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Agenda

* Review of Li-ion battery charging and charger topology

« Most common issues for battery charging:
— Battery not charging
— Long charge time
— High charge currents cause board thermal issues

e Summary
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Complete Li-ion battery charging profile

Trickle charge for very low Vga
— 50-100mA

» >

>

Safety timer

Regulation voltage / [
(3.5V—4.4V) /ijf/ V\
Pre-charge current when Vg, low Fast charge current Battery voltage
— Close the protector of deeply (charger dependent) |~ Vamm
discharged battery Viminsys (3.5V) \
. / Charge current
— S/Ais % of lgast chre \/
— ~10-20% accuracy typical Vot towy (2.8V)
Term current when Vg, = CV Vo s} |
— Stopping charge to prevent '
overcharge for long battery life | voltage egulatipn
— ~10-20% accuracy typ|ca| Trickle charge | -@re-charge >*Fast charge (CC) . Voltage regulation (CV)
Current regulation >

~5-24 hour safety timer
— Prevent charge of damaged battery
— S/A fixed or uses external cap

expiration
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Simple standalone linear charger

w15k
BQ24040 and B24045
» Asynchronous state machine with = os ot oas
analog feedback loops for —
— Constant current regulation T T 3 =
— Constant voltage regulation T L
« Comparators for g eermovemm
— Input protection GED ' D?D .
- UVLO Lour
» Sleep comparators
« OVP
— Output short protection
— TS pin
« Status pin: /CHG, /PG
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Benefits and limitations of standalone charger

Benefits Limitations

« Simple and no software * Pre-charge/term currents are fixed 10% of

« Pin level and/or resistors set fast charge

charge voltage and currents » Resistor tolerance affects regulation accuracy
» Hardware required to dynamically change
I||NDPM = I‘<‘|L||"|.l'|'IIIR|L||"|.I'| ILIM I
ICHG CHG
| = Kicue/R . :
ICHG — THCRETTHCHE « Limited status reporting
Float: 4.2V <}—° VSET
Short: 4.35V o BQ25616(J) CHARGING STATE STAT INDICATOR
10k0: 4.1V Charging in progress (including recharge) LOW
. Charging termination (top off timer may be running) HIGH
Bg%z_Kgg'g%'R'CHG: VBAT =31V, T, = 639 677 715| AxQ Sleep mode, charge disable, boost mode HIGH
Kichg | ICHG pin setting ratio B’(‘]'DGC=_K§5+§3C"R|CHG: VBAT = 3.8V, T, = 639 77 151 A Charge suspend (input over-voltage, TS fault, safety timer fault or system over-voltage) Blinking at 1 Hz
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Host controlled buck switching charger

Comparators
feed state
machines for
UVLO or VBUS
OVP, VBAT
OVP, VBAT
LOWV, ITERM,
BATSHORT, IC
temp

Converter
feedback
amplifiers
modulate duty
cycle to regulate
SYSy,n voltage or
battery voltage,
charge current,
input current or
input voltage

e

s

wina [}
[=2%
O-

INT

STAT

T

1 T

Interface

PMID
L

[: PGND
e

Battery
Temperatura

Sensing

~ RBFET [»—
/V'é @) [
E
J N Control
REGN E
| Loo
Vo ] - [
| -
—_—
A ¢
T,
T>~» - fverrer HSFET (Q2
v BAT REG CONTROL REGH
\ SYS -
V' 5 sl r —IUHL‘-
N >* e LSFET (Q3)
\ a oz_oce I'°?
1 HEFET_OCP
\ \ = / V prsT Vew
LIS 7 %
— 7 ’ I
A d Vparsne:
F EPLD_SR lono
iy A
x N BAT_REG o046
— ate
\ orms] Q7 CON _| ATFET)|
Input (Q
Bource [ | usa
Dietaction Adapter
D+D-
Output
Dirivar

S¥S

TS

SCL ShA

§

Buck converter
with PMID input

BATFET in NVDC
power path
charger provides
accurate
termination and
instant power on
with SYSy,\
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Benefits and limitations of host controlled

Benefits
Example from BQ2579x 1s-4s, 5-A charger:

* I2C/SMBus register with high resolution and accuracy to PWM
(no resistors necessary) set
— CV:3V-18.8Vin 10-mV steps
— lprellterm: 40 MA - 1 A/ 40 mA — 2 Ain 40-mA steps
— CC:10mA-5Ain 10-mA steps
— Safety timer: 5 hr, 8 hr, 12 hr, 24 hr
— Enable/disable: PFM, OOA, ship mode, etc.

