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HT7Q2552
3 to 8 Cell Analog Front
End for Li-Battery Protection

Features
e Vi input range from 7.5V to 36V

* Individual cell voltage monitor outputs 1/2 of
battery cell voltage, when the analog output is 2.1V,
it has an accuracy of £7.5mV

« Internal cell charging balance switches

 Integrated voltage regulator with 5V/50mA and
+1% accuracy

* At Ta=-40°C~85°C, 2.5V reference voltage output
with a maximum variation of 15mV in temperature
drift

» Two Discharge N-type MOSFET gate drivers
« Single Charge N-type MOSFET gate driver
* Charge/Discharge differential current monitor:

+ IMON pin outputs amplified ISPO-ISNO
differential voltage

+ Voltage amplifying rate selection: 10/50
 Discharge short-current detection:

+ Detection threshold voltage selection: 50mV/
100mV/150mV/200mV/250mV/300mV/350mV/
400mV

+ Detection debounce time selection: 0us~992us,
32 sections, 32ps per section

 Integrated Over-temperature protection selection:
85°C/100°C/125°C/150°C

* Sleep mode with 0.1pA ultra-low standby current
* Two High-voltage wake-up functions

* I2C bus communication with host MCU

* Operating temperature range: -40°C to +85°C

» Package type: 32-pin QFN

electronics

Applications

¢ Handheld vacuum cleaners

* Electric power tools

General Description

The HT7Q2552 is a high voltage analog-front-end IC
for 3 to 8 cell Li-ion rechargeable battery protection.
It consists of a 5V high accuracy regulator, an
accuracy 2.5V reference voltage output, an individual
cell voltage monitor, two discharge paths, i.e.,
low-side power switch gate drivers, a charge path,
i.e., high-side power switch gate driver, a charge/
discharge differential current monitor, and a discharge
short-current protection. The cell voltage monitor
is designed to monitor each battery cell voltage
individually and outputs the divide-by-2 voltage to the
analog multiplexer with +£0.36% accuracy. The current
monitor channel provide charge and discharge current
monitoring and short-current protection. The device
can directly drive external N-type MOSFETs to
control charge and discharge by charge and discharge
gate drivers. The internal battery balance circuitry
provides a cell balance current without the need of
external transistors. Each monitored battery cell
voltage can be observed sequentially from VBATI to
VBATS which benefits MCUs with a lower number of
ADCs.

An integrated 5V regulator provides a 5V supply to
the MCU with a S0mA driving current capability and
which has +1% accuracy. The voltage regulator, cell
voltage monitor, current monitors, and gate drivers
are shut down with an ultra-low standby current
0.1pA when the device is in the Sleep mode. When
the HVWK1 or HVWK2 pin is triggered by a voltage
greater than its threshold, the device will return to the
normal operating status.
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HT7Q2552
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Pin Assignment

Pin Description
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HT7Q2552
32 QFN-A

Pin No. | Name Type Pin Description

1 VCP O | Charge pump capacitor for DGCN. Connect a capacitor between VCP and BAT

2 BAT O | Charge pump capacitor for DGCN. Connect a capacitor between VCP and BAT

3 DGN1 o Gate driver output 1 for dfiVing discharge n-MQSFET.
Recommended for applying on secondary loading path.

4 DGNO o Gate driver output O for d_riving dis_charge n-MOSFET.
Recommended for applying on primary loading path.

5 VIN_LDO P Input supply voltage for regulator

6 VIN P Input supply voltage for gate drivers

7 NC — | Not connected

8 VREG O | Regulator 5V/50mA output. Connect 4.7uF capacitor typically

9 INTB o Interrupt o‘ut,put pin of short current detection for MCU. NMOS open drain output and
output an ‘L’ level pulse when short-current event is detected.

10 VREF O |Reference voltage 2.5V output pin

11 DCN | Gate driver DGCN control input®

12 SCL I/O | IC serial clock line

13 DN1 | Gate driver DGN1 control input®

14 SDA I/0 |I>C data clock line

15 DNO | Gate driver DGNO control input*

16 IMON O | Current monitor output pin. Voltage of ISP-ISN multiplied by 10 or 50 is outputted.

17 VOUT O | Voltage monitor output

18 ISP | Curr_ent monitor positive termil_wal voltage input pin. The voltage level of ISP pin should
be higher than that of ISN in discharge state.

19 ISN | Currgnt monitor negative terminal voltage input pin. Connected to the most negative
terminal of battery cells.

20 VBATO | Battery cell 1 negative terminal

21 VBAT1 | Battery cell 1 positive terminal and battery cell 2 negative terminal

22 VBAT2 | Battery cell 2 positive terminal and battery cell 3 negative terminal

23 VBAT3 | Battery cell 3 positive terminal and battery cell 4 negative terminal

24 VBAT4 | Battery cell 4 positive terminal and battery cell 5 negative terminal

25 VBATS5 | Battery cell 5 positive terminal and battery cell 6 negative terminal

26 VBAT6 | Battery cell 6 positive terminal and battery cell 7 negative terminal

27 VBAT7 | Battery cell 7 positive terminal and battery cell 8 negative terminal
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HT7Q2552
Pin No. | Name Type Pin Description
28 VBAT8 | Battery cell 8 positive terminal
29 DGCN O | Gate driver output for driving charge n-MOSFET
30 HVWK1 | Sense and trigger pin of High voltage Wake-up function 1.
31 HVWK2 | Sense and trigger pin of High voltage Wake-up function 2.
32 GND G | Ground terminal
EP GND G | Connected to GND
Note: I: Input; O: Output; P: Power; G: Ground;
*: Internal pull down with 370kQ.
Absolute Maximum Ratings
Pin/Parameter Value Unit
VIN, VIN_LDO, HVWK1, HVWK2, BAT -0.3 to +48 \
DGCN, VCP -0.3 to +60.0 \
VREG -0.3to +5.5 \
DGNO, DGN1 -0.3t0 18 \
VOUT, SCL, SDA, DNO, DN1, DCN, ISP, ISN, IMON, INTB, VREF -0.3to +5.5 Vv
A[VBATi~VBAT(i-1)], i=8, 7,6, 5,4, 3,2, 1 -0.3to +5.5 \
Operating Temperature Range -40 to +85 °C
Maximum Junction Temperature +125 °C
Storage Temperature Range -60 to +150 °C
Lead Temperature (Soldering 10sec) +260 °C
o Human Body Model +2000 V
ESD Susceptibility
Machine Model +200 \Y
Junction-to-Ambient Thermal Resistance, 6,a 32QFN (4x%4) 47 °C/W
Recommended Operating Range
Pin / Parameter Value Unit
Vin 7.510 36 \%
Ta -40 to +85 °C

Note that Absolute Maximum Ratings indicate limitations beyond which damage to the device may occur.
Recommended Operating Ratings indicate conditions for which the device is intended to be functional, but do not

guarantee specified performance limits.
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Electrical Characteristics

