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5 Device Comparison Table

bq24770 bq24773
Communication Interface SMBus 12C
Communication Address 0x12H (0x00010010) D4H (0x11010100)
Default Switching Frequency 800kHz 1.2MHz
Default Input Current Limit 3200mA 2944mA
Device ID 0x0114H 0x41H

6 Pin Configuration and Functions

RUY Package
28-Pin WQFN
Top View

ACN II
ACP zl
CMSRC ZI
ACDRV ZI
ACOK EI
ACDET EI
IADP ZI

8 [ vee

IE PHASE
IE HIDRV
IE BTST
IE REGN
IE LODRV

N [enD
N

N

[s][sl[=][=][=][=][*]

Pin Functions

ILIM

SRP
SRN

BATDRV

BAT
CELL

BATPRES

PIN | NAME

DESCRIPTION

1 ACN

Input current sense resistor negative input. Place an optional 0.1-puF ceramic capacitor from ACN to GND for
common-mode filtering. Place a 0.1-uF ceramic capacitor from ACN to ACP to provide differential mode filtering.

2 ACP

Input current sense resistor positive input. Place a 1-uF and 0.1-uF ceramic capacitor from ACP to GND for
common-mode filtering. Place a 0.1-pF ceramic capacitor from ACN to ACP to provide differential-mode filtering.

3 CMSRC

ACDRYV charge pump source input. Place a 4 kQ resistor from CMSRC to the common source of ACFET (Q1) and
RBFET (Q2) limits the in-rush current on CMSRC pin.
When CMSRC is grounded, ACDRYV pin becomes logic output internally puled up to REGN. ACDRV HIGH indicates
to external driver that ACFET/RBFET can be turned on. It directly drives CMOS logic.

ACDRV

Charge pump output to drive both adapter input n-channel MOSFET (ACFET) and reverse blocking n-channel
MOSFET (RBFET). ACDRYV voltage is 6 V above CMSRC to turn on ACFET/RBFET when ACOK goes HIGH.
Place a 4 kQ resistor from ACDRYV to the gate of ACFET and RBFET limits the in-rush current on ACDRYV pin.
When CMSRC is grounded, ACDRYV pin becomes logic output internally pulled up to REGN. ACDRV HIGH
indicates that ACFET/RBFET can be turned on. It directly drives CMOS logic.

ACOK

Active HIGH AC adapter detection open drain output. It is pulled HIGH to external pull-up supply rail by external
pull-up resistor when a valid adapter is present (ACDET above 2.4 V, VCC above UVLO but below ACOV and VCC
above BAT). If any of the above conditions is not valid, ACOK is pulled LOW by internal MOSFET. Connect a 10-
kQ pull up resistor from ACOK to the pull-up supply rail.

Copyright © 2014-2016, Texas Instruments Incorporated
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Pin Functions (continued)

PIN

NAME

DESCRIPTION

ACDET

Adapter detection input. Program adapter valid input threshold by connecting a resistor divider from adapter input to
ACDET pin to GND pin.

When ACDET pin is above 0.6 V and VCC is above UVLO, REGN LDO is present, ACOK comparator, and input
current monitor buffer (IADP) are all active. Independent comparator, IBAT buffer, PMON buffer and PROCHOT
can be enabled with SMBus/I2C.

When ACDET pin is above 2.4 V, and VCC is above BAT, but below ACOV, ACOK goes HIGH. ACFET/RBFET
turns on.

IADP

Buffered adapter current output. Vappy = 40 or 80 x (V(acp) — V(acn))
The ratio of 40x and 80x is selectable with SMBus/I12C. Place 100pF or less ceramic decoupling capacitor from
IADP pin to GND. This pin can be floating if it is not in use. IADP output voltage is clamped below 3.3 V.

IBAT

Buffered battery current selected by SMBus/I2C. V(igar) = 20 X (V(srp) — V(srn)) for charge current, or Vgat) = 8 or
16 x (V(srn) — V(srp)) for discharge current, with ratio selectable through SMBus/I2C. Place 100pF or less ceramic
decoupling capacitor from IBAT pin to GND. This pin can be floating if not in use. Its output voltage is clamped
below 3.3 V.

PMON

Current mode system power monitor. The output voltage is proportional to the total power from the adapter and
battery. The gain is selectable through SMBus/I2C. This pin can be floating if not in use. Its output voltage is
clamped below 3.3 V. The maximum cap on PMON is 100 pF.

10

PROCHOT

Active low open drain output of “processor hot” indicator. It monitors adapter input current, battery discharge
current, and system voltage. After any event in the PROCHOT profile is triggered, a minimum 10-ms pulse is
asserted.

11

SDA

SMBus/12C open-drain data 1/0. Connect to data line from the host controller or smart battery. Connect a 10-kQ
pull-up resistor according to SMBus/I2C specifications.

12

SCL

SMBus/12C clock input. Connect to clock line from the host controller or smart battery. Connect a 10-kQ pull-up
resistor according to SMBus/I12C specifications.

13

CMPIN

Input of independent comparator. Internal reference, output polarity and deglitch time is selectable by SMBus/I2C.
With polarity HIGH (0x3B[6]=1), place a resistor between CMPIN and CMPOUT to program hysteresis. With polarity
LOW (0x3BJ[6]=0), the internal hysteresis is 100 mV. If the independent comparator is not in use, tie CMPIN to
ground.

14

CMPOUT

Open-drain output of independent comparator. Place 10kQ pull-up resistor from CMPOUT to pull-up supply rail.
Internal reference, output polarity and deglitch time are selectable by SMBus/12C.

15

Active low battery present input signal. LOW indicates battery present, HIGH indicates battery absent. When

BATPRES

BATPRES pin goes from LOW to HIGH, the device exits LEARN mode, and disable charge. REG 0x15() value
goes back to default. Host can enable IDPM and charge through SMBus/I2C when BATPRES is HIGH.

16

CELL

Battery cell selection pin. GND for 1-cell, Float for 2-cell, and HIGH for 3- or 4-cell. CELL pin is biased from REGN.
Before host writes to MaxChargeVoltage(), MaxChargeVotage() follows the CELL pin setting.

CELL pin also sets SYSOVP threshold. GND for 5 V, Float for 12 V and HIGH for 18.5 V. When REG 0x15() is
above 15V, SYSOVP is disabled.

17

BAT

Battery-voltage remote sense. Directly connect a Kelvin sense trace from the battery-pack positive terminal to the
BAT pin to accurately sense the battery pack voltage. Place a 0.1-pF capacitor from BAT to GND close to the IC to
filter high-frequency noise.

18

BATDRV

P-channel battery FET (BATFET) gate driver output. It is shorted to SRN to turn off the BATFET. It goes below
SRN to turn on BATFET. BATFET is in linear mode to regulate SYS at minimum system voltage when battery is
depleted. BATFET is fully on during fast charge and supplement mode.

Connect the source of the BATFET to charge current sensing node SRN pin, and the drain of the BATFET to the
battery pack positive node BAT pin.

19

SRN

Charge current sense resistor negative input. SRN pin is for battery voltage sensing as well. Connect SRN pin with
a 0.1pF ceramic capacitor to GND for common-mode filtering. Connect a 0.1-pF ceramic capacitor from SRP to
SRN to provide differential mode filtering.

20

SRP

Charge current sense resistor positive input. Connect a 0.1-uF ceramic capacitor from SRP to SRN to provide
differential mode filtering.

21

ILIM

Input current limit input. Program ILIM voltage by connecting a resistor divider from supply rail to ILIM pin to GND
pin. The ILIM voltage is calculated as: Vv = 20 x IDPM x Rpc, in which IDPM is the target regulation current.
The lower of ILIM voltage and DAC limit voltage sets input current regulation limit. Host can ignore the IDPM setting
from ILIM pin by setting 0x38[7]=0.

22

GND

IC ground. On PCB layout, connect to analog ground plane, and only connect to power ground plane through the
power pad underneath IC.

23

LODRV

Low side power MOSFET driver output. Connect to low side n-channel MOSFET gate.

24

REGN

5.4V linear regulator output supplied from VCC. The LDO is active when ACDET above 0.6V, VCC above UVLO.
Connect a 1pF ceramic capacitor from REGN to power ground.

Copyright © 2014-2016, Texas Instruments Incorporated
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Pin Functions (continued)

PIN | NAME DESCRIPTION
o5 | BTST High side power MOSFET driver power supply. Connect a 0.047-uF capacitor from BTST to PHASE. The bootstrap
diode between REGN and BTST is integrated.
26 | HIDRV High side power MOSFET driver output. Connect to the high side n-channel MOSFET gate.
27 |PHASE High side power MOSFET driver source. Connect to the source of the high side n-channel MOSFET.
Input supply from adapter or battery. Place Schottky diode-OR from adapter/battery. After the Schottky diode, place
28 |VvCC . ) ) A
10-Q resistor and 1-pF capacitor to ground as low pass filter to limit inrush current.
Exposed pad beneath the IC. Analog ground and power ground star-connected only at the thermal pad plane.
Thermal Pad | Always solder thermal pad to the board, and have vias on the thermal pad plane connecting to analog ground and
power ground planes. It also serves as a thermal pad to dissipate the heat.

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) ®@

MIN MAX UNIT
SRN, SRP, ACN, ACP, CMSRC, VCC, BAT, BATDRV -0.3 30 \%
PHASE -2.0 30 \%
BTST, HIDRV, ACDRV -0.3 36 \Y
LODRYV (2% duty cycle) -4.0 7 \%
Voltage range HIDRV (2% duty cycle) 4.0 36 \Y
PHASE (2% duty cycle) -4.0 30 \%
ACDET, SDA, SCL, LODRV, REGN, IADP, IBAT, PMON, BATPRES, 03 - v
ACOK, CELL, CMPIN, CMPOUT, ILIM
PROCHOT -0.3 5.5 \Y
. . BTST-PHASE, HIDRV-PHASE -0.3 7 \%
Differential voltage
SRP-SRN, ACP-ACN -0.5 0.5 \%
Junction temperature range, T, -40 155 °C
Storage temperature range, Ty -55 155 °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.

(2) All voltages are with respect to GND if not specified. Currents are positive into, negative out of the specified terminal. Consult Packaging
Section of the data book for thermal limitations and considerations of packages.

7.2 ESD Ratings

V(EsD)

Electrostatic
discharge

MIN MAX | UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® 0 2 kv
Charged device model (CDM), per JEDEC specification JESD22-C101,

all pirg]s@) ( P P 0 500 Y,

(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.

Copyright © 2014-2016, Texas Instruments Incorporated 5
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7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
ACN, ACP, CMSRC, VCC 0 24 \Y,
BATDRYV, BAT, SRN, SRP 0 19.2 \Y
PHASE -2 24 \Y
Voltage range BTST, HIDRV, ACDRV 0 30 \Y
ACDET, SDA, SCL, LODRYV, REGN, IADP, IBAT, PMON, BATPRES, ACOK, 0 6.5 v
CELL, CMPIN, CMPOUT, ILIM
PROCHOT -0.3 5.3 \Y
. . BTST-PHASE, HIDRV-PHASE 0 6.5 \%
Differential voltage
SRP-SRN, ACP-ACN -0.35 0.35 \Y
Junction temperature range, T, -20 125 °C
Operating free-air temperature range, Ta -40 85 °C
7.4 Thermal Information
bq2477x
THERMAL METRIC® RUY (WQFN) UNIT
28 PINS
Rosa Junction-to-ambient thermal resistance 33.3 °CIW
Roic(top) Junction-to-case (top) thermal resistance 29.7 °CIW
Ross Junction-to-board thermal resistance 6.5 °CIW
AL Junction-to-top characterization parameter 0.3 °CIW
Vi Junction-to-board characterization parameter 6.5 °CIW
Reac(bot) Junction-to-case (bottom) thermal resistance 1.3 °CIW

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

7.5 Electrical Characteristics
4.5V = V(yc) < 24V, —20°C < T, < 125°C, typical values are at T, = 25°C, with respect to GND (unless otherwise noted)

PARAMETER | TEST CONDITION | MmN TYP  MAX| UNIT
OPERATING CONDITIONS
V(n_or) Input voltage operating range ‘ | 4.5 24 ‘ \%
MINIMUM SYSTEM VOLTAGE REGULATION (0x3E REGISTER)
V(sYSMIN_RNG) System voltage regulation range 1.024 19.2 \%
. 9.216 \Y
MinsystemVoltage()=0x2400H
2% 2%
Minimum system voltage regulation . _ 6.144 \
V(MINSYS_REG_ACC) accuracy MinsystemVoltage()=0x1800H % %
) 3.584 Y
MinsystemVoltage()=0xOEOOH
-3% 3%
MAXIMUM SYSTEM VOLTAGE REGULATION (0x15 REGISTER, CHARGE DISABLE)
V(sysSMAX_RNG) System voltage regulation range 1.024 19.2 \%
13.504 \%
MaxChargVoltage() = 0x34COH
—2% 2%
Maximum system voltage regulation _ 9.008 v
V(MAXSYS_REG_ACC) accuracy MaxChargVoltage() = 0x2330H 3% 2%
4.4 \Y
MaxChargVoltage() = 0x1130H
-3% 3%

6 Copyright © 2014-2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

4.5V < V(ycg) < 24V, —20°C = T, < 125°C, typical values are at T, = 25°C, with respect to GND (unless otherwise noted)

