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4- to 10-Series Cell Li-ion Rechargeable Battery Protection IC

FEDL5233-05

B General Description

The ML5233 is a protection IC for the 4- to 10-cell Li-ion rechargeable battery pack. It detects individual cell
overvoltage/undervoltage and the pack overcurrent/over-temperature, and then automatically turns on or turns
off the external charge/discharge NMOS-FETS accordingly. Also the ML5233 can be cascaded to handle battery
packs with more than 10 cells.

B Features
e 41to 10 cell high-precision overvoltage and undervoltage detection function
Voltage monitoring function for individual cells
Overvoltage detection threshold 425V, Detection accuracy: £15 mV (max)
Undervoltage detection threshold 2.7V, Detection accuracy: 50 mV (max)

e Overcurrent detection function
Discharge overcurrent detection threshold 150 mV, Detection accuracy: 10 mV (max)
Charge overcurrent detection threshold -40 mV,  Detection accuracy: 15 mV (max)

¢ Short circuit detection function
Short circuit detection threshold 300 mV,  Detection accuracy: 15 mV (max)

Detection delays adjustable using an external capacitor

e Temperature detection function  : With external NTC (10 kQ, B=3435) and 4.7 kQ resistor
Discharge inhibition temperature: 75 °C or higher
Charge inhibition temperature : 55 °C or higher

o External charge/discharge FET control: NMOS-FET gate driver built-in
External shut down command is accepted on the /CFOFF and /DFOFF pins
In a cascade configuration external circuits can be minimized with the power-up control pin VRSO

o Cell number selectable from predefined 4 values using the CSO and CS1 pins
Product code 001 supports 7, 8, 9 or 10-cell connectivity
Cell numbers and other parameters can be redefined and supplied as an individual product code

e Low current consumption
Normal operation state : 25 pA (typ.), 60 pA (max)

Power-down state :0.1 pA (typ.), 1 pA (max)
o Supply voltage :+5V to +60 V
e Operating temperature :-40°C to +85°C
o Package : 32-pin LQFP
B Application

-Power tools and Garden tools
+Cordless Cleaner

-E-Bike and Electric assisted bicycle
+Uninterruptible Power Supplies (UPS)
+Energy Storage Systems (ESS)

B Part number

ML5233-001TC
ROHM

SEMICONDUCTOR
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B Block Diagram

VDD

V10

V9
V8

V7
V6

V5

V4

V3

V2

Vi

VO

GND

B Pin Configuration (top view)
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B Pin Description

Pin No.| Pin I/0 Description
1 VDD Power supply input pin.
" |Connect an external CR filter for noise rejection.
2 V10 | |Battery cell 10 high voltage input pin.
3 V9 | |Battery cell 10 low voltage input and Battery cell 9 high voltage input pin.
4 V8 | |Battery cell 9 low voltage input and Battery cell 8 high voltage input pin.
5 V7 | |Battery cell 8 low voltage input and Battery cell 7 high voltage input pin.
6 V6 | |Battery cell 7 low voltage input and Battery cell 6 high voltage input pin.
7 V5 | Battery cell 6 low voltage input and Battery cell 5 high voltage input pin.
Should be connected to GND for the 4 cell series connected battery pack application.
8 va | Battery cell 5 low voltage input and Battery cell 4 high voltage input pin.
Should be connected to GND for the 4 to 5 cell series connected battery pack application.
9 V3 | Battery cell 4 low voltage input and Battery cell 3 high voltage input pin.
Should be connected to GND for the 4 to 6 cell series connected battery pack application.
10 V2 | Battery cell 3 low voltage input and Battery cell 2 high voltage input pin.
Should be connected to GND for the 4 to 7 cell series connected battery pack application.
11 Vi | Battery cell 2 low voltage input and Battery cell 1 high voltage input pin.
Should be connected to GND for the 4 to 8 cell series connected battery pack application.
12 VO | Battery cell 1 low voltage input pin.
Should be connected to GND for the 4 to 9 cell series connected battery pack application.
13,22 | GND — |Ground pins.
15 |ISENSE| | Current sense resistor input pin. Connect a resistor of the resistance value corresponding to
the detecting current between this pin and the GND pin. Should be tied to GND if not used.
Discharge FET control signal output pin. Should be tied to the gate pin of the external NMOS
16 [D_FET| O |7
Charge FET control signal output pin. Should be tied to the gate pin of the external NMOS
17 |C_FET| O |ge7
Negative terminal of the load/charger input pin. Load or charger presence is decided by this
19 VRS 10 input level.
20 | VRSO O |Power-up signal output pin in cascade connection. Should be tied to the next upper VRSI pin.
21 TEST | |LSltestinput pin. Should be fixed to GND.
23 CDLY | 10 |Short current detection delay time setting pin. Should be tied to GND through a capacitor.
24 PULLD| © External pull-down control signal output for load removal detection. Should be tied to the gate
of the external pull-down control NMOS-FET when cascaded.
25 CAS | |Cascade mode selection input. Should be fixed to the VREG level when cascaded.
;3 gz(l) : Pins to specify battery cell number. Either the VREG or the GND level should be applied.
o8 TSNS | Input pin for high temperature charge/discharge inhibition detection. Connect a thermistor
between this pin and GND. Should be tied to the VNTC pin if not used.
29 | vNTC o Thermistor power supply. Should be connected to TSNS through a 4.7 kQ resistor.
Should be pulled down with a 100 kQ resistor if not used.
30 VREG | O Built-in 4.3 V regulator output pin. Should be tied to GND through a 1 pF capacitor. Do not
use this pin as power supply for an external circuit.
OFF control command input pin for the charge FET. The "L" level input forces Hi-Z on the
31 |/CFOFF| | |C_FET output. Should be tied to the next upper C_FET pin through an external resistor when
cascaded.
OFF control command input pin for the discharge FET. The "L" level input forces "L" on the
32 |/[DFOFF| | |D_FET output. Should be tied to the next upper D_FET pin through an external resistor when
cascaded.
14,18 | N.C. — |No connect. Leave them electrically unconnected.
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B Absolute Maximum Ratings

