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HL 7022

2A Li-ion Battery Switching Charger
with Integrated OTG Boost

Features
E Full Automatic and Efficient Charge

Management for Large Capacity Lithium
Battery

Automatic Conditioning, CC/ CV Charge
Control, Termination and Recharge
Support 2A Charge Current Using 33mq
Sensing Resistor

3MHz Synchronous PWM,1H Low Profile
Inductor

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

Charge Voltage Regulation Accuracy:
-0.25%~0.41%(25T ), £1% (0T to 85T ),
+2% (0C to 125€C)

20V Input Voltage Tolerance,

6.3V Max Operating Voltage

Input Voltage Based Dynamic Power
Management (VIN DPM)

Optional 32s/30 Minutes Safety Timer with
Reset Control

., Power Up without Battery

Automatic Adaptor Fault Detection

High Impedance Mode with Low Power
Consumption

Comprehensive Protection

Reverse Battery Leakage Protection
Thermal Regulation and Shut-down
Input & Output Over-Voltage Protection

5

Built-in Input Current and Input Voltage Limit

HL7022_V1.5 July. 2019

E Automatic Charge and USB Compliant Start
Sequence

E Full Range Programmable Charge Parameter
through 1°C Compatible Interface

Input Current Limit Threshold

Input Voltage DPM Threshold

Charge Termination Current

. Charge Termination Voltage
Charge Termination Enable

. Support 3.4MHz I°C HS Mode
E USB OTG Boost
Input Voltage Range from Battery:
2.5V~4.5V
5.0V/ 400mA (VgarO 3. 0 V)

E  3mmx3mm DFN Package

5

5

Applications
Smart phone

5

MP3 player
Tablet PC

5

kIR A4 P 15361428851

Mobile: 0755-23763432
13410664847

ME46: hyg@szxlckj. com
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Order Information
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HL 7022

Part Number HL7022

Default Charge Termination Voltage 4.20V 4.20V
OTG Mode Maximum Output Current 400mA

[2C Address 6AH

Pre-charge Current 325mA

CC Current (Default)

1050mA (Rsns=68mq )

325mA (Rsns=68mq")

30min Safety Timer and 32s Watch-Dog Timer No Yes
Package DFN
Packing Method Tape and Reel
Marking Information HL7022FNO1 HL7022FN02
Typical Application Diagram
Ll/ Rsns
. 1eH/2.3A 68mq /1%
Vuse o < cun VUSB SW—e—=M
1€F/25g - VPRT leoot _| cout
447pa|:/25v _—|_1°”F’15V “[22¢Fn0v
Ris BOOT Cicsp -
4.7kq _c i
c--—----- L "// HL7022 ICSP 0.1eF/10V |_____!
, =
 SoA A ICSN = L
,__S_D_A___ ' SDA _| Cicsn =
Optional STAT IO.lSF/lOV
GPIO OoTG PGND—_L =
CDIS CDIS VREF—_LCref =
Ri1 R1, 1&F/10V
10kq 10kg, I
Figurezn1\sL7022FNO1 Typical Application Diagram
L1 Rsns
1eH/23A  68mq/1%
Vusso BT VUSB SWi
1eF25v VPRT _| Cboot ::Cout
Coprt _—|_10nF/16V 226F/10V
4.7eFI25 BOOT . - —
‘ _LCicsp A
1 HL7022 ICSP “Toaermov !
SCL | =
g_?AAT ICSN _l ciesn =
0.1eF/10V
oTG PGND[—————— Lo
—CDIS VREF 1 cret =
:I: 1eF/10V
aAY —
= R4 10kq =

Figure 2. HL7022FNO2 Typical Application Diagram

HL7022_V1.5 July. 2019
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HL /022

Component Part Number Value Size Vendor
L1 LOQM2HPN1ROMGH 1H /2.3A 2016 Murata
Cicsp, Cicsn C1005X5R1A104K 0.1yF/10V 0402 TDK
Cboot C2012X5R1E103K 10nF/16V 0805 TDK
Cusb C2012X5R1E105K 1F 125V 0805 TDK
Cprt C2012X5R1E475K 4.7 F 25V 0805 TDK
Cref GRM185R61A105K 1 /10V 0603 Murata
Cout GRM319R61A226ME15D | 221 F /10V 1206 Murata

ERJ8BWFR0O68V 6 8 mMa% 1206 PANASONIC
Rens RLO805FR-070R056L 56m q/1% 0805 Yageo
R21,R22 - 1kq -
R11,R12,R23,R24,R25 - 10kq -
Ris 4. 7k q

Table 1. Recommended Componentdist

HL7022_V1.5 July. 2019 3/30
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HL 7022

Description

HL7022 is a compact, flexible, high-efficiency, USB
compliant switch-mode charge management device for
single cell Li-ion and Li-polymer battery used in a wide
range of portable applications. The charge parameters can
be programmed through I12C interface. HL7022 integrates a
synchronous PWM controller, power MOSFET, input
current sensing, high-accuracy current and voltage
regulation, and charge termination function into a tiny CSP
package.