PARAMETER | TEST CONDITION | MmN TYP  MAX| UNIT
CHARGE VOLTAGE REGULATION (0x15 REGISTER, CHARGE ENABLE)
V(BAT_RGN) Battery voltage range 1.024 19.2 \%
16.8 \Y
ChargeVoltage() = 0x41A0H
—0.5% 0.5%
12.592 \%
ChargeVoltage() = 0x3130H
v Battery voltage regulation accuranc (0°C - —0.5% 0.5%
(BAT_REG_ACC) 85°C) 8.4 v
ChargeVoltage() = 0x20DOH
—0.6% 0.6%
4.208 \%
ChargeVoltage() = 0x1070H
-1% 1%
CHARGE CURRENT REGULATION
Charge current regulation differential
ViRe cHaRNG)  voltage range Viree_cre) = Visre) — Visrn) 0 8128 mv
4096 mA
ChargeCurrent() = 0x1000H
2% 2%
h _ 2048 mA
| Charg(ta current regL_JI?tior:/ accur?/cy 10Q ChargeCurrent() = 0x0800H —4% 3%
(CHRG_REG_ACC) current sensing resistor, Vgar > V(sysmin)
(0°C - 85°C) _ 1024 mA
ChargeCurrent() = 0x0400H
—-6% 5%
512 mA
ChargeCurrent() = 0x0200H
-12% 10%
Pre-charge current clamp (2s-4s) %(E)Ialé = Float or High, BAT below 0x3E(), in LDO 384 mA
licLamp) Pre-charge current clamp (1s only) CELL = LOW, BAT below BATLOWYV threshold 384 mA
CELL = LOW, BAT above BATLOWY threshold,
Fast charge current clamp (1s only) but below Ox3E() 2 A
PRECHARGE CURRENT REGULATION IN LDO MODE
384 mA
ChargeCurrent() = 0x0180H
-15% 15%
256 mA
ChargeCurrent() = 0x0100H
| Precharge current regulation accuracy, —20% 20%
(PRECHRG_REG_ACC) Vgar > V(SYSMIN) (0°C - 85°C) 192 mA
ChargeCurrent() = 0x00COH
—-25% 25%
128 mA
ChargeCurrent() = 0x0080H
-30% 30%
l(LEAK_SRP_SRN) SRP, SRN leakage current mismatch 21 21 HA
LDO MODE TO FAST CHARGE COMPARATOR
V(BAT_SYSMIN) I\‘/DO que to fast charge mode threshold, as percentage of Ox3E() 94% 96% 99%
B BaT MiSing
Fast charge mode to LDO mode threshold
V(BAT_SYSMIN_HYST) hysteresisg as percentage of Ox3E() 4%
INPUT CURRENT REGULATION
Input current regulation differential voltage
V(IREG_DPM_RNG) raﬁge 9 9 Virec_opm) = Viace) — Viacn) 0 81.28 mv
4096 mA
ChargeCurrent() = 0x1000H
-2 2%
2048 mA
ChargeCurrent() = 0x0800H
| Input t regulati = Sl
nput current regulation accurac
(DPM_REG_ACC) p g y 1024 mA
ChargeCurrent() = 0x0400H
-5 5%
512 mA
ChargeCurrent() = 0x0200H
-10 10%
Copyright © 2014-2016, Texas Instruments Incorporated 7
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Electrical Characteristics (continued)

4.5V < V(ycg) < 24V, —20°C = T, < 125°C, typical values are at T, = 25°C, with respect to GND (unless otherwise noted)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
I(LEAK_ACP_ ACN) ACP, ACN leakage current mismatch —11 20 uA
INPUT CURRENT SENSE AMPLIFIER
V(acpiN_op) Input common mode range Voltage on ACP/ACN 4.5 24 \%
V(iaDP_cLAMP) IADP output clamp voltage 3.1 3.2 3.3 \%
l4aDP) IADP output current 1 mA
. V(appyV(acp-acn), ChargeOption0[4]=0, (770/773) 40
AgaDP) Input current sense gain - VIV
ViaoryV(acp-acn), ChargeOption0[4]=1, (770/773) 80
Viacp-acn) = 40.96 mV —2% 2%
V(app_Acc) Input current monitor accuracy Viar.acy = 2048 MY 3% 4%
- Viacp-acn) = 10.24 mV 6% %
Viacp-ac) = 5.12 mV —-10% 18%
C1aDP_MAX) Maximum output load capacitance 100 pF
CHARGE CURRENT AND DISCHARGE CURRENT SENSE AMPLIFIER
V(srpIN_OP) Battery common mode range Voltage on SRP/SRN 2.8 18 \%
V(BAT cLAMP) IBAT output clamp voltage 3.1 3.2 3.3 \
lggaT) IBAT output current 1 mA
Agoat ocre) Discharge current sensing gain on IBAT Vosan/V(sr-srp); ChargeOpt?ono[S]:O 8 VIV
pin VeanyV(srn-srp), ChargeOption0[3]=1 16
V(srn-srp) = 40.96 mV —2% 2%
AT DCHGACE) gzﬁglrge current monitor accuracy on V(srN-SRP) i 20.48 mv —3% 3%
V(srn-srp) = 10.24 mV 5% 5%
V(srn-srp) = 5.12 mV -10% 10%
A(BAT_CHG) Charge current sensing gain on IBAT pin Vsaty/V(srn-srP) 20 VIV
V(srn-srp) = 40.96 mV —2% 2%
l4BAT CHGACC) C_hargoe c_urreont monitor accuracy on IBAT | V(srn-srp) = 20.48 mV —3% 4%
pin (0°C - 85°C) V(skn-srp) = 10.24 mV -5% 7%
V(srn-srp) = 5.12 mV -10% 15%
CBaT MAX) Maximum output load capacitance 100 pF
SYSTEM POWER SENSE AMPLIFIER
V(acPiN_op) Input common mode range Voltage on ACP/ACN 4.5 24 \%
V(srpIN_OP) Battery common mode range Voltage on SRP/SRN 2.8 18 \%
V(pmon) Power buffer output voltage 3.3 \%
V(pPMON_cLAMP) Power buffer clamp voltage 3 3.2 3.3 \
Iipmony) Power buffer output current 105 HA
System power sense gain, ChargeOption1[9]=0 0.25 LAV
APmonN) xgzgry)/(v(/«cp-/&cw) X Viacn) * V(srn-srp) X ChargeOption1[9]=1 1 LAV
Viewon Ao PMON output accuracy Input 19.5 V, 65W, 1 pA/W —5% 5%
- Battery 11 V, 44W, 1 yA/W —6% 6%
REGN REGULATOR
V(REGN_REG) REGN Regulator voltage (0 mA - 40 mA) Vveey > 10V, Viacper) > 0.6 V (0 - 50 mA load) 5.5 \%
V(oropout) REGN Voltage in drop out mode Vvee) =5V, loap) = 20 mA 4.4 4.6 4.7 \%
REGN Current Limit when converter is Vreon) = 4V, Viacp) > Vuvioy, 0.6 V < ACDET < 6.5 mA
con i disabled or in T(S-HLfT) (no charging) - 24V
eRnEeflznll\(‘edc E’Jﬂi?;ﬁgn winen converter s Vireen) = 4V, Viacp) > Viuvio) 50 65 mA
Creon) g;(silﬁltfutput Capacitor Required for lLoan = 100 HA to 50 mA 1 uF
QUIESCENT CURRENT
Standby mode. System powered by
|BAT_BATFET_OFF) Ibatter{. |BATF+E ;I' off J(rolo c- 85°+C|)' + xBAT - <1\6/'8 v ACDET < 0.6 V 20 27 UA
srN) * lisrny + lisrey* lpHASE) * lBTST) (vee) < VuvLoy .
liace) + liacny * Isat + liemsre) * livee)
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Electrical Characteristics (continued)

4.5V < V(ycg) < 24V, —20°C = T, < 125°C, typical values are at T, = 25°C, with respect to GND (unless otherwise noted)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
Vgar = 16.8V
Vivee) > Vuvioy ACDET < 0.6 V, 0x12[15]=1, 22 30 HA
low power mode enabled
Vgar = 16.8V
Standby mode. System powered by BAT _
battery. BATFET on (0°C - 85°C). Vivee) > Viuvioy, ACDET < 0.6 V, 0x12[15]=0, 114 150| pA
lBAT_BATFET ON) L + lremo + | +1 e + | OX3BI2I=0,
(SRN) T Iisrp) T l(pHASE) T I(BTST) T l(ACP) lgar Enabled, REGN = 0
liacny * IBaT * liemsre) * lvee)
Vgar = 16.8 V
Y >V, , ACDET < 0.6 V, 0x12[15]=0,
(VCC) ~V(UVLO)
0x3B[2]=0, 00 TTs) WA
Igat €nabled, REGN = 5.5V
Adapter standby quiescent current, ACN = ACP =CMSRC =VCC =20V,
I(sTanDBY) lveey + liace) *+ liacn) * Iiemsre) + Iisre) + Vgar = 12.6V, V(acper) > 2.4V, 650 815 HA
Iisrn) * PHASE) * l@TST) CELL pul up, T; = 0°C - 85°C
Iistanpay) Plus supply current in PFM,
200mW output; 15 2 mA
| Adapter current, Reg0x12[10]=0;MOSFET Qg=4 nF;
(AC_SWLIGHT) lveey * liace) * liacn) * licmsre) + Iisrp) + )
sk *+ lprase) *+ leTsn) IisTanpay) Plus supply current in PFM,
200mW output, 3 5 mA
Reg0x12[10]=1; limit 40kHz, MOSFET Qg=4 nF;
V, <V, <V, , Vear = 16.8 V,
Adapter current, (uLvo) < Vvce) < Viacovp) VBAT
liac_sw; I +1 +1 +1 lsrpy + Viacoen 2.4 V, _ 8 mA
(AC_SW) I(VCC) N I(ACP) ﬁrAlc"‘) (CMSRC) + {(SRP) charge enabled, 800k Hz switching,
(SRN) (PHASE) (BTST) MOSFET Qg:4 nE
ACOK COMPARATOR
V(ACOK_RISE) ACOK rising threshold Vvee) > V(uvLo), ACDET rising 2.37 2.4 2.43 \%
V(acoK_FALL) ACOK falling threshold Vivee) > Vuvio) 2.32 2.35 2.38 \%
V(ACOK_RISE_DEG) ACOK rising deglitch to turn on ACFET Vivee) > Vuvio) 2 ms
V(ACOK_FALL_DEG) ACOK falling deglitch to turn off ACFET Vvee) > Viuvio) 2 us
V(WAKEUP_RISE) WAKEUP detect rising threshold ACDET rising 0.56 0.8 \
V(WAKEUP_FALL) WAKEUP detect falling threshold 0.3 0.5 \%
UNDER VOLTAGE LOCKOUT COMPARATOR (UVLO)
V(uvLoz) V¢ undervoltage rising threshold V¢ rising 25 2.7 2.9 \%
V(uvLo) V¢ undervoltage falling threshold V¢ falling 2.3 25 2.7 \%
SLEEP COMPARATOR (VCC_BAT)
V(vce- VCC-BAT falling threshold -25 55 135 mV
(VCCBATFALD — g Input connected to VCC via schottky diode
V(vcc-BAT_RISE) VCC-BAT rising threshold 174 275 370 mV
tycc BAT RDEG Vcc to BAT rising deglitch Vcc rising above SRN deglitch to turn on ACDRV 4 ms
tycc_SrRN_FDEG V¢ to BATfalling deglitch V¢ falls below SRN deglitch to turn off ACDRV 100 us
INPUT OVERVOLTAGE COMPARATOR (ACOVP)
V(acov_Risg) V¢ overvoltage rising threshold V¢ rising 24 26 28 \%
V(acov_FALL) Vcc overvoltage falling threshold Vcc falling 22 24.5 27.5 \%
V(acov_RISE_DEG) Vcc overvoltage rising deglitch Vcc rising to turn off ACDRV 100 us
V(ACOV_FALL_DEG) Vcc overvoltage falling deglitch Vcc falling falling to turn on ACDRV 3 ms
INPUT OVERCURRENT COMPARATOR (ACOC)
ACP to ACN rising threshold, Voltage across input sense resistor rising, o o o
Viacoo) respect to inputcurrent(), peak RegOx12[7]=1 270%  300%  330%
V(acoc_FLOOR) Measure between ACP and ACN Set IDPM to min 44 50 55 mV
V(acoc_CEILING) Measure between ACP and ACN Set IDPM to max 174 180 185 mV
tRELAX Falling deglitch time Relax Time, No Latchoff 300 ms
SYSTEM OVERVOLTAGE COMPARATOR (SYS_OVP)
CELL = Low 4.9 5 52 \%
System Overvoltage rising threshold to turn
V(sysovp_Risg) O%’ ACFET 9 9 CELL = Float 11.9 12 123 %
CELL = High 18.4 18.5 19 \%
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Electrical Characteristics (continued)

4.5V < V(ycg) < 24V, —20°C = T, < 125°C, typical values are at T, = 25°C, with respect to GND (unless otherwise noted)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
CELL = Low 4.6 4.7 4.9 \%
V(sysovp_FALL) System Overvoltage falling threshold CELL = Float 10.9 11.1 11.3 \
CELL = High 17.4 17.7 17.9 \%
love D|§cha}rge currept when the OVP stop On SRP and SRN 19 mA
switching was triggered
tsysovp Deglitch time to latch off ACFET 25 us
BAT OVERVOLTAGE COMPARATOR (BAT_OVP)
Viove Rise) Overvoltage rising threshold as percentage BAT rising 101% 102% 103%
- of Vigar reg)
Overvoltage falling threshold as ’ o o o
Viovp_FaLL) percentage of Vigar. re BAT falling 100%  101%  102%
lovp Discharge current during OVP On SRP and SRN 19 mA
t Overvoltage rising deglitch to turn off 20 ms
OVP_RISE BATDRV to disable charge
CONVERTER CYCLE-BY-CYCLE COMPARATOR (ILIM_HI)
o RegOx12 [6]=1 249 290 333 mv
V(oce_imit) Converter over current limit (PH-GND)
- Reg0x12 [6]=0 142 170 202| mv
. Reg0x12 [6]=1 41 66 87 mVv
Vioce_imii_sYssHORT System Short or SRN < 2.5 V g [e1=
) Reg0x12 [6]=0 7 31 53 mV
CONVERTER CYCLE-BY-CYCLE UNDER-CURRENT COMPARATOR (UCP)
V(ucp_FaLL) Charge Undercurrent falling threshold ‘ PH voltage when LSFET is on -2.8 0.4 mV
BATTERY LOWYV COMPARATOR
v BATLOWV falling threshold CELL = Low 2.64 2.85 3.06 \%
alling threshol
(BATLV.FALL) 9 CELL = Float or High 571 592 612| V
v BATLOWY rising threshold CELL = Low 2.89 3.10 3.31 \Y
rising thresho
(BATLV_RHYST) 9 CELL = Float or High 596 617 637 V
LIGHT LOAD COMPARATOR (LIGHT_LOAD)
Light load falling threshold detected on
ViLFaLL ACP-ACN 0 0.5 11| mv
Light load rising threshold detected on
VLLRisE) ACP-ACN 0.7 1.4 2.1 mV
THERMAL SHUTDOWN COMPARATOR
T(sHuT) Thermal shutdown rising temperature Temperature increasing 155 °C
T(sHUT HYs) Thermal shutdown hysteresis, falling 20 °C
tsHUT RDEG Thermal shutdown rising deglitch 100 us
tSHUT FHYS Thermal shutdown falling deglitch 10 ms
VSYS PROCHOT COMPARATOR
Reg0x3C [7:6]=00 5.75 \Y
v v threshold falling threshold Reg0x3C [7:6]=01 5.9 6 6.15 \Y
reshold falling thresho
(SYS.PRO) Y9) g RegOX3C [7:6]=10 6.25 v
Reg0x3C [7:6]=11 6.5 \%
tsys pro rISE DEG  V(sys) Rising Deglitch for throttling 20 us
ICRIT PROCHOT COMPARATOR
V{CRIT PRO) :gg; rising threshold for throttling above RegOX3C [15:11]=01001 145%  150%  155%
INOM PROCHOT COMPARATOR
Vinom. PRO) :ggm rising threshold as percentage of 106%  110%  114%
IDCHG PROCHOT COMPARATOR
IDCHG threshold for throttling for IDSCHG 6144 mA
V Reg0x3D [15:10]=001100
(IDCHG_PRO) of 6 A g [ I 98% 104%
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Electrical Characteristics (continued)