Vin=36V, Crec=4.7uF, Ta=+25°C, unless otherwise specified

Symbol | Parameter Test Condition | Min. | Typ. | Max. | Unit
Supply and Input
Vin Supply Voltage — 7.5 — 1360 | V
EN_S=EN_VREF=IMCE=ISCE="0’
IingsTB) Supply Current (Standby) EN_OTD=EN_TS='0’ — 35 | 6.0 | pA
DNO=DN1=DCN="0’
VIN Supply Current with DGNO |EN_S=EN_VREF=IMCE=
lingsTB_DSG) and Short Current Detection is EN_OTD=EN_TS='0’ — 18 20 MA
Activated ISCE="1", DNO=1", DN1=DCN='0’
VIN Operating Current when _ s oy
loPr_DGNx DGNO and DGN1 Outputs are On DN0=DN1="1", DCN="0 — 15 — MA
Istp Standby Current in SLEEP Mode | SLP1="0", SLP0="1", Vhvwk=0V — 0.1 0.2 | pA
Voltage Regulator
VRkec Regulator Output Voltage lLoap=10mA 495 | 500 | 505 | V
Regulator Maximum Output _ P
Irec Current Vin=7.5V, Ta=-40~85°C 50 — — mA
AVRec Load Regulation lLoap=0~50mA — — 50 | mV
AVRec . . R— - . o
—(VREGxAVIN) Line Regulation Vin=7.5~36V, lLoao=10mA 0.02 %/
_AVrse Vree Temperature Coefficient lLoa=1mA, Ta=-40~85°C — | £100 | — ppm/
(VrecXATa) ’ °C
SLP1=0’, SLP0="1", Vrec=1V,
Rois Vres Discharge Resistance Irect1 denotes VREG input currentat | — 330 — Q
Vree=1V, Rois=Vres/lrect
Cell Balancer
Vei=4.5V (i=1~8),
) VBATI series resistors=0Q 80 110 | 140 Q
Res Cell Balance Resistance Ve=2.5V (=1-8)
Bi—Z4. 1=1~0),
VBATIi series resistors=0Q 120 | 160 | 200 Q
Reference Voltage
VRer Reference Voltage EN_VREF=1’ 2.49212.500(2.508| V
AVrer (Note) Vrer Temperature Coefficient lLoap=1pA, Ta=-40~85°C — — | #15 | mV
. CVREF=0.1yF. Peak current at
IREF_sour Vrer Pin Output Source Current EN_VREF ‘0'—'1’ rising edge — 2 — mA
. . CVREF=0.1pF. Peak current at
IReF_siNk Vrer Pin Output Sink Current EN_VREF ‘'’ falling edge — 1 — | mA
. . ) Settling time from Vrer=0V to
ts_Vrer Vrer Pin Settling Time 2.475V. Curer=30pF — 20 30 us
Input/Output Logic
Vi DNO, DN1, DCN Input Logic Low . o . 15 v
voltage
Vi DNO, DN1, DCN Input Logic High . 35 . . v
Holtage
Reo DNQ, DN1, DCN Pull Down . _ 370 — KO
Resistance
ViinTB) INTB ‘Low’ Output Voltage Load current=500pA, Vrec=5V — — 0.1 \
INTB Pulled High to VREG
Reu_inte Resistance — — 50 — kQ
High Voltage Wake-Up
HVWK1 and HVYWK2 Threshold
VwkTH Voltage — — 55 — \
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Symbol Parameter Test Condition Min. | Typ. | Max. | Unit
T HVWK1 and HYWK2 Debounce . 1 o . ms
WKoB Time
HVWK1 and HVYWK2 Input _
lwi Current Vivwk=36V — 50 — MA

Note: Design guaranteed.

Electrical Characteristics (Cont.)
Vin=36V, Crec=4.7uF and Ta=+25°C, unless otherwise specified

Symbol‘ Parameter ‘ Test Condition ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
Cell Voltage Monitor

Vi Cell Voltage i=1~8 1.5 — 4.5 \%
Ve Input Voltage between VBATI and . . 15 . v

VBATI-1 for Cell Voltage Monitoring

Cell Input Leakage Current

IsiPwR) when VIN Powered V=5V (i=1~8). EN_S="0". Vin=VBars | -0.1 — 0.1 MA
o Cell Input Current when Voltage Vei=4.2Vxi. EN_S bit="1", Vin=36V. _ 15 . A
BIACD | Monitoring i=1~8 H
V. Cell Voltage Monitor Output Vi — VBi.1=4.2V. i=1~8. Ta=25°C 2.094 | 2.100 | 2.106 \%
oM Aceuracy Vi — Vei1=4.2V. i=1~8. Ta=-40~85°C | 2.092 | 2.100 | 2.108 | V
. Vai — VBi.1=4.2V. i=1~8. Cvour=0.1uF.
Ivout_sour Cell Voltage Monitor Output Source Peak current at EN_S ‘0'—*1’ rising — 2 — mA
Current
edge
. ) Vai — VBi.1=4.2V. i=1~8. Cvour=0.1pF.
our s | 2SN Voltage Monitor Output Sink | 5oy o rent at EN S ‘' 0'falling | — | 1 | — | mA
Current
edge
HS Gate Charge Pump
Vep_uvio+ | V(VCP, BAT) Turn On Level V(VCP,BAT) rises — 3 — \%
Ver_uvio- | V(VCP, BAT) Turn Off Level V(VCP,BAT) falls — 25 — \Y
Vee VCP Output Voltage EN_CP="1", BAT=VIN>13V Vint10| Vint12 [Vint16 |V
External capacitor 22nF between
Rising Time of the Voltage VCP and BAT.
tcr_on — 25 — ms

Difference between VCP and VBAT | Vin=36V, V(VCP, BAT) rises from
10% to 90% (Vcp-Vear)No©

fcp Charge Pump Switching Frequency |[EN_CP=1" — 600 — kHz

Gate Drivers

DNx=*1", Vin>13V 10 12 16 \Y
Vz DGNx Clamp Voltage
DNx=1", Vin13V — |Vn-0.7| — Vv
tr DGNXx Rising Time Coeni=15nFNete) — 0.5 1.0 us
tr DGNXx Falling Time Coeni=15nFNete) — 0.5 1.0 us
—_— D_GNx Falling Propagation Delay Coone=15nFNote) _ 05 1.0 us
Time
tep, L QGNx Rising Propagation Delay Coer=15nFNete) . 05 10 us
Time
tam DGNx Delay Time Mismatch Coenx=15nF. twm = |tpo_LHx — tro_Hix| — 0.5 1.0 us

Isource DGNx Source Current F;?GNT=,1 “F peak current at DNx — 850 — mA
0'—*1’ rising edge

) Coen=1yF, peak current at DNx
Isink DGNx Sink Current “'0’ falling edge — 850 — mA

VIN Operating Current when DGNO
and DGN1 Outputs are On

loPr_DeNx

DNx=1’ — 15 — MA

Rev. 1.00 6 March 01, 2024



HOLTEK i ’

HT7Q2552
Symbol Parameter Test Condition Min. | Typ. | Max. | Unit
. DNx='0’, SLP1="0'& SLP0="1"&
Res | guoni PUllLoW Resistance at HVWKx="0" or HVWKx="1", — 10 — | @
P Y resistance between DGNx and GND
Vbeen_on | DGCN Gate Drive Turn-on Voltage |EN_CP=1", DCN=1’ — Ver — \Y
Vbaeen_orr | DGCN Gate Drive Turn-off Voltage |EN_CP='1", DCN='0’ — Vin — \%
Rosanon | DOCN Gate Drive Turn-on EN_CP="1", DCN="1' — 2 | — | ka
Resistance
DGCN Gate Drive Turn-off _oq» ey
Rocen_oFF Resistance EN_CP='1", DCN='0 — 150 — Q
Rising Time of the Voltage EN_CP="1", Coccn-ear=15nF,
trc Difference between DGCN and Vin=36V, V(DGCN, BAT) rises from — 220 — us
BAT 10% to 90% (Voeen — Vear) (Vo)
Falling Time of the Voltage EN_CP="1", Cocen-sar=15nF,
trc Difference between DGCN and Vin=36V, V(DGCN, BAT) falls from — 5 — us
BAT 90% to 10% (Voeen — Vear) (Vo)
Note: These parameters are periodically sampled but not 100% tested.
1
[REGOOJEN_CP
__________________________ 0
I 900 I
I % Vep
V(VCP,BAT) 409, I :
__________________________ V
oo 0 ____ "
I I
DGN \
——————————— 0
I I I I
le—top, s—! | S
D 0% 100%™~ 50% CP
DGCN L 10% 50 :<—tpofHL ] 10%  Vear
I‘—trC—VI I‘—t'C—P:
________________ 1
DNx
___________ 0
I I I I
le—top o — | S
rrT AN z
DGNx L 10% 50 :<—tpD,HL ] 10%  GND
- -
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Electrical Characteristics (Cont.)
Vin=36V, Crec=4.7uF, ISPO-to-ISNO shunt resistor=bmQ, Ta=+25°C, unless otherwise specified