HL7022 provides a complete automatic three-phase
battery charging control: trickle charge, constant-current
charge (CC) and constant voltage charge (CV) until the
battery reaches the charge termination voltage. The input
current is automatically limited to the value set by the host.

Charging is terminated based on the battery voltage and a

user selectable minimum current level. A safety timer with
reset control provides a safety backup for 12C interface.
During normal operation, the IC 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 isgnot, carrectly
connected. The charge status can be reportedthtosthe host
through the 12C interface.

During the charging process, thedC monitors its junction
temperature (T,) and reduces,the charge current once T,
increases to about 120y Totsupport USB OTG device,
HL7022 can provide/BUS (5°0V) by boosting the battery

voltage.

HL7022 is available in a 14-pin DFN package.

HL7022_V1.5 July. 2019
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Pin Function

Pin Description

HL 7022

sefil - | L]|BooT
|
SDA:E]E i 13| vBUS
STAT[ 3] i i 12| VPRT
|
ore[a1| HL7022 | [ii|sw
|
on 31 | []sw
vRer[[3] | | [5]pono
| |
cois[ 770 | T3]icsp

Figure 3. HL7022 Top View

PIN No.

PIN Name

I/O BRescription

SCL

I2C interface serialaclock."Conhnéct SCL to 1.8V rail through a 1-10kq

pull-up resistor.

SDA

/o I2C interfacessefial data. Connect SDA to 1.8V rail through a 1-10kq
pull-up resister.

STAT

Chargegstatis pih, open-drain. =Low when charge in progress, =HZ for
othereonditions. During faults, a pulse with 128-¢ scycle is sent out. STAT
pin, Cangdbe disabled by the EN_STAT bit in control register. STAT can be

used to drive an LED indicator or communicate with a host processor.

OTG

HL7022FNO01- Boost mode enable control, When OTG Pin is High, OTG

enables IC to operate in boost mode.

HL7022FNO02- Boost mode enable control or selection pin for input current

limit.

1. When OTG mode is in active, OTG enables IC to operate in boost
mode. It has higher priority over 12C control and can be disabled using
the control register.

2. After POR without a host, OTG is used to select input current limit.
The input current and threshold set by I2C register is not used. When
OTG=1, IINLIM=500mA; when OTG=0, IINLIM=500mA.

ICSN

Battery voltage and current detection input. If there is a long trace
I connected to the battery, a ceramic capacitor (min 0 . 1)ecénhnected to
PGND is required.

VREF

@) Internal regulator bypass output. Connect a 1 ceramic capacitor from

HL7022_V1.5 July. 2019
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this output to PGND. External load on VREF is not recommended.
. cDIS | Charge disable control pin. =0: charge is enabled;
=1: charge is disabled and high impedance mode from VUSB to GND.
Charge current sense input. Connect to the precision sense resistor in
8 ICSP I series with the battery. Bypass this pin with a 0.1u F ceramic capacitofsto
PGND.
9 PGND Power ground.
10,11 SW @) Switch mode buck regulator output.
Connection point between reverse blocking FET and high'sidesFET. Place
12 VPRT I/O
a 4.7¢ Fceramic capacitor from VPRT to PGND.
Charger input voltage. Connecting a 1e¢ Fcapaeitor, from VUSB to PGND.
13 VUSB I/O . )
In the boost mode, it provides power to theload,
Connection point of bootstrap capacitor, driven by High side FET. Place a
14 BOOT I/O ) )
10-33nF ceramic capacitor from BOOT0 SW.

HL7022_V1.5 July. 2019
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Internal Functional Block Diagram

Ql
veus ] L] Q [ ] vPRT
T —iLQu l
Vin Gate lin | 'L[
OovP Driver Control . PWM | _ :IBOOT
A ”| Driver [
I QD\—i Jew
OTG
Battery <« Vmax |¢ VBUS
OIS J | Charging Selector [€ vcHe —| ]PGND
Master
STAT I’C and =
Control ICSN
SCL Interface ICSP
SDA Temp VREF
Sense

Figure 4. HL7022 Internal Functiohal'Block Diagram
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HL 7022

Absolute Maximum Ratings®

Vuss pin voltage

T1vV ~ 20V

VerT, BOOT pin voltage
SW pin voltage : IC Not Switching

1T0.3VvV ~ 20
T 0 V387V

IC Switching

Other pin voltage

IC power, Po@25N

T 0. 350V~
O3V %~ 6 ¢
17w

Junction-to-ambient thermal resistance, dia

65N /W

Junction-to-case thermal resistance, dic

Junction temperature, T;

Storage temperature, Tsg

25N /W
4N ~ 125N
616 ~ 150N

Pin soldering temperature, Ts(10s)

260N

ESD: HBM

2kv

ESD: CDM

Recommended Operating Conditions®

2kv

Vuse, VprrT, SW pin Voltage

Operating free-air temperature, Ta

Junction temperature, T,

Note

(1) Stress beyond those listed under absolute maximum ratings may cause permanent damage to the device.