SYS

DAC

SCL

Internal
BATFET

Host

SDA

« Status/fault registers report operation Limitati
— Loop: CC, CV, linopms Vinoewms Trec imitations _
— Status/Fault: PG, VBUS OVP, VBAT OVP, etc. » Host software required

* Integrated ADC: Vgys, Veam lsus: leat: Toie
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Most common issue 1:
Battery not charging
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Not charging: Input protection/control related

VBUS .
T f] O Issue Solution
I Vieus ol Lo

s
Input power bad:
= REGN - sleep mode because

LDO

EN_HIZ VBUS<V(BAT) + VSLP

Vicov| w - disabled because VBus <
|

UVLO or BAD (POOR)

Vv
POORSRC_-+ | —rooRsie SRC
| Vveus - Overvoltage

Veatz +80mV)|

Vveus

SO Voo o Charge enable (CE) pin or Configure BOTH pin via

bit not properly hardware and bit via
configured software
PARAMETER | TEST CONDITIONS [MIN  TYP  MAX| UNIT
REGN LDO
V(REGN) RHGN LDO output voltage V(VBUS) =9V, I[REGN) =40 mA 56 6 64 v L DO (R EG N) \./O I tag e
Vopus) =5V, lrean =20mA | 47 48 v below regulatlon
I(REGN) REGN LDO current limit V(VBUS) =9V, V(REGN) =38V 50 mA
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Not charging: Battery safety related

JEITA

REGN A -
o] - s e
« Battery temperature :
% outside of safety range :
— Tscob = — 0-5ch3' - :
| | I
| ) |
- g - I
et ¢ REON T1 T2 3 TS
T ‘_\\_:‘ s =+ BAT 0°C 10°C 45°C 60°C
TS HOT . 4 Charging Voltage
@ — VREG |-~
1 VREG - 200mV | - -
TS pin
~= %% V(REGN) .
for Tear=25C T T2 T3 715
0°C 10°C 45°C 60°C
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Not charging: Timer related

Precharge current limit :

Type : RW Issue Solution

POR: 120mA (3h) ] ]
Range : 40mA-2000mA Pre-charge timer expired

Fixed Offset : OmA -fixed value for all
Bit Step Size : 40mA standalone and many 12C

Pre-charge safety timer setting chargers
Type : RW
POR: 0b
Oh = 2 hrs (default)
1Th=0.5hrs
Fast charge timer expired 1. ldentify cause of long
- fixed value or capacitor set Charge time.
value for standalone . ;
2. Increase or disable timer for
— SR P [T e host controlled chargers.
_ E" :d:‘di 1 Erabl def)_ 3. Monitor status registers
CHO_TIMER] RW oy Watindog | 00-She and/or STAT/INT for fault then
01-8hrs
CHG_TIMER[0] RW | Wteiag, | 107 12 hrs (defauly toggle /CE pin or CE bit to
restart charge. a—
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Most common issue 2:
Long charge time
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Long charge time due to watchdog timer expiration

* Host controlled charger 12C registers
that could be reset:

Input current limit / ILIM pin enable
Charge, pre-charge, term current

Safety timer

Battery regulation/pre-charge voltage
JEITA settings

Charge enable/disable

o ™ ([ |Warcrboe Typo R

0h = Mormal (default)
1h = Reset (this bit goes back to 0 after timer resets)

20

WATCHDOG_2:0 RW Sh Resat by: Watchdog timer settings
REG_RST Type : RW
POR: 101k
0h = Disable
1h = 0.5s
2h=1s
3h=2s
4h=20s
5h = 40 (default)
6h = 80s

Th = 160s

Issue Solution

12C watchdog
timer bit not
periodically
pinged causing
registers to reset
to defaults
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Long charging time due to [INDPM