Symbol | Parameter | Test Condition | Min. | Typ. | Max. | Unit
Current Monitor
G IMCE='1", IAR='0’, Ta=25°C 9.7 10.0 | 10.3 VIV
M9 IMON Output Voltage Amplify | IMCE="1’, IAR="0", Ta=-40~85°C 95 | 100 | 105 | WV
G Rate IMCE="1", IAR=1", Ta=25°C 48.5 | 50.0 | 515 VIV
M IMCE="1", IAR="1", Ta=-40~85°C 475 | 500 | 525 | VIV
IMCE="1', IAR=0, Vrea=5V, shunt 8 | — | & | A
| resistor=bmQ
MR IMCE="1", IAR='0’, Vres=5V, shunt
e -20 — 205 A
. resistor=2mQ
Current Monitor Range
IMCE="1", IAR=*1", Vrec=5V, shunt
v== 12 | — 16 A
resistor=5mQ
IMR(R50)
IMCE="1", IAR="1", Vrec=5V, shunt
== -3 — 40 A
resistor=2mQ
Vise-Visn=0V, IMCE=*1", ZERO='0
V o ’ ’ ’ 0.3 0.5 0.7 \%
MO IMON Output Voltage at No IAR='0
Sensing Current -Visn= =1’ =0
Vinowso) g VISP_\‘/IsyN oV, IMCE="1", ZERO="0, 030 | 050 | 0.85 v
IAR="1
Vimzr10) IMON Output Voltage at ZERO |IMCE="1", ZERO="1", IAR="0 0.30 | 0.50 | 0.70 \%
Vimz(rs0) State IMCE="1", ZERO="1", IAR="1" 0.30 | 0.50 | 0.85 \%
limosource) | IMON Output Source Current — 100 — — WA
liMo(sink) IMON Output Sink Current — 100 — — HA
t IAR=0", ZERO="1", timing from . . 100 s
MESRO | IMON Settiing Time at ZERO | IMCE="1" to Viwon settled at Viuz H
i State IAR="1", ZERO="1’, timing from N R s
MZS{R50) IMCE="1" to Viuon settled at Vivz H
lis ISP, ISN Input Current Visp=Visn=0V, IAR='0',ZERO="0’ — -0.46 — A
i IAR='0", ZERO='0", IMCE="1", Visx=0V, | 60 . s
MR_P(R10) IMON Output Rising Time Visp rises from 0V to 0.1V in 10us H
¢ (Visp>Visn) IAR="1", ZERO='0’, IMCE="1", Visn=0V, | 300 . s
MR_P(RS0) Vise rises from OV to 0.1V in 10ps H
t IAR=0", ZERO='0’, IMCE="1", Visx=0V, | 60 . s
MEPRIO 1 MON Output Falling Time Visp falls from 0.1V to OV in 10us H
; (Visp>Visn) IAR="1’, ZERO='0’, IMCE="1’, Visn=0V, | | 500 | _ s
IMF_P(R50) Vise falls from 0.1V to OV in 10ps H
t IAR=0", ZERO='0’, IMCE="1", Visp=0V, o 60 o s
MR_N(R10) IMON Output Rising Time Visn rises from OV to 0.1V in 10us H
‘ (Visp<Visn) IAR="1, ZERO='0', IMCE="1’, Vise=0V, | | 570 | _ s
MR_N(R50) Visx rises from OV to 0.1V in 10ps H
t IAR=0", ZERO='0", IMCE=1", Visp=0V, . 30 . s
MEO T IMON Output Falling Time Visn falls from 0.1V to OV in 10us H
) (Visp<Visn) IAR=1", ZERO='0’, IMCE="1", Vise=0V, | 30 o s
IMF_N(R50) Visx falls from 0.1V to OV in 10ps H
Short-Current Detection
Short Circuit Detection Cens A
Vscr Threshold voltage ISCE=*1", SC_[2:0]=0b001 — 105 — mV
Short Circuit Detection ISCE=1", TD_[4:0]=0b00001 (default
tscos ) — 6.32 — us
Debounce Time value)
ISCE='1", TD_[4:0]=0b00000
¢ Short Circuit Detection INTB sink current=50uA. Propagation . 1 . s
SCPD Propagation Delay Time delay time from Visp>Vsct+ to INTB H
pulled ‘Low’.
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HT7Q2552
Symbol | Parameter Test Condition | Min. | Typ. | Max. | Unit
Over-Temperature Detection
EN_OTD='1", OTDTHI[1:0]=0b00 — 85 — °C
. EN_OTD="1", OTDTHI[1:0]=0b01 — 100 — °C
T Over-temperature Detection 0 - S
otD Threshold EN_OTD='1", OTDTHI[1:0]=0b10 — 125 — C
EN_OTD="1", o
OTDTH[1:0]=0b11(default value) - 150 - C
Tuvs Over-temperature Detection EN_OTD="1' o 20 o o
Hysteresis
I2C Interface Characteristic
Vin=36V and Ta=25°C, unless otherwise specified
Symbol‘ Parameter Test Condition ‘ Min. ‘ Typ. ‘ Max. ‘ Unit

DC Characteristic

ViH_i2c Input High Threshold Voltage — 2.5 — — \%

ViLiac Input Low Threshold Voltage — — — 0.8 \%

AC Characteristic

fscL Clock Frequency — — — 400 kHz
teur Bus Free Time Bus free time between STOP and START | 1.3 — — ps

s | START Hold Time g;ts;rtgtlzdperlod, the first clock pulse is 06 . . us

tow SCL Low Time — 1.3 — — us

thicH SCL High Time — 0.6 — — us

tsu:sta | START Setup Time Only relevant for REPEATED START 0.6 — — us

tuo:par | Data Hold Time — 0 — — ns

tsu:par | Data Setup Time — 100 — — ns

tr_i2c Rising Time SDA and SCL — — 0.3 us

tr_i2c Falling Time SDA and SCL — — 0.3 uS

tsu:sto | STOP Setup Time — 0.6 — — us

taa Output Valid from Clock — — — 0.9 us

tsp Input Filter Time Constant SDA and SCL noise suppression time — — 20 ns

tour 12C Time-out Default setting — 32 — ms

Note: These parameters are periodically sampled but not 100% tested.

| S | tlow thicH | Sr | r ﬁ\ r ﬁ\
| | | : : | | | || ]
| ] [ ] I I
| |
SsCL I || | I | | | | I
o J:&r 1/ X \ e : I AR
I ok lopnr + L tdsral k, ‘ . ‘
| | | &= tsp || SYSTQ
_‘EJ i:-ﬁ _»: :)l r—N-H ILSEAT tsust } H’ | | —>”<— ‘ : i tgue | i }
L e ¥ S Y | |
TR o/
| | | | I |
| ey | : ....... . A e
= —a !t ——a "
|
SDA X
(OUT) |
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Functional Description

I12C Serial Interface

The HT7Q2552 supports I°C serial interface. The I?C bus is for bidirectional, two-line communication between
different ICs or modules. The two lines are a serial data line (SDA) and a serial clock line (SCL). For the Standard
Product, both lines are open-drain structure and two external pull-high resistors are required. When the bus is free,
both lines are high. The output stages of devices connected to the bus must have an open-drain or open-collector to
perform the Wired-AND function. Data transfer is initiated only when the bus is not busy.

Data Validity

The data on the SDA line must be stable during the high period of the clock. The high or low state of the data line
can only change when the clock signal on the SCL line is low.

ML C
SCL \_i/ ,: i,

Data line stable;
Data valid

|Change of data allowed

START and STOP
(1) A high to low signal transition on the SDA data line while SCL is high defines a START (S)
(2) A low to high signal transition on the SDA data line while SCL is high defines a STOP (P)

(3) START and STOP are always generated by the master. The bus is considered to be busy after the START. The
bus is considered to be free again a certain time after the STOP.

(4) The bus stays busy if a REPEATED START (Sr) is generated instead of a STOP. In the respect, the START and
REPEATED START are functionally identical.

I~ 77 1= 77
R | _—— | -
SDA | I § | / I SDA
| -0~ I
SCL___:—:_\_/_____\_/_:—:—__SCL
| I | I

IS P

START condition STOP condition

Byte Format

Every byte put on the SDA data line signal must be 8-bit long. The number of bytes that can be transmitted per
transfer is unrestricted. Each byte has to be followed by an acknowledge bit. Data is transferred with the most
significant bit (MSB) first.

i—=m [
1

R P
' ————————  —— —— e —————
soa NG X X
L\l [ O |
' ! v Sr!
] ! ' |
d [ -t | [
SCL w _____ 7 8 9 1 2 3-8\M
' '
1 or p or
' gr i ACK ACK ' gy i

.-

Rev. 1.00 10 March 01, 2024



HoLTEKY ’ HT7Q2552

Acknowledge

(1) Each byte of eight bits is followed by one acknowledge bit. This acknowledge bit is a low level put on the bus
by the receiver, the master generates an extra acknowledge related clock pulse.

(2) A slave receiver which is addressed must generate an Acknowledge response signal after the reception of each
byte.
(3) The device that provides an acknowledge must pull down the SDA data line signal during the acknowledge

clock pulse so that it remains stable low during the high period of this clock pulse.

(4) A master receiver must signal an end of data to the slave by generating a NOT Acknowledge response signal
on the last byte that has been clocked out of the slave. In this case, the master receiver must leave the data line
high during the 9" pulse to not acknowledge. The master will generate a STOP or Repeated START.