4.3V ~ 5.5V
i 30 ~85N
i 30 ~120N

(2) Functional operation of the device atthese or any other conditions beyond those indicated under recommended operating conditions

is not implied, exposure to absolute maximum rated conditions of extended periods may affect device reliability. All voltage values are

with respect to the normal opgration‘ambient temperature range is from -40t to +85t unless otherwise noted.

HL7022_V1.5 July. 2019
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Electrical Specifications
Electrical specifications of Charge and OTG boost function
VUSB =5V, HZ_MODE = 0, OPA_MODE =0 (CDIS =0), TA=740C to 125C . And Ta=25T unless Otherwise Noted.

Parameter Test Condition Min Type Max Unit

Input Current

Vuss > Vuss (min), PWM work 10
Vuss < Vusg (min), PWM Stop 5

mA

luss Vusg current control
0C< Ta < 85C, CD=1 or

HZ_MODE=1

850 A

0C< T a<85€C , Vicsn=4.2V
Battery leakage to Vuss In High-Z mode, Vuss=0V, Test 5 e A

Vuss current

ligk In High-Z mode, battery
0C < Ta<85C, Vicsn=4.2 V, In

High-Z MODE, V = 0V, SCL, SDA, 22 e A
OTG=0Vorls8V

discharge current (input
from Pin ICSN, ICSP&SW
to IC)

Charge Termination Voltage

Output cutoff voltage Work in cutoff voltage,
_ 3.50 4.44 Y
setting range programmable
Vorec Ta= 25€C 710.25 0.41 %
Cut off voltage precision T; £0-85€ [ 1 %
Tis0=225T i2 2 %
Charge Current (Fast Charge)
VshorT OVicsn < Voree,
Rsns=68mq, 10_LEVEL=0, 1050 mA
Low charge cutrent (enable )
OTG=High
default valde$\after 30mins N
VsHorT OVicsn < Voreg,
mode)
Rsns=68mq, I0_LEVEL=1, 325 mA
locHARGE )
OTG=High
Cut,off voltage precision
calculated through Rsns)
5 5 %
(base on charge current”
Virec=locHArRGE X R sns
Weak Battery Detection
Weak battery voltage limit
Viowv threshold programmable Programmable through 12C control 3.4 3.7 \%

Scale Note 1

HL7022_V1.5 July. 2019 9/30
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Weak battery voltage
i5 5 %
accuracy
Anti peak delay of weak Rising voltage, 2mV over drive, 3
ms
battery threshold trise = 100 ns
CDIS & OTG Pin Logic Level
Vi Input low threshold level 04 \
ViH Input high threshold level 1.2 Y
Ibias Input bias current Voltage on control pin: 1.8 V 1.0 e A
Charge Termination Detection
The termination charging | Vicsn> Vorec T VRcH,
50 400 mA
current programmable range | Rsns=68 mq, programmable
Anti peak delay of termination | The rise and fall,2mV overdrive, 32
ms
ITERM charge trisg, traL = 100 ns
Through Rsns termination | 3.4 mV OV(rec_term) O6.8 mV 20 20
current  adjust  accuracy | 6.8 mV < V(res_term) O17 mV 710 10 %
VIReG_TERM = ITERM X R sns 17mV<Virec_term O27.2 mV 5.5 55
Adapter Detection
Input voltage limit(min) Adapter detegction 3.8 4 4.2 \%
Anti peak delay when Vuss | Rising voltagey2my overdrive,
VusB (min) ) 32 ms
rise to Vusg (min) triSe= 100 NS
Vuss (min) hysteresis Input veltage rising 200 mV
From the current source to N .
lusB_pETECT During the detection of adapter 50 mA
the GND
tinT Detection time interval The input power detection 2 s
Input Based on Dynamic Power‘Management
The input voltage DPM
thresholdsprogrammable 4.213 4.773 \%
Vuss_bPm
range
Vyseipruthreshold accuracy i2 2 %
Input Current Limit
| The input current limit Iin=100mA Ta=0T ~125€C 86 93 100 mA
IN_lbMIT
threshold Iin = 500mA Ta=0T ~125C 450 475 500 mA
VREFInternal Bias Reference Comparator
Internal bias voltage Vuse>VuseN(min), IVRer=1MA,
VREF 3.8 5.9 V
reference Cvrer=4.7¢F