GND=0V, Ta=25°C

Item Symbol Condition Rating Unit
Supply voltage Vob Applied to VDD pin -0.3t0 +86.5 \Y
ViNi Applied to VO to V10 pins -0.3 to Vbp+0.3 \
VN2 Applied to VRSI pin Vpp-86.5 to Vpp+0.3 \
Ving A.pplled to /CFOFF and /DFOFF 0310 +86.5 v
Input voltage pins
Applied to CS0, CS1, CAS, TSNS, )
ViNg CDLY, and ISENSE pins 0.3 to Vrec+0.3 \
Vins Applied to TEST pin -0.3 to Vop+0.3 \Y
Vour1 Applied to D_FET and VRSO pins -0.3to Vop+0.3 \%
Vour2 Applied to C_FET pin Vpp-86.5 to Vpp+0.3 \
Output voltage - -
Vours Applied to VREG pin -0.3to +6.5 \%
Vour4 Applied to VNTC and PULLD pins -0.3 to Vrec+0.3 Y,
Power
dissipation Po - 1.0 w
Short-circuit | Applied to VREG, VNTC, PULLD, 10 mA
output current s C_FET, D_FET, and VRSO pins
Storage R
temperature Tste — -55 to +150 C
B Recommended Operating Conditions
(GND=0V)
Item Symbol Condition Range Unit
Supply voltage Vop Applied to VDD pin 5 to 60 \
Operational temperature Tor — -40 to +85 °C
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B Electrical Characteristics

® DC Characteristics
Vpp=5 V to 60 V, GND=0 V, Ta=-40 to +85°C

Item Symbol Condition Min. Typ. Max. Unit
Digital "H" input voltage (Note 1) ViH1 — 0.8xVREG — VReG V
Digital "L" input voltage (Note 1) Vi1 — 0 — 0.2XVRreG V
Digital "H" input current (Note 1) liH1 Vin = VRec — — 2 UA
Digital "L" input current (Note 1) h1 ViL = GND -2 — — LA
Cell monitoring pin Average current in
gp linve normal operation -0.1 0.1 3 HA
Input current (Note 2)
mode
Cell monitoring pin
Input leakage current (Note 2) hve Power-down mode o o 2 WA
. lon=-10 pA
FET "H" output voltage (Note 3) VoH1 Vop =18 V 10 60 V 10 14 18
FET "L" output voltage (Note 4) VoL1 lo. =100 pA — — 0.2
C_FET output leakage current ILcr Verer= 0 V t0 Vop -5 — 5 A
/CFO"FI: .and /DFOFF pins Vi . Voo-0.1 . Voot18 Vv
H" input voltage
/CFO"FI:.and /DFOFF pins Viis . 0 . Voo-1.5 Vv
L" input voltage
/CFOFF and /DFOFF pins
. P lin2 ViH2=Vbbp — — 2 HA
H" input current
/CFOFF and /DFOFF pins
I P liL Vie=0 V -2 — — A
L" input current
PULLD pin "H" output voltage Vorz lon =-100 pA VRrec-0.4 — VREG \%
PULLD pin "L" output voltage VoL2 loL = 100 pA — — 0.1 V
CDLY pin "L" output voltage Vo3 lo. = 100 pA — — 0.4 V
CDLY pin pull-up resistor Repuc Atshort c.urrent 44 63 82 kQ
detection
. With | 1
VREG pin output voltage VREG ith load current 3.8 4.3 4.8 Y,
mA or less
. With 14.7 kQ
VNTC pin output voltage VnTe . . . 2.2 2.4 2.6 \Y
resistor connection
VNTC pin output leakage current ILnTC VNtc=0 V1o 3.5V -2 — 2 LA
TSNS pin input leakage current liLts Vrsns=0 V1o 3.5V -2 — 2 LA
ISENSE pin input leakage lus | Visense=0 V to 3.5V ) — 2 HA
current
TEST pin pull-down resistance Reot — 50 100 200 kQ

Note 1: Applied to CS0, CS1, and CAS pins.
Note 2: Applied to VO to V10 pins.

Note 3: Applied to C_FET and D_FET pins.
Note 4: Applied to D_FET pin.

Note 5: Applied to C_FET pin.

