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HM8255

Protection IC for 5 Cells Li-ion Battery Pack

FEATURES

B High Accuracy Voltage Detection
»  Over-Voltage Protection
o Vovp: 3.6V~4.35V (50mV/step)
o Accuracy: £25mV
o Hysteresis voltage: 0V or 0.1V to
0.3V in 50mV/step
»  Under-Voltage Protection
o Vuvp: 2.0V~3.0V (100mV/step)
o Accuracy: +80mV
o Hysteresis voltage: 0V to 1V in
100mV/step
m  3-Levels Over-Current Detection
»  Level-1 Over-Current Protection:
o Vocp1: 256mV~350mV (25mV/step)
o Accuracy: £10mV
»  Level-2 Over-Current Protection:
o Vocr2=3"Vocp1
o Accuracy: £30mV
»  Short-Circuit Protection
o Vscp=5"Vocp1
o Accuracy: £50mV
B OC/SC release conditions:
» Charger-Connected OR
» Load-Opened
Built-in Over-Temperature Protection
Built-in Under-Temperature Protection
Delay times are set by external capacitors
Low-power Operating States:
» Normal State: < 30uA
» Standby State: < 3uA
» Power-down State: < 1uA
» Hardware Shut-down State: <0.1uA
B 16-Lead TSSOP Package

APPLICATIONS

B Power-Tools
B Notebook PC/Tablet PC
B UPS Backup Battery Systems

GENERAL DESCRIPTION

The HM8255 is a protection IC which includes high-
accuracy voltage detector and current detector to
provide Over-Voltage (OV), Under-Voltage (UV),
Over-Current (OC), Short-Circuit (SC), Over-
Temperature (OT), Under-Temperature (UT)
protection for 5-series Li-ion/polymer battery pack
used in power-tools, notebook PC applications etc.

The HM8255 provides a specific CTRL pin to
control both charge and discharge FET. When
CTRL is floating, the HM8255 will enter standby
state to save power consumption. Under standby
state, discharge FET is turned off while charge FET
is turned on. When CTRL is tied to VCC pin, the
HM8255 works in normal state, however, both
charge and discharge FET are turned off. When
CTRL is tied to VSS pin, the HM8255 works in
normal state, the state of charge and discharge
FET are decided according to safety events.

The HM8255 integrates FET driver. The HM8255

can drive the N-type charge FET and N-type
discharge FET at the PACK- side directly.

The HM8255 consumes less than 30uA in normal
state from VCC, and it reduces to less than 3uA in
standby state and less than 1uA in power-down
state. Furthermore, the HM8255 can be powered
from a switched supply, providing a technique to
reduce battery stack current draw to zero. This
device is packaged in a 16-pin TSSOP package.
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PRODUCT ORDING INFORMATION

B  Product Name

HM8255 X

B  Product Name List

Note: if a product with the required detection voltage does not appear in the above list, contact our sales

office.

Additional number

Sequentially set from A to Z

ov ov uv uv Lo
. . DOC
Protection Release Protection Release .
Product Name Protection
Voltage Voltage Voltage Voltage
Voltage
Vovp Vovr Vuvp Vuvr vV,
DOCP1
4.25 4.15 2.7 3.0 0.1
HMB255A +0.025V | 40025V | 4008V | +0.08V | +0.01V
4.20 4.10 2.5 3.0 0.1
HM82558 +0.025V +0.025V +0.08V +0.08V +0.01V
4.20 4.20 25 2.9 0.1
HM8255C +0.025V +0.025V +0.08V +0.08V +0.01V
3.75 3.55 2.2 2.7 0.1
HM8255D +0.025V +0.025V +0.08V +0.08V +0.01V
3.85 3.55 2.2 2.7 0.1
HM8255E +0.025V +0.025V +0.08V +0.08V +0.01V
3.65 3.65 2.2 2.7 0.1
HM8255F +0.025V +0.025V +0.08V +0.08V +0.01V
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PIN CONFIGURATION