The Battery Recharge Threshold

HL7022_V1.5 July. 2019 10/30
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HL 7022

VReH Recharge threshold voltage Below Vorec 100 120 150 mV
) Vicsn  reduce below threshold,
Anti peak delay . 128 ms
traL,=100ns, 10mV overdrive
The State of Output
Low level output saturation
) lo= 10 mA, sink current 0.4 V
voltage, STAT pin
VoL(sTaT) -
STAT High level leakage ]
STAT pin voltage :5.5 V 1 e A
current
I°C Bus Logic Level& Timing
The output of low threshold )
VoL lo = 10 mA, sink current 0.4 V
level
Vi Input low threshold level Vpuiup = 1.8 V, SDA & SCL 0.4 \%
ViH Input high threshold level Vpul-up = 1.8 V, SDA & SCL 2 \%
Isias input bias current Vpurup= 1.8 V, SDA & SCL 1 e A
fscL SCL clock frequency 3.4 MHz
Battery Detection
The battery detection current, ) _
o Start after terminated ®detection,
IpETECT before the charging is . 0.9 mA
_ Vicsn OVores
completed (sink current)
toeTECT Battery detection time 350 ms
Sleep Mode Parameters
Sleep-mode threshold Vuss /| 183 V OVicsn OVores,
Vsip . -60 mv
Vicsn Vuss declining
Sleep-mode Exit hysteresis 2.3 V OVicsn OVoree 135 mV
Vsip_exiT Vuse rise to Vste,+ Vsie_exit | Rising voltage, 2mV overdrive, -
ms
Anti peak delay trise = 100 ns
PWM
Voltage between BOOTR,pin & SW pin During charging or boosting period 6.5 \%
) _ ) in_umir= 500 mA, Measure
Q1: The input FET conduction resistance 130
between Vuse and Vprr
QUL he,high -side FET conduction Measure between SW and Verr, 100
mq
resistance Veoor T Vsw= 4V
QD: The low-side FET conduction Measure between SW and PGND 96
resistance
Oscillator frequency 3.0 MHz
fosc
Frequency accuracy 110 10 %
HL7022_V1.5 July. 2019 11/30
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HL 7022

Dwmax Max duty cycle 98
Dwmin Min duty cycle 0
Charge Mode Protection
Veus reach threshold during charge
Vuse OVP threshold voltage . 6.1 6.3 6.5 \"
Vovp_IN_usB period and turn off converter
Vovr_IN_uss hysteresis Vusg fall down to Vove_In_use 200 my/
During charging, cycle by
lLimir o Work in charge mode 2.2 A
cycle current limit
Short circuit charge cycle ]
V(csn) rise 1.9 2.0 241 \/
VsHoRT voltage threshold
VshorT hysteresis Vacsn) fall below VshorT 10Q mV
IsHORT The trickle charge current Vicsny OVsrorT 20 80 40 mA
Boost Mode (OPA_MODE =1, HZ_MODE = 0)
Output voltage (to Vuss pin) | 2.5V < Vqcsnyy< 4.5V 5.0 \
Vuse_ B Including the line and load
Output voltage accuracy ] 13 3 %
regulation
Iso Max output current 3.0V < V(csn) 04.5(V 400 mA
lsLimMIT Cycle current limit 2.5V < V(csn <4.5V, 2.2 A
Overvoltage protection If boosting, perioththreshold exceed
) 6.1 6.3 6.5 Y
Vussovp threshold (Vuss pin) Vuss,.shut down converter
Vuseove hysteresis Vss'turn down from Vuseove 200 mV
IMboosting period 25 Vv
VBATMIN Min battery voltage (lcsnin)
Ahead of Boost start 2.8 29 3.0 \V;
Protection
Over temperature ‘protection 145
TsHTDWN -
Temperatureshysteresis 20 c
Over temperature current )
Tcr i Charges current start to decline 120
imit
ta2s 32'seconds watchdog timer | 32 seconds mode or HOST mode 15 32 S
t3om 30 minutes safety timer 30 minutes mode 15 30 min
Table 3. Electrical Specifications
Note:

(1) In 30 minutes mode of HL7022, if the battery is charged to a higher voltage than the termination voltage, charger will enter Hi-Z mode

and wait for the 12C command.

HL7022_V1.5 July. 2019
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Typical Characteristics
Vuse =5V, Veatr = 3.6 V, locharce=1450mA, Ta=25T unless otherwise noted.