® Supply Current Characteristics
Vop=5 to 60 V, GND=0 V, Ta=-40 to +85°C
Item Symbol Condition Min. Typ. Max. Unit
Current consumption in
normal operation
Current consumption
in power-down mode

Iop No output load — 25 60 HA

Iops No output load — 0.1 1.0 HA
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® Detection/Release Threshold Characteristics (Ta = 25 °C)
Vop=36 V, GND=0 V, Ta=+25°C

Item Symbol Condition Min. Typ. Max. Unit
Overvoltage detection Voy - 4.235 4.5 4.265 Vv
threshold
Overvoltage release Vour - 305 4.00 4.05 v
threshold
Undervoltage detection Vv . 2 65 270 275 Vv
threshold
Undervoltage release VovR . 205 3.00 3.05 Vv
threshold
Discharge overcurrent
detection threshold Vocu B 140 150 160 my
Charge overcurrent
detection threshold Voco B -0 -40 25 mv
Short circuit VsHRT — 285 300 315 mv

detection threshold
High temperature
charge inhibition VcHp — 0.99 1.02 1.05 \Y,
detection threshold
High temperature
charge inhibition VcHr — 1.16 121 1.26 \Y,
release threshold
High temperature
discharge inhibition VoHp — 670 700 730 mV
detection threshold
High temperature
discharge inhibition VDHR — 800 850 900 mV
release threshold
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® Detection/Release Threshold Characteristics (Ta = 0 to 60 °C)
Vop=36 V, GND=0 V, Ta=0 to 60°C

Item Symbol Condition Min. Typ. Max. Unit
Overvoltage detection Voy - 4295 4.5 4.275 Vv
threshold
Overvoltage release Vour - 303 4.00 407 v
threshold
Undervoltage detection Vv . 26 27 58 Vv
threshold
Undervoltage release VovR . 59 3.0 31 Vv
threshold
Discharge overcurrent
detection threshold Vocu B 135 150 165 my
Charge overcurrent
detection threshold Voco B 65 -40 15 mv
Short circut Vstrr — 270 300 330 | mv

detection threshold
High temperature
charge inhibition VcHp — 0.97 1.02 1.07 \Y,
detection threshold
High temperature
charge inhibition VcHr — 1.14 121 1.28 \Y,
release threshold
High temperature
discharge inhibition VoHp — 650 700 750 mV
detection threshold
High temperature
discharge inhibition VDHR — 780 850 920 mV
release threshold
VREG drop detection

threshold Vureo _ >0 > > !
VRE I

G drop release VRRes _ 3.4 3.8 4.2 \Y

threshold
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® Charger Detection / Removal and Load Removal Threshold Characteristics (Ta=25 °C)
Vop=36 V, GND=0 V, Ta=+25°C

Item

Symbol Condition Min. Typ. Max. Unit
Charger detection Wake-up from
VRSI threshold Vee power-down mode VooX0.4 | VooX0.5 | VooX0.6 v
VeLut In charge ovgrcur:elrlwt state 01 0.2 03 Vv
CAS pin="L
Charger removal In charge overcurrent state
VRS threshold Vo2 ge overcurren 0.3 0.4 05
CAS pin="H
VeLD Power-down mode VopX0.7 | VooX0.75 | VopXO0.8
Load removal VaL In discharge overcurrent 29 24 26

VRSI threshold

state

® Charger Detection / Removal and Load Removal Threshold Characteristics
(Ta=0to 60 °C)

Vpp=36 V, GND=0 V, Ta=0 to 60°C

Item Symbol Condition Min. Typ. Max. Unit
Charger detection Wake-up from power-down
VRSI threshold Vec mode VopX0.35 | VbpX0.5 | VopX0.65 \
Inch
VeLus nc arcg:i gvei;cgrrilr?t state 0 02 04 Vv
Charger removal In charge ovF:arcurrent state
VRS threshold VeLuz ge overcurrer 0.2 0.4 0.6
CAS pin="H
VpLD Power-down mode VppX0.65 | VopoX0.75 | VbpX0.85
Load removal In discharge overcurrent
VRS threshold VL state 2.0 24 2.8
VRSI pi II- In ch
S pin pull-up Reu n charge overcurrent state, 200 500 1000 KO
resistance power-down mode
. In discharge overcurrent
VRSr'eF:ir; t‘;‘:]'(';gown Reo state 05 2 4 MO
CAS pin="L"
Without pull-up/-down
ILps1 resistor -2 — 2 HA
o CAS pin="L"
VRSI t t
pin INpUt cuirren Without pull-up/-down
ILps2 resistor -3 -0.2 2 HA
CAS pin ="H"
. CAS pin ="H"
VRSSu‘::zr?t”tp“t lot VRSI pin = "L" 0.5 1 2 uA
VoL=5V
VRSO pin output VRSI pin = "H"
leakage current low Vrso =36 V 0 2 WA
VRSO p!n pull-down Reor CAS pin="H 200 500 1000 KO
resistance at wake-up
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® Detection Delay and Monitor Cycle Characteristics (Ta = 25 °C)

Vop=36 V, GND=0 V, Ta=+25°C

ltem Symbol Condition Min. Typ. Max. Unit
Overvoltage detection delay tov . 26 30 4.0 sec
(Note)
Undervoltage detection delay toy . 0.85 1.00 165 sec
(Note)
Charge overcurrent detection toco . 70 100 130 ms
delay
Discharge overcurrent
. tocu — 70 100 130 ms
detection delay
Short circuit detection delay tsc CpbLy=10 nF 0.7 1.0 1.3 ms
Cell voltage monitor cycle toeT — 320 400 480 ms
Temperature monitor cycle ter — 320 400 480 ms
Temperaturg measurement o . 23 3 37 ms
time
Load removal delay torL — 70 100 130 ms
Charger removal delay tocHg — 70 100 130 ms
Internal source oscillation tosc . 85 100 115 us
clock cycle
I i I .
Overvoltage detection delay | | rons pin = Vees 70 100 610 ms
for test mode (Note)
I i | .
Undervoltage detection delay | = | 1oNs pin = Veeo 70 100 610 ms
for test mode (Note)
Ilvol i I .
Cell voltage monitorcycle | | 19Ns pin = Veeo 70 100 130 ms
for test mode
T i | .
emperature monitorcycle | | TSNS pin = Veeo 70 100 130 ms
for test mode
TSNS pin input voltage
P P 9 Vrst — VRrec-0.3 — VREG \%
for test mode