4.5V < V(ycg) < 24V, —20°C = T, < 125°C, typical values are at T, = 25°C, with respect to GND (unless otherwise noted)

PARAMETER | TEST CONDITION | MmN TYP  MAX| UNIT
INDEPENDENT COMPARATOR
Reg0x3B [7]=1, CMPIN rising 1.17 1.2 1.23 \Y
V(INDEP_cmP) Independent comparator threshold —
Reg0x3B [7]=0, CMPIN rising 2.27 2.3 2.33 \%
V(INDEP_CMP_HYS) Independent comparator hysteresis Reg0x3B [6]=0, CMPIN falling 100 mV
PWM OSCILLATOR
Reg0x12 [9:8]=00 510 600 690
Fsw PWM Switching frequency Reg0x12 [9:8]=01 680 800 920 kHz
Reg0x12 [9:8]=10 850 1000 1150
Reg0x12 [9:8]=11 1020 1200 1380
BATFET GATE DRIVER (BATDRYV)
V(BATDRV_ON) Gate Drive Voltage on BATFET V(srn) - V(saToRY) When BAT = 16 V 8.5 9.5 10.5 \%
R(BATORY_ON) l\éﬁfgg\e]d by sourcing 10 pA current to 3 35 4 KO
R(BATORY OFF) I\B/IAe_eI}sDLg(\e/d by sinking 100 pA current from 15 2 25 KO
ACFET GATE DRIVER (ACDRV)
liacrem) ACDRYV charge pump current limit V(acorv) — Vicmsrey= 5 V 40 60 HA
V(acDRV_ON) Gate drive voltage on ACFET V(acorv) — ViemsroyWhen Viyeey > Vuvio) 5.5 6.2 \%
R(ACDRV_OFF) ACDRYV turn-off resistance | = 30pA 5 6.2 7.4 kQ
R(AcDRV_LOAD) Minimum load between gate and source 500 kQ
PWM HIGH SIDE DRIVER (HIDRV)
RpsHi_on) High side driver(HSD) turn-on resistance Viersn) = Veny =5V 4 Q
Rps(Hi_oFr) High side driver turn-off resistance Versn — Veny =5V 0.65 13 Q
V{eTsT REFRESH) tl?‘lt:g;sﬁ(r)?é) \;glftrssg comparator falling ?/e(aLsgét;(;/(pH) when low side refresh pulse is 35 38 41 v
PWM LOW SIDE DRIVER (LODRYV)
Rpso_on) Low side driver (LSD) turn-on resistance Verst) — Vpny = 55 V 5.5 Q
Rps(Lo_oFF) Low side driver turn-off resistance Verst) — Vpny =55V 1 1.45 Q
INTERNAL SOFT START
ler.on0 Soft start step size 64 mA
- Soft start step time 30 us
INTEGRATED BTST DIODE
Ve Forward bias voltage e =20 mA at 25°C 0.8 \%
Vg Reverse breakdown voltage Ir =2 pA at 25°C 20 \%
PWM DRIVERS TIMING
toEADTIME_RISE Driver dead time from low side to high side 20 ns
tDEADTIME_FALL Driver dead time from high side to low side 20 ns
LOGIC INPUT (SDA, SCL)
12C (bq24773) 0.4 \Y
ViN_ Lo) Input low threshold
SMBus (bgq24770) 0.8 \%
) 12C (bq24773) 1.3 \Y
VN_ Hiy Input high threshold
SMBuUSs (bg24770) 2.1 %
LOGIC OUTPUT OPEN DRAIN (ACOK, SDA,CMPOUT)
V(ouT_Lo) Output saturation voltage 5 mA drain current 0.4 \%
V(ouT_ LEAK) Leakage current (ACOK, SDA, SCL) V=7V -1 1 HA
LOGIC OUTPUT OPEN DRAIN (PROCHOT)
Viour_Lo) Output saturation voltage 50 Q pull up to 1.05 V/ 5mA load 300 mvV
Viour_ LEAK) Leakage current V=55V -1 1 HA
ANALOG INPUT (CELL)
V(CELL_HIGH) 3S/4S REGN =54V 1.9 \%
V(CELL_FLOAT) 2S REGN =54V 1.2 1.8 \%
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Electrical Characteristics (continued)

4.5V < V(ycg) < 24V, —20°C = T, < 125°C, typical values are at T, = 25°C, with respect to GND (unless otherwise noted)

PARAMETER TEST CONDITION MIN TYP  MAX| UNIT
V(CELL_Low) 1S REGN =54V 1.1 \%
RceLL_up) Internal resistor between CELL and REGN 405 kQ
R(ceLL DN) Internal resistor between CELL and GND 141 kQ
ANALOG INPUT (/BATPRES)
V(gATPRES_RISE) BATPRES pin rising threshold BATPRES rising 2.1 2.2 2.3 \%
V(BATPRES_FALL) BATPRES pin falling threshold BATPRES falling 2.05 2.1 \%
7.6 Timing Requirements
MIN  TYP MAX| UNIT
SMBus TIMING CHARACTERISTICS
tr SCLK/SDATA rise time 1 ps
1 SCLK/SDATA fall time 300 ns
tw(H) SCLK pulse width high 4 50 us
tw(L) SCLK Pulse Width 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
tsu(paT) Data setup time 250 us
tHoTA) Data hold time 300 ps
tsu(sTop) Setup time for STOP condition 4 us
t@ur) Bus free time between START and STOP condition 4.7 us
Fscy) Clock Frequency 10 100| KHz
HOST COMMUNICATION FAILURE
timeout SMBus bus release timeout® 25 35| ms
teooT Deglitch for watchdog reset signal 10 ms
Watchdog timeout period, ChargeOption() bit [14:13] = 01? 3 44 53 s
twol Watchdog timeout period, ChargeOption() bit [14:13] = 10 70 88 105 s
Watchdog timeout period, ChargeOption() bit [14:13] = 11@ (default) 140 175 210 s

(1) Devices participating in a transfer will timeout when any clock low exceeds the 25ms minimum timeout period. Devices that have
detected a timeout condition must reset the communication no later than the 35 ms maximum timeout period. Both a master and a slave
must adhere to the maximum value specified as it incorporates the cumulative stretch limit for both a master (10 ms) and a slave (25

ms).

(2) User can adjust threshold via SMBus ChargeOption() REGOx12.

12
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7.7 Typical Characteristics

100 100
99 — V|n =12V, Vgys = 4.4V — Vsys = 4.4V
— V|N = 12V, VSYS =9.0V 98 — VSYS =9.0V
98 VN =5V, Vgys = 4.4V Vsys = 13.5V
97 —— 96
—~ —~~ \
& wl—; T S /| N
z 7 z v
c 95 c
'% % 92 f———
=2 94 — = 7
93 90 [~
92 /
o1 / 88
90 86
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
System Load Current (A) System Load Current (A)
V|N = 12V/5V V|N =19V
Figure 1. Heavy Load Efficiency Figure 2. Heavy Load Efficiency
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55 — V)y = 12V, Vgys = 9.0V 55 —— Vgys = 9.0v
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Figure 3. Light Load Efficiency Figure 4. Light Load Efficiency
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8 Detailed Description

8.1 Overview

The bg2477x is a 1-4 cell battery charge controller with power selection for space-constrained, multi-chemistry
portable applications such as notebook and detachable ultrabook. It supports wide input range of input sources
from 4.5V to 24V, and 1-4 cell battery for a versatile solution.

The bg2477x supports automatic system power source selection with separate drivers for n-channel MOSFETSs
on the adapter side, and p-channel MOSFETSs on the battery side.

The bg2477x features Dynamic Power Management (DPM) to limit the input power and avoid AC adapter
overloading. During battery charging, as the system power increases, the charging current will reduce to maintain
total input current below adapter rating. If system power demand is temporarily exceeds adapter rating, the
bg2477x supports NVDC architecture to allow battery discharge energy to supplement system power. For details,
refer to the System Voltage Regulation with Narrow VDC Architecture section.

The bg2477x closely monitors system power (PMON), input current (IADP) and battery current (IBAT) with highly
accurate current sense amplifiers. If current is too high, adapter or battery is removed, a PROCHOT signal is
asserted to CPU so that the CPU optimizes its performance to the power available to the system.

The SMBus/I2C controls input current, charge current and charge voltage registers with high resolution, high
accuracy regulation limits. It also sets the PROCHOT timing and threshold profile to meet system requirements.

14 Copyright © 2014-2016, Texas Instruments Incorporated
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8.2 Functional Block Diagram

32v
veekd ACDRV I g:A%?E
—t ACDRV_CMSRC
cmsrevsov | A = PuMP
ACDET |6
C 5 | oy ACGOOD 4| ACDRV
ACOK_DRV 13]CMSRC
svsove |
EE—— TOR
28V acoc | Loaic SRN
ACGOOD EN CHRG P
VCC_SRN e 18] BATDRV
EN_PRECHRG
—_ SRN-10V
EN_FASTCHRG
ACOK[5 EN_SUPPLEMENT
VREF_IAC
ACP |2
40X+ WD_TIMEOUT WATCHDOG | EN_CHRG
A 2 S Rl ey
IADP [7} <,‘
e TYPE Il
COMPENSATION
IBAT [} <|, CHARGE_INHIBIT
HIXor X oo EAI EAO DAC_VALID
PMON [@ :BAA[?FP _ENLEARN | EN_PRECHRG
IDCHG EN_FASTCHRG
SRP :16><** EN_AUDIOFREQ EN_SUPPLEMENT
SRN [19} VREF_ICHG
BATOVP orCD > RAMP 5| BTST
SYSOVP SRP Frequency** Ti
1 1 =0 _+_ﬂ' TSHUT
BAT[l}———— VREF_SYSMIN | _155C | - 6] HIDRV
3 GND_PHASE > e 27l PHASE
J VREF_VREG 3M_I
: > D A
GND
WAKEUP%I\ 10uA T LIV Low
= PHASE _.ﬂ-
SMBUS SNRECN | RECN R4 REGN
(bq24770) DAC_VALID 0.5mV AN UGHT_LoAD|  PWM
12C — ACP_ACN
(6q24773) CHARGE_INHIBIT 1=
SDA 12— EN_LEARN ACP_ACN
ChargeOption0() T OAeeC
- VR 3XVREF_IAC™ o
ChargeOption1() %":EGG HVREFIACY | 23 LODRV
ChargeOption2() |YREFICHG 28
SCLi—— ProchotOption0() | VREF_iac +_”- REFRESH
lgﬁchotgptionl(()) VREF_SYSMIN BTSTPH | -
argeCurrent() —— ? 3 15| /BATPRES
VFB =
ILIMR——— ChargeVoltage() | EN-WAKEUP —F BATOVP CELL HIGH
InputCurrent() | En_ppm 1049vrer vree | I [CELL_FLOAT
MinsysVoltage() CELL_LOW
EN_AUDIOFREQ 28V P
Manufa_lctureID() — " BATLOWV
DevicelD() SRN __ﬂ'
CELL_HIGH vee IADPT
TRI-STAT [ CELL_FLOAT + \WCC_SRN
@'— = = PROC
CELLE BUFFER [ CELL Low srnzzsmy | [ BeHS | o7 —HRd/PROCHOT
IRm.'_ SRP - VSYS | detect
> + SYSOVP ACOK
CMPIN [13 — vsysovp | Sl
CMPOUT [14 bq24770/773
* Power from VCC
P . !
** Threshold is adjustable through SMBus/I12C
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8.3 Feature Description

8.3.1 Battery Only

Battery is connected to VCC via diode. When VCC voltage is above UVLO, bq2477x powers up to turn on
BATFET and starts SMBus/I2C communication. By default, bq2477x stays in low power mode (0x12[15] = 1) with
lowest quiescent current.

When 0x12[15] is set to O, the device enters performance mode. The user can enable IBAT buffer through
SMBus/I2C. In order to enable PMON, PROCHOT or independent comparator, the bq2477x enables REGN LDO
for accurate reference.

8.3.2 Adapter Detect and ACOK Output

An external resistor divider attenuates the adapter voltage before it goes to ACDET. The adapter detect
threshold should typically be programmed to a value greater than the maximum battery voltage, but lower than
the maximum allowed adapter voltage. When ACDET is above 0.6V, REGN LDO and bias circuits are enabled.

