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Fully Integrated Switch-Mode One-Cell Li-lon Charger with Full USB Compliance and
USB-OTG Support

Check for Samples: bq24152

FEATURES
e Charge Faster than Linear Chargers

e High-Accuracy Voltage and Current Regulation

— Input Current Regulation Accuracy: 5%
(100 mA and 500 mA)

— Charge Voltage Regulation Accuracy:
10.5% (25°C), +1% (0°C-125°C)
— Charge Current Regulation Accuracy: +5%

« High-Efficiency Mini-USB/AC Battery Charger
for Single-Cell Li-lon and Li-Polymer Battery
Packs

e 20-V Absolute Maximum Input Voltage Rating
e 6-V Maximum Operating Input Voltage
e Built-In Input Current Sensing and Limiting

e Integrated Power FETs for Up To 1.25-A
Charge Rate

 Programmable Charge Parameters through
[2C™ Interface (up to 3.4 Mbps):

— Input Current

— Fast-Charge/Termination Current
— Charge Voltage (3.5 Vto 4.44V)
— Safety Timer with Reset Control
— Termination Enable

e Synchronous Fixed-Frequency PWM
Controller Operating at 3 MHz with 0% to
99.5% Duty Cycle

e Automatic High Impedance Mode for Low
Power Consumption

* Robust Protection

— Reverse Leakage Protection Prevents
Battery Drainage

— Thermal Regulation and Protection
— Input/Output Overvoltage Protection
e Status Output for Charging and Faults
e USB Friendly Boot-Up Sequence
e Automatic Charging
e Power Up System without Battery
e Boost Mode Operation for USB OTG:
— Input Voltage Range (from Battery): 2.5V to

45V
— Output for VBUS: 5.05 V/ 200 mA
e 2x2mm 20-Pin WCSP Package

APPLICATIONS

* Mobile and Smart Phones
« MP3 Players
« Handheld Devices

DESCRIPTION

The bg24152 is a compact, flexible, high-efficiency,
USB-friendly switch-mode charge management
device for single-cell Li-ion and Li-polymer batteries
used in a wide range of portable applications. The
charge parameters can be programmed through an
I2C interface. The bg24152 integrates a synchronous
PWM controller, power MOSFETSs, input current
sensing, high-accuracy current and voltage
regulation, and charge termination, into a small
WCSP package.

The bqg24152 charges the battery in three phases:
conditioning, constant current and constant voltage.
The input current is automatically limited to the value
set by the host. Charge is terminated based on
user-selectable minimum current level. A safety timer
with reset control provides a safety backup for 1°C
interface. During normal operation, bg24152
automatically restarts the charge cycle if the battery
voltage falls below an internal threshold and
automatically enters sleep mode or high impedance
mode when the input supply is removed. The charge
status is reported to the host using the I1°C interface.

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

I2C is a trademark of Philips Electronics.

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

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

During the charging process, the bg24152 monitors its junction temperature (T;) and reduces the charge current
once T; increases to approximately 125°C. To support USB OTG device, bg24152 provides VBUS
(approximately 5.05V) by boosting the battery voltage. The bq24152 is available in 20-pin WCSP package.

WCSP PACKAGE
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TERMINAL FUNCTIONS

TERMINAL
/10 DESCRIPTION
NAME NO.
CSOUT E4 | Battery voltage and current sense input. Bypass it with a ceramic capacitor (minimum 0.1 pF) to
PGND if there are long inductive leads to battery.
VBUS Al, A2 | Charger input voltage. Bypass it with a 1-uF ceramic capacitor from VBUS to PGND.
PMID B1 B2 B3 o Connection point between reverse blocking MOSFET and high-side switching MOSFET. Bypass it
i with @ minimum of 3.3-uF capacitor from PMID to PGND.
SwW C1,C2,C3 (o] Internal switch to output inductor connection.
BOOT A3 o Boot-strapped capacitor for the high-side MOSFET gate driver. Connect a 10-nF ceramic capacitor
(voltage rating above 10 V) from BOOT pin to SW pin.
PGND D1, D2, D3 Power ground
CSIN E1 | Charge current-sense input. Battery current is sensed via the voltage drop across an external sense
resistor. A 0.1-uF ceramic capacitor to PGND is required.
SCL A4 | 1°C interface clock. Open drain output, connect a 10-kQ pullup resistor to 1.8V rail
SDA B4 lfe} 1°C interface data. Open drain output, connect a 10-kQ pullup resistor to 1.8V rail
Charge status pin. Pull low when charge in progress. Open drain for other conditions. During faults, a
STAT C4 (0] 128uS pulse is sent out. STAT pin can be disabled by the EN_STAT bit in control register. STAT can
be used to drive a LED or communicate with a host processor.
Internal bias regulator voltage. Connect a 1-uF ceramic capacitor from this output to PGND. External
VREF E3 (6] >
load on VREF is not allowed.
AUXPWR E2 | Auxiliary power supply, connected to the battery pack to provide power in high-impedance mode.
Bypass it with a 1-uF ceramic capacitor from this pin to PGND.
Boost mode enable control or input current limiting selection pin. When OTG is in active status,
bg24152 is forced to operate in boost mode. It has higher priority over I°C control and can be disabled
OTG D4 | through control register. The logic voltage level at OTG active status can also be controlled. At POR,
the OTG pin is default to be used as the input current limiting selection pin. When OTG = High, lin —
limit = 500 mA and when OTG = Low, lin — limit = 100 mA, see the Control Register for details.
2 Submit Documentation Feedback Copyright © 2008-2010, Texas Instruments Incorporated
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ORDERING INFORMATION®

Part NO. MARKING MEDIUM QUANTITY
bg24152YFFR bq24152 Tape and Reel 3000
bg24152YFFT bq24152 Tape and Reel 250

(1) Forthe most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl

website at www.ti.com.

DISSIPATION RATINGS®

PACKAGE

Rosa

Roac

T £25°C

POWER RATING

Tp > 25°C

DERATING FACTOR

wscp-20 @

185°C/W®@

1.57°C/IW

0.54 W

0.0054 W/°C

@)
@)

Maximum power dissipation is a function of Tj(max), R6;4 and Ta. The maximum allowable power dissipation at any allowable ambient

temperature is Pp = [Tj(max)-Ta] / ROja.
For PCB board with only top trace layer. For PCB board with four layers (top trace layer, buried ground layer, buried signal layer and
bottom layer), R0;, drops to 75.96°C/W

ABSOLUTE MAXIMUM RATINGS® @

over operating free-air temperature range (unless otherwise noted)

VALUE UNIT
Supply voltage range (with N ®
Vss respect to PGND) VBUS 0.3t0 20 \%
Input voltage range (with
V| respect to and PGND) SCL, SDA, OTG, CSIN, CSOUT, AUXPWR -0.3to7 \%
PMID, STAT -0.3to 20 \%
Output voltage range (with
Vo respect to and PGND) VREF 65 v
SW, BOOT -0.7 to 20 \%
Voltage difference between CSIN and CSOUT inputs (V(csin) -V(csouT) ) +7 \%
Output sink STAT 10 mA
lo Output current (average) SW 1.25 A
Ta Operating free-air temperature range —40 to 85 °C
Ty Junction temperature —40 to 150 °C
Tstg Storage temperature —65 to 150 °C
(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. All voltage
values are with respect to the network ground terminal unless otherwise noted.
(2) All voltages are with respect to PGND if not specified. Currents are positive into, negative out of the specified terminal.
(3) The bg24152 family can withstand up to 10.6 V contiuously and 20 V for a maximum of 432 hours.
RECOMMENDED OPERATING CONDITIONS
MIN NOM MAX UNIT
Vaus Supply voltage, VBUS 4 6 Y
T; Operating junction temperature range 0 +125 °C

(1) The inherent switching noise voltage spikes should not exceed the absolute maximum rating on either the BOOT or SW pins. A tight

layout minimizes switching noise.

Copyright © 2008-2010, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS

Circuit of Figure 1, VBUS =5 V, HZ_MODE = 0, OPA_MODE = 0 (charger mode operation), T; = 0°C to 125°C, T; = 25°C for
typical values (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX|  UNIT
INPUT CURRENTS
VBUS > VBUS(min), PWM switching 10 mA
VBUS > VBUS(min), PWM NOT switching 5
0°C < T;<85°C, VBUS =5V, HZ_MODE =1,
lvus) VBUS supply current control Y(QUGPWR) > V(Lowv), SCL, SDA, OTG =0V or 20 HA
0°C < Ty < 85°C, VBUS =5V, HZ_MODE = 1,
Vauxpwr) < ViLowv), 32 S mode, SCL, SDA, OTG 35 pA
=0Vorl8Vv
| Leakage current from battery to | 0°C < T; < 85°C, V(auxpwr) = 4.2 V, High 5 A
kg VBUS pin impedance mode H
Battery discharge current in High | 0°C < T; < 85°C, V(auxpwr) = 4.2 V, High
Impedance mode, (CSIN, impedance mode 20 pA
CSOUT, AUXPWR, SW pins) SCL, SDA, OTG=0Vor18V
VOLTAGE REGULATION
V(oreG) Output charge voltage Operating in voltage regulation, programmable 35 4.44 \
. Ta=25°C -0.5% 0.5%
Voltage regulation accuracy
-1% 1%
CURRENT REGULATION (FAST CHARGE)
Vitowv) S Viauxpwr) < V(oree) VBUS > V(g p), 550
lo(cHARGE) Output charge current Risns) = 68 mQ Programmable 1250 mA
Regulation accuracy for charge 20 mV < V(geg) < 40 mV -5% 5%
current across R
(SNS) 40mv<V -3% 3%
Vires) = locrarae) X Rsns) (REG) ’ i
WEAK BATTERY DETECTION
ViLowv) Weak battery voltage threshold Programmable 34 3.7 \
Weak battery voltage accuracy -5% 5%
Hysteresis for V(Lowv) Battery voltage falling 100 mV
Deglitch time for weak battery Rising voltage, 2 mV overdrive, tgisg = 100 ns
30 ms
threshold
OTG PIN LOGIC LEVEL
Vi Input low threshold level 0.4 \%
ViH Input high threshold level 13 \
CHARGE TERMINATION DETECTION
| Termination charge current Vauxpwr) > Vores) — V(rcH): 50 400 mA
(TERM) VBUS > V(sp), Risns) = 68 mQ Programmable
Deglitch time for charge Both rising and falling, 2 mV overdrive, tgisg, traiL
L _ 30 ms
termination =100 ns
< —250, 0,
Voltage regulation accuracy for 3 MV Virec_term) < 5 MV 25% 25%
termination current across Rignsy | 5 MV < Vreg_teRM) < 20 MV -10% 10%
Vrec_term) = lorerm) X Risnis) 20 MV < V(reo,_terw) < 40 mV 5% 5%
INPUT POWER SOURCE DETECTION
Input voltage lower limit Input power source detection, Input voltage falling 3.6 3.8 4 \Y
. Deglitch time for VBUS rising L . _ ms
Vn(min) above Vjy(min) Rising voltage, 2 mV overdrive, tgise = 100 ns 30
Hysteresis for V|y(min) Input voltage rising 100 200 mvV
tiNT Detection Interval Input power source detection 2 S
INPUT CURRENT LIMITING
o In = 100 mA 88 93 98 mA
Iin Input current limiting threshold USB charge mode
Iy = 500 mA 450 475 500
VREF BIAS REGULATOR
B VBUS >V\(min) or Vauxpwr) > V@ammin, \Y,
VRer Internal bias regulator voltage I(VREF) = 1 mA, C(VREF) = 1 uF 2 6.5
Vger output short current limit 30 mA
4 Submit Documentation Feedback Copyright © 2008-2010, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)
Circuit of Figure 1, VBUS =5 V, HZ_MODE = 0, OPA_MODE = 0 (charger mode operation), T; = 0°C to 125°C, T; = 25°C for