Data Output -\ | [\ \/ """
by Transmitter
Data Outptut . .~
by Receiver
Acknowledge —¢

SCL From
Master 1 2\ 7 8 9

: f
START

Clock Pulse for
Acknowledgement

I12C Time-out Control

In order to reduce the I°C lockup problem due to reception of erroneous clock sources, a time-out function is
provided. The I’C time-out function starts timing for the specified I?C time-out period (tour) when receiving
START (S) from I?C bus. The timer is reset by every falling edge of SCL data line signal and gets interrupted
when receiving STOP (P). If the next falling edge of SCL data line signal or STOP (P) does not appear throughout
the I°C time-out period (tour), SDA and SCL data line signals are set to default states at the end of timing and
meanwhile the registers remains unchanged. The I?C time-out is set to 32ms by default.

Slave Address

(1) The slave address byte is the first byte received following the START condition from the master device. The
first seven bits of the first byte make up the slave address. The eighth bit defines a read or write operation to be
performed. When R/W bit is ‘1°, then a READ operation is selected. When R/W bit is ‘0’, it selects WRITE
operation.

(2) The slave address of the HT7Q2552 is “1011101”. When an address byte is sent, the device compares the first
seven bits after the START condition. If they match, the device outputs an Acknowledge on the SDA data line

signal.
> Slave address )
:‘MSB LSBV:
1 0 1 1 1 0 1 R/W

R/W bit: 1=READ, 0=WRITE

Write Operation

An 12C write operation combines a START bit, a Slave address byte with a Write bit, a Register address byte,
single or multiple Data bytes, and a STOP bit.
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Single Data Byte Write Sequence:
Slave address ' Register address 'A CK' Data byte 'A CcK
[s[1]o] a1 ] ]o]1]0] | 8 bits | | 8 bits | ITl
WRITE
Multiple Data Bytes Write Sequence:
ACK ACK
Slave address l 1% Register address ' Data byte 1
=TTy e— — 2 | e — — }
|s|1|o|1|1|1|0|1|0| | 8 bits | | 8 bits | -
|
WRITE ‘
Fmmmmmm o
| Data byte 2 AcK . Data byte n ACK
| | A ——— )
L

Read Sequence

| 8 bits | ITl

The complete read mode consists of two stages. 1st stage: writes in the Register Address Byte to the device. 2nd

state: reads out the single or multiple Data Bytes from the device.

) ACK ACK NACK
Slave address Register address ' Slave address ' Data byte h
e— — — — > lH——————Hl — — l|<—————
|s|1|o|1|1|1|0|1|o| | 8 bits | |Sr|1|0|1|1|1|0|1|1| | 8 bits | Ii’
4 4
WRITE READ
ACK ACK ACK
Slave address 1% Register address Slave address ' Data byte 1 '
— — — — — lH————— lH——————Hl
|s|1|0|1|1|1|0|1|o| | | |Sr|1|0|1|1|1|0|1|1| | 8 bits | -
4 4 !
WRITE READ |
r 7777777777777777777777777777777777 |
| ' Data byte 2 Aok ' Data byte n NACK
| = = = ! —
L 8 bits | | 8 bits | Ii’
I2C Register Map
The IC register bit map is listed below.
Access Value after . L
Address Acronym Type POR Register Description
00H REGO00 RIW 1000 0000 Sleep, Reference Voltage, Charge Pump and Voltage
Monitor Control
01H REGO01 R/W 0000 0000 |Cell Balance Control
02H REG02 R/W 0000 0000 | Current Monitor Setting
03H REG03 R/W 1000 0001 |Short-Current Detection Setting 1
04H REG04 R/W 0000 0001 |Short-Current Detection Setting 2
05H REG05 R/W 0000 0011 | Short-Current Detection Control
06H REGO06 R/W 1001 0010 |Over-temperature Detection and Thermal Sensor
07H REGO07 R 0000 0000 |Chip Status
08H REG08 R/W 0000 0000 |Interrupt Mask
09H REG09 R 0000 0000 |Interrupt Flag
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* Sleep, Reference Voltage, Charge Pump and Voltage Monitor Control Register (00H)

Bit 7 6 5 4 3 2 1 0
Name SLP1 SLPO EN_VREF EN_S EN_CP B2 B1 BO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 1 0 0 0 0 0 0 0
Bit 7~6 SLP1, SLPO: Sleep mode enable control
SLP1 SLPO Action
0] 0 Normal operation
0 1 Enter sleep mode
1 0 Normal operation
1 1 Normal operation

Bit5 EN_VREF: Reference voltage output function enable control

0: Reference voltage output function is disabled, VREF pin output=0V

1: Reference voltage output function is enabled, VREF pin output=2.5V
Bit 4 EN_S: Voltage monitor function enable control

0: Voltage monitor function is disabled, VOUT pin output=0V

1: Voltage monitor function is enabled, VOUT pin output=(Vsari-s-Vsari-g)*x1/2
Bit 3 EN_CP: Charge pump function enable control

0: Charge pump function is disabled

1: Charge pump function is enabled, VCP pin=Vcp
Bit 2~0 B2, B1, BO: 8-to-1 analog multiplexer selection bits (MSB: B2, LSB: B0)

Control B2~B0 to select which cell voltage to be outputted to VOUT.

EN_S B2 B1 B0 Vout(V)

0 — — — 0

1 0 0 0 (Vear1-Veato)x1/2
1 0 0 1 (Veat2-Vear1)x1/2
1 0 1 0 (Vears-Vearz2)x1/2
1 0 1 1 (Veara-Vears)x1/2
1 1 0 0 (Veats-Veara)x1/2
1 1 0 1 (Veate-Vears)x1/2
1 1 1 0 (VBar7-Vaats)x1/2
1 1 1 1 (VBars-Vear7)x1/2

*To avoid voltage drop caused by balance current, the cell balance function must be turned off during the voltage
monitoring.

* Cell Balance Control Register (01H)

Bit 7 6 5 4 3 2 1 0
Name CB8 CcB7 CB6 CB5 CB4 CB3 CB2 CB1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7 CBS8: Enable control of the cell balance switch between VBAT8 and VBAT7

0: Balance switch Off
1: Balance switch On

Bit 6 CB7: Enable control of the cell balance switch between VBAT7 and VBAT6
0: Balance switch Off
1: Balance switch On

Bit 5 CB6: Enable control of the cell balance switch between VBAT6 and VBATS
0: Balance switch Off
1: Balance switch On
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Bit4 CBS5: Enable control of the cell balance switch between VBATS and VBAT4
0: Balance switch Off
1: Balance switch On
Bit3 CB4: Enable control of the cell balance switch between VBAT4 and VBAT3
0: Balance switch Off
1: Balance switch On
Bit 2 CB3: Enable control of the cell balance switch between VBAT3 and VBAT2
0: Balance switch Off
1: Balance switch On
Bit 1 CB2: Enable control of the cell balance switch between VBAT2 and VBAT1
0: Balance switch Off
1: Balance switch On
Bit 0 CB1: Enable control of the cell balance switch between VBAT1 and VBATO0
0: Balance switch Off
1: Balance switch On
* Current Monitor Setting Register (02H)
Bit 7 6 5 4 3 2 1 0
Name IMCE ZERO IAR Reserved | Reserved | Reserved | Reserved | Reserved
R/W R/W R/W R/W — — — — —
POR 0 0 0 0 0 0 0 0
Bit 7 IMCE: Enable current monitor
0: Disable current monitor
1: Enable current monitor
Bit 6 ZERO: Execute zero correction of current monitor
0: The input of internal differential voltage amplifier circuit are connected to ISP and ISN pin
1: Both input of internal differential voltage amplifier circuit are connected to GND
Bit 5 IAR: Select the voltage amplifying rate of current monitor
0: Voltage amplifying rate=10
1: Voltage amplifying rate=50
Bit 4~0 Reserved bits
Maximum discharge Maximum charge
= = current (A) ° current (A) ¢
0 195 15
2mQ
1 38 2
0 78 6
5mQ
1 15 0.8
PACKO -

S

CHG -
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* Short-Current Detection Setting 1 Register (03H)

Bit 7 6 5 4 3 2 1 0
Name ISCE1 ISCEO Reserved | Reserved | Reserved SC_2 SC_1 SC_0
R/W R/W R/W — — — R/W R/W R/W
POR 1 0 0 0 0 0 0 1
Bit 7~6 ISCEL1, ISCEO: Enable short-current detection
ISCE1 ISCEO Action
0 0 Short current detection is off
0 1 Short current detection is activated
1 0 Short current detection is off
1 1 Short current detection is off