The open drain ACOK output can be pulled to external rail under the following conditions:

* Vuvio) < Vivee) < Viacove)
* Viacpen >24V

* Vwee) — Visrn > Vvee srN RISE)

8.3.2.1 Adapter Overvoltage (ACOVP)

When the VCC pin voltage is higher than 26 V, it is considered adapter over voltage. ACOK is pulled low, and
charge is disabled. ACFET/RBFET are turned off to disconnect the high voltage adapter to system during
ACOVP. BATFET is turned on if turn-on conditions are valid. When VCC voltage falls below 22 V, it is
considered as adapter voltage returns back to normal voltage. ACOK is pulled high by an external pullup resistor.
BATFET is turned off and ACFET and RBFET is turned on to power the system from the adapter.

8.3.3 System Power Selection
The bg2477x device automatically switches adapter or battery power to system.

The ACDRYV drives a pair of common-source (CMSRC) N-channel power MOSFETs (ACFET and RBFET)
between adapter and ACP (see Figure 21 for details). The ACFET separates adapter from system and battery,
and provides a limited di/dt when plugging in adapter by controlling the ACFET turn-on time. The RBFET
provides negative input voltage protection and battery discharge protection when adapter is shorted to ground,
and minimizes system power dissipation with its low Rpg(o, compared to a Schottky diode.

When the adapter is not present, ACDRYV is pulled to CMSRC to keep ACFET and RBFET off, disconnecting the
adapter from the system. BATDRYV stays as low as VSRN — 10 V to connect battery to system if all of the
following conditions are valid:

* Vwee) > Vo)

i V(SRN) - V(SRP) > 2.56 mV

After the adapter plugs in, the system power source switches from battery to adapter if ACOK is HIGH. The gate

drive voltage on ACFET and RBFET is V(cysrc) + 6 V. If ACDRV-CMSRC voltage drops at least 100 mV from its
normal voltage, the converter stops.

To limit the adapter inrush current during ACFET turn-on, the Cgs and Cgd external capacitor of ACFET must be
carefully selected following the guidelines below:

* Minimize total capacitance on system

» Cgs should be 40x or higher than Cgd to avoid ACFET false turn on during adapter hot plug-in

* Check with MOSFET vendor on peak current rating

* Place 4 kQ resistor in series with ACDRYV and CMSRC pins to limit MOSFET turn on/off time.
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Feature Description (continued)

8.3.4 System Power Up

After the ACFET is turned on, the converter is enabled and the HSFET and LSFET start switching. Every time
the buck converter is started, the IC automatically applies soft-start (no soft-start when exit LEARN) on buck
output current to avoid any overshoot or stress on the output capacitors or the power converter. No external
components are needed for this function.

When power up, the converter output voltage is a default value set by CELL pin configuration.

Table 1. Cell Pin Configuration

CELL PIN DEFAULT BATTERY DEFAULT DEFAULT SYSOVP
CONFIGURATION MaxChargevoltage() MinSystemVoltage() THRESHOLD
Low 1s 4400mV 3568mV 5V
Float 2s 9008mV 6144mV IVAY,
. 18.5 V when
High 3s/4s 13504mV 9008mV MaxChargeVoltage() < 15 V

8.3.4.1 Dynamic Power Management (IDPM) and Supplement Mode

When the input current exceeds the input current setting, the bq2477x decreases the charge current to provide
priority to system load. As the system current rises, the available charge current drops accordingly toward zero. If
the system load keeps increasing after charge current drops down to zero, the system voltage starts to drop. As
the system voltage drops below battery voltage, the device enters supplement mode, the battery starts
discharge, and the total system power equals to input supply power and battery discharge power.

8.3.4.2 Minimum System Voltage Regulation and LDO Mode

The BATDRYV drives a p-channel BATFET between converter output and battery to provide a charge and
discharge path for battery. The system is always above the MinSystemVoltage() even with depleted battery or
without battery.

When battery voltage is below the minimum system voltage setting, this BATFET works in linear mode (LDO
mode) during battery charging. The precharge current is set by ChargeCurrent() and clamped below 384mA. If
battery voltage reaches the minimum system voltage, BATFET fully turns on.

The minimum BATDRYV voltage is 1.1 V. For 1s application, the BATFET has to fully turn on when the gate
voltage is 1.1 V or higher. Otherwise, BATFET may not operate properly.

8.3.5 Current and Power Monitor

8.3.5.1 High Accuracy Current Sense Amplifier (IADP and IBAT)

As an industry standard, a high-accuracy current sense amplifier (CSA) is used to monitor the input current
(IADP) and the charge/discharge current (IBAT). IADP voltage is 40X or 80X the differential voltage across ACP
and ACN. IBAT voltage is 20X (during charging), or 8X/16X (during discharging) of the differential across SRP
and SRN. After VCC is above V. 0y and ACDET is above 0.6 V, IADP output becomes valid. To lower the
voltage on current monitoring, a resistor divider from CSA output to GND can be used and accuracy over
temperature can still be achieved.

A maximum 100-pF capacitor is recommended to connect on the output for decoupling high-frequency noise. An
additional RC filter is optional, if additional filtering is desired. Note that adding filtering also adds additional
response delay. The CSA output voltage is clamped at 3.3 V.

8.3.5.2 High Accuracey Power Sense Amplifier (PMON)

The bg2477x device monitors total available power from adapter and battery together. The ratio of PMON current
and total power Kpyony can be programmed in ChargeOption1() bit[8] with default 1uA/W. The bq2477x device
allows input sense resistor 2x of charge sense resistor by setting ChargeOption1() bit[12] to 1.

I'= Kiemon)(Vin % Iin + Vear X lgat ) (Isar > O during battery discharging, lgar < 0 during battery charging) ) (2)
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A maximum PMON output current is 100pA. The user picks output resistor based on peak system power rating.
The PMON output voltage is clamped below 3.3V.

8.3.6 Processor Hot Indication for CPU Throttling

When CPU is running turbo mode, the peak power may exceed total available power from adapter and battery.
The adapter current and battery discharge overshoot, or system voltage drop indicates the system power may be
too high. When the adapter or battery is removed, the remaining power source may not support the peak power
in turbo mode. The processor hot function in bg2477x monitors these events, and PROCHOT pulse is asserted.

The PROCHOT triggering events include:

» ICRIT: adapter peak current

» INOM: adapter average current (110% of input current limit)

» IDCHG: battery discharge current

* VSYS: system voltage on SRN for 2s - 4s battery

* ACOK: upon adapter removal (ACOK pin HIGH to LOW)

* BATPRES: upon battery removal (BATPRES pin LOW to HIGH)
CMPOUT: Independent comparator output (CMPOUT pin HIGH to LOW)

The threshold of ICRIT, IDCHG or VSYS, and the deglitch time of ICRIT, INOM, IDCHG or CMPOUT are
programmable through SMBus. Each triggering event can be individually enabled in REGOx3D[6:0].

|
| ICRIT! !
I _f_ - I
' IADP l i
|
0 ¢ ‘ |
I ! Adjustable|
I I Deglitch !
| |
p— |
: > e+ !
} INOM | v/ i
| IDCHG P i
O— | |
1 |
|
‘ : 3
(. +
\ | _Z]' 1
I Ref DCHG 1 B } 10 ms
: ! ! Debounce
: Ref }: —--==-=====_
| ]
| VSRP i
0 M ;
| .
| % L7 ___Deglitch | _|_
|
b e m T — = BATPRES - [J{}[]-ACOK - - = - — = - — — — — — - !
(one shot on rising edge) (one shot on falling edge)

CMPOUT
Figure 5. PROCHOT Profile

When any event in PROCHOT profile is triggered, PROCHOT is asserted low for minimum 10 ms (default
0x3C[4:3]). At the end of the 10 ms, if the PROCHOT event is still active, the pulse gets extended.

8.3.7 Converter Operation

The bg2477x typically use 2.2/3.3 pH inductor and 60 pF output capacitance to achieve all loops stable. This
capacitance could be from system bus decoupling cap. But in order to achieve good output transient response,
like mini output drop or min output spike, then it is better to have more output capacitance from the system bus,
which could be the total input capacitance from the input of the down-stream DC-DC converters for CPU core,
DDR and chip-set.
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Ceramic capacitors show a DC-bias effect. This effect reduces the effective capacitance when a DC-bias voltage
is applied across a ceramic capacitor, as on the output capacitor of a charger. The effect may lead to a
significant capacitance drop, especially for high output voltages and small capacitor packages. See the
manufacturer's data sheet about the performance with a DC bias voltage applied. It may be necessary to choose
a higher voltage rating or nominal capacitance value to get the required value at the operating point.

8.3.7.1 Continuous Conduction Mode (CCM)

With sufficient charge current, the inductor current does not cross 0, which is defined as CCM. The controller
starts a new cycle with ramp coming up from 200 mV. As long as EAO voltage is above the ramp voltage, the
high-side MOSFET (HSFET) stays on. When the ramp voltage exceeds EAO voltage, HSFET turns off and
lowside MOSFET (LSFET) turns on. At the end of the cycle, ramp gets reset and LSFET turns off, ready for the
next cycle. There is always break-before-make logic during transition to prevent cross-conduction and shoot-
through. During the dead time when both MOSFETs are off, the body-diode of the low-side power MOSFET
conducts the inductor current.

During CCM, the inductor current always flows and creates a fixed two-pole system. Having the LSFET turn-on
keeps the power dissipation low and allows safe charging at high currents.

8.3.7.2 Discontinuous Conduction Mode (DCM)

During the HSFET off time when LSFET is on, the inductor current decreases. If the current goes to 0, the
converter enters DCM. Every cycle, when the voltage across SRP and SRN falls below 0 mV, the undercurrent-
protection comparator (UCP) turns off LSFET to avoid negative inductor current, which may boost the system
through the body diode of HSFET.

During DCM the loop response automatically changes. It changes to a single-pole system and the pole is
proportional to the load current.

8.3.7.3 PFM Mode

In order to improve converter light-load efficiency, the bq2477x switches to PFM control at light load with charge
disable or charge in LDO mode. The effective switching frequency will decrease accordingly when system load
decreases. The minimum frequency can be limit to 40kHz (ChargeOption0() bit[10]=1). To have higher light load
efficiency, set "Audio Frequency Limit" bit low (Chargeoption0() bit[10]=0).

8.3.7.4 Switching Frequency Adjust

The charger switching frequency can be adjusted to solve EMI issue via SMBus/I2C command. ChargeOption0()
bit [9:8] can be used to set switching frequency. If frequency is reduced, the current ripple is increased. Inductor
value must be carefully selected so that it will not trigger cycle-by-cycle peak over current protection even for the
worst condition such as higher input voltage, 50% duty cycle, lower inductance and lower switching frequency.

8.3.8 Learn Mode

LEARN mode is set up to calibrate gauge in the pack. When LEARN is enabled, the system first discharge the
battery below depletion threshold, and complete another charging cycle for gauge calibration. During the
discharging, BATFET turns on and converter stops.

A battery LEARN cycle can be activated via SMBus/I2C "LEARN Enable" command (ChargeOption0() bit[5]=1
enable Learn Mode). When LEARN is enabled with an adapter connected, the system power switch to battery by
turning off converter and keep ACFET/BATFET on. Learn mode allows the battery to discharge in order to
calibrate the battery gas gauge over a complete discharge/charge cycle. When LEARN is disabled, the system
power switch to adapter by turning on converter in a few hundreds ps.

bg2477x also supports hardware pin to exist LEARN mode by driving BATPRES to HIGH. When BATPRES pin
is pulled to HIGH, bg2477x resets "LEARN Enable" (ChargeOptionO() bit[5]) and IDPM_EN (ChargeOption()
bit[1]), and reset MaxChargeVoltage() and ChargeCurrent().
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8.3.9 Charger Timeout

The bg2477x includes a watchdog timer to terminate charging if the charger does not receive a write
MaxChargeVoltage() or write ChargeCurrent() command within 175s (adjustable via ChargeOption() command).
If a watchdog timeout occurs all register values keep unchanged but charge is suspended. Write
ChargeVoltage() or write ChargeCurrent() commands must be re-sent to reset watchdog timer and resume
charging. The watchdog timer can be disabled, or set to 44s, 88s or 175s via SMBus command (ChargeOption()
bit[14:13]). If watchdog is in timeout, disabling watchdog timer by writing ChargeOption() bit[14:13] also resumes
charging.

8.3.10 Device Protection Features

8.3.10.1 Input Overcurrent Protection (ACOC)

If the input current exceeds the 3X of input current DAC set point, the converter is disabled. After 300ms, the
converter is turned on again.

The ACOC function threshold can be set to 3X of input DPM current (ChargeOption0 bit [7]=1) or function disable
(ChargeOption0) bit [7]=0, default) via SMBus command The bq2477x has a cycle-to-cycle peak overcurrent
protection. It monitors the voltage across Rysny Of the LSFET or the input current sense resistor, and prevents
the converter from over current condition. The high-side gate drive turns off when the overcurrent is detected,
and resumes automatically when the overcurrent condition is gone.

8.3.10.2 Converter Overcurrent Protection

When LODRYV pulse is longer than 100ns, the LSFET OCP is active and the threshold is automatically set to
290mV (ChargeOption0() bit [6]=1, default) or 170mV (ChargeOption0() bit [6]=0) via SMBus/I2C command. The
blanking time prevents noise when MOSFET just turn on.

When LODRYV pulse is shorter than 100ns, bg2477x sets OCP limit proportional to PROCHOT ICRIT setting
(ProchotOption0() bit[8]). The IDPM function is disabled (0x12[1]=0). Set InputCurrent() to a right value even
IDPM is disabled.

8.3.10.3 Battery Overvoltage Protection (BATOVP)

The bg2477x immediately stops the converter when the voltage at BAT exceeds 104% (1s) or 102% (2s — 4s) of
the regulation voltage set-point. This allows quick response to an overvoltage condition — such as occurs when
the load is removed or the battery is disconnected. A 19 mA current sink from SRP/SRN to GND is on only
during BATOVP and allows discharging the stored output inductor energy that is transferred to the output
capacitors.

8.3.10.4 System Overvoltage Protection (SYSOVP)

When the converter starts up, the bgq24770 reads CELL pin configuration and sets MaxChargeVoltage() and
SYSOVP threshold (1s -5V, 2s — 12 V, 3s — 18.5 V). Before MaxChargeVoltage() is written by host, the battery
configuration will change with CELL pin voltage.

When SYSOVP happens, the device latchs off ACFET/RBFET. Register ChargeOption0() bit[12] is set as 1.