typical values (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
BATTERY RECHARGE THRESHOLD
V(rcH) Recharge threshold voltage Below V(oreg) 100 120 150 mV
. . V, decreasing below threshold
(AUXPWR) )
Deglitch time traLL = 100ns, 10 mV overdrive 130 ms
STAT OUTPUTS
Low-level output saturation lo = 10 MA. sink current 0.4 v
voltage, STAT o~ ! :
Vousran High-level leak tf
lgh-level leakage current for Voltage on STAT pinis 5V 1 pA
STAT
I°C BUS LOGIC LEVELS AND TIMING CHARACTERISTICS
VoL Output low threshold level lo = 10 mA, sink current 0.4 \
Vi Input low threshold level 0.4 \
Vi{ Input high threshold level 1.2 \
l@Ias) Input bias current Vpuil-up) = 1.8 V, SDA and SCL pA
fiscy SCL clock frequency 34 MHz
BATTERY DETECTION
Battery detection current before Begins after termination detected, 045 mA
loeTeCT charge done (sink current) Vauxpwr) < V(oree) :
Battery detection time 262 ms
SLEEP COMPARATOR
Sleep-mode entry threshold, .
Vistr) VBUS”_ Voo y 2.3V £ Vjauxpur) < Viorea) Vaus falling 0 40 100 mv
Sleep-mode exit hysteresis 2.3V < Viauxpwr) < V(oREG) 40 100 160 mV
(SLP_EXD Deglitch time for VBUS rising Rising voltage, 2-mV overdrive, tg;se = 100ns 30 ms
above V(sip) + V(sLp_exim)
UNDERVOLTAGE LOCKOUT
UVLO IC active threshold voltage VBUS rising 3.05 3.3 3.55 \
UVLOys) IC active hysteresis VBUS falling from above UVLO 120 150 mV
PWM
\F:itrJ}Itage from BOOT pin to SW During charge or boost operation 6.5 \
Internal top reverse blocking Iinumimy = 500 mA, Measured from VBUS to 180 250
MOSFET on-resistance PMID
Internal top N-channel Switching _
MOSFET on-resistance Measured from PMID to SW, Voot - Vsw =4 V 120 250 mQ
Internal bottom N-channel
MOSFET on-resistance Measured from SW to PGND 110 200
fosc) Oscillator frequency 3 MHz
Frequency accuracy -10% 10%
D(max) Maximum duty cycle 99.5%
Doviny Minimum duty cycle 0
Synchronous mode to
non-synchronous mode transition | Low side MOSFET cycle by cycle current sensing 100 mA
current threshold®
CHARGE MODE PROTECTION
Input VBUS OVP threshold Threshold over VBUS to turn off converter during
voltage charge 6.3 6.5 6.7 v
V(ovp-iNy
V(ovp_iny hysteresis VBUS falling from above V(oyp ) 140 mV
Output OVP threshold voltage g&crfguggg:ezho'd over V(oreg) to turn off charger 110 117 121
Viove) 9 9 %V (oREG)
V(ovp) hysteresis Lower limit for Vcsour) falling from above Voyp) 11
(1) Negative charge current means the charge current flows from the battery to charger (discharging battery).
(2) Bottom N-channel MOSFET always turns on for X60 ns and then turns off if current is too low.
Copyright © 2008-2010, Texas Instruments Incorporated Submit Documentation Feedback 5
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ELECTRICAL CHARACTERISTICS (continued)
Circuit of Figure 1, VBUS =5 V, HZ_MODE = 0, OPA_MODE = 0 (charger mode operation), T; = 0°C to 125°C, T; = 25°C for
typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Cycle-by-cycle current limit for .
lumimy charge Charge mode operation 15 2.3 3 A
v Short-circuit voltage threshold Vauxpwr falling 1.9 2 2.1 \Y
(SHORT) V(sHorT) hysteresis V(auxpwr) fising from below VgyorT) 100 mV
I(sHorT) Short-circuit current V(auxpwr) < V(sHorT) 5 10 15 mA
BOOST MODE OPERATION FOR VBUS (OPA_MODE = 1, HZ_MODE = 0)
Vieus g) Ei‘r’]‘))S‘ output voltage (o VBUS |5 5/ < v/, jxpwry < 4.5 V, Open loop 5.05 v
Boost output voltage accuracy Including line and load regulation -3% 3%
Maximum output current for
leo) booet P Vigus_g) = 5.05 V, 2.5 V < Viauxpwr) < 45 V 200 mA
| Cycle by cycle current limit for v =505V 25V <V <45V 1 A
(BLIMIT) boost (BUS_B) ~ - y & (AUXPWR) .
Overvoltage protection threshold | Threshold over VBUS to turn off converter during
- 5.8 6 6.2 \
VBUS(ove) for boost (VBUS pin) boost
VBUSovp) hysteresis VBUS falling from above VBUS oyp) 125 mV
Maximum battery voltage for . .
VianMAX boost (CSOUT pin) V(csour) fising edge during boost 4.75 4.9 5.05 Y,
V(ean)MAX hysteresis V(csou) falling from above VBATMAX 200 mV
Vs MIN Minimum battery voltage for During boosting 25 \
®AD boost (AUXPWR pin) Before boost starts 2.9 3.05 Y
Boost output resistance at
high-impedance mode (From HZ_MODE =1 165 kQ
VBUS to PGND)
PROTECTION
T(sHTDWN) Thermal trip 165
Thermal hysteresis 10 °C
T Thermal regulation threshold® | Charge current begins to reduce 120
Tezs) Time constant for the 32 second 32 Second mode 12 32 s
timer
(3) Verified by design
6 Submit Documentation Feedback Copyright © 2008-2010, Texas Instruments Incorporated
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TYPICAL APPLICATION CIRCUITS

VBUSd: 5V, licharce) = 1250 mA, VBAT = 3.5 V to 4.44 V (adjustable), Safety Timer = 32 minutes or 32
seconds.

Lo 1.0 uH RSNS
' o VBAT
BUS’—h VBUS SW A T
CIN Co
— U1 CBoOT 68 mo
1 “'T bq24152 p— 10 uF
— 10 nF —
- 7 PMID BOOT PACK +
__________ CIN|47 1

! N PGND[—| CcsiN] ~<n
| VAUX 1T = T oauF I—1
I I = CSIN - LT
I 10k | 2 Bus I_L1
I 10 kOS10 KOS 10 kQ| PACK -
| SCL | scL csout
| SDA I SDA AUXPWR =
: STAT } STAT CAUXPWR

' i
| OTG S oTG VREF lcvrer [ 14F
I 10 kQ % | =
[l: HOST = I1 hF

Figure 1. 1°C Controlled 1-Cell Charger Application Circuit

VBUS =5V, lyn_umm = 500 mA, Voyr = 3.5 V to 4.44 V (adjustable), Safety Timer = 32 minutes or 32 seconds.

LO 1.0 uH RSNS Vv
VBus VBUS sw AMA ’ OUT  Host-
CIN 68 mQ CO_L Controlled
) FI u1 CeooTt 1 OMT Switch
H 1 bq24152 ——|—1 onF L
A _ [Fas
_________ . 0.1 uF
™ "vaux e PGND [ [CCSINLTH Vsys
| T = I Host |
: 10 m% ; ; : R CSIN - Charge
Controller PACK +
| 0 ko310 kaS10 ko 1°C BUS -
| SCL— ! scL csout 1
1 SDA 1 SDA AUXPWR * Ll
I STAT I STAT _LCAUXPWR Ccsout PACK-
| ote ! oTG VREF __|_c F[ 1uF = 0AuF
| . u A =
| 10 kQ % : VREFL I
: HOST = RN -
__________ I -
Figure 2. I°C Controlled 1-Cell Pre-Regulator Application
Copyright © 2008-2010, Texas Instruments Incorporated Submit Documentation Feedback 7
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TYPICAL CHARACTERISTICS

Using circuit shown in Figure 1, T, = 25°C, unless otherwise specified.

ADAPTER INSERTION

VBUS
2 Vidiv

VSW
5 Vidiv &

Vbus = 0-5V, Vbat = 3.5 V Charge mode

M,
Igat | {
0.5 A/div,

wa By Bz e s awss s tnep

== 500 uS/div S s "B
Figure 3.
PWM CHARGING WAVEFORMS

et ™ - [ for !
VSW 3
2 Vidiv J

k-n — —

.
IL P N e, |
0.5 A/div m-w""’"’ "“~~-,,,,wvw"""m# w—-‘wﬁ?

Vbus =5V, Vbat = 2.6 V, Voreg = 4.2 V, Ichg = 1250 mA

L

(KA

100 nS/div

Figure 5.

BATTERY DETECTION AT POWER UP

BATTERY INSERTION/REMOVAL

VBAT
2 Vidiv |
q Vbus =5 V, lin_limit = 500 mA,
32S Mode
vsw ; ‘
5VIdlvm\ | |
IBI_\T e l
0.5 A]d|v.’ R T
TGy wosems | (Wenew e wam wew
T
Figure 4.

POOR SOURCE DETECTION

VBUS
2 Vidiv

Vsw
5 Vidiv
[ 3

; Vbus =5V @ 10 mA, lin_limit = 100 mA,
laus Vbat = 3.2 V, Ichg = 550 mA

0.1 A/div N 4
. v ‘
R ]
0 Szmow K/ onn Fy
0 Syo0m .
500 fyso0m 2 mS/div R0k
Ao Mot 208 t60%47

Figure 6.