TOP VIEW
(TSSOP-16)

CFET 16 | vCC

VMON | 2 51VC5

Slsls
HE

DFET 4 |vca

HM8255

cs 4 3|VvCs3

cuvt [ s [ ]
covt IE[D
vss

ts[e ][]

2|ve2

‘-
i_
<
Q

10 | CTRL

VTHM

B

PIN DESCRIPTION

PIN NAME PIN DESCRIPTION
1 CFET Charge power FET control pin
2 VMON Voltage Monitor input pin to detect if the load is opened after over-current (OC) or
short-circuit (SC) occurs
3 DFET Discharge power FET control pin
4 CS Connection pin for current sensing resistor
5 CUVT Capacitor connection pin for under-voltage detection timer
6 COVT Capacitor connection pin for over-voltage detection timer
7 VSS Ground pin
8 TS Connection pin for thermistor
9 VTHM External Thermistor bias output pin. This is a switched connection for supplying a
bias voltage from the internal voltage regulator to an external resistor network
composed of resistor and an external NTC resistor for measuring the temperature of
the battery module.
10 CTRL Control of charge FET and discharge FET or switch between normal state and
standby state
11 VC1 Connection for positive voltage of cell 1
12 VC2 Connection for positive voltage of cell 2
13 VC3 Connection for positive voltage of cell 3
14 VC4 Connection for positive voltage of cell 4
15 VC5 Connection for positive voltage of cell 5
16 VCC Power supply pin. Connection for positive voltage of cell 5.
Shenzhen H&M Semiconductor Co.Ltd 3
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TYPICAL APPLICATION DIAGRAM
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Figure 1, Typical Application Diagram for 5-series cell with N-type Charge-FET & Discharge-FET
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Figure 2, Typical Application Diagram for 5-series cell with hardware shutdown control function
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ABSOLUTE MAXIMUM RATINGS

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

PARAMETER SYMBOL APPLICABLE PIN RATING
Input Voltage between VCC and VSS Vee VCC Vss—0.3V to Vss+35V
Low-voltage Input pin Voltage VIN_Lv cs, CU\C.—I.I_'C'\? VT, TS, Vss—0.3V to Vgs +5.5V
High-voltage Input pin Voltage VIN_HV CTRL, SEL Vss—0.3V to Vss+35V
VMON pin Input Voltage Vvmon VMON Vss—5.5V to V¢c+0.3V
Cell voltage input voltage:
VC(n) to VC(n-1), n=2 to 5; Vem, | VOOVOE YOS VCE2 0.3V to +7.0V
VC1to VSS
CFET pin output voltage VecreT CFET Vce—35V to Veet0.3V
DFET pin output voltage VpreT DFET -0.3V to +15V
HBM ESD rating +2kV
Operating free-air temperature range Ta -40°C to +85°C
Storage temperature range Tsto -40°C to +125°C
Package thermal resistance (TSSOP16) 0, 48.7°C/W
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ELECTRICAL CHARACTERISTICS