The user can clear the latch off by either write of O to register bit or removal and plugin adapter again (ACDET
below 0.6V and back up again). After the latch-off is cleared, ACFET/RBFET turn on and converter starts.
8.3.10.5 Thermal Shutdown Protection (TSHUT)

The WQFN package has low thermal impedance, which provides good thermal conduction from the silicon to the
ambient, to keep junction temperatures low. As an added level of protection, the charger converter turns off for
self-protection whenever the junction temperature exceeds the 155°C. The charger stays off until the junction
temperature falls below 135°C. During thermal shutdown, the REGN LDO current limit is reduced to 14 mA.

Once the temperature falls below 135°C, charge can be resumed with soft start.
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8.4 Device Functional Modes

8.4.1 Battery Charging

The bg2477x charges 1-4 cell battery in constant current (CC), and constant voltage (CV) mode. The host
programs battery voltage to ChargeVoltage() (0x15()). According to battery voltage, the host programs
appropriate charge current to ChargeCurrent() (0x14()). When battery is full or battery is not in good condition to
charge, host terminates charge by setting 0x12[0] to 1, or setting ChargeCurrent() to zero.

See the Feature Description section for details on charge enable conditions and register programming.

8.4.2 System Voltage Regulation with Narrow VDC Architecture

The bg2477x deploys Narrow VDC architecture (NVDC) with BATFET separating system from battery. The
minimum system voltage is set by MinSystemVoltage(). Even with a deeply depleted battery, the system is
regulated above the minimum system voltage.

When the battery is below minimum system voltage setting, the BATFET operates in linear mode (LDO mode).
As the battery voltage rises above the minimum system voltage, BATFET is fully on and the voltage difference
between the system and battery is the VDS of BATFET.

See the Feature Description section for details on system voltage regulation and register programming.
8.5 Programming

8.5.1 SMBus Interface

The bg24770 device operates as a slave, receiving control inputs from the embedded controller host through the
SMBus interface. The bq24770 device uses a simplified subset of the commands documented in System
Management Bus Specification V1.1, which can be downloaded from www.smbus.org. The bg24770 device uses
the SMBus read-word and write-word protocols (shown in Table 2 and Table 3) to communicate with the smart
battery. The bg24770 device performs only as a SMBus slave device with address 0b00010010 (0x12H) and
does not initiate communication on the bus. In addition, the bq24770 device has two identification registers, a 16-
bit device ID register (OxFFH) and a 16-bit manufacturer ID register (OXFEH).

SMBus/I2C communication starts when VCC is above V y o).

The data (SDA) and clock (SCL) pins have Schmitt-trigger inputs that can accommodate slow edges. Choose
pullup resistors (10 kQ) for SDA and SCL to achieve rise times according to the SMBus specifications.
Communication starts when the master signals a start condition, which is a high-to-low transition on SDA, while
SCL is high. When the master has finished communicating, the master issues a stop condition, which is a low-to-
high transition on SDA, while SCL is high. The bus is then free for another transmission. Figure 6 and Figure 7
show the timing diagram for signals on the SMBus interface. The address byte, command byte, and data bytes
are transmitted between the start and stop conditions. The SDA state changes only while SCL is low, except for
the start and stop conditions. Data is transmitted in 8-bit bytes and is sampled on the rising edge of SCL. Nine
clock cycles are required to transfer each byte in or out of the bq2477x device because either the master or the
slave acknowledges the receipt of the correct byte during the ninth clock cycle. The bq2477x supports the
charger commands listed in Table 2.
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Programming (continued)

8.5.1.1 SMBus Write-Word and Read-Word Protocols

Table 2. Write-Word Format

S SLAVE W ACK COMMAND ACK LOW DATA ACK HIGH DATA ACK P
D@ | ADDRESSW 1E) 4 (®) BYTE® @ ®) BYTE® @ ©®) BYTE® @6 1 ®)
7 bits 1b 1b 8 bits 1b 8 bits 1b 8 bits 1b
MSB LSB 0 0 MSB LSB 0 MSB LSB 0 MSB LSB 0
(1) Master to slave
(2) S = Start condition or repeated start condition
(3) W = Write bit (logic-low)
(4) Slave to master (shaded gray)
(5) ACK = Acknowledge (logic-low)
(6) P = Stop condition
Table 3. Read-Word Format
SW|  SLAVE W | ACK | COMMAND | ACK |S®W|  SLAVE |RW|ACK | LOW DATA | ACK | HIGH DATA |NACK | P
@ | ADDRESS® | WE) | (4)(G) BYTE® @©E) | @ | ADDRESSW | 6 | 4G | BYTE® (616 BYTE® @@ | OE)
7 bits 1b 1b 8 bits 1b 7 bits 1b | 1b 8 bits 1b 8 bits 1b
MSB LSB 0 0 MSB LSB 0 MSB LSB 1 0 MSB LSB 0 MSB LSB 1
(1) Master to slave
(2) S = Start condition or repeated start condition
(3) W = Write bit (logic-low)
(4) Slave to master (shaded gray)
(5) ACK = Acknowledge (logic-low)
(6) R = Read bit (logic-high)
(7) NACK = Not acknowledge (logic-high)
(8) P = Stop condition
8.5.1.2 Timing Diagrams
A B C D E F G H 1J K L M
trow thicH
1 1 | P tteleli Pt | I 1 I 1 1 1 I I I 1 1 I I 1 I I I
| | | I | | 1 | 1 I | I | | | 1 | I 1 | | |
| 1 | | 1 1 1 1 1 | I | 1 1 | 1 1 | 1 |
sec /1 N N U N N\ O N N N
| | | | | | 1 | 1 | | | | | | 1 | | 1 I I |
| | | | | | 1 | I I | I | | | 1 | I 1 | | |
SR AR S SN R X | YR
e A R A I A e
[ | | [ sl I I | ol I 1 | | 1 | S P
tsusta thD:sTA tsupar thppar thp:pat tsussto taur

A = Start condition

B = MSB of address clocked into slave

C = LSB of address clocked into slave

D = R/W bit clocked into slave

E = Slave pulls SMBDATA line low

F = ACKNOWLEDGE bit clocked into master
G = MSB of data clocked into slave

H = LSB of data clocked into slave

| = Slave pulls SMBDATA line low

J = Acknowledge clocked into master

K = Acknowledge clock pulse

L = Stop condition, data executed by slave
M = New start condition

Figure 6. SMBus Write Timing
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tlow thicn
1 I‘_d-_ﬂ 1 1 1 1 1 1 1 1 1 1

|
|
I I | | I 1 1 1 I | ]
I
1
I
SMBDATA A )

O e  ——— sl bl ol e sle———&!
tsu:sta thpisTa tsu:pat thp.oaT tsupat tsussto tBUF
A= START CONDITION E = SLAVE PULLS SMBDATA LINE LOW | = ACKNOWLEDGE CLOCK PULSE

A = Start condition G = MSB of data clocked into master

B = MSB of address clocked into slave H = LSB of data clocked into master

C = LSB of address clocked into slave I = Acknowledge clock pulse

D = R/W bit clocked into slave J = Stop condition

E = Slave pulls SMBDATA line low K = New start condition

F = ACKNOWLEDGE bit clocked into master

Figure 7. SMBus Read Timing

8.5.2 1°C Serial Interface

The bg24773 uses 12C compatible interface for flexible charging parameter programming and instantaneous
device status reporting. I°C is a bi-directional 2-wire serial interface. Only two bus lines are required: a serial data
line (SDA) and a serial clock line (SCL). Devices can be considered as masters or slaves when performing data
transfers. A master is the device which initiates a data transfer on the bus and generates the clock signals to
permit that transfer. At that time, any device addressed is considered a slave.

The device operates as a slave device with address D4H, receiving control inputs from the master device like
micro controller or a digital signal processor through REG00-REGOF. The I?C interface supports both standard
mode (up to 100kbits), and fast mode (up to 400kbits). connecting to the positive supply voltage via a current
source or pull-up resistor. When the bus is free, both lines are HIGH. The SDA and SCL pins are open drain.

8.5.2.1 Data Validity

The data on the SDA line must be stable during the HIGH period of the clock. The HIGH or LOW state of the
data line can only change when the clock signal on the SCL line is LOW. One clock pulse is generated for each

data bit transferred.
SDA ><

SCL \

Data line stable; | Change
Data valid of data
allowed

Figure 8. Bit Transfer on the 1°C Bus
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8.5.2.2 START and STOP Conditions

All transactions begin with a START (S) and can be terminated by a STOP (P). A HIGH to LOW transition on the
SDA line while SCI is HIGH defines a START condition. A LOW to HIGH transition on the SDA line when the
SCL is HIGH defines a STOP condition.

START and STOP conditions are always generated by the master. The bus is considered busy after the START
condition, and free after the STOP condition.

START (S) STOP (P)
Figure 9. START and STOP Conditions

8.5.2.3 Byte Format

Every byte on the SDA line must be 8 bits long. The number of bytes to be transmitted per transfer is
unrestricted. Each byte has to be followed by an Acknowledge bit. Data is transferred with the Most Significant
Bit (MSB) first. If a slave cannot receive or transmit another complete byte of data until it has performed some
other function, it can hold the clock line SCL low to force the master into a wait state (clock stretching). Data
transfer then continues when the slave is ready for another byte of data and release the clock line SCL.

Acknowledgement
signal from receiver

o I S D O Y S A B B

START or ACK ACK

Acknowledgement

STOP or
Repeated Repeated
START START

Figure 10. Data Transfer on the I°C Bus

8.5.2.4 Acknowledge (ACK) and Not Acknowledge (NACK)

The acknowledge takes place after every byte. The acknowledge bit allows the receiver to signal the transmitter
that the byte was successfully received and another byte may be sent. All clock pulses, including the
acknowledge 9th clock pulse, are generated by the master.

The transmitter releases the SDA line during the acknowledge clock pulse so the receiver can pull the SDA line
LOW and it remains stable LOW during the HIGH period of this clock pulse.

When SDA remains HIGH during the 9th clock pulse, this is the Not Acknowledge signal. The master can then
generate either a STOP to abort the transfer or a repeated START to start a new transfer.
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8.5.2.5 Slave Address and Data Direction Bit

After the START, a slave address is sent. This address is 7 bits long followed by the eighth bit as a data direction
bit (bit R/W). A zero indicates a transmission (WRITE) and a one indicates a request for data (READ).

______

START ADDRESS ACK DATA ACK DATA ACK STOP
Figure 11. Complete Data Transfer
8.5.2.6 Single Read and Write
1] 7 (v 1 | 8 I 8 N
3 Slave fddress 0 ACE Feg dddr ACE Diata to ddr ACE F
Figure 12. Single Write
1] 7 (vl 1 8 [ 1 1] 7 1] 1
‘s | Slave Address ||:|| ACE ‘ Reg 4ddr | ACK |s ‘ Slave dddress ‘ 1 | ACK |\
_———""-F)J
I

g | 1
q Data |NCK‘P‘

Figure 13. Single Read

If the register address is not defined, the charger IC send back NACK and go back to the idle state.

8.5.2.7 Multi-Read and Multi-Write
The charger device supports multi-read and multi-write.

L] 7 R g | 1

‘s | T fidlibrzss |n| ACE ‘ Reg 4ddr ‘ ACE b
fp—e——T T T & | 1

| 8 [ 11

q{ Data to Addr ‘ ACKE | Data to Addr+] | ACE ‘

........... | Datato Addrell | ACE |P‘

Figure 14. Multi Write

1] 7 1] 1 | 5 | 1 |1 7 (1] 1
‘s| Slave Address ||:|| ACE ‘ Reg 4ddr |ACK |s‘ Slave dddress ‘1|ACK |\
______o—"

—% | 1 | ] [ 1 | ] | 1 [1]

G

Data @ Addr ‘ ACE | Data @ Addr+1 | ACE ‘ ......

..... | Data @ Adde+H | HCE ‘P‘

Figure 15. Multi Read
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8.6 Register Maps

The bg2477x supports battery-charger commands that use either Write-Word or Read-Word protocols, as
summarized in Table 4. The SMBUS address is 0x12H or 0001001_X, and 12C address is D4H or 1101010_X,
where X is the read/write bit. ManufacturerID() and DevicelD() can be used to identify the bg2477x. The
ManufacturerID() command always returns 0x0040H.

Table 4. Battery Charger Command Summary

REGISTER ADDRESS REGISTER NAME R/W DESCRIPTION POR STATE
Slg/l CI'::uosle?;BIOZ: ChargeOption0() R/W Charger Option Control O OXE14EH
;%BSEH%SE ChargeOption1() R/W Charge Option Control 1 0x0211H
Slg/l C%ulslzl-?lxle(’)ig: ChargeOption2() R/W Charge Options Control 2 0x0080H
Slg"g“gégj‘gﬂ* ProchotOption0() RIW PROCHOT Option 0 0x4B54H
Slg”guj;,ﬂ’,xg’&'* ProchotOption() RIW PROCHOT Option 1 0x8120H
|82’\2;B%S|‘3|.?/)E)1:: ChargeCurrent() R/W 7-Bit Charge Current Setting 0x0000H
ISZNC'E}L(')ES/’%’HH MaxChargeVoltage() RIW 11-Bit Charge Voltage Setting | 1S-4.4V, 25-9.008V, 35/4S-13.504V
SMEES:: OOEXﬁEH MinSystemVoltage() RIW gftgn'\gi”im“m System Voltage | ;g 3 5a4v 25-6.144V, 35/45-9.216V
SMIIZES::OOFXSFH InputCurrent() R/W 7-Bit Input Current Setting 3200mA (770), 2944mA (773)
SMBus: OXFEH ManufacturerlD() Read Only | Manufacturer ID 0x0040H
SMEE:S:: (?g;(g FH DeviceAddress() Read Only | Device Address 822151(';7(;)7 0)

26
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8.6.1 ChargeOption0 Register

Figure 16. ChargeOption0 Register (0x12H)

15 14 13 12 11 10 9 8
Low Power WATCHDOG Timer Adjust IDPM AUTO | SYSOVP Status& | Audio Frequency Switching Frequency[1:0]
Mode Enable DISABLE Clear Limit
R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
ACOC Setting | LSFET OCP LEARN IADP Amplifier IBAT Amplifier Reserved IDPM Enable | Charge Inhibit
Threshold Enable Ratio Ratio for
Discharge Current
R/W R/W R/W R/W R/W R R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 5. ChargeOption0 Register (0x12H)

DESCRIPTION

12C 12C
01H 00H

SMBus
Ox12H

BIT NAME

0: IC in performance mode with battery only. The enable of PROCHOT, current monitor buffer, power monitor buffer and
comparator follow register setting.
[71 [15]

Low Power Mode Enable 1: ICin low power mode with battery only. IC is in the lowest quiescent current when this bit is enabled.