CYCLE BY CYCLE CURRENT LIMIT IN CHARGE MODE

VBUS e o, -
5 V/div [P e e e B e e\
o VSW ‘
2 Vidiv
Vi =05V, J J
Vaar No Battery,
1 Vidiv | Cour =100 pF,
Rionp =5k o / / P r.
& w0 ) | 1 g v
ore 0.5 A/div |/ / /] w4
5 Vidiv ‘ \
| ; Vbus =5V, Vbat = 3.6 V Charge mode
lgar | I & operation
50 mNdiV‘Wm L1l
ACE Sy 20.0m3 500.0k5% 2uspt ACENZWY uz
20 mS/div ™ e 2 us/div g
Figure 7. Figure 8.
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TYPICAL CHARACTERISTICS (continued)

INPUT CURRENT CONTROL

Vbus = 5 V. lin_limit = 100/500 mA, ’
(OTG Control, 32 Minute Mode), |
2
lin_limit = 100 mA (I C Control, 32 Second Mode)
oTG ' i
5 Vidiv |
s (U SN Ry e ‘
32 Minute 32 Second
Mode | Mode
F— ————————
lsus |
0.2 A/div
o8
ks i
= i 0.5 S/div
Figure 9.
BOOST WAVEFORM (PWM MODE)
; " VBUS 10 mV/div, 5.08 V Offset
o2
t VBAT 10 mV/div, 3.52 V Offset
| i |
f""‘* TR | Nt -4 pTr—
VSW |
2 Vidiv |
@ el i | it
IL

0.2 A/div

VBAT =3.5V, VBUS =5.07 V, IBUS = 215 mA

Ofetsosy 1M §200M Ko 25y Toms 25055 doopait
Offetaszy 1M f200m Stopped
M0 8 s00m 100 nS/div Bacas RL2S
oAy 500 fS0om Ao Maye2s  tet1z

Figure 11.

VBUS OVERLOAD WAVEFORMS (BOOST MODE)

CHARGER EFFICIENCY

AT
s \\\§

£ o NN

gm AN
! SERN S?

0 100 200 300 400 500 600 700 800 900 10001100 12001300
Charge Current - mA

Figure 10.
BOOST WAVEFORM (PFM MODE)
VBUS 100 mV/div, 5.06 V Offset

VBAT 100 mV/div, 3.5 V Offset

L L PR koo I L“"‘ "‘
1 O N O 11 N 1
2 [ d M

i |'ju ) M

i

L VBAT =3.5V,VBUS =5.06 V, IBUS =42 mA
0.2 Ardiv /|11 (il MU A A Hfi i i ‘
(AN I i 111
oo sty (s T
T e | 5 uS/div o

Figure 12.

LOAD STEP UP RESPONSE (BOOST MODE)

VBUS
VBAT = 3.5V, VBUS = 5.05 V, IBUS = 42 mA 100 mV/div,
VBUS 5.06 V Offset &
2 Vidiv - se
vemin® VBAT = 3.85 V, VBUS =5.07 V, IBUS = 0-215 mA
200 mV/div, VBAT
5.02 V Offset | 0.2 V/div, “~
4 3.8 V Offset
VSW : ‘ i o l 1 | ‘
5 Vidiv & I | [ I
lsus e
0.2 A/div
‘ b IBAT
& | 0.1 Aldiv .. .
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Figure 13. Figure 14.
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TYPICAL CHARACTERISTICS (continued)

LOAD STEP DOWN RESPONSE (BOOST MODE)

VBUS
100 mV/div,

5.06V Offset |
VBAT =3.85V, VBUS =5.07 V, IBUS = 215 mA-0
Vaar
0.2 A/div,
3.8 V Offset &

VsSwW ) | |
svio [ 1

IBAT ‘
0.1 A/div ‘
@

Tonus fonomss 100msit

A\ 420mA
100 uS/div

V Offotsosy 1M §z00M
V Offctdsy M0 2008
0 By 500m
50 By500M

Run  Sample
3cas RLto0k
Aulo Maye22008 154658

Figure 15.

BOOST TO CHARGE MODE TRANSITION (OTG CONTROL)

CYCLE BY CYCLE CURRENT LIMITING IN BOOST MODE

Vbat = 3.6 V, Vbus = 4.11 V, Boost mode
overload operation

VW ”7/‘***\,\ (r'“w\‘ R e e R e

ZVldiv’ Vo | \, \14

l I - \
v L \ \..J e ] o

IL
0.5 A/div

@

Ecne
200 nS/div

Figure 16.

BOOST EFFICIENCY

VBUS % \
0.5 V/div, VBAT =4V
4.5V Offset &
< 90 VBAT =36V
oTG ——
2 Vidiv |
T Vbus = 4.5V, (Charge Mode)/5.1 V (Boost Mode), ° / =
lin_limit = 500 mA, Vbat = 3.4 V, 325 Mode. S 85 / o\
>
5 Vidiv s
£ 80 /|
. i /
IL @
0.5 A/div 75
S00mV_Offset 4.5V :n!,,mnu (ACa e Soops 200MS's  S0.0nslpt /
SR i 0.5 mS/div g 5 7
' 70
0 50 100 150 200
Load Current at VBUS - mA
Figure 17. Figure 18.
LINE REGULATION FOR BOOST LOAD REGULATION FOR BOOST
5.1 5.1
IBUS = 100 mA
5.09 Y — 5.09
5.08 IBUS =200 mA | 508
\ |/ | [
5.07 \ v 5.07 VBAT =36V ——
7 \ N
> 5.06
f 5.06[—> I 2N
» > J _
8 505 f VBAT =4V
@ L @ 505 \/
5.04
| _ 0 I 4
5.03 IBUS = 50 mA \ /\/ J
I 5.03
5.02 \\ \
5.02
501 \ \ VBAT =25V
5 5.01 v
4.99 5
25 27 29 31 33 35 37 39 41 0 50 100 150 200
VBAT -V Load Current at VBUS - mA
Figure 19. Figure 20.
10 Submit Documentation Feedback Copyright © 2008-2010, Texas Instruments Incorporated

Product Folder Link(s): bq24152



13 TEXAS

Not Recommended For New Designs
INSTRUMENTS

bq24152

www.ti.com SLUS847A —JUNE 2008—REVISED JANUARY 2010

FUNCTIONAL BLOCK DIAGRAM (Charge Mode)
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Figure 21. Function Block Diagram of bg24152 in Charge Mode
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FUNCTIONAL BLOCK DIAGRAM (Boost Mode)
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Figure 22. Function Block Diagram of bq24152 in Boost Mode
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OPERATIONAL FLOW CHART
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Figure 23. Operational Flow Chart of bq24152 in Charge Mode
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DETAILED FUNCTIONAL DESCRIPTION

For a current limited power source, such as a USB host or hub, the high efficiency converter is critical in fully
using the input power capacity and charging the battery. Due to the high efficiency in a wide range of the input
voltage and battery voltage, the switching mode charger is a good choice for high speed charging with less
power loss and better thermal management.

The bg24152 is a highly integrated synchronous switch-mode charger with bi-directional operation to achieve
boost function for USB OTG support, featuring integrated MOSFETs and small external components, targeted at
extremely space-limited portable applications powered by 1-cell Li-lon or Li-polymer battery pack.

The bg24152 usually has three operation modes: charge mode, boost mode, and high impedance mode. In
charge mode, the bq24152 supports a precision Li-ion or Li-polymer charging system for single-cell applications.
In boost mode, bg24152 boosts the battery voltage to VBUS for powering attached OTG devices. In high
impedance mode, the bq24152 stops charging or boosting and operates in a mode with low current from VBUS
or battery, to effectively reduce the power consumption when the portable device in standby mode. Through the
proper control, bg24152 can achieve the smooth transition among different operation modes.

CHARGE MODE OPERATION

Charge Profile

In charge mode, bq24152 has four control loops to regulate input current, charge current, charge voltage and
device junction temperature, as shown in Figure 21. During the charging process, all four loops are enabled and
the one that is dominant will take over the control. The bg24152 supports a precision Li-ion or Li-polymer
charging system for single-cell applications. Figure 24(a) indicates a typical charge profile without input current
regulation loop and it is similar to the traditional CC/CV charge curve, while Figure 24(b) shows a typical charge
profile when input current limiting loop is dominant during the constant current mode, and in this case the charge
current is higher than the input current so the charge process is faster than the linear chargers. For bq24152, the
input current limits, the charge current, termination current, and charge voltage are all programmable using 1°C
interface.
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Figure 24. Typical Charging Profile of bq24152 for (a) without Input Current Limit, and (b) with Input
Current Limit
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PWM Controller in Charge Mode

The bg24152 provides an integrated, fixed 3-MHz frequency voltage-mode controller with Feed-Forward function
to regulate charge current or voltage. This type of controller is used to help improve line transient response,
thereby, simplifying the compensation network used for both continuous and discontinuous current conduction
operation. The voltage and current loops are internally compensated using a Type-lll compensation scheme that
provides enough phase margin for stable operation, allowing the use of small ceramic capacitors with low ESR.
There is a 0.5-V offset on the bottom of the PWM ramp to allow the device to operate between 0% to 99.5% duty
cycles.

The bg24152 has two back to back common-drain N-channel MOSFETSs at the high side and one N-channel
MOSFET at low side. An input N-MOSFET (Q1) prevents battery discharge when VBUS is lower than
VAUXPWR. The second high-side N-MOSFET (Q2) behaves as the switching control switch (see Figure 21). A
charge pump circuit is used to provide gate drive for Q1, while a boot strap circuit with an external boot-strap
capacitor is used to boost up the gate drive voltage for Q2.

Cycle-by-cycle current limit is sensed through the internal sense MOSFETs for Q2 and Q3. The threshold for Q2
is set to a nominal 2.3-A peak current. The low-side MOSFET (Q3) also has a current limit that decides if the
PWM Controller will operate in synchronous or non-synchronous mode. This threshold is set to 100mA and it
turns off the low-side N-channel MOSFET (Q3) before the current reverses, preventing the battery from
discharging. Synchronous operation is used when the current of the low-side MOSFET is greater than 100mA to
minimize power losses.

Battery Charging Process

At the beginning of precharge, while battery voltage is below the V(syorr) threshold, the bg24152 applies a
short-circuit current, lsyorr), to the battery.

When the battery voltage is above V(sporm and below V(oreg), the charge current ramps up to fast charge
current, locharce), OF @ charge current that corresponds to the input current of Iy (mm). The slew rate for fast
charge current is controlled to minimize the current and voltage over-shoot during transient. Both the input
current limit (default at 100 mA), IIN_LIMIT, and fast charge current, locrarce) Can be set by the host. Once the
battery voltage is close to the regulation voltage, Voreg), the charge current is tapered down as shown in
Figure 24. The voltage regulation feedback occurs by monitoring the battery-pack voltage between the CSOUT
and PGND pins. bg24152 is a fixed single-cell voltage version, with adjustable regulation voltage (3.5 V to 4.44
V) programmed through 1°C interface.

The bg24152 monitors the charging current during the voltage regulation phase. Once the termination threshold,
ITERM, is detected and the battery voltage is above the recharge threshold, the bq24152 terminates charge. The
termination current level is programmable. To disable the charge current termination, the host can set the charge
termination bit (I_Term) of charge control register to 0, see the I°C section for details.

A new charge cycle is initiated when one of the following conditions is detected:

+ The battery voltage falls below the V oreg) — V(rch threshold.

* VBUS Power-on reset (POR), if battery voltage is below the V( owv) threshold.
« CE bit toggle or RESET bit is set (host controlled)

Safety Timer in Charge Mode

At the beginning of charging process, the bg24152 starts a 32-minute timer (T32min) that can be stopped by any
write-action performed by host through 1°C interface. Once the 32-minute timer is stopped, a 32-second timer
(T32sec) is automatically started. The 32-second timer can be reset by host using 1°C interface. Writing "1" to
reset bit of TMR_RST in control register resets the 32-second timer and TMR_RST is automatically set to "0"
after the 32-second timer is reset. If the 32-second timer expires, the charge is terminated and charge
parameters are reset to default values. Then the 32-minute timer starts and the charge resumes.