95% 96%
93% ——Vbat=3.9V 9206 Vbat=3.6V
0
— 92% Vbat=4.2V . Vbat=4.2V
S 90%
X 91% <
5 >88%
S 90% S
O 89% 5 86%
= = o0
W ggosp L1 84%
87% 82%
86% 80%
85% 78%
600 750 900 1050 1200 1350 1500 1650 0O 150 300 450 600 750 900 1050 1200
Ibat Current(mA) lusb Current(mA)
Figure 5. Charger Efficiency (Rsns=56mq) FigUre 6» Boost Efficiency
4.942 4.950
4040 ——Vbat=3.0V lusb=0mA
4' ——Vbat=3.6V 4.946 lusb=50mA
< 938~ \bal=a 2V < lusb=500mA
4.936 \ 54942 I =
(=) ‘ o ;Q
84934 ©
S £4.938
> 4.932 S
o] \
4.928 >
4.930
4.926
4.924 4.926
0 150 300 450 600 750 900 1050 1200 24 26 28 3.0 32 34 36 3.8 40 42
lusb Current(mA) Vicsn Voltage (V)
Figure 7. Boost Load Regulation Figure 8. Boost Line regulation
Tek #i5 I =] : ; Tek 7 &5 | i T : 1

[ : : : ] {m&r-'ﬂrw‘wu. )m--unmuw r’mnﬂ.ﬂ-uﬂnutl r.-w mmmmm W I«-‘rm-wnm Jrntmatimpursianssg

[)fsw
B:Ibﬂt .........................
- — H — ; : L :
Fj 200V & @D S0 ) ][100ms 10.0k/7/8 @ S }[ 1758 2019] 200ns 2,506/ % l-) \ 17 5H 2019
€@ Sooms 10k 15 200V 09:57:39 [ € s ][ 10k £, 452V ][ 18:04:13 ]
Figure 9. Auto -Charge Startup at VBUS Plug in Figure 10. PWM Charging waveform

(IOCHARGE=550mA)
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B Ibat

- .
[2] /
200V &% € S00mk

; ][2.00 s.

500 7/
10k 5

o T

16:52,59

175H 2019

Figure 11. Battery Removal/ Insertion During Charging
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Figure 13. Boost PWM Waveform
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Figure 14. Boost PFM Waveform (IUSB=50mA)
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Figure 16. Boost mode load transient

IUSB=500mA->0mA~
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HL 7022

Detailed Description
HL7022 provides complete automatic three-phase

battery charging and management: constant pre-charge,
high current switching- mode constant current (CC)
charge and constant voltage (CV) charge until the battery
voltage rises to the termination voltage. When the battery
voltage drops below the internal threshold limit, the IC
will automatically restart a charging cycle. If the input
power supply is disconnected, the IC will automatically
enter the high-Z mode to prevent the battery from being
dissipated. When the IC's temperature rises to 120 °C, it
will automatically reduce the charging current to prevent

the IC from overheating.

HL7022 has three operation modes: charge mode, boost
mode and high-Z mode. In the charge mode, the IC
supports a single lithium-ion battery or lithium-polymer
battery to be accurately charged. In the boost mode, the
IC will boost the battery voltage and provide power to the
OTG device connected to the VUSB pin. In the high-Z
mode, the IC stops operation and enters high impedange
state. In this state, the current consumptionyfram the
VUSB terminal and from the battery, teégminal is
minimized. When the handheld device is imstandby state,
this mode can effectively reduce, the IC power
consumption.

The host communicates thraugh\2C (HOST mode or 32
seconds mode) to, control“the IC to operate in different
modes. If the 1°C\hostNisabsent, The IC will start the
30-minute safety, timerand enter the 30-minute (default)
mode, in_which the charger will continue charging the
battery, ‘using default register value and charging
parameters until the safety timer times out. After that, the

charger'stops and enter HZ mode.

IC Operation in Charge Mode
When a good battery with voltage below recharge

threshold limit is inserted, and a good adapter is detected,

HL7022 enters the charge mode. In this mode the IC has
5 control loops to regulate the input voltage, input current,

charging current, charging voltage and IC temperature.

During the charging period, all 5 loops are enabled ‘and
one of them is in control. Figure 17(a) shows,axtypical
charging curve without inputting current regulation loop.
This is a standard Li-lon battery CE€/C\. charging curve.
Figure 17 (b) shows in the CCamode, “a‘typical charging
curve with the IC's input current is limited.

In a switched-mode c¢harger like HL7022, the charge
current is higher thansthe¥input current; therefore the
charging process will be faster than the traditional linear
charge scheme, In HL7022, input voltage limit threshold
of theddynamic power management (DPM) loop, input
current, ¢harge current, termination current and

tesmination voltage etc. can all be set by the I2C

Interface.
T T
Prechargel Current Regulation !voltage Regulation
Regulation| Phase | Phase ! Phase
Voltage ———— e IJ """""""""""

Regulation|- — — — _
Current .