/PROCHOT, discharge current monitor buffer, power monitor buffer and independent comparator are disabled.
<default at POR>

Set maximum delay between consecutive SMBus/I2C Write charge voltage or charge current command.

If IC does not receive write on MaxChargeVoltage() or ChargeCurrent() within the watchdog time period, ChargeCurrent() is
set to OmA to stop charging. The converter keeps running to regulate the system voltage.

After expiration, the timer will resume upon the write of MaxChargeVoltage() or ChargeCurrent().

00: Disable Watchdog Timer

01: Enabled, 44 sec

10: Enabled, 88 sec

11: Enable Watchdog Timer (175s) <default at POR>

[6:5] [14:13] | WATCHDOG Timer Adjust

When the BATPRES pin goes from LOW to HIGH, the charger IC automatically disables the IDPM function (IDPM Enable bit
becomes 0). The host can enable IDPM function again by writing IDPM_EN bit 1.

0 — Disable this function <default at POR>

1 - Enable this function

4] [12] IDPM AUTO DISABLE

When the SYSOVP occurs, the bit is HIGH. After the SYSOVP is removed, the user must write a 0 to this register or unplug
the adapter to clear the OVP condition.

0: not in SYSOVP, write 0 to clear SYSOVP latch <default at POR>

1: Device in SYSOVP, ACFET/RBFET latches off

3] 11 SYSOVP Status& Clear

0: No limit of switching frequency <default at POR>

2 1 - oL . . .
2l (201 1: Set minimum switching frequency to 40kHz to avoid audio noise

Audio Frequency Limit

Converter switching frequency.

00: 600 kHz

01: 800kHz <default at POR in bq24770>
10: 1 MHz

11: 1.2MHz <default at POR in bq24773>

[1:0] [9:8] Switching Frequency[1:0]

Input over-current protection threshold by detecting ACP_ACN voltage.
0: disable ACOC <default at POR>
1: ACOC limit 300% of IDPM

[7] 7 ACOC Setting

Cycle-by-cycle over-current protection threshold by detecting GND-PHASE
0: 170mV
1: 290mV <default at POR>

[6] [6] LSFET OCP Threshold

Battery LEARN mode enable. In LEARN mode, buck converter turns off while ACFET and RBFET stay on. The BATFET
turns on to discharge.

Set this bit 0 will stop LEARN mode and turn back on buck converter.

: Disable LEARN Mode <default at POR>

: Enable LEARN Mode

5] 5] LEARN Enable

o

[4] [4] IADP Amplifier Ratio

: 80x

1
0: 40x <default at POR>
1
0

IBAT Amplifier Ratio for : 8x

3] 3]

Discharge Current 1: 16x <default at POR>
2] 2] Reserved 1- Reserved
Input regulation loop enable.
1] 1] IDPM Enable 0 — IDPM disabled

1 - IDPM enabled <default at POR>

Change inhibit bit. To enable charge, first writes this bit to 0 and then write 0x14() non-zero value.
0: Enable charge <default at POR>

1: Disable charge

[0] [0] Charge Inhibit
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8.6.2 ChargeOptionl Register

Figure 17. ChargeOptionl Register (Ox3BH)

15 14 13 12 11 10 9 8
Reserved | RSNS_RATIO | IBAT Enable | PMON Enable | PMON Gain Reserved
R RIW RIW RIW RIW R
7 6 5 4 3 2 1 0
CMP_REF CMP_POL CMP_DEG [1:0] FET Latch-off FORCE Discharge BAT | Auto Wakeup
Enable BATFET Off Enable Enable
RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 6. ChargeOptionl Register (Ox3BH)

12C

12C

SMBus

03H 02H | ox3BH BIT NAME DESCRIPTION
[7:5] [15:13] 0- Reserved
Adjust ratio of input sense resistor (RAC) and charge sense resistor (RSR) for power calculation.
[4] [12] | RSNS_RATIO 0: RAC and RSR 1:1 <default at POR>
1: RAC and RSR 2:1
Enable the IBAT output buffer.
[3] [11] | IBAT Enable 0: Turn off IBAT buffer to minimize Iq <default at POR>
1: Turn on IBAT buffer
Enable PMON sensing circuit and output buffer.
[2] [10] | PMON Enable 0: turn off PMON buffer to minimize Iq <default at POR>
1: turn on PMON buffer
PMON output current with respect to the total system power on 10mohm RAC and RSR.
[1] [9] PMON Gain 0: 0.25 pA/W
1: 1pA/W <default at POR>
[0] [8] Reserved 0- Reserved
Independent comparator internal reference.
[7] [7] CMP_REF 0: 2.3 V <default at POR>
1:12V
Independent comparator output polarity
[6] [6] CMP_POL 0: When CMPIN is above internal threshold, CMPOUT is LOW <default at POR>
1: When CMPIN is above internal threshold, CMPOUT is HIGH
Independent comparator deglitch time.
00: Independent comparator is disabled
[5:4] [5:4] | CMP_DEG [1:0] 01: Independent comparator is enabled with output deglitch time 2 pys <default at POR>
10: Independent comparator is enabled with output deglitch time 2 ms
11: Independent comparator is enabled with output deglitch time 5 sec
When comparator is triggered, all the power path MOSFETS latch off. In order to clear power path latch off,
3 3 FET Latch-off Enabl both adapter and battery have to be removed. Therefore, at POR state, the latch off is cleared.
3] (3] ateh-oft Enable | o when comparator is triggered, no power path latch off <default at POR>
1: When comparator is triggered, power path latches off
The host can force BATFET to turn off at any time. After BATFET is forced off, plugin adapter will set the bit
back to 0.
(21 | [2 |FORCEBATFET Off | o Ajjow BATFET turn on <default at POR>
1: Turn off BATFET
Disch BAT When this bit is 1, discharge BAT pin down below 3.8 V in 40 ms. When 40ms is over, this bit is reset to 0.
[1] [1] Elnsacblgrge 0 : Disable discharge mode <default at POR>
1: Enable discharge mode
When this bit is HIGH, if the battery is below 3 V(1s) or 6 V(2s-4s), the IC will automatically enable 128 mA
charging current to charge depleted battery for 30 mins. When the battery voltage exceeds 3 V (1S) or 6 V
o o Auto Wak Enabl (2S-4S), the charge will stop after 1min deglitch time.
0 [l uto Wakeup Enable | agter the 30 mins expires, the charging will stop, and this bit is set back to LOW.
0: Disable auto-wakeup
1: Enable auto-wakeup <default at POR>
28 Copyright © 2014-2016, Texas Instruments Incorporated
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8.6.3 ChargeOption2 Register
Figure 18. ChargeOption2 Register (0x38H)

15 14 13 12 11 10 9 8
Reserved
R
7 6 5 4 3 2 1 0
External ILIM IBAT Output Reserved
Enable Select
R/W R/W R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 7. ChargeOption2 Register (0x38H)

lﬁi %:‘(4;8“: BIT NAME DESCRIPTION
[15:8] 0- Reserved
7] 7] External ILIM 0 Input current Iin_1it _is 'set by REGOx3F. )
nable 1: Input current limit is set by the lower value of ILIM pin and REGOx3F. <default at POR>
6] 6] IBAT Output Select (; IISAA_'I!';;naasscii:rzzaégrerecnti.rrent. <default at POR>
[5:0] [5:0] Reserved 0- Reserved
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8.6.4 ProchotOption0 Register

Figure 19. ProchotOption0 Register (0x3CH)

15 14 13 12 11 10 9 8
ICRIT Comparator Threshold ICRIT Comparator Deglitch Time Input OCP
Threshold
R/W R/W R/W
7 6 5 4 8 2 1 0
VSYS comparator threshold PROCHOT PROCHOT Pulse Width PROCHOT INOM Reserved
Pulse Host Clear Comparator
Extension Deglitch Time
Enable
R/W R/W R/W R/W R
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 8. ProchotOption0 Register (0x3CH)
12C 12C SMBus BIT NAME DESCRIPTION
05H 04H 0x3CH
[7:3] [15:11] ICRIT Comparator 5 bits, percentage of IDPM in 0x3FH. Measure current between ACP and ACN. Trigger when the
Threshold current is above this threshold.
Step: 5%, Default 150% (01001)
00000:110% 00001:110% 00010:115% 00011:120%
10111:220% 11000:225% 11001:230%
11010:250% 11011:300% 11100:350% 11101:400%
11110:450% 11111:0ut of Range
If IDPM setting exceeds 3.584A (0111000), ICRIT threshold is clamped at 230%.
[2:1] [10:9] ICRIT Comparator Deglitch | 00: 10 us
Time 01: 100 ps <default at POR>
10: 400 ps
11: 800 ps
[0] [8] Input OCP Threshold Input over-current setting by detecting ACP-ACN.
0: 125% of ICRIT
1: 200% of ICRIT <default at POR>
[7:6] [7:6] VSYS comparator Measure on SRP with fixed 20us deglitch time. Trigger when SRP voltage is below the threshold.
threshold 00: 5.75 V (2-4s) or 2.85 V (1s)
01: 6V (2-4s) or 3.1V (1s) <default at POR>
10: 6.25 V (2-4s) or 3.3 5V (1s)
11: 6.5 V (2-4s) or 3.6 V (1s)
[5] [5] PROCHOT Pulse When pulse extension is enabled, keep PROCHOT pin voltage low until host writes 0x3C[2]=1.
Extension Enable 0: Pulse width is set by REGOx3C[4:3] <default at POR>
1: Pulse stays LOW till host sets REGOx3CJ[2] to 0.
[4:3] [4:3] PROCHOT Pulse Width Minimum PROCHOT pulse width when REGOX3C[5]=0
00: 100 ps
01:1ms
10: 12 ms <default at POR>
11: 6 ms
[2] [2] PROCHOT Host Clear Clear PROCHOT pulse when REGOx3C[5]=1.
0: Clear PROCHOT pulse and drive /PROCHOT pin to HIGH.
1: Idle <default at POR>
[1] [1] INOM Comparator Deglitch | INOM is always 10% above IDPM in 0x3FH. Measure current between ACP and ACN. Trigger
Time when the current is above this threshold.
0: Ims max <default at POR>
1: 50 ms max
[0] [0] Reserved 0- Reserved

30
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8.6.5 ProchotOptionl Register
Figure 20. ProchotOptionl Register (0x3DH)

15 14 13 12 11 10 9 8
IDCHG Comparator Threshold IDCHG Comparator Deglitch
Time
R/W R/W
7 6 5 4 3 2 1 0
Reserved PROCHOT envelop selector
R R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 9. ProchotOptionl Register (0x3DH)

12C I2C | SMBus

07H 06H 0x3DH BIT NAME DESCRIPTION

IDCHG Comparator 6 bit, range, range OA — 32256 mA, step 512 mA. Measure current between SRN and SRP. Trigger

[7:2] [15:10] Threshold when the discharge current is above the threshold.
Default: 16384 mA (100000)
00: 1.6 ms
01: 100 ps <default at POR>

[1:0] [9:8] IDCHG Comparator : e

Deglitch Time 10: 6 ms
11: 12 ms
[7] [7] Reserved 0- Reserved

When adapter is present, the /PROCHOT function is enabled by the below bits.

When adapter is removed, ICRIT, INOM, BATPRES and ACOK functions are automatically disabled
in the PROCHOT profile. Comparator, IBAT and VSYS function setting are preserved. When all the
bits are 0, PROCHOT function is disabled.

Bit6: Independent comparator, 0: disable <default at POR>; 1: enable

[6:0] [6:0] | PROCHOT envelop selector | Bit5: ICRIT, 0: disable; 1: enable <default at POR>

Bit4: INOM, 0O: disable <default at POR>; 1: enable

Bit3: IDCHG, 0: disable <default at POR>; 1: enable

Bit2: VSYS, 0: disable; 1: enable <default at POR>

Bitl: BATPRES, 0: disable <default at POR> ; 1: enable (one-shot rising edge triggered)

Bit0: ACOK, 0: disable <default at POR> ; 1: enable (one-shot falling edge triggered)
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8.6.6 Setting the Charge Current

To set the charge current, write a 16-bit ChargeCurrent() command. With 10mQ sense resistor, the bq2477x
provides charge current range of 128mA to 8.128A, with 64mA step resolution. It is suggested to write battery
voltage to MaxChargeVoltage() before programming ChargeCurrent(). When battery is absent, the host should
write OA to ChargeCurrent().

During pre-charge, the charge current is clamped at 384mA. Sending ChargeCurrent() OmA will terminate
charge. Upon POR, charge current setting is OmA.

For 1s charging, the charge current is clamped at 384 mA when battery is below BATLOWYV threshold. When
battery is between BATLOWYV and SYSMIN, the charging current is clamped at 2 A. When battery is above
SYSMIN, the charging current follows register setting.

To program charge current in bq24773, the host has to write 2-byte command with REGOA first, followed by
REGOB. No other command can be inserted in between. After the completion of REGOA and REGOB, charge
current will be updated. If host writes REGOB first, the command will be ignored. If the time between write of
REGOA and REGOB exceeds watchdog timer, the REGOA command will be ignored.

The SRP and SRN pins are used to sense voltage drop across Rgr with default value of 10mQ. For a larger
sense resistor, a larger sense voltage is given, and a higher regulation accuracy; but at the expense of higher
conduction loss. A current sensing resistor value no more than 20mQ is suggested.