(Note) Time lag due to cell voltage monitor cycle should be added on top of these values.
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® Detection Delay and Monitor Cycle Characteristics (Ta = 0 to 60 °C)
Vop=36 V, GND=0 V, Ta=0 to 60°C

Iltem Symbol Condition Min. Typ. Max. Unit
Overvoltage detection delay to . 24 3.0 42 sec
(Note)
Undervoltage detection delay toy . 0.80 1.00 175 sec
(Note)
Charge overcurrent detection toco . 50 100 150 ms
delay
Discharge overcurrent
. tocu — 50 100 150 ms
detection delay
Short circuit detection delay tsc CopLy=10 nF 0.6 1.0 1.4 ms
Cell voltage monitor cycle toeT — 300 400 500 ms
Temperature monitor cycle ter — 300 400 500 ms
Temperaturg measurement o . 5 3 4 ms
time
Load removal delay torL — 50 100 150 ms
Charger removal delay tocHg — 50 100 150 ms
Internal source oscillation tosc . 80 100 120 us
clock cycle

(Note) Time lag due to cell voltage monitor cycle should be added on top of these values.
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® Transient Characteristics

Vpp=36 V, GND=0 V, Ta=0 to 60°C

ltem Symbol Condition Min. Typ. Max. Unit
D_FET pin
L toFETR CL=22 nF, Re=10 kQ — 95 400 us
output rise time
C_FET pin CL=22 nF, Re=1 0kQ
output rise time (creTR RL=1 MQ o 9 400 HS
D_FET pin - CL=22 nF, Re=10 kQ _ 1 150 us
output fall time
€ Measurement circuit
o |C_FET
&
_ D FET
=
_ Re=10kQ Re=10kQ
lGND CL=22 nF CL=22 nF RL=1IMQ

€ Timing Diagrams

D_FET

C_FET

oV

Il

toreTR toreTF

ov

tereTr

(Note) C_FET output fall depends on the time constant of the external loads R. and C.
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B Timing Diagrams
This section shows the timing diagrams of application circuit example 1 (without cascade connection).

® Overvoltage Detection and Recovery

Voltage difference between
adjacent cell monitor pins
(Vn+1 - Vn) ; -
Vohi ! : i :
D_FET : 5 ' '
Voui : i i i _—
C_FET | \ 5 [
(Note 1) i i p oV ,
VRSI [SND booooooeea e —
i | i
ISENSE | GND____ i I s —
Overvoltage detection ' : ' :
delay timer operating | ! :
- Charger presenti H Load present ! ~
State 5 < i >
Ovenvolt aige 71 . Overvoltage state -
detected : _77

Recovery from
overvoltage state

(Note 1) C_FET pin is pulled down with a resistor.

(Note 2) Even if the voltage difference between Vn+1 and Vn reaches or exceeds the overvoltage detection
threshold Vov, there may be a time lag before starting the overvoltage detection delay timer
because cell voltages are monitored every 400 ms (typ.).

(Note 3) Even if the voltage difference between Vn+1 and Vn reaches or exceeds the overvoltage release

threshold Vovg, there may be a time lag before recovering from the overvoltage state because cell
voltages are monitored every 400 ms (typ.).
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® Overvoltage Detection, Transition to Power-down Mode and Recovery

(Note 1) (Note 2)
Voltage difference between [T

adjacent cell monitor pins : : ' P
(Vn+1 - Vn) ‘tDET LE‘tDET LEAtDET ;E‘tDET ::tDET =E i toET 1 toeT >E E
< tUV [ i E
V. 5 i

D_FET [ ; -—
\ oV ; :

C FET Voni Hi-Z 1 i Vont
Vpp -i- *- 1
VRSI ; Z
"GND T ! : s

ISENSE [-aNp™ ! e e e ‘ """"
Undervoltage . i '
detection delay —\ ! |
timer operating  €———3| | i

h Load present "7 Charger present

A : Undervoltage state i
State Undervoltage detected _/ € > : '
! Power-down ! :
' mode : :
! Recovery from

r undervoltage state
Charger detected 7'. 9
Recovery from power-down mode !

(Note 1) Even if the voltage difference between Vn+1 and Vn reaches or exceeds the undervoltage
detection threshold Vuy, there may be a time lag before starting the undervoltage detection delay
timer because cell voltages are monitored every 400 ms (typ.).

(Note 2) Even if the voltage difference between Vn+1 and Vn reaches or exceeds the undervoltage

release threshold Vuvr, there may be a time lag before recovering from the undervoltage state
because cell voltages are monitored every 400 ms (typ.).
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® Discharge Overcurrent Detection and Recovery

Voltage difference between

adjacent cell monitor pins \,/

(Vn+1 - Vn) : |
V. i ' :
D_FET [ ; .
i | oV

C_FET | Vou i 5 i
(Note 1) i \ oV if
VRSI |GND L o Ve - T ]
i oo : ! tore i
GND Voou-1-—-o="] e
ISENSE —— P i
| tocy | o '

h Load absent '  Load present S Loé\d absent ”
State Discharge overcurrent 5 Discharge overcurrent state
detected i '

Load removal — R Recovery from discharge

overcurrent state

(Note 1) C_FET pin is pulled down with a resistor.
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® Charge Overcurrent Detection and Recovery
Voltage difference between '
adjacent cell monitor pins /\
(Vn+1 - Vn) ; ;
D_FET |ou § 5
C_FET [You
(Note 1)
VRSI [ GND
ISENSE | GND
) Charger absent ’i‘ Ché\rger present o : tharger absent g
State i Charge overcurrent: state” !
Charge overcurrenti A :
detected Charger removal ;L Recovery from charge

(Note 1) C_FET pin is pulled down with a resistor.

overcurrent state
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® Short Circuit Detection and Recovery

Voltage difference between

adjacent cell monitor pins \/
(Vn+1 - Vn) :

.........