Issue

* Input power too low for I(SYS) +
I(CHG) because IINDPM setting
too low

Solution

<& .7

EAD .\ P Driver _|E

AN Control LTV,

Compensation

[ 1
VBAT i I
ﬁ\ V|
<E“:CHGREG \ \:E i

. ....'.'.NP.?.MI

............ el >

________

‘‘‘‘‘‘‘‘‘

0 t1 12 3 t4 15 y
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Long charging time due to input side impec

Iin Vin Min_
—> ~<]7
Agggtscr)rc;r VBUS SYs VIN_RiG In >
Rconnecror | ChargerIC i ree S l
i REGN| | TS PAT pun| DTV H
RCABLE L j ICompensation £A0 + -
L - N AR -~ Centro
Rece e Gauge and/or
; protector Veat l_ * l
Issue oy
el attery 1
* Input line PCB/connector I
resistances too high = - VIN DPM
..... .......... "N_D_PM
Solution W T P

___________

----------

0 11 2 3 t4ts B
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Long charge time due to input power limitation

Input Power (W)

25

Input Power Requirements vs Battery Voltage

(Assume Efficiency = 90%)

20 -

15

=ICHG=L5 15 W needed for ICHG=3 A

“=ICHG=2A
@=w|CHG=2.5A

N\

ICHG=3A
ICHG=4A

10

USB battery

charging 1.2 limit

2.8

3.3

3.8 4.3
Battery Voltage (V)

Issue

* Input power limited by
- Legacy USB Adapters (5W/10W)
- Connector current limit (< 1.8A)
- Cable IR drop (V=300mQ * 1.8A)

* Higher battery charging current
requires more input power.
- Up-to 15 W required for 3-A charging.

Solution

= ‘

6
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Adjustable high voltage adapters

= Adjustable HV adapter:
— Compatible with USB 5-V adapter

— Can increase output voltage from 5V to 7 V/9 V/12 V
after handshake

» Voltage based by using D+/D- voltage signaling.

= USB TYPE-C with Power Delivery
— Profile 1, L0W->5V/2 A

— Profile 2, 18 W-> 5V/2 A, or 12 V/1.5 A e ==
— Profile 3,36 W> 5 V/2 A, or 12 VI3 A > LT -
1 US82.0 —| ’/ SCL/SDA
— Profile 4, 60 W>5V/2 A, or 12V/3 Aor 20 VI3 A _—
— Profile 5, 100 W->5 V/2 A, or 12 V/5 A or 20 V/5 A I o
- H\—:‘Zﬁ FPSIETEID VIN_3v3 }—1 TLV75533 —l .
veus | —o ww 2| tpssassy |
L — LDO_3V3 —f—l
12Cs_SCL/SDA 12Cm_SCL/SDA Flash
’7 - - 12C

W3 TEXAS INSTRUMENTS




Long charging time due to output side impedance

S 4500 |
- 3500
BAT === Current (Ichg=4.5A,IRcomp)
Recs % l lewa \ —==Current (Ichg=4.5A) |~ 3000
===\/0ltage (Ichg=4.5A,IRComp) | 2500
= V\/oltage(Ichg=4.5A) |
- 2000

Rconnector
. - 1000
500
ReroTecTor-Fets '\|\_ [ soo

+ : :
50 100 150 200 250 300
Z -500 0
BAT Charge Time (minute)

=

S
BAT
REGN ITS | ‘BSNS‘ T Rt lICHG

&
8

f. Gauge andfor
protector

Charge Current (mA)
&
8

&
8
Charge Voltage (mV)

P

Issue

Charger IC

« Battery PCB/connector resistances too high

Solution

E. Gauge andfor
protector

Rconnecror
+

RproTeCTOR-FETS
— +
Zgar
18

I
Fvwa—
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Long charging time due to LC thermal regulation

ICHG

Vi

vin_

A

Compensation

ViN_REG IN

+

lIN_REG

EAD
ﬁ“_

AN

=

1T

P

T rRec

T

!