A 0.1uF capacitor between SRP and SRN for differential mode filtering is recommended; a 0.1uF capacitor
between SRN and ground, and an optional 0.1uF capacitor between SRP and ground for common mode filtering.
Meanwhile, the capacitance on SRP should not be higher than 0.1uF in order to properly sense voltage across
SRP and SRN.

Table 10. Charge Current Register with 10mQ Sense Resistor

12C 12C SMBus
OBH 0AH Ox14H BIT NAME DESCRIPTION
0 0 - Not used. Value ignored.
1 1 - Not used. Value ignored.
2 2 - Not used. Value ignored.
3 3 - Not used. Value ignored.
4 4 - Not used. Value ignored.
5 5 - Not used. Value ignored.
0 = Adds OmA of charger current.
h DACICH
6 6 Charge Current, DACICHG 0 1 = Adds 64mA of charger current.
0 = Adds OmA of charger current.
! ! Charge Current, DACICHG 1 1 = Adds 128mA of charger current.
0 = Adds OmA of charger current.
0 8 Charge Current, DACICHG 2 1 = Adds 256mA of charger current.
0 = Adds OmA of charger current.
1 ° Charge Current, DACICHG 3 1 = Adds 512mA of charger current.
0 = Adds OmA of charger current.
2 10 Charge Current, DACICHG 4 1 = Adds 1024mA of charger current.
0 = Adds OmA of charger current.
3 1 Charge Current, DACICHG 5 1 = Adds 2048maA of charger current.
0 = Adds OmA of charger current.
4 12 Charge Current, DACICHG 6 1 = Adds 4096mA of charger current.
13 - Not used. 1 = invalid write.
14 - Not used. 1 = invalid write.
7 15 - Not used. 1 = invalid write.
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8.6.7 Setting the Maximum Charge Voltage

To set the output charge regulation voltage, write a 16-bit MaxChargeVoltage() command. The bq2477x provides
charge voltage range from 1.024V to 19.200V, with 16mV step resolution. Upon POR or when charge is
disabled, the system is regulated at MaxChargeVoltage().

If enable charge without writing any command to MaxChargeVoltage(), the MaxChargeVoltage() is automatically
changed to 4.2V/cell. If disable charge without writing any command to MaxChargeVoltage(), the
MaxChargeVoltage() automatically goes back to POR value. Once writing a valid value to MaxChargeVoltage(),
the register doesn’t automatically change between charge enable and disable.

The BAT pin is used to sense the battery voltage for voltage regulation and should be connected as close to the
battery pack positive side as possible. A decoupling capacitor of 0.1uF is recommended as close to IC as
possible to decouple high frequency noise.

To program charge voltage in bg24773, the host has to write 2-byte command with REGOC first, followed by
REGOD. No other command can be inserted in between. After the completion of REGOC and REGOD, charge
voltage will be updated. If host writes REGOD first, the command will be ignored. If the time between write of
REGOC and REGOD exceeds watchdog timer, the REGOC command will be ignored.

Table 11. Max Charge Voltage Register

12C 12C SMBus
ODH OCH REG Ox15H BIT NAME DESCRIPTION
0 0 - Not used. Value ignored.
1 1 - Not used. Value ignored.
2 2 - Not used. Value ignored.
3 3 - Not used. Value ignored.
0 = Adds OmV of charger voltage.
4 4 Charge Voltage, DACV 0 1 = Adds 16mV of charger voltage.
0 = Adds OmV of charger voltage.
5 5 Charge Voltage, DACV 1 1 = Adds 32mV of charger voltage.
0 = Adds OmV of charger voltage.
6 6 Charge Voltage, DACV 2 1 = Adds 64mV of charger voltage.
0 = Adds OmV of charger voltage.
! ! Charge Voltage, DACV 3 1 = Adds 128mV of charger voltage.
0 = Adds OmV of charger voltage.
0 8 Charge Voltage, DACV 4 1 = Adds 256mV of charger voltage.
0 = Adds OmV of charger voltage.
1 ° Charge Voltage, DACV 5 1 = Adds 512mV of charger voltage.
0 = Adds OmV of charger voltage.
2 10 Charge Voltage, DACV 6 1 = Adds 1024mV of charger voltage.
0 = Adds OmV of charger voltage.
8 1 Charge Voltage, DACV 7 1 = Adds 2048mV of charger voltage.
0 = Adds OmV of charger voltage.
4 12 Charge Voltage, DACV 8 1 = Adds 4096mV of charger voltage.
0 = Adds OmV of charger voltage.
5 13 Charge Voltage, DACV 9 1 = Adds 8192mV of charger voltage.
0 = Adds OmV of charger voltage.
6 14 Charge Voltage, DACV 10 1 = Adds 16384mV of charger voltage.
7 15 - Not used. 1 = invalid write.
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8.6.8 Setting the Minimum Charge Voltage

The device deploys Narrow VDC architecture (NVDC) with BATFET separating system from battery. When
charge is enabled, and the battery is below MinSystemVoltage(), the system is regulated at the minimum system
voltage setting. When charge is disabled, the system is regulated at MaxChargeVoltage().

To set the minimum system voltage, write a 16-bit MinSystemVoltage() command. The bg2477x provides

minimum system voltage range from 1.024V to 19.200V, with 256mV step resolution.

Table 12. Minimum System Voltage Register

12C SMBus
OEH OX3EH BIT NAME DESCRIPTION
0 - Not used. Value ignored.
1 - Not used. Value ignored.
2 - Not used. Value ignored.
3 - Not used. Value ignored.
4 - Not used. Value ignored.
5 - Not used. Value ignored.
6 - Not used. Value ignored.
7 - Not used. Value ignored.
. 0 = Adds OmV of system Voltage.
0 8 Minimum System Voltage, DACMINSV 0 1 = Adds 256mV of system Voltage.
- 0 = Adds OmV of system Voltage.
1 9 Minimum System Voltage, DACMINSV 1 1 = Adds 512mV of system Voltage.
- 0 = Adds OmV of system Voltage.
2 10 Minimum System Voltage, DACMINSV 2 1 = Adds 1024mV of system Voltage.
- 0 = Adds OmV of system Voltage.
3 11 Minimum System Voltage, DACMINSV 3 1 = Adds 2048mV of system Voltage.
. 0 = Adds OmV of system Voltage.
4 12 Minimum System Voltage, DACMINSV 4 1 = Adds 4096mV of system Voltage.
- 0 = Adds OmV of system Voltage.
5 13 Minimum System Voltage, DACMINSV 5 1 = Adds 8192mV of system Voltage.
14 - Not used. 1 = invalid write.
15 - Not used. 1 = invalid write.
Table 13. Default MaxChargeVoltage and System Voltage
MaxChargeVoltage() .
NUMBER of CELLs - MinSystemVoltage()
Charge Enable Charge Disable
1S (CELL=GND) 4.192V 4.400V 3.584V
2S (CELL=FLOAT) 8.400V 9.008V 6.144V
3S/4S (CELL=High) 12.592V 13.500V 9.216V

34
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8.6.9 Setting Input Current

Normally, input power source powers system and charges battery. With AC wall adapter output current can be
regulated to save system cost.

To set the input current limit, write a 16-bit InputCurrent() command. When using a 10mQ sense resistor, the
bg2477x provides an input-current limit range of 128mA to 8.128A, with 64mA resolution. Upon POR, default
input current limit is 3.2A (770) or 2.944A (773).

The ACP and ACN pins are used to sense Ry with default value of 10mQ. However, resistors of other values
can also be used. For a larger sense resistor, larger sense voltage is given, and a higher regulation accuracy;
but, at the expense of higher conduction loss.

Table 14. Input Current Register using 10mQ sense resistor

12C SMBus
OFH REG Ox3FH BIT NAME DESCRIPTION
0 - Not used. Value ignored.
1 - Not used. Value ignored.
2 - Not used. Value ignored.
3 - Not used. Value ignored.
4 - Not used. Value ignored.
5 - Not used. Value ignored.
0 = Adds OmA of input current.
0 6 Input Current, DACIIN O 1 = Adds 64maA of input current.
0 = Adds OmA of input current.
! 7 Input Current, DACIN 1 1 = Adds 128mA of input current.
0 = Adds OmA of input current.
2 8 Input Current, DACIN 2 1 = Adds 256maA of input current.
0 = Adds OmA of input current.
3 ° Input Current, DACIN 3 1 = Adds 512maA of input current.
0 = Adds OmA of input current.
4 10 Input Current, DACIIN 4 1 = Adds 1024mA of input current.
0 = Adds OmA of input current.
5 1 Input Current, DACIN 5 1 = Adds 2048mA of input current.
0 = Adds OmA of input current.
6 12 | tC t, DACIIN 6 .
nput Current, 1 = Adds 4096mA of input current.
7 13 - Not used. 1 = invalid write.
14 - Not used. 1 = invalid write.
15 - Not used. 1 = invalid write.
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9 Application and Implementation

NOTE
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 bq2477xEVM-540 evaluation module (EVM) is a complete charger module for evaluating the bq2477x. The
application curves were taken using the bq24770EVM-540. Refer to the EVM user's guide (SLUUAO3) for EVM

information.

9.2 Typical Application, bq24770

o M |
ar ol J_ 1 ol o Rac 10 mQ D2 I
Adapter C AC
Ta7 vk I 4— 24—l Sr7100 cel
- c2 C3 c4 |_||| 10 przg
! 1uF | 0.1pF 0.WF | c5.1uF SYS/
o ”Eg R4 ACN Voo -t C7:1uF 15 > VCore
R1 § W Fa ACP REGN —1F> IMOO o
30K CMSRC BTST Q4
ACDRV HIDRV |<__— Battery
c8 )
ACDET e | L 220H Pack
R2 & PHASE 1_ n mm _T_ AN _'L
as.su% +33VO +——o bq24770 c13 R .
rR8 LRo R10% Q5 'E SR T 1
= LODRV —| 10 pFx2 10 mQ
- 10k % 10k% 10k S e md N J;
g 10 pFx2
DA u
SMBus | »| S GND 1 e ——
P scL o
| Y odfud §F | TSP
Polo | ACOK SRP ' TuF | Lo
AD < IADP SRN
< IBAT %
< PMON ILIM
R11 Y srocroT %
HOST __ _ R180 1
e 30k REGN BATDRV W
iT | CMPIN R19:10
= - T AAA -
cii—ci2 —| cMPOUT BAT W T
o —____ | From Batt .
100 pF CELL BATPRES rom Battery I C14: 1uyF

9.2.1 Design Requirements

Copyright © 2016, Texas Instruments Incorporated

Figure 21. bq24770 Application Schematic

DESIGN PARAMETER
Input Voltage™®

EXAMPLE VALUE
17.7V < Adapter Voltage < 24V
3.2A for 65W adapter
8400mV for 2s battery
4096mA for 3s battery
6144mA for 2s battery

Input Current Limit @

Battery Charge Voltage®

Battery Charge Current®

Minimum System Voltage ®

(1) Refer to adapter specification for settings for Input Voltage and Input Current Limit.
(2) Refer to battery specification for settings.
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9.2.2 Detailed Design Procedure
The parameters are configurable using the evaluation software.

The simplified application circuit (see Figure 21) shows the minimum capacitance requirements for each pin.
Inductor, capacitor, and MOSFET selection are explained in the rest of this section. Refer to the EVM user's
guide (SLUUAORQ) for the full application schematic.

9.2.2.1 Reverse Input Voltage Protection

Q6, R12, and R13 in Figure 22 give system and IC protection from reversed adapter voltage. In normal
operation, Q6 is turned off by negative Vgs. When adapter voltage is reversed, Q6 Vgs is positive. As a result,
Q6 turns on to short gate and source of Q2 so that Q2 is off. Q2 body diode blocks negative voltage to system.
However, CMSRC and ACDRYV pins need R3 and R4 to limit the current due to the ESD diode of these pins
when turned on. Q6 must has low Vgs threshold voltage and low Qgs gate charge so it turns on before Q2 turns
on. R3 and R4 must have enough power rating for the power dissipation when the ESD diode is on. If Q1 is
replaced by Schottky diode for reverse adapter voltage protection, no extra small MOSFET and resistors are
needed.

| I Q6
Reverse |
: Input R12 E‘ | BSS138W
| |Protection 1M I R13
| ) |
1 RN | 3.01M
Ad - Q1 (ACFET) Q2 (RBFET) Rac 10mQ
apter + * *
P Ri 1 ci
20 T 1nF
& o
Adapter - 3 I 2-I2HF . T 0-1wF
ACN
U1
ACP  1q2477x
CMSRC
L R ACDRV
% 430Kk
ACDET
% R2
1 66.5k

Copyright © 2016, Texas Instruments Incorporated

Figure 22. Reverse Input Voltage Protection Circuit

9.2.2.2 Inductor Selection

The bg2477x has three selectable fixed switching frequency. Higher switching frequency allows the use of
smaller inductor and capacitor values. Inductor saturation current should be higher than the charging current
(Iche) plus half the ripple current (IrippLe):

Isat = lche * (1/2) RippLE (2

The inductor ripple current depends on input voltage (V,y), duty cycle (D = Vgyt/Vn), switching frequency (fs) and
inductance (L):

Viy x D x (1 = D)
fs x L 3)

lRipPLE =

The maximum inductor ripple current happens with D = 0.5 or close to 0.5. For example, the battery charging
voltage range is from 9V to 12.6V for 3-cell battery pack. For 20 V adapter voltage, 10 V battery voltage gives
the maximum inductor ripple current. Another example is 4-cell battery, the battery voltage range is from 12 V to
16.8 V, and 12 V battery voltage gives the maximum inductor ripple current.
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Usually inductor ripple is designed in the range of (20-40%) maximum charging current as a trade-off between
inductor size and efficiency for a practical design.

9.2.2.3 Input Capacitor

Input capacitor should have enough ripple current rating to absorb input switching ripple current. The worst case
RMS ripple current is half of the charging current when duty cycle is 0.5. If the converter does not operate at
50% duty cycle, then the worst case capacitor RMS current occurs where the duty cycle is closest to 50% and
can be estimated by Equation 4:

loin = lchg x 4D * (1 - D) @)

Low ESR ceramic capacitor such as X7R or X5R is preferred for input decoupling capacitor and should be
placed to the drain of the high side MOSFET and source of the low side MOSFET as close as possible. Voltage
rating of the capacitor must be higher than normal input voltage level. 25 V rating or higher capacitor is preferred
for 19-20 V input voltage. 10-20 pF capacitance is suggested for typical of 3-4 A charging current.