/" Charge Voltage

VSHORT| — — — -, =

harge Curren

Termination————-4—————————— —— — — T———————=="
|
|

ISHORT

Fast Charge
Precharge (PWM Charge)

(Linear Charge)

Figure 17(a). Typical charging curve without input current

limit
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Prechargel Current Regulation :Voltage Regulation
Phase _+

Regulation| Phase :
Voltage

VSHORT

Termination

ISHORT]
_.| h |_7Fast Charge
Precharge|
(Linear Charge) (PWM Charge)

Figure 17(b). Charging curve with input current limit

PWM Controller in Charge Mode

HL7022 provides a highly efficient synchronous 3MHz
PWM controller to regulate the charging current and
voltage. Power MOSFETS are also integrated. Its duty

cycle ranges from 0% to 95%.

HL7022 has three NMOS power MOSFET:
reverse-blocking FET Q1, high- side FET QU andiow:
side FET QD. When Vuss is lower thameVigsn,, Q1

input

prevents battery from discharging to Vise. A, charge
pump circuit is used to provide gate drive,for,Q1, while a
bootstrap circuit with an external (bootstrap capacitor is
used to supply the gate drive of Q2.

Cycle-by-cycle (CBC) curentlimit is implemented in QU

for safe operation ‘and outputshort-circuit protection.

Battery ChargesRrocess

When therbattery voltage is lower than V(sHorT) threshold,
the ICprovides a trickle current IisHorm) to the battery.
When' the "battery voltage rises to between Vshort and
Vores, The charger enters CC phase by increasing
charge current to quick charge current locHarce, Or a
value matching the input current limit Iinum if that
threshold is reached .

Built-in soft-start scheme slowly increases the quick

charge current to its target value to minimize current and
voltage overshoot on the battery. Both the input current
limit lin_umir and quick charge current locharce can be set
by the host. Once the battery voltage reaches the

regulation voltage Vores, the charger enters CVaphase,

and the charge current tapers down as shown infFigure 4.

Regulation of the voltage loop is based on mohitoring the
voltage between ICSN and PGND and, compatre against
an internal reference voltage. In" HOST mode, the
regulation voltage is set between\3:54V to 4.48V. In

30-minute mode, the regulation,voltage is fixed at 4.2V.

During the CV phase, HL7022 also monitors the charge
current. In HOST mode with charge termination enabled
(TE=1), thelC*will turn off charging if ICSN pin voltage is
higherdthan the battery recharge threshold Vores-VrcH
foramore than 32 ms (typical), and measured charge
currentyis less than the termination charge current lterm.
At this time, IC will turn on a discharge current Ipetect on
ICSN pin for toetect (typical 256ms), then check the
battery voltage. If the battery voltage is still higher than
the recharge threshold after toetect, the battery charging
is complete. The battery detection routine is used to
ensure charge termination does not occur because the
battery is removed. The STAT bits and STAT pin are
updated to indicate charge completion. The host can
program charge termination current level, as well as
disabling termination function

charge by setting

termination bit (TE) to 0.

A new charge cycle is initiated when one of the following

conditions is detected:

A The
threshold.

AV BPOWer-on reset (POR), if battery voltage is below

battery volVORE@T VYREH

the Vowv) threshold.
A Bi CE wdgles or RESET bit is set (under Host

control)
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Operation in Boost mode

In 32-second mode, the host can enable HL7022's boost
mode operation through one of the following two
methods:

1. Set OTG_EN=1, OTG_PL=1(default), then set OTG
pin=1. Or set OTG_EN=1, OTG_PL=0, then set OTG
pin=0;

2. Set OPA_Mode =1

In boost mode, the IC provides 5V output to the USB port.

The maximum output current can reach 400mA (lso)
when battery voltage is 3.0V or higher.

PWM Controller in Boost Mode

Similar to the charge mode, HL7022 provides an
integrated PWM controller in boost mode to regulate
VUSB pin voltage. CBC current limit of 1.6A on the
low-side power MOSFET QD provides output overload

and short-circuit protection.

Boost Start-Up and Protection

HL7022 has built-in boost soft start sequence to prevent
battery in-rush current and inductor current saturation.
The IC also provides battery under-voltage, \output

over-voltage and chip over-temperature protection?

Boost PFM Mode

Under light load conditions, the IC_operates in PFM
mode to reduce the power loss“and maintain converter
efficiency. During boosting,\the PWM converter is turned
off once the indugtorscurkent is less than OmA, and the
PWM will starfsswitching only when VSUB voltage drops
below output target voltage. HL7022 automatically
switches\between PWM and PFM mode depending on

load conditions.

Safety Timer in Boost Mode

At the beginning of boost operation, the IC starts a

32-second timer. It is reset by the host using the I2C

interface.