Vea
+
= VBAT REG

-1 IcHe
= lcHe REG

Battery

AW,

| A

4 A

Time

Issue
[ ]

High temp of IC
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Improve board layout for heatsinking (and lower EMI)

» Use thermal pad connected to internal PGND with vias

for heatS|_nk|_n_g W Top layer e vig
» Layout priorities for lower EMI:
* Cpmip — IN for buck (OUT for OTG boost) to shunt high freq 2nd |ayer

PGND on
(PGND) PGND Top layer

switching noise to GND

CREGN, CBTST

Csys, Cear Creen  Carst
+ L1 — adding more R and L not an issue Chmip Rersr

Crapeaz
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Long charge time due to board/case overheating

Issue

» Board/case temp exceeds thermal
budget requires lower ICHRG

Solution

BQ25890 in 4-mm x 4-mm QFN with vias
to internal and bottom GND layers

V(VBUS =9V, V(BAT)=3.8 V, ICHRG = 3 A
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Most common issue 3:
Very high IcHrG exceeds board thermal budget
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Choose higher efficiency charger for faster, cooler charging

Topology Inductor High side Low side
DCR (Q)

BQ2561X 1S buck 10 62 71 89 92.4

BQ25898 1S buck 10 24 12 91.5 93.7

BQ25910 1S 3-level 10 93.5 94.8
buck

» Charger efficiency and therefore power loss for device to dissipate are a function of
— Rps(ony Of FETS, both internal and external
— Inductor with low DCR
— Appropriate charger topology
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Small efficiency increase — higher charge current

—4—BQ25910 Thermal performance at
IC power loss V=9V, Vaur = 3.8V, lops = 3A
»s —m—-BQ25898 IN v VBAT 0V, lehe
BQ25910 size
2
5
=
'»1
§ BQ25898 size |
D-O 5 : ' IC @ 52°C
. ' ; I ‘ Ind‘uor
0 :
1.5 2 2.5 3 3.5 4 4.5

Charge current - A

For 1.5-W loss budget, BQ25898 gives I = 3.2 A but >3% more efficient BQ25910 can provide 4.2 A of
charge current (a 31% increase) in a 36% smaller solution size due to smaller inductor.
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Balance small solution size and thermal performance

lsus lsus ~~—
= VSYS
Veus Vaus vV
35V-2 E% !

5V-24V as T QBAT—] VAT (15-45) 35V-24V osT Vear (1545

ot _I lCHG Q1 _I I+

=8 A+ I lche
Q22— a3 2| s =5 A
discrete FETS _ BQ25790
integrated FETS

Qs QBAT
Q1 Q4
Q2
Component Dimensions Area Power Component Dimensions | Area Power
(mm) (mm?) dissipation (mm) m2) dissipation

BQ257130QFN 4x4 16.00 Minimal BQ25790 WCSP 29x3.3 One spot
5xFETs 3.3X3.3 54.50 Distributed BQ25790 QFN 4.8x4.8 23 One spot
2XRg\sin 1206 3.2X 1.6 10.24 Minimal

Total 80.74

Discrete solution: large areas for thermal dissipation and higher power
Integrated solution: small solution size and easy to design but lower power -
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Parallel chargers

= Primary charger (like BQ25620) provides trickle, pre-charge, =~ ;e-=mzmmmommomoomoomo o

termination 5 825970
1 -1
= Secondary, high efficiency 3-level buck charger (BQ25910) o L
provides fast, higher charging current ! - J
- Adaptor [ T Phase #2
| UsB » VBUS sw S Cob A
= : e oL
{ 12CBus ersTf—] E Converter — 3 | s | 5: —
sYs ! A s I Lo !
Host i Lor 9 P9l
BAT 1 — 3 ; D+/D- S D4+/D-
@ BQ25620 !| Host + PD Controller o 2 | | E : ! I
! | msPa30 + TPS25740) E E g | o1/ ooz E g i ! P—— 1
A —— o L (TUSB422) 1
o = :
VBUS  CFLY+ ! o
] : (MSP430) ~

lohg

i""@ CFLSE %WM = BQ25970 switch cap charger communicates yvith “smart”
 Host | —— e adapter/USB-C PD to provide minimum required headroom
: .K Control [+ across pass element
boos BATN 4

BQ25910 J7 » 97% Efficient power stage for 8-A fast charge
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Summary

 All iIssues are solvable!!!

Battery not charging

— Account for input protection/operation
— Protect the battery

— Design for safety timers

Long charge (taper) time

— Optimize [INDPM, VINDPM settings

— HVDCP adapter

— Improve heat sinking (and EMI) with good PCB board layout

Very high ICHRG exceeds board thermal budget
— Higher efficiency chargers
— Parallel chargers

QUESTIONS?
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