Bit 5~3 Reserved bits
Bit 2~0 SC_2,SC_1, SC_0: Select the short-current detection threshold voltage (Vscri) of short-current

detection
If the voltage of (Viss—Visn) is greater than the threshold voltage, INTB is pulled low by internal
switch.
SC_2 SC_1 SC_0 Threshold Voltage
0 0 50mV
0 0 1 100mV
0 1 0 150mV
0 1 1 200mV
1 0 0 250mV
1 0 1 300mV
1 1 0 350mV
1 1 1 400mV
* Short-Current Detection Setting 2 Register (04H)
Bit 7 6 5 4 3 2 1 0
Name Reserved | Reserved | Reserved TD_4 TD_3 TD_2 TD_1 TD_0
R/wW — — — R/wW R/wW R/wW R/wW R/wW
POR 0 0 0 0 0 0 0 1

Bit 7~5 Reserved bits
Bit 4~0 TD 4, TD 3, TD_2,TD_1, TD_0: Select the debounce time of short-current detection

TD_4 TD_3 TD_2 TD_1 TD_0 Debounce Time
0 0 0 0 0 Ous
0 0 0 0 1 32us
0 0 0 1 0 64us
0 0 0 1 1 96us
0 0 1 0 0 128us
0 0 1 0 1 160ps
0 0 1 1 0 192us
0 0 1 1 1 224pus
0 1 0 0 0 256pus
0 1 0 0 1 288us
0 1 0 1 0 320us
0 1 0 1 1 352us
0 1 1 0 0 384us
0 1 1 0 1 416us
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TD_4 TD_3 TD_2 TD_1 TD_0 Debounce Time
0 1 1 1 0 448us
0 1 1 1 1 480us
1 0 0 0 0 512ps
1 0 0 0 1 544us
1 0 0 1 0 576us
1 0 0 1 1 608us
1 0 1 0 0 640us
1 0 1 0 1 672us
1 0 1 1 0 704us
1 0 1 1 1 736pus
1 1 0 0 0 768us
1 1 0 0 1 800us
1 1 0 1 0 832us
1 1 0 1 1 864us
1 1 1 0 0 896s
1 1 1 0 1 928us
1 1 1 1 0 960us
1 1 1 1 1 992us
* Short-Current detection Control Register (05H)
Bit 7 6 5 4 3 2 1 0
Name Reserved | Reserved | Reserved | Reserved | Reserved ISD—(';\ (C;[-\jr_ ISD—QSI— Isﬁé S;)I’_
R/W — — — — — R/W R/W R/W
POR 0 0 0 0 0 0 1 1
Bit 7~3 Reserved bits
Bit2 IS_ACT_DGCN: Control actions of DGCN when short-current event is detected
IS_ACT_DGCN can be written only when Vpexn=0V
0: Remain present output status of DGCN when short-current event is detected
1: Shut down and lock the output of DGCN when short-current event is detected.
The locked output of DGCN is released by the falling edge of DCN input signal.
Bit 1 IS_ACT_DGNT1: Control actions of DGN1 when short-current event is detected
IS_ACT DGNI1 can be written only when Vpxi=0V
0: Remain present output status of DGN1 when short-current event is detected.
1: Shut down and lock the output of DGN1 when short-current event is detected
The locked output of DGNI1 is released by the falling edge of DN input signal.
Bit 0 IS_ACT_DGNO: Control actions of DGNO when short-current event is detected

IS ACT_DGNO can be written only when Vpne=0V
0: Remain present output status of DGNO when short-current event is detected
1: Shut down and lock the output of DGNO when short-current event is detected

The locked output of DGNO is released by the falling edge of DNO input signal.
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* Over-temperature Detection and Thermal Sensor Register (06H)

Bit 7 6 5 4 3 2 1 0
Name EN_OTD | Reserved | Reserved | OTD_ACT | Reserved | Reserved | OTDTHA1 OTDTHO
R/W R/W — — R/W — — R/W R/W
POR 1 0 0 1 0 0 1 0
Bit 7 EN_OTD: Enable Over-temperature detection
0: Disable Over-temperature detection
1: Enable Over-temperature detection
Bit 6~5 Reserved bits
Bit4 OTD_ACT: Control action of cell balance when internal over-temperature event is detected
0: Remain present turn-on status of cell balance when internal over-temperature event is detected
1: Turn off and lock all cell balance switches when internal over-temperature event is detected
The locked switches of cell balance can only turn on the cell balance function again after resetting
the cell balance control register CB [8:1]=0x00.
Bit 3~2 Reserved bits
Bit 1~0 OTDTHI1, OTDTHO: Select the over-temperature detection threshold

Symbol OTDTH1 OTDTHO OTD threshold
Torp1 0 0 85°C
Totp2 0 1 100°C
Totos 1 0 125°C
Totpa 1 1 150°C

* Chip Status Register (07H)

Bit

7 6 5 4 3 2 1 0

Name

DGCN_ | DGN1_ | DGNO_

ouT oUT oUT OTD_ST | EXT_WK2 | EXT_WK1 | Reserved | IS_SC_ST

R/wW

R R R R R R — R

POR

0 0 0 0 0 0 0 0

Bit7

Bit 6

Bit5

Bit4

Bit3

Bit2

DGCN_OUT: DGCN output status
0: DGCN output status is off (Vbsen= Viar)
1: DGCN output status is on (Vbgen= Ver)
DGN1_OUT: DGNI output status
0: DGNI1 output status is off (Voeni=0V)
1: DGNI1 output status is on (Voen1=Vz)
DGNO_OUT: DGNO output status
0: DGNO output status is off (Vbexno=0V)
1: DGNO output status is on (Vpexne=Vz)
OTD_ST: OTD event status
0: Junction temperature is under Torp
1: Present junction temperature is higher than Torp.
OTD_ST goes to ‘0’ when internal junction temperature drops under (Torp-Thys).
EXT_WK2: HVWK2 wake-up event status
0: Denotes that external wake-up event does not exist at HVWK2 pin
1: Denotes that external wake-up event exists at HVWK2 pin.
When Viywkz remains higher than Vwkra over 10us, EXT WK2 will be set to ‘1°, meanwhile SLP1
and SLPO are reset to their POR values.
EXT WK2 is cleared to ‘0’ immediately when Vuvwk2 drops under 1.5V.
EXT_WKI1: HVWKI1 wake-up event status
0: Denotes that external wake-up event does not exist at HVWKI1 pin
1: Denotes that external wake-up event exists at HVWKI1 pin or is written by MCU.
(1) When Vuywki remains higher than Vwkrn over 1ms, EXT_WKI1 will be set to ‘1°, meanwhile
SLP1 and SLPO are reset to their POR values.
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Bit 1
Bit0

EXT WKI is cleared to ‘0’ immediately when Vuywki drops under 1.5V.

(2) EXT _WKI1 can be written as ‘1’ by MCU for the purpose of sending a wake-up signal. EXT
WK1 have to be written as ‘0” and SLP[1:0] have to be written as 0b10 through I°C interface
after EXT WK1 is set as ‘1’ by MCU, otherwise external wake-up event on HVWKI1 pin cannot

be recognized and the follow-up Sleep command will be failed.

(3) Writing both EXT WK1 and SLP[1:0] as ‘1° and 0b01 is NOT permitted for avoiding

unpredictable status.
(4) Reading EXT WK1 reveals the external wake-up even status of HVWKI1 pin only.
Reserved bit
IS_SC_ST: Short-current protection detecting status

0: Visp is under Vscrn
1: Short-current event is happening at Short-current detection (Vise>Vscrh)

¢ Interrupt Mask Register (08H)

Bit 7 6 5 4 3 2 1 0
Name Reserved | Reserved | Reserved | OTD_MSK szx_ -II;/_ISK W}E 1X_-||;/I_SK Reserved Isﬁgg_
R/W — — — R/W R/W R/W — R/W
POR 0 0 0 0 0 0 0 0
Bit 7~5 Reserved bits
Bit 4 OTD_MSK: Over-temperature detection INTB mask
0: OTD_ST entry produces INTB pulse
1: OTD_ST entry does not produce INTB pulse but still trigger OTD_FLG
Bit 3 EXT_WK2_MSK: External wake-up event detection INTB mask
0: EXT_WK2 entry produces INTB pulse
1: EXT_WK2 entry does not produce INTB pulse but still trigger EXT WK2_FLG
Bit2 EXT_WKI1_MSK: External wake-up event detection INTB mask
0: EXT WK1 entry produces INTB pulse
1: EXT _WKI entry does not produce INTB pulse but still trigger EXT WK1 _FLG
Bit 1 Reserved bit
Bit0 IS_SC_MSK: Short-current detection INTB mask
0: IS _SC ST entry produces INTB pulse
1: IS_SC_ST entry does not produce INTB pulse but still trigger IS SC_FLG
* Interrupt Flag Register (09H)
Bit 7 6 5 4 3 2 1 0
Name Reserved | Reserved | Reserved | OTD_FLG WII(E;(_TI;LG WE1X_TF_LG Reserved ISF—LSGC -
R/W — — — R R R — R
POR 0 0 0 0 0 0 0 0
Bit 7~5 Reserved bits
Bit4 OTD_FLG: Over-temperature detection INTB flag
0: Normal
1: OTD_ST rising edge detected
OTD_FLG is reset to ‘0’ after I?C master reads Interrupt Flag Register
Bit 3 EXT _WK2 FLG: HVWK2 external wake-up event detection INTB flag
0: Normal
1: EXT WK2 rising edge detected
EXT_WK2_FLG is reset to ‘0’ after I?°C master reads Interrupt Flag Register.
Bit2 EXT_WKI1_FLG: HVWKI1 external wake-up event detection INTB flag
0: Normal
1: EXT WKI rising edge detected
EXT_WKI_FLG is reset to ‘0’ after I’C master reads Interrupt Flag Register
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Bit1 Reserved bit
Bit 0 IS_SC_FLG: Short-current detection INTB flag
0: Normal

1: IS _SC ST rising edge detected
IS_SC FLG is reset to ‘0" after I>C master reads Interrupt Flag Register.