V(')H1 ; E

D_FET . |
- ] oV

vV : i i
C FET[ , \ |
(Note 1) : \ oV (
CDLY |eND i i
VRSI |GND e

'
'
]

-

1
1
1
'
1
1
'
1
'
'
'
1
1

: torL

GND VSHRT..:yi../‘i ;<—>
ISENSE ! [ ! :
[ : ;

h Load absent o Lt%)ad present g : Lcéad absent
; Short circuit state |

State Short circuit detected A a ! Recovery from
Load removal iw_short circuit state

(Note 1) C_FET pin is pulled down with a resistor.
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® High Temperature Detection and Recovery

Ve
VNTC
Hi-Z
- {'_'_ R N R S AU A I Y/C“R
CHD
- --E -------------- ---\- ------------- e e ity FK -------------- - =t - Vphr
TSNS OV-fF--{-------------A it et e i Sttt --=X- VbHD
d tPT - | tPT  d tPT a tPT |-
tTM tTM
VOHl
C_FET \ /
(Note 1) ov
Von1
D_FET
ov
Temperature below
Temperature between Temperature above .
) o Temperature between 45 °C is detected
° ° 7 tect
State 55 °C and 75 °C is detected __A| 75 °Cis detected A 45 °C and 65°C is N e
detected
< > < > < > < > t—>

Charge permitted
Discharge permitted

Charge inhibited
Discharge permitted

(Note 1) C_FET pin is pulled down with a resistor.
(Note 2) NTC(10k Q,B=3435) and 4.7k Q resistor is connected.

Charge inhibited
Discharge inhibited

Charge inhibited
Discharge permitted
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B Functional Description
® States of ML5233

The ML5233 has the following eight states which depend on individual cell voltages and the input
levels of the ISENSE and TSNS pins.

. Initial state

. Normal operation state

. Overvoltage state

. Undervoltage state (including power-down mode)
. Discharge overcurrent state

. Charge overcurrent state

. Short circuit state

. High temperature state

CO~NO O WNPE

Each state is described below, without cascade connection (CAS pin fixed to GND).

1. Initial State

The initial state refers to the period while the battery cells are being connected to the ML5233 and
connection of all the battery cells specified by the CS0 and CS1 pins is completed, before transitioning
to the normal state. In the initial state, when the VREG pin voltage reaches or exceeds the VREG drop
detection threshold, the D_FET pin output is set to the "L" level and the C_FET pin output to the "H"
level, where discharge is inhibited and charge is permitted.

When the VREG pin level reaches or exceeds the VREG drop release threshold, individual cell
voltage monitoring takes place. If all the battery cells specified by the CS0 and CS1 pins reach or
exceed the undervoltage release threshold Vuvr, the system transitions to the normal state. Overvoltage
and overcurrent detection is also performed in parallel.

O
PACK(+)
—T— VDD 1
i <}% VRS
J_ % C FET
\) D _FET
GND
ISENSE
- PACK(-)

OFF ON

Figure 1 Initial State

18/34



233-0
LAPIS Technology Co.,Uid. FEDLSZSS 2

2. Normal Operation State

The normal state refers to the period where all the battery cell voltages do not reach or exceed the
overvoltage/undervoltage detection threshold, the ISENSE pin voltage is below the overcurrent
detection threshold, and the TSNS pin voltage is above the high temperature detection threshold. In the
normal state, both the D_FET and C_FET pin outputs are set to the "H" level, where both charge and
discharge is permitted.

Individual cell voltages are monitored every 0.4 second for performing overvoltage/undervoltage
detection, while the pack temperature is also monitored using an external thermistor every 0.4 second.
The ISENSE pin voltage is always monitored to detect overcurrent in parallel.

O
PACK(+)

—T— VDD !

i <}% VRSI

47 % C_FET

D_FET 2
e \) ISENSE g
PACK(-)
“M h —0

OFF ON

Figure 2 Normal Operation State
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3. Overvoltage State

When any one or more battery cell voltages reach or exceed the overvoltage detection threshold Vov
for longer than the overvoltage detection delay time tov, the system enters the overvoltage state. In the
overvoltage state, the C_FET pin output is set to "Hi-Z" to inhibit charge, while the D_FET pin output

maintains the value in the previous state.

Battery cell voltages decrease gradually by self-discharge or a connected light load. When all of them
reach or exceed the overvoltage detection release threshold Vovg, the system recovers from the

overvoltage state.

O
PACK(+)
—T— VDD )i
! <}% VRSI 0
| >
| 2
, : 2
A1 ] C_FET -
D_FET
GND \T - §
ISENSE
PACK(-)

w7

Maintains the OFF
previous value

Figure 3 Overvoltage State
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4. Undervoltage State

When any one or more battery cell voltages reach or exceed the undervoltage detection threshold
Vuv for longer than the undervoltage detection delay time tyy, the system enters the undervoltage state.
In the undervoltage state, the D_FET pin output is set to the "L" level to inhibit discharge, while the
C_FET pin output maintains the value in the previous state.