Writlidngtdi reset bit of TMR_RS

reset the 32-second timer and TMR_RST is

automatically set to nWQe Naft

Once the 32-second timer expires, the IC exits the,boost
mode, enables the fault pulse on the STAT¢pin, and sets
fault status bit in the status register. The faulteeondition is

cleared by POR or host control.

HIGH IMPEDANCE (Hi-Z) MODE

In Hi-Z mode, the chargeréstops charging and enters a
low quiescent current Statesto conserve power. The chip
enters High-Z mode,if ‘ane of the following conditions are
met.

1. Set€DIS pin =1.

2. In 30-minute mode and CDIS pin=0: VBUS > VBUS
(min), and battery present with Vear> VLOWV.

3, In host mode, CDIS pin=0, OTG_EN=0: set
HZ_MODE bit =1.

If HL7022 enters High-Z state in 30-minute mode, CDIS
pin=0, and the battery voltage Vsar< V@wowv, the
32-second timer is activated to wait for the host control.
Once the 32-second timer expires, the IC re-enters 30
minute mode and 32-second timer is disabled.

If HL7022 enters HiZ state in host mode, CDIS pin=0,
and Vsus > Vsus(min) , IC can exit Hi-Z mode by writing "0"
to the HZ-MODE control bit.

In the 30-minute mode, set CDIS pin=1 resets the

30-minute timer.

Other Functions
HL7022 has comprehensive fault reports. Please refer to
the Application Information section for detailed

description.
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Serial Interface Description

I2C is a 2 wire serial interface. The bus consists of a data
line (SDA) and a clock line (SCL) with a pull-up device.
When the bus is idle, both SDA and SCL lines are pulled
high. All 12C compatible devices connect to the 12C SDA
and SCL buses through open drain I/O pins. 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 condition that indicates
the START and STOP of data transfer. A slave device
receives and /or transmits data on the bus under control

of the master device.

HL7022 works as a slave and is compatible with the
following data transfer modes as defined in the 12C Bus
Specification: Standard mode (100kbps), Fast mode
(400kbps), Fast mode plus (1000kbps) and High-speed
mode (up to 3.4Mbps in write mode). The interface adds.
flexibility to the battery charge solution by makifAg most
functions and parameters programmable thsough(theN2C
host.

The data transfer protocol for Standard mede \Fast mode
and Fast mode plus is the same, thereforgreferred to as
F/S mode in this document. The protocolfor High-speed

mode is different and referred tovas HS-mode.

F/S Mode Protecal

The master initiates datatransfer by generating a START
condition. The "START condition is when a high-to-low
tranSition oceurs on the SDA line while SCL is high. The
master ‘stopsS data transfer by generating a STOP
condition; in which a low-to-high transition occurs on the

SDA line while SCL is high. This is shown in Figure 18.

START (5) STOP (P)

Figurel8. START and STOP Condition

After START condition, the master generates SCL pulse,
and transmits 7-bit slave addregsand the read/write bit
R/W on the SDA line. Duting “all transmissions, the
master ensures that data‘isgvalid: A valid data condition
requires the SDA linexto be stable during the entire high

period of the clockypulse (see Figure 19.)

S\

SCL

Data line stable; ‘ Change |
Data valid of data
allowed

Figure 19. Bit Transfer on the Serial Interface

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 20) by pulling the SDA line low
during the entire high period of the ninth SCL cycle. Upon
detecting this acknowledge signal, the master knows that

communication link with a slave has been established.

r—n
I : _
2o Qutput ‘\ | / D4 XX 7
} : Not Acknowledge
I _
DataOutput | |
byReceiver | |
P Acknawledge
| |
SCLmew,M

Master |

a
| sl

L—d Clock Pulse for
START Acknowledgement
Condition

Figure 20. Acknowledge on the I°C Bus

The master generates further SCL cycles to either

transmit data to the slave (R/W bit =1) or receive data
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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 (see Figure 21).
This releases the bus and stops the communication link

with the addressed slave.

All 12C compatible devices must recognize the STOP
condition. Upon receiving the STOP condition, all
devices know that the bus is released, and they wait for a
start byte followed by a matching address. If a
transmission is terminated prematurely, the master
needs to send a STOP condition to prevent the slave 12C
logic from getting stuck in a bad state. Attempting to read
data from register addresses not listed in this section will
result in FFh being read out.

Racognize R OF o
REPEATED START REPEATED START
Condition Candition

Gonerate ACKNOWLEDGE
Signal

Clock Line Held Law While
Interrupts are Serviced

Figure 21. Bus Protocol

H/S Mode Protocol
When the busis,idle, hoth SDA and SCL lines are pulled
high by the pull-up devices.