During normal charging process, the bg24152 is normally in 32-second mode with host control, and 32-minute
mode without host control using 1°C interface. The process repeats until the battery is fully charged. If the
32-minute timer expires, bq24152 turns off the charger and enunciates FAULT on the STATX bits of status
register. This function prevents battery over charge if the host fails to reset the safety timer. The safety timer flow
chart is shown in Figure 25. Fault condition is cleared by POR and fault status bits can only be updated after the
status bits are read out by the host.
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Figure 25. Timer Flow Chart for bq24152 in Charge Mode

USB Friendly Boot-Up Sequence

At power on reset (POR) of VBUS, if the battery voltage is above the weak battery threshold, V|, owy, bq24152
will operate in a mode dictated by the I°C control registers. On the other hand, if the battery voltage is below
V., owv and the host control through IC interface is lost (32 minute mode), bq24152 will reset all I>C registers with
default values and enable the charger with an input current limit dictated by the OTG pin voltage level until the
host programs the 1°C registers. During this period, the input current limit is 100 mA when the voltage level of
OTG pin is Low; while the input current limit is 500 mA when the voltage level of OTG pin is high. This feature
could quickly revive the deeply discharged cell. The charge process continues even the battery is charged to the
regulation voltage (default at 3.54 V) since termination is disabled by default. In another case, if the battery
voltage is below V owy but the host control using I°C interface is available (32 second mode), bq24152 will
operate in a mode dictated by control registers.

Input Current Limiting

To maximize the charge rate of bq24152 without overloading the USB port, the input current for bq24152 can be
limited to 100mA or 500mA which is programmed in the control register or OTG pin. Once the input current
reaches the input current limiting threshold, the charge current is reduced to keep the input current from
exceeding the programmed threshold. For bq24152, the default input current limit is controlled by the OTG pin at
VBUS power on reset when Viauxpwr) is lower than Vi owy). The input current sensing resistor and control loop
are integrated into bg24152. The input current limit can also be disabled using 1°C control, see the definition of
control register (01H) for details.

Thermal Regulation and Protection

To prevent overheating the chip during the charging process, the bg24152 monitors the junction temperature, T;,
of the die and begins to taper down the charge current once T; reaches the thermal regulation threshold, Tcg.
The charge current is reduced to zero when the junction temperature increases approximately 10°C above Tg.
At any state, if T; exceeds Tsytpwn: 0924152 suspends charging. At thermal shutdown mode, PWM is turned off
and all timers are frozen. Charging resumes when T, falls below Tsyrpwn by approximately 10°C.
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Input Voltage Protection in Charge Mode

Sleep Mode

The bg24152 enters the low-power sleep mode if the voltage on VBUS pin falls below sleep-mode entry
threshold, Vauxpwr + Vsip, @nd VBUS is still higher than the poor source detection threshold, V,y(min). This
feature prevents draining the battery during the absence of VBUS. During sleep mode, both the reverse blocking
switch Q1 and PWM are turned off.

Input Source Detection

During the charging process, bg24152 continuously monitors the input voltage, VBUS. If VBUS falls to the low
input voltage threshold, Vy(min), poor input power source is detected. Under this condition, bq24152 terminates
the charge process, waits for a delay time of Tyt and repeats the charging process, as indicated in Figure 23.
This unique function provides intelligence to bq24152 and so prevents USB power bus collapsing and oscillation
when connecting to a suspended USB port, or a USB-OTG device with low current capability.

Input Overvoltage Protection

The bg24152 provides a built-in input over-voltage protection to protect the device and other components against
damages if the input voltage (Voltage from VBUS to PGND) goes too high. When an input overvoltage condition
is detected, bgq24152 turns off the PWM converter, sets fault status bits, and sends out fault pulse in STAT pin.
Once VBUS drops below the input overvoltage exit threshold, the fault is cleared and charge process resumes.

Battery Protection in Charge Mode

Output Overvoltage Protection

The bg24152 provides a built-in overvoltage protection to protect the device and other components against
damage if the battery voltage goes too high, as when the battery is suddenly removed. When an overvoltage
condition is detected, bq24152 turns off the PWM converter, sets fault status bits and sends out fault pulse in
STAT pin. Once V(csour) drops to the battery overvoltage exit threshold, the fault is cleared and charge process
back to normal.

Battery Detection During Normal Charging

For applications with removable battery packs, the bq24152 provides a battery absent detection scheme to
reliably detect insertion or removal of battery packs.

During normal charging process with host control, once the voltage at the AUXPWR pin is above the battery
recharge threshold, Vorec) — V(rch), and the termination charge current is detected, bg24152 turns off the
charge and enables a discharge current, | perecr), for a period of toerecr, then checks the battery voltage. If the
battery voltage is still above recharge threshold, the battery is present and the charge done is detected.
However, if the battery voltage is below battery recharge threshold, the battery is absent. Under this condition,
the charge parameters (such as input current limit) are reset to the default values and charge resumes after a
delay of Ty, as shown in Figure 23. This function ensures that the charge parameters are reset whenever the
battery is replaced.

Power Up Without Battery

When no battery is present, at VBUS power up, bg24152 will charge the output capacitor in short circuit mode
(when Vauxpwr<Vshort) Of PWM mode (when Vauxpwr™>Vshort). Once the output voltage at CSOUT pin is
charged to the default regulation voltage (3.54V), the voltage is kept constant until the 32-minute timer expires or
the host takes over the control through 12C interface. This unique feature makes bq24152 capable of starting the
system without battery.

Battery Short Protection

During the normal charging process, if the battery voltage is lower than the short-circuit threshold, VsnorT), the
charger operates in short circuit mode with a lower charge rate of Isporr), as shown in Figure 22.

18 Submit Documentation Feedback Copyright © 2008-2010, Texas Instruments Incorporated

Product Folder Link(s): bq24152



1§ TEXAS i
INSTRUMENTS Not Recommended For New Designs bq24152

www.ti.com SLUS847A —JUNE 2008—REVISED JANUARY 2010

Charge Status Output, STAT Pin

The STAT pin is used to indicate operation conditions for bq24152. STAT is pulled low during charging and
EN_STAT bit in control register (O0H) is set to "1". Under other conditions, the STAT pin acts as a high
impedance (open-drain) output. Under fault conditions, a 128-us pulse is sent out to notify the host. The status of
STAT pin at different operation conditions is summarized in Table 1. The STAT pin can be used to drive an LED
or communicate to the host processor.

Table 1. STAT Pin Summary

Charge State STAT
Charge in progress and EN_STAT =1 Low
Other normal conditions Open-drain

Charge mode faults: Timer fault, sleep mode, VBUS | 128-pus pulse, then open-drain
or battery overvoltage, poor input source, VBUS
UVLO, no battery, thermal shutdown

Boost mode faults: Timer fault, over load, VBUS or | 128-us pulse, then open-drain
battery overvoltage, low battery voltage, thermal
shutdown

Control Bits in Charge Mode

CE Bit (Charge Mode)

The bit of CE in control register is used to disable or enable the charge process. A low logic level (0) on this bit
enables the charge and a high logic level (1) disables the charge.

RESET Bit

The bit of RESET in control register is used to reset all the charge parameters. Writing '1" to RESET bit resets all
the charge parameters to default values and RESET bit is automatically cleared to zero once the charge
parameters are reset. It is designed for charge parameter reset before charge starts, and it is not recommended
to set the RESET bit when charging or boosting in progress.

OPA_Mode Bit

OPA_MODE is the operation mode control bit. When OPA_MODE = 0, the bq24152 will go to the charge related
operation modes if HZ_MODE is set to "0", refer to Table 2 for detail.

Table 2. Operation Mode Summary

OPA_MODE HZ_MODE OPERATION MODE

0 0 Charge (no fault)
Charge configure (fault, Vpys > VuvLo)
High impedance (Vpys < Vuvio)

1 0 Boost (no faults)
Any fault go to charge configure mode

X 1 High impedance

Boost Mode Operation

In 32 second mode, when the OTG pin is in active status or the bit of operation mode (OPA_MODE) at control
register is set to 1, the bq24152 operates in boost mode and delivers the power to VBUS from the battery. At
normal boost mode, bq24152 converts the battery voltage (2.5 V to 4.5 V) to VBUS-B (about 5.05V) and delivers
a current as much as lgp) (approximately 200 mA) to support other USB OTG devices connected to the USB
connector.

PWM Controller in Boost Mode

Similar to charge mode operation, in boost mode, the bq24152 provides an integrated, fixed 3 MHz frequency
voltage-mode controller to regulate output voltage at PMID pin (VPMID), as shown in Figure 22. The voltage
control loop is internally compensated using a Type-lll compensation scheme that provides enough phase
margin for stable operation with a wide load range and battery voltage range

Copyright © 2008-2010, Texas Instruments Incorporated Submit Documentation Feedback 19

Product Folder Link(s): bq24152



i 1§ TEXAS
bq24152 Not Recommended For New Designs INSTRUMENTS

SLUS847A —JUNE 2008—REVISED JANUARY 2010 www.ti.com

In boost mode, the input N-MOSFET (Q1) prevents battery discharge when VBUS pin is overloaded.
Cycle-by-cycle current limit is sensed through the internal sense MOSFET for Q3. The cycle-by-cycle current limit
threshold for Q3 is set to a nominal 1-A peak current. Synchronous operation is used in PWM mode to minimize
power losses.

Boost Start Up

To prevent the inductor saturation and limit the inrush current, a soft-start control is applied during the boost start
up.

PFM Mode at Light Load

In boost mode, the bq24152 operates in pulse skipping mode (PFM mode) to reduce the power loss and improve
the converter efficiency at light load condition. During boosting, the PWM converter is turned off once the
inductor current is less than 75 mA; and the PWM is turned back on only when the voltage at PMID pin drops to
about 99.5% of the rated output voltage. A unique pre-set circuit is used to make the smooth transition between
PWM and PFM mode.

Safety Timer in Boost Mode

At the beginning of boost operation, the bg24152 starts a 32-second timer that can be reset by host through 1°C
interface. Writing "1" to reset bit of TMR_RST in the control register resets the 32-second timer and TMR_RST is
automatically set to "0" after the 32-second timer is reset. To keep in boost mode, the host must reset the
32-second timer repeatedly. Once the 32-second timer expires, the bg24152 turns off the boost converter,
enunciate the fault pulse in STAT pin and set fault status bits in status register. Fault condition is cleared by POR
or host control.

Protection in Boost Mode

Output Overvoltage Protection

The bg24152 provides a built-in overvoltage protection to protect the device and other components against
damage if the VBUS voltage goes too high. When an overvoltage condition is detected, the bq24152 turns off the
PWM converter, reset OPA_MODE bit to 0, sets fault status bits, and sends out fault pulse in STAT pin. Once
VBUS drops to the normal level, the boost starts after host sets OPA_MODE to "1", or the OTG pin remains in
active status.