In the undervoltage state, a 500 kQ pull-up resistor is connected between the VRSI pin and VDD.
When the VRSI pin voltage increases and reaches the charger removal VRSI threshold Ve p after
turning off the external discharge FET, the system enters power-down mode to reduce current
consumption. The VRSI pin voltage decreases when a charger is present. If it reaches or exceeds the
charger detection voltage Vec, the system wakes up all the circuits to resume monitoring individual
battery cell voltages.

If the system was in the overvoltage, undervoltage, high temperature or any overcurrent state before
entering power-down mode, these error flags are cleared during power-down. After wake-up, if these
errors are detected again for longer than the specified detection delay time, the system reenters the
corresponding error state.

Battery cell voltages increase gradually while charging, and if all cell voltages reach or exceed the
undervoltage detection release threshold Vuvr, the system recovers from the undervoltage state and
the pull-up resistor between VRSI pin and VDD is disconnected.

@)
PACK(+)
—T— VDD
i <} VRSI
J___ % C_FET
D _FET
GND \’ B $
ISENSE
PACK(-)
MW [f1

L

OFF Maintains the previous value
* OFF in power-down mode

Figure 4 Undervoltage State (Power-down mode)
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5. Discharge Overcurrent State

When the load is connected and ISENSE pin voltage reaches or exceeds the discharge overcurrent
detection threshold Vocu for longer than the discharge overcurrent detection delay time tocu, the system
enters the discharge overcurrent state, regardless of the individual battery cell voltages. In the discharge
overcurrent state, the D_FET pin output is set to the "L" level to inhibit discharge, while the C_FET pin
output is set to "Hi-Z" to monitor load removal.

In the discharge overcurrent state, the VRSI pin is pulled-down with a 2 MQ resistor and a backflow
prevention diode. If the load is released, the VRSI pin level approaches the GND level. The system
recovers from the discharge overcurrent state when the VRSI pin level reaches or exceeds the load
disconnection detection threshold Vr. for longer than the load disconnection detection delay time tory .

Q
PACK(+)
—T— VDD ]
i <}% VRSI
J“_ % C_FET
D_FET
GND i i S

ISENSE

PACK(-)

S
OFF  OFF

Figure 5 Discharge Overcurrent State
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6. Charge Overcurrent State

When the charger is connected and ISENSE pin voltage reaches or exceeds the charge overcurrent
detection threshold Voco for longer than the charge overcurrent detection delay time toco, the system
enters the charge overcurrent state, regardless of the individual battery cell voltages. In the charge
overcurrent state the C_FET pin output is set to "Hi-Z" to inhibit charge, while the D_FET pin output
maintains the value in the previous state.

In the charge overcurrent state, a 500 kQ pull-up resistor is connected between the VRSI pin and
VDD pin to detect charger removal. If the charger is removed, the VRSI pin level increases. The system
recovers from the charge overcurrent state when the VRSI pin voltage reaches or exceeds the charger
removal detection threshold Vpy for longer than the charger removal delay time toche.
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—T— VDD %

| _< VRSI e

! >0
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J“_ T C_FET -

\T D_FET %
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Mair_1tains the OFF
previous value

Figure 6 Charge Overcurrent State
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7. Short Circuit State

When the pack is overloaded and the ISENSE pin voltage reaches or exceeds the short circuit
detection threshold Vsurr, the capacitor connected to the CDLY pin is started to charge, regardless of
the battery cell voltages. When the CDLY pin voltage is increased to a specific level, the system enters
the short circuit state. In the short circuit state, the D_FET pin output is set to "L" level to inhibit
discharge, while the C_FET pin output is set to "Hi-Z" to detect load removal. Also, a 2 MQ pull-down
resistor is connected between the VRSI pin and the GND pin through a backflow prevention diode.

If the load is removed, the VRSI pin level approaches the GND level. The system recovers from the
short circuit state when the VRSI pin level reaches or exceeds the load removal detection threshold Ve
for longer than the load removal detection delay time tore.

Q
PACK(+)
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Figure 7 Short Circuit State
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8. High Temperature State

Pack temperature is monitored using an external thermistor every 0.4 seconds when the ML5233 is
not in power-down mode, regardless of battery cell voltages. When the TSNS pin voltage reaches or
exceeds the high temperature charge inhibition detection threshold Vcup, the C_FET pin output is set to
the "Hi-Z" state to inhibit charge.

As temperature increases further, if the TSNS pin voltage reaches or exceeds the high temperature
discharge inhibition detection threshold Vonp, the D_FET pin output is set to the "L" level to inhibit
discharge. Temperature monitoring is continued every 0.4 second in the high temperature state, too, and
if the TSNS pin voltage reaches or exceeds the high temperature release threshold, the system recovers
from the high temperature state.

Figure 8 High Temperature State

OFF

OFF

O
PACK(+)
VNTC
VY Al
2.4 V 7;-
p TSNS
-
xCHRj_ xcHD
DHR 7; 7;_ DHD
C_FET
GND D_FET
77I7. ISENSE %
L PACK(-)

25/34



233-0
LAPIS Technology Co.,Uid. FEDLSZSS 2

® Selecting the Number of Battery Cells
Cell count is selectable from predefined 4 values using the CS0 and CS1 pins.
Product code 001 supports 7, 8, 9 or 10 cells, and its configuration is given in the table below.