Ceramic capacitors show a dc-bias effect. This effect reduces the effective capacitance when a dc-bias voltage is
applied across a ceramic capacitor, as on the input capacitor of a charger. The effect may lead to a significant
capacitance drop, especially for high input voltages and small capacitor packages. See the manufacturer's
datasheet about the performance with a dc bias voltage applied. It may be necessary to choose a higher voltage
rating or nominal capacitance value in order to get the required value at the operating point.

9.2.2.4 Output Capacitor

Output capacitor also should have enough ripple current rating to absorb output switching ripple current. The
output capacitor RMS current is given:
I
loout = NP & 0.29 % IrippLe
2x V3 ©)
The bg2477x has internal loop compensator. To get good loop stability, the resonant frequency of the output
inductor and output capacitor should be designed between 10 kHz and 20 kHz. The preferred ceramic capacitor
is 25V X7R or X5R for output capacitor. 10-20uF capacitance is suggested for a typical of 3-4A charging current.
Place the capacitors after charging current sensing resistor to get the best charge current regulation accuracy.

Ceramic capacitors show a dc-bias effect. This effect reduces the effective capacitance when a dc-bias voltage is
applied across a ceramic capacitor, as on the output capacitor of a charger. The effect may lead to a significant
capacitance drop, especially for high output voltages and small capacitor packages. See the manufacturer's data
sheet about the performance with a dc bias voltage applied. It may be necessary to choose a higher voltage
rating or nominal capacitance value in order to get the required value at the operating point.

9.2.2.5 Power MOSFETs Selection

Two external N-channel MOSFETSs are used for a synchronous switching battery charger. The gate drivers are
internally integrated into the IC with 6V of gate drive voltage. 30 V or higher voltage rating MOSFETs are
preferred for 19-20 V input voltage.

Figure-of-merit (FOM) is usually used for selecting proper MOSFET based on a tradeoff between the conduction
loss and switching loss. For the top side MOSFET, FOM is defined as the product of a MOSFET's on-resistance,
Rps(ony, and the gate-to-drain charge, Qgp. For the bottom side MOSFET, FOM is defined as the product of the
MOSFET's on-resistance, Rpson), and the total gate charge, Qg.

FOMiqp = Ros(on) X Qaps FOMyottom = Rps(on) X Qg (6)

The lower the FOM value, the lower the total power loss. Usually lower Rpgony has higher cost with the same
package size.

The top-side MOSFET loss includes conduction loss and switching loss. It is a function of duty cycle
(D=Vour/Vin), charging current (Icg), MOSFET's on-resistance (Rps(on)), input voltage (Vy), switching frequency
(fs), turn on time (t,,) and turn off time (ty):

1
_ 2
Piop =D % lchg” * Rps(on) + 7 % VN % lohg X (ton +toff) X fs @
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The first item represents the conduction loss. Usually MOSFET Rpg(on) increases by 50% with 100°C junction
temperature rise. The second term represents the switching loss. The MOSFET turn-on and turn-off times are
given by:

t = QSW
on I

on Ioff (8)

where Q,, is the switching charge, |,, is the turn-on gate driving current and |, is the turn-off gate driving
current. If the switching charge is not given in MOSFET datasheet, it can be estimated by gate-to-drain charge
(Qgp) and gate-to-source charge (Qgs):

_ 1
Qsw =Qgp + 5 X Qgs ©)

Gate driving current can be estimated by REGN voltage (Vgegn), MOSFET plateau voltage (Vy), total turn-on
gate resistance (R,,) and turn-off gate resistance (R,) of the gate driver:

| = VREGN 'Vplt | _ Vplt
on ~ v loff T
Ron Roff

(10)

The conduction loss of the bottom-side MOSFET is calculated with the following equation when it operates in
synchronous continuous conduction mode:

Pbottom = (1 - D) X ICHG 2 X FaDS(on) (11)

When charger operates in non-synchronous mode, the bottom-side MOSFET is off. As a result all the
freewheeling current goes through the body-diode of the bottom-side MOSFET. The body diode power loss
depends on its forward voltage drop (Vg), non-synchronous mode charging current (Iyonsync), and duty cycle (D).

Pb = VE X Inonsyne X (1 - D) (12)

The maximum charging current in non-synchronous mode can be up to 0.25 A for a 10 mQ charging current
sensing resistor or 0.5 A if battery voltage is below 2.5 V. The minimum duty cycle happens at lowest battery
voltage. Choose the bottom-side MOSFET with either an internal Schottky or body diode capable of carrying the
maximum non-synchronous mode charging current.

9.2.2.6 Input Filter Design

During adapter hot plug-in, the parasitic inductance and input capacitor from the adapter cable form a second
order system. The voltage spike at VCC pin maybe beyond IC maximum voltage rating and damage IC. The
input filter must be carefully designed and tested to prevent over voltage event on VCC pin.

There are several methods to damping or limit the over voltage spike during adapter hot plug-in. An electrolytic
capacitor with high ESR as an input capacitor can damp the over voltage spike well below the IC maximum pin
voltage rating. A high current capability TVS Zener diode can also limit the over voltage level to an IC safe level.
However these two solutions may not have low cost or small size.

A cost effective and small size solution is shown in Figure 23. The R1 and C1 are composed of a damping RC
network to damp the hot plug-in oscillation. As a result the over voltage spike is limited to a safe level. D1 is used
for reverse voltage protection for VCC pin. C2 is VCC pin decoupling capacitor and it should be place to VCC pin
as close as possible. C2 value should be less than C1 value so R1 can dominant the equivalent ESR value to
get enough damping effect. R2 is used to limit inrush current of D1 to prevent D1 getting damage when adapter
hot plug-in. R2 and C2 should have 10 ps time constant to limit the dv/dt on VCC pin to reduce inrush current
when adapter hot plug in. R1 has high inrush current. R1 package must be sized enough to handle inrush current
power loss according to resistor manufacturer's data sheet. The filter components value always need to be
verified with real application and minor adjustments may need to fit in the real application circuit.
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D1

R2(1206)

Adapter 29
connector 34

2.2uF c2
o—2 L%

VCC pin

AT-1yF

Figure 23. Input Filter
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9.2.3 Application Curves
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Figure 24. VIN, ACDET, REGN, and ACOK During Power
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Figure 25. VIN, VSYS, PH and ACOK During Power Up
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Figure 28. PFM Switching
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Figure 29. PWM Switching
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Figure 31. Transient Response, Charge Disabled, In DPM
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Figure 33. Transient Response, Charge Enable, In DPM
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9.2.4 Typical Application, bq24773

The bg2477xEVM-540 evaluation module (EVM) is a complete charger module for evaluating the bg2477x. The
application curves were taken using the bq24770EVM-540. Refer to the EVM user's guide (SLUUAO3) for EVM

information.
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Figure 36. bq24773 Typical Schematic

9.2.4.1 Design Requirements
Refer to Typical Application, bg24770 for the Design Requirements.

9.2.4.2 Detailed Design Procedure
Refer to Typical Application, bq24770 for the Detailed Design Procedure.

9.2.4.3 Application Curves
Refer to Typical Application, bg24770 for the Application Curves.

Copyright © 2014-2016, Texas Instruments Incorporated

43


http://www.ti.com.cn/product/cn/bq24770?qgpn=bq24770
http://www.ti.com.cn/product/cn/bq24773?qgpn=bq24773
http://www.ti.com.cn
http://www.ti.com/cn/lit/pdf/SLUUAO3

13 TEXAS
INSTRUMENTS
bq24770,bq24773

ZHCSDO3C —AUGUST 2014—REVISED DECEMBER 2016 www.ti.com.cn

10 Power Supply Recommendations

When adapter is attached, and ACOK goes HIGH, the system is connected to adapter through ACFET/RBFET.
An external resistor voltage divider attenuates the adapter voltage before it goes to ACDET. The adapter detect
threshold should typically be programmed to a value greater than the maximum battery voltage, but lower than
the IC maximum allowed input voltage (ACOVP) and system maximum allowed voltage.

When adapter is removed, the system is connected to battery through BATFET. Typically the battery depletion
threshold should be greater than the minimum system voltage so that the battery capacity can be fully utilized for
maximum battery life.

11 Layout

11.1 Layout Guidelines

The switching node rise and fall times should be minimized for minimum switching loss. Proper layout of the
components to minimize high frequency current path loop (see Figure 37) is important to prevent electrical and
magnetic field radiation and high frequency resonant problems. Layout of the PCB according to this specific
order is essential.

» Place input capacitor as close as possible to switching MOSFET’s supply and ground connections and use
shortest copper trace connection. These parts should be placed on the same layer of PCB instead of on
different layers and using vias to make this connection.

» The IC should be placed close to the switching MOSFET’s gate pins and keep the gate drive signal traces
short for a clean MOSFET drive. The IC can be placed on the other side of the PCB of switching MOSFETSs.

» Place inductor input pin to switching MOSFET’s output pin as close as possible. Minimize the copper area of
this trace to lower electrical and magnetic field radiation but make the trace wide enough to carry the charging
current. Do not use multiple layers in parallel for this connection. Minimize parasitic capacitance from this
area to any other trace or plane.

» The charging current sensing resistor should be placed right next to the inductor output. Route the sense
leads connected across the sensing resistor back to the IC in same layer, close to each other (minimize loop
area) and do not route the sense leads through a high-current path (see Figure 38 for Kelvin connection for
best current accuracy). Place decoupling capacitor on these traces next to the IC

» Place output capacitor next to the sensing resistor output and ground

» Output capacitor ground connections need to be tied to the same copper that connects to the input capacitor
ground before connecting to system ground.

« Use single ground connection to tie charger power ground to charger analog ground. Just beneath the IC use
analog ground copper pour but avoid power pins to reduce inductive and capacitive noise coupling

* Route analog ground separately from power ground. Connect analog ground and connect power ground
separately. Connect analog ground and power ground together using power pad as the single ground
connection point. Or using a 0Q resistor to tie analog ground to power ground (power pad should tie to analog
ground in this case if possible).

» Decoupling capacitors should be placed next to the IC pins and make trace connection as short as possible

» It is critical that the exposed power pad on the backside of the IC package be soldered to the PCB ground.
Ensure that there are sufficient thermal vias directly under the IC, connecting to the ground plane on the other
layers.

e The via size and number should be enough for a given current path.

See the EVM design for the recommended component placement with trace and via locations. For the WQFN
information, See SCBA017 and SLUA271.
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11.2 Layout Example

11.2.1 Layout Consideration of Current Path
- PHASE L1 R Vour
High
Vi <+> Frequency +BAT
= Current
Path GND c2 T
' =

¢l

Figure 37. High Frequency Current Path

11.2.2 Layout Consideration of Short Circuit Protection
Charge Current Direction

|

R SNS
To Capacitor and battery

To Inductor

lCurrent Sensing Direction

To SRP and SRN pin
Figure 38. Sensing Resistor PCB Layout
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The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 ks
E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

BQ24770RUYR Active Production WQFN (RUY) | 28 3000 | LARGE T&R Yes NIPDAU | SN Level-2-260C-1 YEAR -40to 85 BQ
24770

BQ24770RUYR.A Active Production WQFN (RUY) | 28 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 BQ
24770

BQ24770RUYT Active Production WQFN (RUY) | 28 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 BQ
24770

BQ24770RUYT.A Active Production WQFN (RUY) | 28 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 BQ
24770

BQ24773RUYR Active Production WQFN (RUY) | 28 3000 | LARGE T&R Yes NIPDAU | SN Level-2-260C-1 YEAR -40to 85 BQ
24773

BQ24773RUYR.A Active Production WQFN (RUY) | 28 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ
24773

BQ24773RUYT Active Production WQFN (RUY) | 28 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ
24773

BQ24773RUYT.A Active Production WQFN (RUY) | 28 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ
24773

BQ24773RUYTG4 Active Production WQFN (RUY) | 28 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ
24773

BQ24773RUYTG4.A Active Production WQFN (RUY) | 28 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 BQ
24773

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® | ead finish/Ball material: Parts 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.
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® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

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 Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
BQ24770RUYR WQFN RUY 28 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
BQ24770RUYT WQFN RUY 28 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
BQ24773RUYR WQFN RUY 28 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
BQ24773RUYT WQFN RUY 28 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
BQ24773RUYTG4 WQFN RUY 28 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ24770RUYR WQFN RUY 28 3000 346.0 346.0 33.0
BQ24770RUYT WQFN RUY 28 250 210.0 185.0 35.0
BQ24773RUYR WQFN RUY 28 3000 346.0 346.0 33.0
BQ24773RUYT WQFN RUY 28 250 210.0 185.0 35.0
BQ24773RUYTG4 WQFN RUY 28 250 210.0 185.0 35.0
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PACKAGE OUTLINE

RUY0028A WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK-NO LEAD

S .

e

PIN 1 INDEX AREA /

wh
[Zo Y

08 ___
0.7
0.00
5Q 2.60.1
- o
s
24x[0.4 . @ JU Q JU w
T T | C s
T*‘(B i -
ox — 2| ' svmm
P B +-&—¢
— | -
2
o | o R a3
s | =7 & 0.1®|c[A[B]
| b ¥ loos®@]c]

224 ~—28x 33

4219146/C 03/2021

NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RUY0028A WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK-NO LEAD

o 2X(38) ——]
SQ (2.6)

| |
i o 2X(24) — o ‘
| |

28X (0.6)
28X (0.2)

8)

(R0.05) TYP

(20.2) VIA / —————————— :

SYMM

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X

0.05 MAX 0.05 MIN
ALL AROUND ﬂ‘* ALL AROUND ﬂt METAL UNDER
METAL SOLDER MASK
" EXPOSED [ /
METAL g ||
(
EXPOSED METAL — AN gg'é%'fﬁGMASK \ SOLDER MASK

OPENING

NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
4219146/C 03/2021

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN

RUY0028A WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK-NO LEAD

2X (3.8)
4x

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
78% PRINTED COVERAGE BY AREA
SCALE: 156X

4219146/C 03/2021

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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