Ta = +25°C, unless otherwise specified

Parameter | SYMBOL | CONDITIONS MIN. | TYP. | MAX. | UNIT
Over-Voltage (OV) and Under-Voltage (UV) Protection
gﬁ;g{%ﬁ}agﬁreshol 4 | Vow 3.6V to 4.35V in 50mV/step Y‘;VSP Vour \igv; mv
Over-Voltage Release Vv 0V or0.1t00.3Vin Vv
Hysteresis Voltage OVP_HYS 50mV/step m
%\]/;rs\r{gll;age Release Vovr Vovr = Vovp — Vovp_nys Y%YSR Vovr \102\/; mV
gg{ggt\ig ?ﬁ.ﬁfeshol 4 | Vo 2.0V to 3.0V in 100mV/step Yg‘g’ Ve \fé‘g’ mvV
Under-Voltage
Release  Hysteresis | Vuvp Hys 0to 1.0V in 100mV/step mV
Voltage
Reloase Threehold | V0% | Vove = Viwe + Vi s Y5 | Vom | Yag | mv
Discharge Over-Current (DOC) and Short-Circuit (SC) Protection
Level-1 Discharge Voooe Voo
Over-Current Vboce1 25mV to 350mV in 25mV/step “10 Vbocp1 10 mV
Protection Threshold
Level-2 Discharge Voocrs Voo
Over-Current Vbocpe Vbocpr2=3*Vbocr1 30 Vbocpe 130 mV
Protection Threshold
Short-Circuit . Vscp Vscp
Protection Threshold | VS° Vscp=5"Vooce1 -50 Vsce +50 mv
Discharge Over-Temperature (DOT) and Charge Over-Temperature (COT) Protection
Discharge T T
Over-Temperature Tootp E%TP Tootp 3%TP °C
Protection Threshold
Discharge
Over-Temperature Tootp_Hys 15 °C
Release Hysteresis
Discharge Tootp Tootp
Over-Temperature Tootr Tootr = Tpotp — Tpotp_Hys 5 Tpotp 5 °C
Release Threshold
Charge Tcotp Tcotp
Over-Temperature Tcotp -5 Teore +5 °C
Protection Threshold
Charge
Over-Temperature Tcotp_Hys 5 °C
Release Hysteresis
Charge Tcotp Tcotp
Over-Temperature Tcotr Tcotr = Tcotp — Tcotp_Hys 5 Tcotp 5 °C
Release Threshold
Charge Tcute Tcutp
Under-Temperature | Tcure 5 Teure 5 °C
Protection Threshold
Charge
Under-Temperature Tcutp_Hys 5 °C
Release Hysteresis
Charge Teutr Teutr
Under-Temperature Tcutr Tcutr = Teutp + Tcutp_Hys 5 Tecutr 5 °C
Release Threshold
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ELECTRICAL CHARACTERISTICS (CONT.)

Ta = +25°C, unless otherwise specified

Parameter SYMBOL CONDITIONS MIN. TYP. MAX. | UNIT
: Ves>ViN pse, it is considered as
D'SCh‘?rge state VIN_DsG discharge state; otherwise, it is 2 4 6 mV
detection voltage .
considered as charge state.
External Programmable Protection Delay and Release Delay Time
Over-Voltage _
Protection Delay time tove Ceovr=0.1uF 0.7 1.0 1.3 S
Under-Voltage _
Protection Delay time tuve Ceuvr=0.1uF 0.7 1.0 1.3 S
Under-Voltage
Power-down tuv_pPD Ccuvr=0.1uF 3.5 55 7.5 S
Delay time
Level-1 Discharge
Over-Current toocp1 Ccuvt=0.1uF 0.7 1.0 1.3 S
Protection Delay time
Level-2 Discharge
Over-Current tbocr2 Ccuvt=0.1uF 0.07 0.1 0.13 S
Protection Delay time
Short-Circuit Internal fixed delay time,
Protection Delay time tscp No RC filter in front of CS pin 100 250 500 uS
Temperature _
detection period time troeT Ceovr=0.1uF 0.5 1.0 1.5 S
POWER SUPPLY (VCC)
Input voltage Range Ve 4.0 20 V
lvcc NOR Normal state, Vcer.=3.5V 20 30 pA
Standby state, Vcew=3.5V
Supply Current vec_stosy | R pin is floating 20 3.0 WA
Power-down state, Vcel1=1.8V
Ivce_po CTRL pin is tied to VSS pin 06 1.0 WA
Power-On-Reset
Voltage Vpor 4.8 6.0 \Y,
Vee>Vvregut+1V 9.0 10.5 12 Vv
Voltage regulator for Vv V. V. V.
discharge driver VREGH Vee<VyreeHt+1V A 10% 7610 700 % \%
CELL INPUTS (VC5, VC4, VC3, VC2, VC1)
VC5 sink current in _
normal state |vc5 VCELL—3.5V 10.0 12.0 }JA
VC(n) sink current in _ ~
normal state, n=1 to 3 vex Veen=3.5V 03 +0.3 uA
INPUT VOLTAGE (CTRL)
CTRL input voltage, Vee
High Verrin -2.5 v
E;’VI\TL input voltage, VeraiL 15 v
DRIVER CIRCUIT (CFET, DFET)
_ Ve =3.5V, Verer=Vec—1V Hi-Z pA
CFET pin sink current | lcret VerL=Vourt0.2V. Verer=VooTV 70 10.0 130 UA
DFET pin  output | VoreT Vcer=3.5Y, Ves=0V = VVReGH \
voltage VDEETL Vel =3.5V, Ves>=Vpocps 0.4 \