Output Overload Protection

The bg24152 provides a built-in overload protection to prevent the device and battery from damage when VBUS
is over loaded. Once over load condition is detected, Q1 operates in linear mode to limit the output current while
VPMID keeps in voltage regulation. If the overload condition lasts for more than 30ms, the overload fault is
detected. When an overload condition is detected, the bg24152 turns off the PWM converter, reset OPA_MODE
bit to 0, sets fault status bits, and sends out fault pulse in STAT pin. The boost will not start until the host clears
the fault register.

Battery Voltage Protection

During boosting, when battery voltage is above the battery overvoltage threshold, V(garmx), or below the minimum
battery voltage threshold, Vgarymin, the bq24152 turns off the PWM converter, reset OPA_MODE bit to 0, sets
fault status bits, and sends out fault pulse in STAT pin. Once battery voltage goes back to the normal level, the
boost starts after host sets OPA_MODE to "1", or the OTG pin remains in active status.

STAT Pin Boost Mode

During normal boosting process, the STAT pin behaves as a high impedance (open-drain) output. Under fault
conditions, a 128-us pulse is sent out to notify the host.
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High Impedance Mode

When control bit of HZ-MODE is set to "1" and the OTG pin is not in active status, the bq24152 operates in high
impedance mode, with the impedance in VBUS pin higher than 165 kQ. In high impedance mode, a crude
32-second timer is enabled when the battery voltage is below V( owyy to monitor the host control is available or
not. If the crude 32 second timer expires, the bq24152 operates in 32 minute mode and the crude 32 second
timer is disabled. In 32 minute mode, when VBUS is below UVLO, the bq24152 operates in high impedance
mode regardless of the setting of the HZ_MODE bit.

Output Inductor and Capacitance Selection Guidelines

The bg24152 provides internal loop compensation. With this scheme, the best stability occurs when the LC
resonant frequency, f,., is approximately 40 kHz (20 kHz to 80 kHz). Equation 1 is used to calculate the value of
the output inductor, Loyt, and output capacitor, Coyr-

_ 1
2n x [ Lout * Cout

fo
1)
To reduce the output voltage ripple, a ceramic capacitor with the capacitance between 4.7 uF and 47 pF is
recommended for Cqyt, See the application section for components selection.

Pre-Regulator Application

Figure 2 shows a typical pre-regulator application that the bq24152 operates as a DC/DC converter, with the
termination disabled. In this application, the host charge controller controls switch Q to achieve pulse-charging
function, and bg24152 converts the input voltage to the lower output voltage (Voreg). The robust internal
compensation design ensures the stable operation when the host-controlled switch Q is turned off. With the input
overvoltage protection, output current regulation and high efficiency power conversion, the bg24152 is an ideal
choice for pre-regulator used in pulse charging applications.

State Machine Table and State Diagram

Based on the previously-described operation modes, the definitions of all operation states are shown in Table 3
and Table 4, whereas the relationship among different states is shown in Figure 26.

Table 3. State Machine Table 1 of bq24152

V(auxPwR) < V(SHORT)

Veus < VBusMIN)
or

CE = HIGH
or
Faults During Charge

V(auxpwr) < V(sHORT)
CE = Low

No Faults

MODE POWER DOWN CHARGE CONFIGURE SHORT CIRCUIT PWM CHARGE
OPA_MODE = 0
HZ_MODE =0 OPA_MODE =0 OPA_MODE =0
OTG Inactive HZ_MODE =0 HZ_MODE =0
N vV <V Vgus > Vuvio OTG Inactive OTG Inactive
IN Condition BUS = TUVLO Veus > VeusMIN) Veus > VeusMIN)

V(auxpwr) > V(sHORT)
CE = Low

No Faults

OUT Condition

Veus > VuviLo
or V(auxpwr) > V(SHORT)

OPA_MODE =1
or HZ_MODE =1
or Vgus < VuvLo

OPA_MODE = 1
or HZ_MODE =1
or Vgus < Veusmin)
or Viauxpwr) > V(sHORT)

OPA_MODE = 1
or HZ_MODE =1
or Vgus < VeusmiN)
or Viauxpwr) < V(sHORT)

) or CE = HIGH or CE = HIGH
or OTG Active or Faults or Faults

or OTG Active or OTG Active
1’c Off On On On
Buck Off Off Off On
I(sHorT) Off Off On Off
Boost Off Off Off Off
Q1 Off On/Off On On

Note POR when out
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Table 4. State Machine Table 2 of bq24152

Ready To Start Up

MODE HIGH IMPEDANCE BOOST CONFIGURE BOOST
_ HZ_MODE =0
_ HZ_MODE __0 (OPA_MODE =1
HZ_MODE =1 (OPA_MODE =1 or OTG active)
IN Condition or or OTG active) v SV
Veus < VuviLo & Vauxpwr) > V(SHORT) V(auxpwR) > V(BATMIN) (glf;zwﬁg) Fingﬁ%m)

No Faults

(OPA_MODE =0 &

HZ_MODE =1 OTG Inactive)
OUT Condition grza'\'ﬂrga%tl_vg or C\)/r(ACL)Jva;;\;I S?/I(EB;T?MN) > (g-%éwllrc‘)alztEiV_e)l )
or Boost Start Up Finished or Viauxpwr) < V(BATMIN)
or Faults

12C On On On

Buck Off Off Off
I(sHorT) Off Off off
Boost Off Off On

Q1 off On/Off® On

(1) Q11 is OFF when VBUS is shorted to ground.

Veus>Vuvio
Vauxpwr<Viowy

Veus<Vuvio
Vauxpwr<VsHorT

POWER DOWN

ANY STATE

Vauxpwr>VsHorT

Veus<VuvLo HZ_MODE=1

or Veus<Vuvio, Vauxpwr>VsHorT

Veus>Vuvio

HIGH
HZ_MODE=0, OPA_MODE=0

IMPEDANCE

HZ MODE=1 = OPA_MODE=1
o HZ_MODE=0
OPA_MODE=1 v <V,
HZ_MODE=O AUXPWR' LOWV
V, >V
AUXPWR>VLowv OPA_MODE=0

HZ_MODE=1 BOOST

or CONFIGURE Vauxpwr<VsHORT
Vauxpwr<VBATMIN OPA_MODE=1 or Veus<Vausmin
2 MODE=0 or FAULTS

START UP
No FAULTS

PWM CHARGE

or FAULTS

Figure 26. State Diagram for bq24152

CHARGE
CONFIGURE

Vauxpwr>VsHorT
or Veus<VaeusMin)
or FAULTS

Vauxpwr<VsHorT
Veus™Veusminy
NO FAULTS

SHORT
CIRCUIT

Vauxpwr>Vstort Veus™>Veusming
NO FAULTS
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SERIAL INTERFACE DESCRIPTION

[’C™ js a 2-wire serial interface developed by Philips Semiconductor (see I°C-Bus Specification, Version 2.1,
January 2000). The bus consists of a data line (SDA) and a clock line (SCL) with pull-up structures. When the
bus is idle, both SDA and SCL lines are pulled high. All the 1°C compatible devices connect to the 1°C bus
through open drain 1/0 pins, SDA and SCL. A master device, usually a microcontroller or a digital signal
processor, controls the bus. The master is responsible for generating the SCL signal and device addresses. The
master also generates specific conditions that indicate the START and STOP of data transfer. A slave device
receives and/or transmits data on the bus under control of the master device.

The bg24152 device works as a slave and supports the following data transfer modes, as defined in the
I2C-Bus™ Specification: standard mode (100 kbps), fast mode (400 kbps), and high-speed mode (up to 3.4 Mbps
in write mode). The interface adds flexibility to the battery charge solution, enabling most functions to be
programmed to new values depending on the instantaneous apglication requirements. Register contents remain
intact as long as supply voltage remains above 2.2 V (typical). I°C is asynchronous, which means that it runs off
of SCL. The device has no noise or glitch filtering on SCL, so SCL input needs to be clean. Therefore, it is
recommended that SDA changes while SCL is LOW.

The data transfer protocol for standard and fast modes is exactly the same; therefore, they are referred to as the
F/S-mode in this document. The protocol for high-speed mode is different from the F/S-mode, and it is referred to
as the HS-mode. The bq24152 device only supports 7-bit addressing. The device 7-bit address is defined as
‘1101011’ (6BH).

F/S Mode Protocol

The master initiates data transfer by generating a start condition. The start condition is when a high-to-low
transition occurs on the SDA line while SCL is high, as shown in Figure 27. All I?C-compatible devices should
recognize a start condition.

r==—1

DATA 1\

START Condition STOP Condition
Figure 27. START and STOP Condition

The master then generates the SCL pulses, and transmits the 8-bit address and the read/write direction bit R/W
on the SDA line. During all transmissions, the master ensures that data is valid. A valid data condition requires
the SDA line to be stable during the entire high period of the clock pulse (see Figure 28). All devices recognize
the address sent by the master and compare it to their internal fixed addresses. Only the slave device with a
matching address generates an acknowledge (see Figure 28) by pulling the SDA line low during the entire high
period of the ninth SCL cycle. Upon detecting this acknowledge, the master knows that communication link with a
slave has been established.

l
DATA / I
|
|

Stable; | of Data |

|
| Data Line I Change !
|
| Data Valid | Allowed |

Figure 28. Bit Transfer on the Serial Interface
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The master generates further SCL cycles to either transmit data to the slave (R/W bit 1) or receive data from the
slave (R/W bit 0). In either case, the receiver needs to acknowledge the data sent by the transmitter. So an
acknowledge signal can either be generated by the master or by the slave, depending on which one is the
receiver. the 9-bit valid data sequences consisting of 8-bit data and 1-bit acknowledge can continue as long as
necessary. To signal the end of the data transfer, the master generates a stop condition by pulling the SDA line
from low to high while the SCL line is high (see Figure 30). This releases the bus and stops the communication
link with the addressed slave. All I’C compatible devices must recognize the stop condition. Upon the receipt of a
stop condition, all devices know that the bus is released, and wait for a start condition followed by a matching
address. If a transaction is terminated prematurely, the master needs sending a STOP condition to prevent the
slave I?C logic from remaining in a bad state. Attempting to read data from register addresses not listed in this
section will result in FFh being read out.