Cell Voltage Monitor

B2, B1 and BO are used to control the switches SW1~SWS only if EN_S=°1’. The control truth table is shown
below. It transfers 1/2 of each battery cell’s voltage to VOUT. It’s recommended that to keep EN_S=‘0" when
voltage scanning procedure is finish for power saving.

EN_S| B2 B1 BO | SW8 | SW7 | SW6 | SW5 | SW4 | SW3 | SW2 | SW1 Vour (V)

0 X X X 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 1 (Vear1 — Veato) X 1/2
1 0 0 1 0 0 0 0 0 0 1 0 (Vear2 — Vear1) x 1/2
1 0 1 0 0 0 0 0 0 1 0 0 (Veats — Vearz) x 1/2
1 0 1 1 0 0 0 0 1 0 0 0 (Veata — Veats) x 1/2
1 1 0 0 0 0 0 1 0 0 0 0 (Veats — Veara) X 1/2
1 1 0 1 0 0 1 0 0 0 0 0 (Veate — Vaars) x 1/2
1 1 1 0 0 1 0 0 0 0 0 0 (Vear7 — Vaate) x 1/2
1 1 1 1 1 0 0 0 0 0 0 0 (Veats — Vearr) x 1/2

Cell Voltage Monitor Truth Table

Cell Balance

Multiple channels of cell balance switch can be turned on by host MCU via I°C interface. The register command
byte of cell balance function is 01H, and the BIT7~BITO of Data byte correspond to the cell balance switch of each
channel from SW8 to SW1, respectively. More than one switch can be turned on in the same time, but side-by-side
cell balancing switches are recommended NOT to be turned on simultaneously to ensure equal balance current
between each channel. After receiving turn on command, cell balance switch remains turned on until it is turned
off by a ‘0’ data or get a command of SLPO="1". By setting OTD ACT=°1", when internal junction temperature
exceeds Torp, all balance switched are turned off and locked automatically and cannot be turned on again until the
locked states are released. All locked switches are released by setting CB[8:1]=0x00.

The typical cell balance current is 10mA at battery cell voltage 4.2V with series resistance 100€2, and the balance
current can be adjusted by series resistors R1~R8. Note that for the reason of keeping voltage monitor accuracy,
do not proceed voltage monitor while cell balance is activated.
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R8 VBAT8

{1
L Res
Cell§ — _|E§ e
BZ VBAT7 !
{1 1
Cell 7 | Rees
T SW7
R6 VBAT6 _|E}
Cell 6 = Read
T SW6
R5 VBAT5 _“E}
Cell 5 L L
e Res3
T _|E} SW5
R4 VBAT4
Cell 4 [ ] 1
1 Rce3
T —|E} Sw4
Cell 3 R3 VBAT3 [
L L
Rceg
T SW3
Cell 2 R> VBAT? —|E}
L1 L
e Rce3
Cell1 T SW2
R1  VBAT1 _|E}
{1
Res
T —Jq7x sw1
RO VBATO
GND =4
CB1 CB2 CB3 CB4 CB5 CB6 CB7 CB8 Balance Switch On/Off
1 0 0 0 0 0 0 0 SW1 On, others Off
0 1 0 0 0 0 0 0 SW2 On, others Off
0 0 1 0 0 0 0 0 SW3 On, others Off
0 0 0 1 0 0 0 0 SW4 On, others Off
0 0 0 0 1 0 0 0 SWS5 On, others Off
0 0 0 0 0 1 0 0 SW6 On, others Off
0 0 0 0 0 0 1 0 SW?7 On, others Off
0 0 0 0 0 0 0 1 SW8 On, others Off

Note: More than one switch can be turned On in the same time.

Current Monitor

A current monitor is fabricated for measuring battery discharge current. The current monitor with ISP and ISN
input pins must be connected to the sense resistor on DGNO or DGNI1 pin discharge path. IMCE signal is the
enable control of current monitor, and current monitors can be turned off by setting IMCE="0" for power saving
purpose.

Current measurement is accomplished with placing current sensing resistors connected between ISP and ISN
pins, and measure input voltage difference of these pins. The ISP pin level should be higher than the ISN pin
level in discharge state for a wide discharge current sensing range. While there is no current on sensing resistor or
ZERO=°1", IMON pin outputs a center voltage of 0.5V (typ.). When ZERO pin is set to ‘0’, voltage difference of
(Visp-Visn) is multiplied by the gain of amplifier which is denoted as Grio) for a gain of 10 or Givwso) for a gain
of 50 and outputted to IMON pin. The IMON pin output voltage amplify rate (Giv) is selected by IAR.
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The current monitor allows to use one sense resistor for charge and discharge current sensing. In discharge state, the

voltage of ISP pin is greater than the ISN pin, and the output voltage of IMON pin is in the range of 0.5V (typ.) to
2.5V (VREF). In charge state, the voltage of ISP pin is smaller ISN pin, and the output voltage of IMON pin is in
the range of OV to 0.5V (typ.). IMON pin output voltage Vivon is given by the following equation with the current
sensing resistor Rs and its current Is. The value of Is is positive in discharge state and negative in charge state.
Vivon = Is X Rs X Gim + 0.5
PACKO -

X

oo w5}

CHG -
= Discharge
ISP T’\/\/\'—‘
Rs|ls |[ls
ISN
= Charge

Short-current Detection

A short-current detection and protection circuit are fabricated for detecting loading short event. Short current
detection with ISP and ISN input pins must be connected to the sense resistor on DGNO or DGN1 pin discharge
path. The ISCE signal is the enable control of short current protection, and short-current protection can be turned
off by setting ISCE=0" for power saving purpose. By means of comparing (Visp—Visn) to short-current detection
threshold voltage (Vscrn), the exceeding current caused by loading shorted can be detected.

Sleep Mode

When EXT_WKI1 and EXT_WK2 signals are all ‘0 and receiving a sleep command from I>C master, it indicates
that high voltage applied on the HVWKI1 or HVWK2 pin is not detected. The I*C master will set the SLP1 and
SLPO signals according to register (00H) Bit 7~6 to make the chip to enter the Sleep mode. During the sleep mode,
all outputs are shut down and the capacitor of VREG is discharged through internal discharge resistor. The pre-
regulator and high voltage wake-up circuit are the only blocks that are still working in the sleep mode and operates
with an ultra-low standby current of 0.1pA (typical).

When either the EXT WK or EXT_WK2 signal is ‘1°, the I>’C master will set the SLP1 and SLPO signals
according to register (0OH) Bit 7~6 and abandon the sleep command until the EXT WK and EXT WK2 are
cleared to “0’.