CSs1 CSO0 Battery cell number Unused Vn pins
GND GND 10 cell None
GND VREG 9 cell VO
VREG GND 8 cell VO, V1
VREG VREG 7 cell VO, V1, V2

All unused Vn pins should be tied to GND.

® Power-on/Power-off Sequence

Battery cells can be connected in any order, but it is recommend that the GND and VDD pins are
connected first, and then connection continues from lower to higher voltage cells. There are no
restrictions on the power supply voltage rise time at power-on, and power-off sequence or power supply
voltage fall time at power-off.

After power-on, the system usually transitions to the normal state. However, it may transition to the
undervoltage state due to chattering at power-on or other reasons. If it has transitioned to the
undervoltage state and moved to power-down mode, apply the charger connection detection threshold
Vpc or lower level to the VRSI pin to power it up again.

® Handling VDD Pin and VO to V10 Pins
Since the VDD pin is the power supply input, put a noise elimination RC filter in front of the VDD
input for stabilization. If the drive current on the external charge/discharge control FETs is large, the
resistor value of this noise filter should be adjusted so that the voltage drop across the resistor is smaller

than 1 V.
The VO to V10 pins are the monitor pins for individual cell voltages. Put a noise elimination RC filter

in front of each battery cell to prevent false detection. On a system with less than 10 battery cells,
unused Vn pins should be tied to GND.

® Handling VREG Pin
The VREG pin is the power source of the built-in regulator which supplies power to the internal
modules. Connect a 1 pF or larger capacitor between this pin and GND for stabilization. Do not use it as
a power supply for external circuits since the supply current of the built-in regulator is limited.

® Setting Short Circuit Detection Delay
The short circuit detection delay (tsc) depends on the charge time of the capacitor (CpLy) connected

to the CDLY pin, which is described by the following equation.
Short circuit detection delay tsc [ms] = CpoLy [nF] % 0.1

A 1 nF or larger capacitor is recommended for CpLv. For a smaller capacitance, 20 us (typ.) should be
added as a delay for the short current detection comparator. Note that the external CR filter on the
ISENSE pin also comprises the total delay.

® External Control of Charge/Discharge Control FET
The C_FET and D_FET pin output values can be directly controlled by the /CFOFF and /DFOFF pin
inputs, regardless of the detected state on the ML5233.
When the /CFOFF pin input is set to "L", the C_FET pin output is fixed to “Hi-Z”.
When the /DFOFF pin input is set to "L", the D_FET pin output is fixed to GND.
When the /CFOFF and /DFOFF pin inputs are set to "H", the C_FET and D_FET pin outputs depend on
the detected state on the ML5233.
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® Output Pin Values in Each Detection State

The output pin values in each detection state are shown in the table below.

State

State D _FET C_FET VRSI VREG
Initial state GND 14V Hi-Z 4.3V
Normal operation state 14V 14V Hi-Z 43V
Overvoltage state No change Hi-Z No change 43V
Undervoltage state GND No change Pull-up 43V
Power-down mode GND Hi-Z Pull-up oV
Discharge overcurrent GND Hi-Z Pull-down 43V
state
Charge overcurrent No change Hi-Z Pull-up 43V
state
Short circuit state GND Hi-Z Pull-down 43V
chggg itr?mgi%roegusr;te No change Hi-zZ No change 43V
High temperature
discharge inhibition GND Hi-zZ No change 43V

(Note) "No change" means that the previous pin value is maintained in a new state.

® Unused Pin Treatment
The following table shows how to handle unused pins.

Unused pins Recommended treatment
V0 to V5 Pull down
ISENSE Pull down
CDLY Open
/|CFOFF,/DFOFF Pull up
VRSO Open
TSNS Tied to the VNTC pin
VNTC Pull down with a 100 kQ resistor
PULLD Open

® Reducing Monitor Cycles and Detection Delays

The cell monitor cycle and overvoltage/undervoltage detection delays are reduced to 100 ms (typ.) by
applying the VREG level to the TSNS pin. The temperature monitor cycle is also reduced to 100 ms
(typ.), but high temperature detection does not work because the TSNS pin is fixed to the VREG level.
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® Cascade Connection

N~ wWNE

Cascade wiring for three ML5233 devices is shown below.

Fix the CAS pin to the VREG level.
Connect the higher C_FET pin and the lower /CFOFF pin through a resistor.
Connect the higher D_FET pin and the lower /DFOFF pin through a resistor.

Connect the highest /CFOFF and /DFOFF pins to VDD pin.

Connect the lower VRSO pin and the higher VRSI pin through an NMOS-FET.

Connect the lowest VRSI pin to Pack(-) through a diode and a resistor.

Leave the top VRSO pin electrically open.
Connect the lowest PULLD pin to the NMOS-FET gate, whose drain terminal should be tied to

Pack(-) through a resistor.

IDFOFF
VPP ICFOFF
T VREG
L] cae ]
- ML5233-3
- VRSO —X
GND VRSI
ISENSE L«
D FET  C_FET
/DFOFF —MNJ
P—vob JCFOFF —\W———
i ol VREG ]
- ML5233-2  CAS
il -
- VRSO
GND VRSI
ISENSE PULLD X
D_FET  C_FET
/DFOFF —JW\,J
vbD ICFOFF —AW——
VREG :l
CAS
ML5233-1
VRSO
GND VRSI
ISENSE PULLD
_D_FET C_FET

-

X

x
:

L1

©

Pack(+)

Pack(-)

©

It is recommended that a greater number of cells should be assigned to the lowest IC to drive the
charge/discharge control FETs on the GND correctly. For example, when 7 cells and 10 cells are
cascaded, the 10 cells should be assigned to the lower IC and the 7 cells to the higher one.
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® Redefinition of Battery Cell Number
4 cell numbers can be redefined so that one of them is selectable with CS0 and CS1 in the range
shown in the following table.