=

|

Data Output \

by Transmitter |

/ X XX /

|
|
|
I Not Acknowledge
|
|
|
|
|

by Receiver

Acknowledge;

scL Fromw e N\ /e L
| —

|
|
|
Data Output |
|
|
|

Master
| s | 4
L Clock Pulse for
START Acknowledgement
Condition

Figure 29. Acknowledge on the I°C Bus™

Recognize START or Recognize STOP or
REPRATED START REPRATED START
Condition Condition
Generate ACKNOWLEDGE
Signal

o p
oA | IDDCM \ / XX XXX
MSB Acknowledgement

Signal From Slave

|
|
|
[
|
Address |
|
|
|
|
|

[72]
=
[ S Ep—

Clock Line Held Low While

Interrupts are Serviced
Figure 30. Bus Protocol
H/S Mode Protocol
When the bus is idle, both SDA and SCL lines are pulled high by the pull-up devices.
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The master generates a start condition followed by a valid serial byte containing HS master code '00001XXX'.
This transmission is made in F/S mode at no more than 400 Kbps. No device is allowed to acknowledge the HS
master code, but all devices must recognize it and switch their internal setting to support 3.4-Mbps operation

The master then generates a repeated start condition (a repeated start condition has the same timing as the start
condition). After this repeated start condition, the protocol is the same as F/S mode, except that transmission
speeds up to 3.4 Mbps are allowed. A stop condition ends the HS mode and switches all the internal settings of
the slave devices to support the F/S mode. Instead of using a stop condition, repeated start conditions should be
used to secure the bus in HS mode. If a transaction is terminated prematurely, the master needs sending a
STOP condition to prevent the slave 1°C logic from remaining in a bad state.

Attempting to read data from register addresses not listed in this section results in FFh being read out.

bq24152 I°C Update Sequence

The bg24152 requires a start condition, a valid I1°C address, a register address byte, and a data byte for a single
update. After the receipt of each byte, bq24152 device acknowledges by pulling the SDA line low during the high
period of a single clock pulse. A valid I1°C address selects the bq24152. The bg24152 performs an update on the
falling edge of the acknowledge signal that follows the LSB byte.

For the first update, bq24152 requires a start condition, a valid I°C address, a register address byte, a data byte.
For all consecutive updates, bq24152 needs a register address byte, and a data byte. Once a stop condition is
received, the bq24152 releases the 1°C bus, and awaits a new start conditions.

S | SLAVE ADDRESS R/W A | REGISTER ADDRESS A | DATA AA P
[ Data Transferred |
‘0’ (Write) (n Bytes + Acknowledge)
[] From master to bq24152 A = Acknowledge (SDA LOW)
A =Not acknowledge (SDA
HIGH)
l:l From bgq24152 to master S = START condition
Sr = Repeated START condition
P = STOP condition
(a) F/S-Mode
< F/S-Mode < HS-Mode s | FS-Mode
S | HS-MASTER CODE A Sr SLAVE ADDRESS R/W A | REGISTER ADDRESS | A | DATA AA P
Data Transferred
‘0’ (write) (n Bytes + Acknowledge) HS-Mode
Qontinues

o owen

(b) HS-Mode

Figure 31. Data Transfer Format in F/S Mode and H/S Mode

Slave Address Byte

MSB LSB
\ X | 1 1 0 1 0 1 1
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The slave address byte is the first byte received following the START condition from the master device. The
address bits are factory preset to ‘1101011".

Register Address Byte

MSB

LSB

\ 0

D2

D1

DO

Following the successful acknowledgment of the slave address, the bus master will send a byte to the bq24152,
which contains the address of the register to be accessed. The bg24152 contains five 8-bit registers accessible
via a bidirectional 12C-bus interface. Among them, four internal registers have read and write access; and one
has only read access.

I’C INTERFACE TIMING CHARACTERISTICS

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Standard mode 100 kHz
Fast mode 400 kHz
High-speed mode (write operation) 3.4
CB - 100 pF max ’
fscL SCL clock frequency High-speed mode (read operation) 5
CB - 100 pF max
- . - MHz
High-speed mode (write operation) 17
CB - 400 pF max ’
High-speed mode (read operation) 5
CB - 400 pF max
‘ Bus free time between a STOP and | Standard mode 47 s
BUF START condition Fast mode 1.3 i
Standard mode 4 us
. Hold time (repeated) START
thps tsTA condition Fast mode 600 ns
High-speed mode 160
Standard mode 4.7
s
. Fast mode 1.3 K
tLow LOW period of the SCL clock -
High-speed mode, Cg — 100 pF max 160
ns
High-speed mode, Cg — 400 pF max 320
Standard mode 4 us
. Fast mode 600
tHiGH HIGH period of the SCL clock -
High-speed mode, Cg — 100 pF max 60 ns
High-speed mode, Cg — 400 pF max 120
Standard mode 4.7 us
. Setup time for a repeated START
tsu; tsTa condition Fast mode 600 s
High-speed mode 160
Standard mode 250
tsu; toaT Data setup time Fast mode 100 ns
High-speed mode 10
Standard mode 3.45
s
. Fast mode 0.9 K
tho; tbaT Data hold time -
High-speed mode, Cg — 100 pF max 70
ns
High-speed mode, Cg — 400 pF max 150
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SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Standard mode 20+0.1Cg 1000
o ) Fast mode 20+0.1Cg 300
treL Rise time of SCL signal - ns
High-speed mode, Cg — 100 pF max 10 40
High-speed mode, Cg — 400 pF max 20 80
Standard mode 20+0.1Cg 1000
Rise time of SCL signal after a Fast mode 20+0.1Cy 300
treL1 repeated START condition and after - ns
an acknowledge bit High-speed mode, Cg — 100 pF max 10 80
High-speed mode, Cg — 400 pF max 20 160
Standard mode 20+0.1Cg 300
. . Fast mode 20+0.1Cg 300
trcL Fall time of SCL signal - ns
High-speed mode, Cg — 100 pF max 10 40
High-speed mode, Cg — 400 pF max 20 80
Standard mode 20+0.1Cg 1000
o ) Fast mode 20+0.1Cg 300
trRDA Rise time of SDA signal - ns
High-speed mode, Cg — 100 pF max 10 80
High-speed mode, Cg — 400 pF max 20 160
Standard mode 20+0.1Cg 300
. ) Fast mode 20+0.1Cg 300
tepA Fall time of SDA signal - ns
High-speed mode, Cg — 100 pF max 10 80
High-speed mode, Cg — 400 pF max 20 160
Standard mode 4 us
tsu; tsto Setup time for STOP condition Fast mode 600
ns
High-speed mode 160
Cg Capacitive load for SDA and SCL 400 pF

I’C Timing Diagrams

1 | B |
7 I Y ¥ A NE == '-:’_ [
SDA | / | I |
I [ [ [
1 . 1 . AN |
T |
tefol - - oW . 4 | tipsma tr o] b taUF I
i I i | i | i |
hl 1§ T 1
SCL | | | I\_
I [ [ [
1|7 r ] =l [ == [ [
! e tpsma -~ tsu;sTA - | tsu:sTo e | |
_E_l thp.DAT HIGH _§r_| __P_| _§_|
Figure 32. Serial Interface Timing for FS Mode
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Posr
YDA i =t

74 -F-
]
. HD;DAT | | 'su;sTo I
SU;STA -t |
tHp;sTA —|  |=tsupaT | |
| |
| |
S
SCLH I i
i 7 05 | I
S L 1
o T {
el |-— tet1—| |- rCL1 _"“(1)""
. | -
tHicH  tLow ttow  thigH

_/_ = MCS current source pull-up

_/_ = Rp resister pull-up

Figure 33. Serial Interface Timing for HS Mode
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REGISTER DESCRIPTION

Table 5. Status/Control Register (Read/Write)

Memory Location: 00, Reset State: x1xx 0OxxXx

BIT NAME READ/WRITE FUNCTION
. Write: TMR_RST function, write "1" to reset the safety timer (auto clear)
B7 (MSB) TMR_RST/OTG Read/Write Read: OTG pin status, 0-OTG pin at Low level, 1-OTG pin at High level
B6 EN_STAT Read/Write 0-Disable STAT pin function, 1-Enable STAT pin function (default 1)
B5 STAT2 Read Only .
00-Ready, 01-Charge in progress, 10-Charge done, 11-Fault
B4 STAT1 Read Only
B3 BOOST Read Only 1-Boost mode, 0-Not in boost mode
B2 FAULT_3 Read Only Charge mode: 000-Normal, 001-VBUS OVP, 010-Sleep mode, 011-Poor input
B1 FAULT 2 Read Only source or VBUS < UVLO, 100-Output OVP, 101-Thermal shutdown, 110-Timer
fault, 111-No battery
Boost mode: 000-Normal, 001-VBUS OVP, 010-Over load, 011-Battery voltage
BO (LSB) RaLC Read Only is too low, 100-Battery OVP, 101-Thermal shutdown, 110-Timer fault, 111-NA
Table 6. Control Register (Read/Write)
Memory Location: 01, Reset State: 0011 0000 (30H)
BIT NAME READ/WRITE FUNCTION
B7 (MSB) lin_Limit_2 Read/Write 00-USB host with 100-mA current limit, 01-USB host with 500-mA current limit,
. ] 10-USB host/charger with 800-mA current limit, 11-No input current limit
B6 lin_Limit_1 Read/Write (default 00)
B5 vLowyv_2® Read/Write 200-mV weak battery voltage threshold (default 1)
B4 vLowv_1® Read/Write 100-mV weak battery voltage threshold (default 1)
B3 TE Read/Write 1-Enable charge current termination, 0-Disable charge current termination
(default 0)
B2 CE Read/Write 1-Charger is disabled, 0-Charger enabled (default 0)
B1 HZ_MODE Read/Write 1-High impedance mode, 0-Not high impedance mode (default 0)
BO (LSB) OPA_MODE Read/Write 1-Boost mode, 0-Charger mode (default 0)

(1) The range of the weak battery voltage threshold (V owv)) is 3.4 V to 3.7 V and step of 100 mV (default 3.7 V).

Table 7. Control/Battery Voltage Register (Read/Write)
Memory Location: 02, Reset State: 0000 1010 (0AH)

BIT NAME READ/WRITE FUNCTION
B7 (MSB) VoReGs) Read/Write Battery regulation voltage: 640mV (default 0)

B6 VoReG4) Read/Write Battery regulation voltage: 320mV (default 0)

B5 VoREG3) Read/Write Battery regulation voltage: 160mV (default 0)

B4 VoReG2) Read/Write Battery regulation voltage: 80mV (default 0)

B3 VoRes1) Read/Write Battery regulation voltage: 40mV (default 1)

B2 VoReGo) Read/Write Battery regulation voltage: 20mV (default 0)

B1 OTG_PL Read/Write 1-Active at High level, 0-Active at Low level (default 1)
BO (LSB) OTG_EN Read/Write 1-Enable OTG Pin, 0-Disable OTG pin (default 0)

Charge voltage range is 3.5 V to 4.44 V with the offset of 3.5 V and step of 20 mV (default is 3.54 V).