EXT_WK1 Status | EXT_WK2 Status Sleep Mode Status
0 0 According to I2C master command or POR default value.
0 1 0
1 0 0
1 1 0

Wake up from Sleep Mode

The HVWK1 and HVWK2 pins can be used for detecting charger plugged-in, switch turned on, or load connected
events. When the device is under the Sleep mode and the EXT_ WK1 and EXT_WK2 signals are all ‘0, it
indicates that high voltage applied on the HVWK1 or HVWK2 pin is not detected. On the contrary, if either EXT
WK1 or EXT WK2 signal is “1°, it indicates that a wake-up event has occurred. If it is detected that the HVWK1
or HVWK2 pin is triggered by a pulse with requiring at least 5.5V voltage and 1ms width, the output of VREG
will resume and the whole chip is ready for normal operation. The reference timing diagram of entering sleep
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mode and waked up is listed below.
VIN [} 7
Pre-
Regulator Oovp
<
Voltage
HVWK1 [] Wake-up »  Regulator VREG
Hvwk2 [ ——— 8(52'1?;7 (v, jimA) Rois
SLP —>f VP
I
Normal Wake- Normal Wake- Normal
Operation SEEplLERE up Operation Slestilioce up Operation
| I | | | |
| | | | | |
I | I I 5V
SLP | [ | |
| | | | 0
_____ | f e | T -
| I | | | |
| | twkos | | I |
| | | |
| - | | | 5.5~ 36V
| | | | |
HVWK1 | | | | |
t -4 ——- } } t - 0
| | | | | |
| I | | | |
| | | | It s |
| I | |
i 1 i | f 5.5~ 36V
HVWK2 ' | ' ' '
| | | | | 0
t T t } -—— -
| | | | |
| I | | |
| | | | |
i | |
| | |
VREG I

Discharge Path, i.e., Low-side Power Switch Gate Driver

The DGNO and DGNT1 are fabricated in the chip as discharge switch controllers. The output voltage of DGNO and
DGNI pins are both clamped at 12V. A 370kQ pull-down resistor is integrated at discharge gate control input pin
DNO and DN1. While operating in Normal Operation or sleep mode, DGNO and DGN1 are pulled down by 10Q
resistors. The control logic and output status of DGNO and DGN1 pins in each state are listed in the table below.

Operating
Mode DNO V(DGNO) Note
Normal 0 ov DGNO output low to 0V
Operation 1 12V DGNO output high clamp to 12V
Sleep Mode X ov Pulled-low to GND by 10Q.
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OP“:;?;"Q DN1 V(DGN1) Note

Normal 0 ov DGN1 output low to 0V
Operation 1 12V DGN1 output high clamp to 12V
Sleep Mode X ov Pulled-low to GND by 10Q.

Charge Path, i.e., High-side Power Switch Gate Driver

A high-side power switch gate driver DGCN is provided as a charger switch controller. A charge pump circuit
is fabricated to provide BAT or VCP voltage between the gate and source node of external charge power switch.
When the DCN pin is‘0°, DGCN output low, the voltage level varies with the BAT pin. When the DCN pin is‘1°,
DGCN output high, the voltage level varies with the VCP pin. A 370kQ pull-down resistor is integrated at the
control input pin DCN.

Input Gate Driver Output
Note
DCN V(DGCN)
0 BAT DGCN output low, the voltage level varies with the BAT pin
1 VCP DGCN output high, the voltage level varies with the VCP pin

Over-temperature detection

An over-temperature detection (OTD) is integrated in the HT7Q2552 to prevent from IC overheated while cell
balance function is turned on. According to the setting of register (06H), the over-temperature detection function
is active when EN_OTD=‘1" and any of the Cell Balance switch is turned on. When internal junction temperature
T>Torp, OTD_ST is set to ‘1’ and OTD_FLG is triggered as ‘1’ if OTD_MSK=‘0". OTD_ST goes to ‘0’ when
internal junction temperature drops under (Torp—Thys).

By setting OTD_ACT=‘1", when internal junction temperature exceeds Torp, all balance switched are turned
off and locked automatically. All locked switches cannot be turned on again until they are released by setting
CB[8:1]=0x00.

Application Information

VIN, VREG Capacitors

The VIN input capacitor C1 and VREG output capacitor C2 are 4.7uF for better input noise filtering and output
load transient behavior.

VIN VREG to MCU VDD

VBAT8 VOUT to MCU ADC

c3
T 22nF
VIN_LDO Filter Recommendation

The input capacitor C1 for VIN_LDO is used for lowering the input voltage ripple while the battery is supplying
a highly inductive load in PWM mode. The recommanded value of VIN LDO input capacitor C1 is 4.7uF. The
input resistor R9 of VIN LDO is able to reduce the inrush current during battery assembly, and also it shares the
heat on chip while VREG outputs a large current in normal operation mode. The recommanded value for VIN
LDO input resistor R9 differs from different battery cell number applications. The recommended resistance values
of VIN LDO input resistor R9 with different battery cell numbers and the corresponding VREG maximum output
current are listed in the table below.
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Battery Input Resistor | VREG Maximum
Cell Number (R9) Output Current
38 15Q 50mA
4S8 43Q 50mA
58 110Q 40mA
6S 220Q 35mA
78 330Q 30mA
8S 4300 30mA

Irec
—
% VIN VREG %? to MCU VDD

C2

1

VBATNn

It is necessary to select an appropriate package for VIN_LDO input resistor (R9) in order to prevent it being
damaged from overheated. The maximum power of the resistor is easily calculated by:

Promax=(Irec)**R9, where Ireg is the maximum VREG output current

It is recommended to choose the resistor package that its maximum rated power is greater than twice the Pronax.

VBAT1~8 Protection and Balance Resistor Selection

The VBAT1~8 represents the VBAT1~VBATS pins. Series resistors RBn includes R1~R8, which not only
suppress inrush and noise spikes applied to I/O pins, they affect cell balance current as well. Larger resistance of
R1~R8 provide better protection to VBAT1~8 and other I/O pins, but they lower the cell balance current instead.
The cell balance current of each channel is configured by internal balance resistors and external series resistors.
Because the balance current of Cell 1 flows out through the GND pin while using the standard version product,
the balance current of Cell 1 is greater than that of other cells. Considering inrush spike protection to I/O pins and
noise reduction of voltage monitor, the recommended typical values of resistor RO~R8 are 100€2, and the charge
balancing current Ics is 10mA while the voltage of battery cell is 4.2V. If larger balancing current is needed, the
recommended minimum values of resistors R1~R8 are 30Q which provide 23mA while the voltage VBn of each
cell is 4.2V. To ensure the internal balance circuit works properly, the minimum battery cell voltage to start the
balance function is 3V. The recommended VBAT 1~8 series resistors and their related charge balancing current are
listed in the table below.

Resistance of | Typical balancing current Note
R0~R8 (Ren) (@Vsen=4.2V) (Ics)
30Q 23.4mA Minimum value of resistor RO~R8
51Q 19mA —
100Q 11.5mA —
150Q 8.5mA —
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25.00

20.00
—

15.00

10.00

Balance Current (mA

0.00

VBATS

‘v‘v‘v I__I

Rcs

Cell8 —— —
Rr__VBAT7
I

Res

Cell 7 ——/— _|
R6 VBAT6
L

Res

Cell6 = |
R5 VBAT5
WA i

Rcs

Cell 5 —— —
R4 VBAT4 ™
I

Res

Cell4 7 .
R3 VBAT3 ™
I

Res

Cell 3 —— —
R2  VBAT2
WA L

Res

Cell2 7/ _|
R1_VBAT1
WA i

Rcs

Cell1 —— ]
RO VBATO
GND

L 47

SW8

SwW7

SW6

SW5

Sw4

SW3

SW2

Swi1

25 3 35

Battery cell Voltage (v)

45

—30Q

100Q
150Q
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Increase Charging Balance Current

Refer to the following application circuits, when cell balance is turned on internally, the R1 will generate a voltage
drop to make transistor Q1 conductive. Set the Vg;=4.2V, R1=R4=R2=100R, balanced current (IC) is 150mA, it is
recommended Q1 to choose NPN transient HFE>85, Vepan<0.1V, VaE y=0.7V, and calculate R3 according to the
following formula:

1. R3:(VB1'V(‘E(531))/IC

2. R3 selects resistance watts based on the calculation result

Pp=((VBi-Vcesan)?)/Rs

WW VABS
VB8~ __
W\ VAB7
|
N ° ° :
| ° ° |
: . . !
| | .
VAB2
N i VAB1
| R4 100R
| R3 |
| 25R/MW |
AL R2100R |
| a1 ]
| |
| vy, | VABO
! R1100R !
e e o o e e e e e e - - - - - - - e
200
180
< 160
£ 140
§ 120 == R3=820
© —
;? 100 s R32560)
»GE) 80 R3=39Q
£ 60 R3=270Q
O 40 am—R3=250)
20
0
3 3.5 4 42 4.5
VB1
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Charger and Switch Status Detection for MCU

The High-voltage wake-up function HVWK1 and HVWK2 pins are capable of detecting charger plugged in or
load switched On. The recommended wake-up function external circuit is listed below. When a charger is plugged
in or load switch is on, the voltage of HVWKI1 is triggered to be larger than Vwkru and set EXT WK1 signal as ‘1°.
After the charger or switch is removed or turned off, EXT WK1 signal is reset to ‘0’. An MCU can acquire the
charger or switch status by read EXT_WKI signal through the I?C interface. Therefore, by means of reading the
EXT WK1 or EXT WK2 signal status, additional charger or switch detection circuit for MCU are not necessary.
The circuit below is typical application for high-voltage wake-up function and optional circuit for charger plugged-
in detection while SW is ON.