Shenzhen H&M Semiconductor Co.Ltd

http: //www.hmsemi.com




FZEESM

HzsMsemi

= WWW. hmsemi.com

HM8255

FUNCTIONAL DESCRIPTION

Normal Status

When all of the battery voltages are in the range
from Vove and Vyyp, the discharge current is lower
than the specified value (the CS pin voltage is
lower than Vpocp1), the charge temperature is lower
than Tcorp, and the discharge temperature is lower

than Tpotp, the HM8255 works in normal status, the
charging and discharging FETs are turned on.

Over-Voltage (OV) Status

When any one of the battery voltages becomes
higher than Vovp and the state continues for tovp or
longer, the CFET pin becomes to sink 10uA current.
Refer to figure 1, the source side and gate side of
charging FET is shorted together, thus the charging
FET is turned off to stop charging. This is called the
over-voltage status. In over-voltage status, if a load
is connected and the CS pin voltage is higher than

discharging detection voltage Vin_pss, the HM8255
will turn on charging FET immediately to avoid the
over-heat of charging FET due to its body diode
conduction. Before the over-voltage status is
released, if the load is removed, the charging FET
will be turned off again. The over-voltage status is
released only when all battery voltages become
Vovr or lower.

Under-Voltage (UV) Status

When any one of the battery voltages becomes
lower than Vyyp and the state continues for tyvp or
longer, the DFET pin voltage becomes Vss level,
and the discharging FET is turned off to stop
discharging. This is called the under-voltage status.
The under-voltage status is released when both of
the following two conditions hold:
a) All battery voltages become Vyvr and
higher
b) The VMON pin voltage is lower than 1.0V
(Load is removed or charger is connected)

Power-Down (PD) Status

Over-voltage status takes precedence over under-
voltage status. In under-voltage status, if no over-
voltage status exists and when the state continues
for tuv_pp or longer, the HM8255 enters the power-
down status. In under-voltage status, if over-
voltage status exists, the HM8815 will not enter
power-down status. In power-down status, the
VMON pin voltage is pulled up to Vcc level by the

internal pull-up resistor. In power-down status,

almost all the circuits of the HM8255 stop and the
current consumption is lvcc pp or lower. The
conditions of each output pin are listed as following:
a) CFET pin: Hi-Z
b) DFET pin: Vss

The power-down status is released when the
following condition holds:
a) The VMON pin voltage is Vcc-3V or
lower (A charger is connected)

Over-Current (OC) Status

The HM8255 has three over-current detection
levels (VDOCP1, VDOCP2 and VSCP) and three over-
current detection delay times (tpocr1, tbocr2, and
tscp) corresponding to each over-current detection
level. When the discharging current becomes
higher than the specified value (the voltage on CS
pin is greater than Vpocp1) and the state continues

for tpocp1 or longer, the HM8255 enters over-current
status, in which the DFET pin voltage becomes Vss
level to turn off the discharging FET to stop
discharging. Operation of over-current detection
level-2 (vpocr2) and over-current detection delay
time 2 (toocrz) is the same as for Vpocp1 and tpoce1-

In over-current status, discharging FET is turned off,
thus the VMON pin is pulled up to Vcc level by the
load. The over-current status is released when one
of the following conditions hold:
a) The VMON pin voltage is lower than 1.0V
(a charger is connected or the load is
removed)

Over-Temperature (OT) or

Under- Temperature Status
When the CS pin voltage Is bigger than Vin_psg, the

battery pack is regarded as in discharging status.
Otherwise, the battery pack is regarded as in
charging status.