Table 8. Vender/Part/Revision Register (Read only)
Memory Location: 03, Reset State: 0100 x001

BIT NAME READ/WRITE FUNCTION
B7 (MSB) Vender2 Read Only Vender Code: bit 2 (default 0)

B6 Venderl Read Only Vender Code: bit 1 (default 1)

B5 Vender0 Read Only Vender Code: bit O (default 0)

B4 PN1 Read Only Part Number Code: bit 1 (default 0)
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Table 8. Vender/Part/Revision Register (Read only)

Memory Location: 03, Reset State: 0100 x001 (continued)

BIT NAME READ/WRITE FUNCTION
B3 PNO Read Only Part Number Code: bit 0 (default O for bq24151, default 1 for bq24152)
B2 Revision2 Read Only 000: Revision 1.0;
i 001: Revision 1.1;
B1 Revisionl Read Only 010: Revision 1.2-
- 011: Revision 1.3 ;
BO (LSB) Revision0 Read Only 100-111: Future Revisions
Table 9. Battery Termination/Fast Charge Current Register (Read/Write)
Memory Location: 04, Reset State: 1000 1001 (89H)
BIT NAME READ/WRITE FUNCTION
B7 (MSB) Reset Read/Write erte:. 1-Charger IT r"eset mode, 0-No effect
Read: always get "1
B6 Vi(CHRG2) Read/Write Charge current sense voltage: 27.2mV (default 0)
B5 Vi(cHRG1) Read/Write Charge current sense voltage: 13.6mV(default 0)
B4 Vi(CHRGO) Read/Write Charge current sense voltage: 6.8mV (default 0)
B3 NA Read/Write NA
B2 Vi(TERM2) Read/Write Termination current sense voltage: 13.6mV (default 0)
B1 Vi(TErRM1) Read/Write Termination current sense voltage: 6.8mV (default 0)
BO (LSB) Vi(TERMO) Read/Write Termination current sense voltage: 3.4mV (default 1)

Default charge current is 55 OmA and default termination current is 100 mA, if a 68-mQ sensing resistor is used.

Both the termination current range and charge current range are depending on the sensing resistor Risys)). The
termination current step (Iocrerm_step)) is calculated using Equation 2:

| _ Y(TERMO)
O(TERM_STEP) = W
(SNS) @)
Table 10 shows the termination current settings with two sensing resistors.
Table 10. Termination Current Settings for 68-mQ and 100-mQ Sense Resistors
lrermy (MA) lrermy (MA)
BIT Virermy (MV) R((SNS) ) 68mQ R(S(NS) 2 100mQ
Vi(TERM2) 13.6 200 136
Vi(TERM1) 6.8 100 68
Vi(TERMO) 3.4 50 34
Offset 3.4 50 34
The charge current step (Iocharce_sTer)) IS calculated using Equation 3:
| _ VI(CHRGO)
O(CHARGE _STEP) = ~p ——
(SNS) 3)

Table 11 shows the charge current settings with two sensing resistors.

Table 11. Charge Current Settings for 68-mQ and 100-mQ Sense Resistors

Vigeey (V) o AR omes
Vi(cHRG2) 27.2 400 272
Vi(cHRrG1) 13.6 200 136
Vi(CHRGO) 6.8 100 68

Offset 37.4 550 374
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POWER PATH TOPOLOGIES

System Load After Sensing Resistor

One of the simple high-efficiency topologies connects the system load directly across the battery pack, as shown
in Figure 34. The input voltage has been converted to a usable system voltage with good efficiency from the
input. When the input power is on, it supplies the system load and charges the battery pack at the same time.
When the input power is off, the battery pack powers the system directly.

vBUS|T T T T T T T SW Isns Isys
40—|-O_O—0—O/ o—>
Ichg
Viv | ba2415xA Y
| 1 + System
T — I_ I — ppe— Load
C1 PMID BAT
c2[
& b

Figure 34. System Load After Sensing Resistor

The advantages:

» When the AC adapter is disconnected, the battery pack powers the system load with minimum power
dissipations. Consequently, the time that the system runs on the battery pack can be maximized.

» It saves the external path selection components and offers a low-cost solution.

« Dynamic power management (DPM) can be achieved. The total of the charge current and the system current
can be limited to a desired value by adjusting charge current. When the system current increases, the charge
current drops by the same amount. As a result, no potential over-current or over-heating issues are caused
by excessive system load demand.

» The total of the input current can be limited to a desired value by setting input current limit value. So USB
specifications can be met easily.

e The supply voltage variation range for the system can be minimized.
« The input current soft-start can be achieved by the generic soft-start feature of the IC.

Design considerations and potential issues:

» If the system always demands a high current (but lower than the regulation current), the charging never
terminates. Thus, the battery is always charged, and the lifetime may be reduced.

» Because the total current regulation threshold is fixed and the system always demands some current, the
battery may not be charged with a full-charge rate and thus may lead to a longer charge time.

» If the system load current is large after the charger has been terminated, the voltage drop across the battery
impedance may cause the battery voltage to drop below the refresh threshold and start a new charge. The
charger would then terminate due to low charge current. Therefore, the charger would cycle between
charging and terminating. If the load is smaller, the battery has to discharge down to the refresh threshold,
resulting in a much slower cycling.

e In a charger system, the charge current is typically limited to about 10mA, if the sensed battery voltage is
below 2V short circuit protection threshold. This results in low power availability at the system bus. If an
external supply is connected and the battery is deeply discharged, below the short circuit protection threshold,
the charge current is clamped to the short circuit current limit. This then is the current available to the system
during the power-up phase. Most systems cannot function with such limited supply current, and the battery
supplements the additional power required by the system. Note that the battery pack is already at the
depleted condition, and it discharges further until the battery protector opens, resulting in a system shutdown.

« If the battery is below the short circuit threshold and the system requires a bias current budget lower than the
short circuit current limit, the end-equipment will be operational, but the charging process can be affected
depending on the current left to charge the battery pack. Under extreme conditions, the system current is
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close to the short circuit current levels and the battery may not reach the fast-charge region in a timely
manner. As a result, the safety timers flag the battery pack as defective, terminating the charging process.
Because the safety timer cannot be disabled, the inserted battery pack must not be depleted to make the
application possible.

» For instance, if the battery pack voltage is too low, highly depleted, or totally dead or even shorted, the
system voltage is clamped by the battery and it cannot operate even if the input power is on.

System Load Before Sensing Resistor

The second circuit is very similar to first one; the difference is that the system load is connected before the sense
resistor, as shown in Figure 35.

>
Isys

Figure 35. System Load Before Sensing Resistor

The advantages of system load before sensing resistor to system load after sensing resistor:

» The charger controller is based only on the current goes through the current-sense resistor. So, the constant
current fast charge and termination functions work well, and are not affected by the system load. This is the
major advantage of it.

* A depleted battery pack can be connected to the charger without the risk of the safety timer expiration caused
by high system load.

» The charger can disable termination and keep the converter running to keep battery fully charged, or let the
switcher terminate when the battery is full and then run off of the battery via the sense resistor.
Design considerations and potential issues:

* The total current is limited by the IC input current limit, or peak current protection, or the thermal regulation
but not the charge current setting. The charge current does not drop when the system current load increases
until the input current limit is reached. This solution is not applicable if the system requires a high current.

« Efficiency declines when discharging through the sense resistor to the system.

DESIGN EXAMPLE FOR TYPICAL APPLICATION CIRCUITS

Systems Design Specifications:

+ VBUS=5V

* Vean =4.2V (1-Cell)

*  lichargey = 1.25 A

 Inductor ripple current = 30% of fast charge current

1. Determine the inductor value (Loy7) for the specified charge current ripple:

VBAT x (VBUS - VBAT)

LouTt =
VBUS x f x Al . . .
L , the worst case is when battery voltage is as close as to half of the input
voltage.
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_ 2.5 x (5-2.5)
Lout = 5
5 x (3 x 10°) x 1.25 x 0.3 ()
LOUT = 111 MH

Select the output inductor to standard 1 pH. Calculate the total ripple current with using the 1 pH inductor:
_ VBAT x (VBUS - VBAT)

Al VBUS x f x L
X X
ouT (5)
Al = 25 ><6(5 - 2.5)
5% (3 x 10%) x (1 x 10) ©)
Al =042 A
Calculate the maximum output current:
Pk = lour + AL
LPK ouT 2 @
0.42
I = 1.25 —_—
LPK 5 ®)

Ik = 1.46 A

Select 2.5mm by 2.0mm 1-uH 1.5-A surface mount multi-layer inductor. The suggested inductor part
numbers are shown as following.

Table 12. Inductor Part Numbers

PART NUMBER INDUCTANCE SIZE MANUFACTURER
LQM2HPN1ROMJO 1uH 2.5x2.0 mm muRata
MIPS2520D1R0 1pH 2.5x2.0 mm FDK
MDT2520-CN1ROM 1pH 2.5x2.0 mm TOKO

CP1008 1uH 2.5x2.0mm Inter-Technical

2. Determine the output capacitor value Cqyt using 40 kHz as the resonant frequency:
1

fo

2n x Loyt * Court ©

1

Cout = —; 5
4n” x fo* x Lout (10)

1
Cout =
4n® x (40 x 10%)? x (1 x 10°%) (11)
COUT =15.8 MF

Select two 0603 X5R 6.3V 10-uF ceramic capacitors in parallel i.e., muRata GRM188R60J106M.
3. Determine the sense resistor using the following equation:
V(RSNS)

R(sns) = |
(CHARGE) (12)

The maximum sense voltage across sense resistor is 85 mV. In order to get a better current regulation
accuracy, V(rsns) should equal 85 mV, and calculate the value for the sense resistor.

R _85mV
(SNS) = 1 25A (13)

R(SNS) =68 mQ
Copyright © 2008-2010, Texas Instruments Incorporated Submit Documentation Feedback 33

Product Folder Link(s): bq24152



bg24152 Not Recommended For New Designs I3 TEXAS

INSTRUMENTS

SLUS847A —JUNE 2008—REVISED JANUARY 2010 www.ti.com

This is a standard value. If it is not a standard value, then choose the next close value and calculate the real
charge current. Calculate the power dissipation on the sense resistor:

Pwsns) = licharee) 2 X Resns)

Pwsns) = 1257 x 0.068

Prsns) = 0.106 W

Select 0402 0.125-W 68-mQ 2% sense resistor, i.e. Panasonic ERJ2BWGRO068.

4. Measured efficiency and total power loss for different inductors are shown in Figure 36.

Battery Charge Efficiency Battery Charge Loss
90 w w 800 \ \
\\ ‘ Tp=25°C, Tp=25°C,
89 R Ko VBUS =5V, 700|- VBUS =5V,
S VBAT =3V VBAT =3V
88— PK— 7 600 |
® \\\\ |
» 87 muRata ES i
o 7\ \ € 500 Inter-Technical — TOKO
2 86 — @
o - o FDK
] Inter-Technical ‘\ o 400 muRata
£ 85 NN -
w \
300
84 NS _ /
N 200+~
83
82 100
500 600 700 800 900 1000 1100 1200 1300 500 600 700 800 900 1000 1100 1200 1300
Charge Current - mA Charge Current - mA

Figure 36. Measured Efficiency and Power Loss

PCB LAYOUT CONSIDERATION

It is important to pay special attention to the PCB layout. The following provides some guidelines:

To obtain optimal performance, the power input capacitors, connected from input to PGND, should be placed
as close as possible to the bg24152. The output inductor should be placed close to the IC and the output
capacitor connected between the inductor and PGND of the IC. The intent is to minimize the current path loop
area from the SW pin through the LC filter and back to the PGND pin. To prevent high frequency oscillation
problems, proper layout to minimize high frequency current path loop is critical (see Figure 37). The sense
resistor should be adjacent to the junction of the inductor and output capacitor. Route the sense leads
connected across the RSNS back to the IC, close to each other (minimize loop area) or on top of each other
on adjacent layers (do not route the sense leads through a high-current path, see Figure 38).