If independent charger and switch detection is required, an optional circuit for charger plugged-in detection is
recommended. With this optional circuit, MCU can independently detect charger plugged-in event and start battery
charge procedure.

CHG+ HT7Q2552
PACKO+
R35
HVWK1
Sw
R34
VWA HVWK2
Holtek
CHG + MCU
R42
CH@_DET
_IEB ZD2
R43 4.7V
I Circuit for charger voltage detection
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Voltage Spike Suppression Method

Loading
Discharge Current o Discharge Current o
A o i
Conducting wire Conducting wire
(j Pad Pad EJ
VV\/T VIN VREG T to MCU
= J'_’\N\’_ VBAT8 VOUT | to MCU
— VB8
E’\N\/— VBAT7
VB7 Ro ﬁ 1 -
T w5 T

PCB

MOS

toMCU ———¢

Rs

Simplified Typical BMS System Discharge Path Diagram

Most battery-management systems would monitor charge and discharge current to prevent over-current damage.

Due to the parasitic inductance on conducting wires and PCB layout connections, large voltage spike may occurs
while the MCU-controlled MOS rapidly shuts down the charge or discharge current, and this spike may damage
the device VBAT1~8 or VIN pins. Any voltage spike on VBAT1~8 and VIN pins should not over the limitation in
Absolute Maximum Ratings, which is 48V. Four recommended measures listed below would help to reduce the

voltage spike.

1. Make the external conducting wire and PCB layout connections as short as possible where large charge or

discharge current flows.

2. Adjust the slew rate of MOS switch with the gate resistor Rg. Turn off the MOS with slower slew rate for lower
voltage spike, and the tradeof is a slower protection response time.

3. Add a capacitor (Cps) between drain and source node of the MOS switch as shown above. The recommended

capacitance is 0.1pF to 0.22pF.

4. Add a 39V Zener diode between the highest voltage potential node of battery cells and GND.
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Typical Application Circuit

8S Battery Monitoring Typical Application Circuit

PACKO +
PA%“ * D5 R18
D6 CHG +
Lilons
R12
R11 C4
22nF/50V
1l
CHG + 1 ) >R10
;Cﬁ »f 200
2?1 CHG + g— 1 [¢—— CHG+
D1
BAT  VCP DGCN
D2 R9 PACKO - PACKO -
X— 2 [
Pt ¢ VWA T VIN_LDO VREG vee CHG - CHG -
c1 - c2
4.7uF150VI 3.7uF110V PACKO+
T PACK1+ XF—— 3 [« PAcCk+
Vil PACKT- [p—— 4 |e—— PACK
R8
(FiBn) Port (Four Ports)
YW VBAT8
— VB8 ('fgn
T Ren)
VBAT7
vB7 R6
T (=8
v VBAT6 - PACKO +
VB6 R5 vout ~ ) )
T (RBn VM = [V(VBATi) - V(VBATi-1)] / 2
Y VBAT5
R4
T VB5 Ron D3
I 'g/;’ VBAT4 Vref [——— WR
= b
i VBAT3 PACKO-
VB3
T (RBn) CHG-
[ 'é’ 1" VBAT2 —E
VB2
T e
v
= RO REAL R13 aNt
T (RBn DGNO E
é hhas VBATO R14
R16
PACKO + CHG + t— MA—s—— ISENOP
c!
L
i jon D5 R15 ES
Charger plugged-in detection o) RI7
sw i’ R34 PACK1 + +—— ISENON
Switch-on detection D6 10kQ
Bl AA
> VW HVWK1
R35
Load-in detection 10kQ
PACKO - YWW— Lvwk2
vee
R23 &> % R24 DGN1
47kQ S Z4.7kQ
VDD ISEN1P
scL scL
VTy —
— SDA SDA
z’: R27
— Holtek 1
L SRR ono IMON ——
Mo — ey R28
ISEN1P — DN1
CHG + R29 gNW_L
INTB — 1 =
- RRA— oen
GND ISENOP —— ISP INTB
= ISENON — ISN
GND

Charger input voltage detection

-||—

Note: 1. The resistance of RO~R8 can be adjusted to fit desired balance current. The recommended resistance of
RO~RS are listed in the ‘“VBAT1~8 Protection and Balancing Resistor Selection’ section.
2. If less than 8 serial batteries are used, connect the unused VBAT1~8 to the highest voltage potential. Do
not leave any VBAT1~8 pin floating in order to prevent damage to the device.
3. The maximum capacitance of C2 is 4.7uF.
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58 Battery Monitoring Typical Application Circuit

PACKO +
PA%“ M D5 R18
D6 CHG +
ld
T
R11_C4
22nF/50V
I
CHG + I " S R10
;';CS Pf—4201 2200
D1 CHG + [ CHG +
BAT  VCP DGCN
» " PACKO PACKO
AL - .
Ll W VIN_LDO VREG - vee o ACKO
4.74F/50V 4.7TuF110V
. I e PACKO+ PACKS
PACK1+
VIN
PACK1 PACK-
|
| Port (Four Ports)
VBATE 1
Unused pins cannot be floating :
VBAT7 i
: PACKO +
RS VBATE ! voutr —— wm
(RBn i VM = [V(VBATI) - V(VBATI-1)] /2
WY VBATS 1 b3
- VB5 R4 g
T (RBn)
L "R3 VBAT4 Vref f———— R
VB4 3
T (RBn PACKO -
WV
1 VBAT3
R2 .
T vB3 o —Céf
i "Rt VBAT2
T VB2 Gy
VW R13 QN1
1 VBAT1 =
RO A
T VBt (RBn) DGNO W "-_}
A R14
<L v VBATO
R16
CHG + MA ISENOP
R34 L c5
Charger plugged-in detection 19!;0 R15
o HVWK1 PACK1 + — ISENON
R35
PACKO - Load-in detection 1ka0
W HVWK2 o
vee
R23 R24
47k0 S S47kQ PACK1 -
VDD R18 QN2
DGN1
scL [—* scL
R19 o1
L 9 ISEN1P
SDA o SDA - :,_‘/W‘F
190 R20
W™ — Holtek Ro8 D i I
VR — Mcu 100 L
MO — 'R29 ]
| 1
s ISEN1P R BE ON o 0R
INTB — L
vee
GND — IsP
ISENOP Ra7
1 100KQ
- ISENON —— ISN
INTB INTB
Charger input voltage detection GND

i—|

Note: 1. The resistance of RO~R5 can be adjusted to fit desired balance current. The recommended resistance of
RO~RS are listed in the ‘“VBAT1~8 Protection and Balancing Resistor Selection’ section.

2. If less than 8 serial batteries are used, connect the unused VBAT1~8 to the highest voltage potential. Do
not leave any VBAT1~8 pin floating in order to prevent damage to the device.

3. The maximum capacitance of C2 is 4.7uF.

Rev. 1.00 30 March 01, 2024



HoLTEKY ’ HT7Q2552

Package Information

Note that the package information provided here is for consultation purposes only. As this information may be
updated at regular intervals users are reminded to consult the Holtek website for the latest version of the Package/
Carton Information.

Additional supplementary information with regard to packaging is listed below. Click on the relevant section to be
transferred to the relevant website page.

» Package Information (include Outline Dimensions, Product Tape and Reel Specifications)
» Packing Meterials Information

¢ Carton information
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SAW Type 32-pin QFN (4mmx4mmx0.75mm) Outline Dimensions
D2
‘ 25 ‘ 32
| gouuuooun
‘ 24 ! [
I | I ]
= =
— + - — i —g—f— + 777%* m
= =
! = ! =
‘ 17 ‘ s
! annmnaonnn
| ' | ?
D L AiL
Dimensions in inch
Symbol
Min. Nom. Max.
A 0.028 0.030 0.031
A1 0.000 0.001 0.002
A3 0.008 REF
b 0.006 0.008 0.010
D 0.157 BSC
0.157 BSC
e 0.016 BSC
D2 0.100 — 0.108
E2 0.100 — 0.108
L 0.010 — 0.018
K 0.008 — —
Dimensions in mm
Symbol
Min. Nom. Max.
A 0.70 0.75 0.80
A1 0.00 0.02 0.05
A3 0.203 REF
b 0.15 0.20 0.25
D 4.00 BSC
4.00 BSC
e 0.40 BSC
D2 2.55 — 2.75
E2 2.55 — 2.75
L 0.25 — 0.45
K 0.20 — —
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