In normal status, the HM8255 will do the
temperature detection every trper, see figure 3 for
temperature detection timing chart.

When the battery pack temperature becomes
higher than Tpotp in discharging status and the
state continues for 4xtrper or longer, the DFET pin
voltage becomes Vss level and the CFET pin
becomes to sink 10uA current, both the charging
and discharging FETs are turned off to stop
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charging and discharging. This is called the
discharging  over-temperature  status. The
discharging over-temperature status is released
when both of the following two conditions hold:
a) The battery pack temperature becomes
Tootr Or lower.
b) The VMON pin voltage is lower than 1.0V
(Load is removed or charger is connected)

When the battery pack temperature becomes
higher than Tcotp in charging status and the state
continues for 4xtrper or longer, the CFET pin
becomes to sink 10uA current, the charging FET is
turned off to stop charging. This is called the
charging over-temperature status. In charging over-
temperature status, if a load is connected and the
CS pin voltage is higher than discharging detection

voltage Vin_pse, the HM8255 will turn on charging
FET immediately to avoid the over-heat of charging
FET due to its body diode conduction. Before the
charging over-temperature status is released, if the
load is removed, the charging FET will be turned
off again. The charging over-temperature status is
released only when the battery pack temperature
becomes Tcortr Or lower.

When the battery pack temperature becomes lower
than Tcute in charging status and the state
continues for 4xtrper or longer, the CFET pin
becomes to sink 10uA current, the charging FET is
turned off to stop charging. This is called the
charging under-temperature status. In charging
under-temperature status, if a load is connected
and the CS pin voltage is higher than discharging

detection voltage Vin_psg, the HM8255 will turn on
charging FET immediately to avoid the over-heat of
charging FET due to its body diode conduction.
Before the charging under-temperature status is
released, if the load is removed, the charging FET
will be turned off again. The charging under-
temperature status is released only when the
battery pack temperature becomes Tcutr or higher.

An example of external temperature-sensing circuit
is shown in figure 4. In normal status, the HM8254
continuously turns on VTHM output for 500uS
every trpet. In this way, the external temperature is
monitored. When the VTHM output turns on, the

HM8255 compares the external temperature
voltage with two internal voltage dividers that are
set to 1/10*VTHM (discharging state) or
2/11.5*VTHM (charging state). When the thermistor
voltage is lower than 1/10*VTHM (discharging state)
or 2/11.5*VTHM (charging state), the discharging
over-temperature or charging over-temperature
condition exists. When the thermistor voltage is
bigger than 11/19*VTHM, the charging under-
temperature condition exists. To set the external
over-temperature limit, set the value of R; resistor

to the 9 times the resistance of the thermistor at the
discharging over-temperature threshold. For
example, for 103-type NTC thermistor, set the R+ to
be 20k will set the DOT, COT and CUT thresholds
to be 70°C, 50°C and 0°C. Set the R4 to be 24k will
set the DOT, COT and CUT thresholds to be 65°C,
45°C and -3°C.

Using a 10k resistor in place of thermistor will
cause COT, DOT and CUT never occurs. Parallel
the thermistor with two diodes (e.g. 1N4148) will
cause CUT never occurs as shows in figure 4.

toer 0 toer 4 toer 0 troer

- L] L] L ] >

COT/DOT
Detection
Enable

cuT ~500uS —p

Detection
Enable

Figure 3, temperature detection timing

VCC
Temp.
i

Detection {:
timer

{"l
Discharging state L Ry
poT/ COMP =="
coT
oW
%
“y
-
CuT COMP | Y
— P, 8
N -
ST <
<@ >
— g%
@ s
COMP g 2
+ 2

Figure 4, external temperature-sensing circuit

0V Battery Charge Function

The HM8255 provides 0V battery charge function.
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- P is open, no current will flow through the 4.3M and
Delay time setting 5 gy resistor, TP0610K will be completely shut off

to reduce total supply current of HM8255 to less
than 1nA. If the switch is on, TP0O610K will be
turned on.