Place all decoupling capacitor close to their respective IC pin and as close as to PGND (do not place
components such that routing interrupts power stage currents). All small control signals should be routed
away from the high current paths.

The PCB should have a ground plane (return) connected directly to the return of all components through vias
(two vias per capacitor for power-stage capacitors, two vias for the IC PGND, one via per capacitor for
small-signal components). A star ground design approach is typically used to keep circuit block currents
isolated (high-power/low-power small-signal) which reduces noise-coupling and ground-bounce issues. A
single ground plane for this design gives good results. With this small layout and a single ground plane, there
is no ground-bounce issue, and having the components segregated minimizes coupling between signals.

The high-current charge paths into VBUS, PMID and from the SW pins must be sized appropriately for the
maximum charge current in order to avoid voltage drops in these traces. The PGND pins should be
connected to the ground plane to return current through the internal low-side FET.

Place 4.7uF input capacitor as close to PMID pin and PGND pin as possible to make high frequency current

loop area as small as possible. Place 1uF input capacitor as close to VBUS pin and PGND pin as possible to
make high frequency current loop area as small as possible (see Figure 39).
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Figure 37. High Frequency Current Path

Charge Current Direction

Rsns

To Inductor To Capacitor and battery

l Current Sensing Direction

To CSIN and CSOUT pin

Figure 38. Sensing Resistor PCB Layout

VBUS

PMID
SW

PGND

fm

Figure 39. Input Capacitor Position and PCB Layout Example
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PACKAGE SUMMARY

WCSP PACKAGE CHIP SCALE PACKAGE
(Top View) (Top Side Symbol For bg24152)
CAYN A2 A3 S Ad
\ Y I I |
N // o /// \\\-/// \\\_//
//’—\\\ I/’—\\\ //—\\\ //’—‘\\
(BB (B (B TIYMLLLLS
N 7 \\ Ve \\ 7 \\ 7

ol T bg24152

s N s AN , N s N
Fe1y ez esy ea
\

I i D
\ Iy [BERY )
\\\_./// \\\_.//’ \\\_//, \\\__///
/D1 /D27 /D3N /D4
\ S ,' \ I /i
\\ — 4 \\\_// \\\_// \\\_//
JE1Y /B2 /JE3N /E4N O
'\ ! '\ I '\ | ( |
\\\_/// \\\_//I \\\_/// \\\_//,
> 0-Pin A1 Marker, TI-Tl Letters, YM- Year Month
E Date Code, LLLL-Lot Trace Code, S-Assembly

Site Code

CHIP SCALE PACKAGING DIMENSIONS

The bqg24152 device is available in a 20-bump chip scale package (YFF, NanoFreeTM). The package
dimensions are:

D =1.976 +0.05 mm
o« E=1.946 £ 0.05 mm
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REVISION HISTORY

Changes from Original (June 2008) to Revision A Page
Added RODUSE ProteCHION 10 FEALUIES .......ci.viiiiiiiiieiiie ittt ettt ettt et et e e st e nb e e sn e e b e e e nne e ns 1
Deleted ESD rating from absolute Maximum FAtINGS ........coooiiiiiiiia et e e e e et e e e e e snbee e e e e e asneeeeaeeaanneeeeaeeaanees 3
Changed Junction temperature from RECOMMENDED OPERATING CONDITIONS to ABSOLUTE MAXIMUM
RATINGS ..ottt etttk b e h bt e bt o H bt e bt e ea bt e b et ea bt oAb e 4o ab e e ohE 442 b £ e eh e e 42 b e e 4R e e oAbt e 4h b e e bt e eh b e e be e ee b e e ebe e enbe e b et enbeenareenee 3
Added note to absolute MAXIMUIM FALINGS ...vuviiiiiiiiiiiie et e st e e s s s e e e e s e e b ereeeeessasbaeeeeesastaeaeaessasssaeeaesasssaeeaeeeans 3

Changed voltage regulation accuracy from +£1% typ to -1% min and 1% max
Added voltage regulation accuracy, 5 mV < V(gres_termy < 20 mV, -10% min and 10% max
Changed Voltage from BOOT pin to SW pin from under VREF BIAS REGULATOR to PWM in ELECTRICAL

CHARACTERISTICS ...ieiiiiiti ittt ettt e ettt e ettt e e et e e e s st e e e e tae e e aaseaeasteeeasse e e aateeeaatseeaasseeeasseaeanteeeansaeeesnbeeeanseeeanneeesnteens 5
Changed internal bottom N-channel MOSFET on-resistance from 150 mQ t0 110 MQ tyP ..ooceeeviiieeiiieeiiieeesieee e 5
Added CHARGE MODE PROTECTION to ELECTRICAL CHARACTERISTICS ....ooiiiiiieeiie e eee e 5
Changed Input VBUS OVP threshold voltage from under PROTECTION to under CHARGE MODE PROTECTION

iN ELECTRICAL CHARACTERISTICS ...oiiiiiiie ittt iite ettt e et e sttt e e e tteesssteeessteeeaataeeaasseeeansaeeassseeeanseeeanseaesnseeeanseeeennsenennnenns 5
Changed Input VBUS OVP threshold voltage from under PROTECTION to under CHARGE MODE PROTECTION

iN ELECTRICAL CHARACTERISTICS ..ooii ittt ettt e e et e e e eate e e s ate e e e e tb e e e aata e e aabaeeeasbeeeanteeeeasseaesnbeeeansaeeeanreeesnneeas 5
Changed Battery VBUS OVP threshold voltage from under PROTECTION to Output OVP threshold voltage under
CHARGE MODE PROTECTION in ELECTRICAL CHARACTERISTICS ...coiiiiiiiiiie ettt 5
Changed V oyp) hysteresis from under PROTECTION to under CHARGE MODE PROTECTION in ELECTRICAL
CHARACTERISTICS ... itiieiiiie ettt ettt ettt et e et h e e s a bt e et et e ekt e e e as bt e e aab et e e ohb e e e 4a bt e e aab e e e e na bt e e anbeeesabte e e nmbeeeanbeeeennbeeennbeeas 5
Changed Cycle-by-cycle current limit for charge from under PROTECTION to under CHARGE MODE

PROTECTION in ELECTRICAL CHARACTERISTICS ...ttt ettt et e sttt e e e e et e e e snte e e snneeesanaeeesnneeesnnneeennneeens 6
Changed Short-circuit voltage threshold from under PROTECTION to under CHARGE MODE PROTECTION in
ELECTRICAL CHARACTERISTICS ...t iiiiie ittt e et esetee e sttt e e tee e e smteeesmteee ettt eesmseeeanseeaeasteeeanseeesanseeeanseeeanseesanaeeeanseneans 6
Changed V syort) hysteresis from under PROTECTION to under CHARGE MODE PROTECTION in ELECTRICAL

(O 12N N O I = 1S T8 USRS 6
Changed Short-circuit current from under PROTECTION to under CHARGE MODE PROTECTION in ELECTRICAL
CHARACTERISTICS .. ieii ettt ittt ettt ettt e ettt e ettt e e ettt e e s 2t e e e etee e e aaseeeasteeeaaseeeeaateeeaatseeaasseeeasseaeanteeeasaeaesnbeeeanteeeennneaesnteens 6
Changed boost output voltage accuracy from +3 typ t0 -35 mMiN @nd 3% MAX .......eeeriiieriiiieiiiie e 6

Changed Figure 1

Changed Figure 21
Changed Figure 24

Changed nominal peak current fromML.9 A 10 2.3 A i et e ettt e e e e et et e e e e st b et e e e e e nneee e e e e e annreeaaaaann 16
Changed from bq14150 to bg24152 in Input CUrrent LIMItING ......cooiueiiiiiieeiiee e 17
Changed PWM Controller in BOOSt MOAE AESCHPLION .......iiiiiiiiiiiieiieeeiitiee e rtee ettt et ee st e e sbee e e stbe e e snte e e sneeeessbeeeseeeesnees 19
(01 gF= oo =T o B IF= o] L= P ERTRRPPRP 22
Changed BL t0 BO iN TADIE 5 ...ttt bttt et ekt e e h et e s b et e ek b et e aabe e e sabe e e e b e e antr e e nnne s 29
Changed BL 10 BO iN TaABIE 6 ....ccouiiiiiie ittt e e e e e e e et e e e e e bbbt e e e e e e aatb e e e e e s s sbaeeeeeeaaataeeeeeanntbareaeaan 29
Changed BL 10 BO QN TaBIE 7 ...ttt ettt e oo ekttt e e e e e hbt e e e e e e e neae e e e e e e nbeeeeeeeannreeeaeeantaneaaeean 29
Added 011: ReVISION 1.3 10 TADIE 8 .. .eeiiiiiiiiiiiie ittt ettt e e e e bt e e bt e e st et e e ne e e e s s b e e e sabb e e e nnteeennnnee s 30
Added POWER PATH TOPOLOGIES SECHON .....uiiiiiiiiiiiiieitie sttt sttt sttt ettt st ne s bt sbe e s e sbaessneenbneeneenineans 31
Added information to PCB LAYOUT CONSIDERATION SECHON ......eiiiiiiaiieieiiiiie st srree e e e e nnnee e e s 34
Changed package QIMENSION E .........ooiiiiiiiieiiee ettt a et r bt e bt e e e h et e e e be e e ek bt e e s be e e sabe e e e b b e e e nntreennnees 36
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

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

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

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

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

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

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

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

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

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
BQ24152YFFR NRND DSBGA YFF 20 3000 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 BQ24152
& no Sh/Br)
BQ24152YFFT NRND DSBGA YFF 20 250 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 BQ24152
& no Sh/Br)
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
BQ24152YFFR DSBGA YFF 20 3000 180.0 8.4 218 | 218 | 0.81 | 4.0 8.0 Q1
BQ24152YFFT DSBGA | YFF 20 250 180.0 8.4 218 | 218 | 0.81 | 4.0 8.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ24152YFFR DSBGA YFF 20 3000 182.0 182.0 20.0
BQ24152YFFT DSBGA YFF 20 250 182.0 182.0 20.0

Pack Materials-Page 2



MECHANICAL DATA

YFF (R—XBGA—NZO) DIE—SIZE BALL GRID ARRAY
E—»
le——0.20
I RN R ——
| @ ®le @ N
0 ¢ O PO [0
J :| ® ®|® ®
| ® @D @
! OK 0,40
j 1 2 3 4
PIN A1 Bottom View
INDEX AREA
2ox¢%%

[$]2 0,015@]C[A[B]

*iax | |
0,628 MAX 5 ==C

D: Max = 2.006 mm, Min =1.946 mm
E: Max = 1.976 mm, Min =1.916 mm

4207625-9/A0 12/13

NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.
C. NanofFree™ package configuration.

NanoFree is a trademark of Texas Instruments.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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