Thé master generates a START byte followed by a valid
serial ‘byte containing HS master code 0000 1XXX. This

transmission is made in F/S-mode with speed less than

1Mbps. No device is allowed to acknowledge the HS
master code, but all devices must recognize it and switch

their internal setting to support 3.4Mbps operation.

The master then generates a Repeated Start condlition (a
Repeated START condition has the same timinghas‘the
start condition). After this Repeated START g£ondition, the
protocol is the same as F/S maede, except that
transmission speeds up to 3.4Mbpsfarezallewed. A STOP
condition ends the H/S mode and“switches all the
internal settings of the slavey devices to support F/S
mode. Instead of using/@ STOR condition, repeated start
conditions should be used te’secure the bus in HS mode.
If a transmission is,tesminated in advance, the master
needs sending'a STOP condition to prevent the slave 1°2C

logic fram‘getting stuck in a bad state.

Attempting to read data from register addresses not

listed in this section will result in FFh being read out.

I2C Update Sequence

The IC requires a START condition, a valid I2C address,
a register address byte, and a data byte for a single
update. After receiving of each byte, the IC sends
acknowledge by pulling the SDA line low during the high
period of a single clock. A valid 12C address will selects
this IC. The IC performs an update on the falling edge of
the acknowledge signal that follows the LSB bit.

For the first update, the IC requires a START condition, a
valid 1?C address, a register address byte and a data
byte. For all consecutive updates, the IC needs a register
address byte and a data byte. Once a STOP condition is
received, the IC releases the I°C bus and waits for a new

START condition.
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| s |SLAVEADDRESS |wa |A I REGISTER ADDRESS IAl DATA | NE | P | Slave Add ress Byte
T |___ Data Transferred 1
0" (Write) (n Bytes + Acknowledge) MSB LSB

= Acknowledge (SDA LOW)

[ From master toIc

= >

= Not acknowledge (SDA

HisH) 1 1 0 1 0 1 0 X

[ From ic to master = START condition

o w

r = Repeated START condition
= STOP condition

The slave address byte is the first byte received following

(a) FIS-Mode . .
‘ the START condition from the master device.
< FIS Mode _>|(7 HS-Mode I FiS Mode
| s I HSMASTER CODE ‘ i | Sr [ SLAVE ADDRESS [ RW | A | REGISTER ADDRESS |A [ DATA IA.'E | P l

0 (write) (n Bytes + Acknowledge) HSMode
Continues

[ [omen ]

(b) HS-Mode

Figure 22. Data Transfer Format in F/S(H/S) mode

Register Description

Register Address Bits
Name Hex Address 7 6 5 4 3 2 1 0
CHG_STATUS 00H 0 0 0 0 0 0 0 0
CHG_CONTROLO 01H 0 0 0 0 0 0 0 1
OREG 02H 0 0 0 0 0 0 1 0
IC_INFO 03H 0 0 0 0 0 0 1 1
IBAT 04H 0 0 0 0 0 1 0 0
CHG_CONTROL1 O5H 0 0 0 0 0 1 0 1
SAEETY 06H 0 0 0 0 0 1 1 0
MONITORO 10H 0 0 0 1 0 0 0 0

Table 4. Register map of HL7022
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Bit Definitions

The following table defines the operation of each register bit. Bold font indicates power-on default values.

Bit Name Value Type Function
CHG_STATUS Register Address: 00 Default Value:X1XX 0XXX
Write 1 reset watchdog timer (automatic clearance); write fDohas,fie
TMR_RST/ w
7 1 effect
OTG
R Return the OTG pin status (1=high)
0 Disable the STAT pin function
6 EN_STAT R/W
1 Enable the STAT pin function
00 Ready
01 Allow PWM charging. If CE=0, charging/
5:4 STAT R
10 Charge termination
11 Fault (fault status)
0 IC is not in BOOST mode
3 BOOST R
1 IC is in BOOST mode
Charge mode Boost mode
000 Normal (No Fault) Normal (No Fault)
001 VIN OVP VIN OVP
010 Sleep,Maode Boost soft start failure
2:0 FAULT 011 R PoorJnput Source Vear<UVLOBST
100 Output OVP Battery OVP
101 Thermal Shutdown Thermal Shutdown
110 Timer Fault Timer Fault; reset all registers
113 No Battery N/A
CHG_CONTROLO Register Address: 01 Default Value:0011 0000-HL7022FN02
Q0 100mA
01 500mA
7.6 [INCin 10 R/W | 800mA USB host limit for input current
No limit for input
11
current-HL7022FNO1
00 3.4V
01 3.5V
5.4 Viowv R/W Weak battery threshold
10 3.6V
11 3.7V
0 Disable charge termination function
3 TE R/W
1 Enable charge termination function-HL7022FNO1
2 CE 0 R/W | Enable charge function
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