The over-voltage protection delay time (tove),
temperature detection period time (troet) are
determined by the external capacitor connected to
COVT pin. The under-voltage protection delay time
(tuvp), the under-voltage power-down delay time vee
(tuv_pp) and level-1/2 over-current protection delay
time (tooce1 and tpocp2) are determined by the
external capacitor connected to CUVT pin. Short-
Circuit detection delay time (tscp) is fixed internally
to be 250uS (typical). HM8255

TP0610k BAT+

IN448 = cell5

N9's

S

nLy

cell4
cell3

Min. Typ. Max. cell2

7.00, 10.0, 13.0) X Ccovr [UF]
5.00, 10.0, 15.0) x Ccovr [UF] I
7.00, 10.0, 13.0) X Ccuvr [UF]

tove [s] = )
)

35.0, 55.0, 75.0) x Ccuvr [UF] vss 5 T
) =
)

troer [S] =
tuve [s] =
tuv_pp [S] =
toocp1 [8] =
toocp2 [8] =

cell1

_
b
4

7.00, 10.0, 13.0) x Ccuvr [uF] - N
0.70. 1.00. 1.30) x Couyr [uF] Figure 5, Hardware shutdown circuit

CTRL pin
The HM8255 has control pin. The CTRL pin is used
to control the CFET and DFET pin output voltages.
The CTRL pin takes precedence over the battery
protection circuit. When the CTRL pin is high level,
both the charging and discharging FETs are turned
off. When CTRL pin is low level, the charging and
discharging FETs are controlled by the voltage

detector. When CTRL pin is floating, the HM8255
enters standby status. In standby status, almost all

the circuits of the HM8255 stop and the current
consumption is lvcc_stoey or lower. This feature
provides the possibility for the battery pack to save
power even if the battery pack is at full capacity,
thus long storage time is available. Under standby
status, discharging FET is turned off, however,
when a charger is connected, the charging FET will
be turned on, thus make sure that the charger is
not connected under standby status.

Table 1, conditions set by CTRL pin
CTRL pin CFET pin DFET pin
High Source 10uA Vss
Open Hi-Z Vss
Low Normal status*1

Normal status*1
*1. The status is controlled by the voltage detector

Hardware Shutdown

To completely shut down the HM8255, a PMOS
switch can be connected to VCC, or VCC can be
driven from an isolated power supply. Figure 5
shows an example of a switched VCC. If the switch

Shenzhen H&M Semiconductor Co.Ltd 11
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PACKAGE INFORMATION

N

#1PIN
=f
-
-
——
-
-
-

1
/;f) R RI*Tri
N B‘T_\y%* —

BASE METAL

SECTION B-B

16-Lead TSSOP Package Outline Diagram

COMMON DIMENSIONS

(UNITS OF MEASURE=MILLIMETER)

SYMBOL MIN NOM MAX
A - 1.20
Al 0.05 — 0.15
A2 0.90 1.00 | 1.05
A3 0.34 0.44 0.54
b 0.20 - 0.28
b1 Q.20 0.22 0.24
c 0.10 - 0.19
cl 0.10 0.13 0.15
8] 4.86 4,96 5.08
£ 6.20 6.40 6.60
E1 4.30 4.40 4.50
e 0.6585C

| 045 | 060 | 0.75
L1 1.00REF

L2 0.2585C

R (.09 -
R1 0.09 -

B 0.20 - -
01 o - ES
(] 10° 127 148
43 10° 12 14
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