | 16.0 Q1
BQ7790521PWR TSSOP PW 20 2000 330.0 16.4 6.95 | 7.1 1.6 8.0 | 16.0 Q1
BQ7790522PWR TSSOP PW 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
e ~.
/\g\ /)i\
™~ e
- //' "\.\ 7
T s
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ7790400PWR TSSOP PW 20 2000 350.0 350.0 43.0
BQ7790500PWR TSSOP PW 20 2000 350.0 350.0 43.0
BQ7790502PWR TSSOP PW 20 2000 350.0 350.0 43.0
BQ7790503PWR TSSOP PW 20 2000 350.0 350.0 43.0
BQ7790505PWR TSSOP PW 20 2000 350.0 350.0 43.0
BQ7790508PWR TSSOP PW 20 2000 350.0 350.0 43.0
BQ7790509PWR TSSOP PW 20 2000 350.0 350.0 43.0
BQ7790511PWR TSSOP PW 20 2000 350.0 350.0 43.0
BQ7790512PWR TSSOP PW 20 2000 350.0 350.0 43.0
BQ7790518PWR TSSOP PW 20 2000 853.0 449.0 35.0
BQ7790521PWR TSSOP PW 20 2000 853.0 449.0 35.0
BQ7790522PWR TSSOP PW 20 2000 853.0 449.0 35.0
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MECHANICAL DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

/ N
A
| P o pJ L
J | Bes

0,15 NOM

g _
6,60 > 0,75
6,40 050

[ | [\ \
v Seating P\one# / ‘

L 1,20 MAX 0.15 (B[00

,05

(=}

4040064-5/G 02/

NOTES:

E.

A. Al linear dimensions are in millimeters.
B.

Dimensioning and tolerancing per ASME Y14.5M-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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LAND PATTERN DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

Example Board Layout _—
Based on a stencil thickness
of .127mm (.005inch).
—=| [=—18x0,65 20x0,25
~1,55
5,6 5,6
<N
/ \\___//
/ 18x0,65 -
/
,./ Example
| Non Soldermask Defined Pad
/ /x// ™. Example
| ~. Solder Mask Opening
é/ N\, (See Note E)
/ —1=—0,3 X\
/ A \
| Ak |
\ ] /
\ '] 6 7~ Pad Geometry
\ == /
\‘\ 0,07 /'I
\._ All Around.”
~.. 7
N~ - —
4211284-5/G  08/15
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for alternate design.
D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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