CSs1 CSO0 Range of cell numbers

GND GND 4 5 6 7 8 9 10

GND VREG 4 5 6 7 8 9 10
VREG GND 4 5 6 7 8 9 10
VREG VREG 4 5 6 7 8 9 10

® Redefinition of Detection/Release Threshold Range and Step
The detection/release thresholds can be redefined as shown in the following table.
Since some combinations are unavailable, contact us for details.

Detecting voltage Threshold range Threshold step
Overvoltage detection
threshold 3.65Vt04.35V 25 mV
Overvoltage release threshold 35Vt04.25V 25 mVv
Undervoltage detection 16Vto3V 100 mv
threshold
Undervoltage release threshold 23Vto4.3V 100 mV
Discharge overcurrent
detection threshold 50 mV'to 200 mv 10mv
Charge overcurrent detection 60 MV 10 -20 mV 10 mv
threshold
Short circuit detection
threshold 100 mV to 500 mV 10 mv
High temperature detection 06Viol2V 10 mvV
threshold
High temperature release 07Vio13V 10 mv
threshold

® Redefinition of Detection Delay Time
The detection delay times can be redefined as shown in the following table.

Detection delay time Settable time Unit
Overvoltage detection delay time 1 2 3 4 5 sec
Undervoltage detection delay time 1 2 3 4 5 sec

Discharge overcurrent detection
delay time
Charge overcurrent detection
delay time

25 50 100 200 400 ms

25 50 100 200 400 ms
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B Application Circuit Example 1  (10-cell system) @
PACK(+)
Rvop
AN — VDD IDFOFF [32[—¢
Cvbp
| Rem [ i ICFOFF
r—y CceL
" V9 VREG |30
Crec

V8 VNTC s
}MN_I_ V7 TSNS
[6]V6 CSO

™
N
B 'ﬁ CAS
o] V3 S PULLD
V2 CDLY
Vil GND
VO TEST
13| GND VRSO
Ric —[15] ISENSE VRSI[19
16| D_FET C_FET [17]
Re
\ .
l_T_l_T Res PACK(-)

©

The wire length indicated by a dotted line should be minimized, because the voltage

drop due to wire resistance may affect the current detection accuracy.

B Recommended Values for External Components

Recommended Recommended
Component value Component value
Rvpp 510 Q Ras 1 MQ
Cvop 10 uF or more Rg 10 kQ to 47 kQ
RceL 1kQ to 10 kQ Rvrs 1kQ
CceL 0.1 pF or more Ris 1 mQto5mQ
Crec 1uF Risin 1 kQ
Cis 10 nF R~ 4.7 kQ
CoLy 1nFto 10 nF Rntc 10 kQ, B3435

(Note) This circuit example and the recommended values of external components are not always
warranted. Evaluation on customer’s application is required and select circuit and parts
depend on customer’s application.
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B Application Circuit Example 2 (15-cell system, 8 cells and 7 cells)

®

B Recommended Values for External Components

Recommended Recommended
Component value Component value
Rvbb 510 Q Rc 10 kQ to 47 kQ
Cvop 10 uF or more Rvrs 1kQ
RceL 1kQ to 10 kQ Ris 1 mQto5mQ
CceL 0.1 yuF or more Risin 1kQ
Crec 1uF Rt 4.7 kQ
Cis 10 nF Rntc 10 kQ, B3435
CoLy 1 nFto 10 nF Rcu ,Rron 5.1 MQ
Ras 1 MQ Ror 1 MQ
Rcr 1.2 MQ

PACK(+)
C
REG ;;
Rr
Rnre
(90
[sg]
N
Te}
.|
=
éé Rer
PACK(-)

(Note) This circuit example and the recommended values of external components are not always
warranted. Evaluation on customer’s application is required and select circuit and parts
depend on customer’s application.
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B Package Dimensions

D] @
HHAAAAAH
@ ==
(- | =1
R == -
il oo o T
= (- ]
ao|o - -]
EI:@ ==
(&) 1] e
2 e

INDEX MARK " ® 5 H‘i‘ ®

0.37+0.05 e

0.14 TR

“ SEATING PLANE

NOTE
1. LEAD WIDTH DOES NOT INCLUDE TRIM OFFSET.
2. PACKAGE WIDTH AND LENGTH DO NOT INCLUDE MOLD PROTRUSION, DIEPAD SUPPORT
PROTRUSION AND CAVITY OFFSET BETWEEN TOP AND BOTTOM CAVITY.
3. THE SEATING PLANE IS THE SURFACE WHICH THE PACKAGE
IS MOUNTED ON AND GETS TN CONTACT WITH.

1.40£0, 05

=

1.60 MAX.

0.05~0,15

| o600,

15

LAPIS Technology Co., Ltd.

PACKAGE CODE

P-LQFP32-0707-0. 80-TK6

PACKAGE MATERIAL
LEAD FLAME MATERIAL
LEAD FINISH

PLATING THICKNESS

PACKAGE MASS (g)

EPOXY RESIN
Cu  ALLOY
Sn
MORE THAN 5 zem
0.13TYP.

UNIT

DG No.
REVISION
1st ISSUE
REVISED

mm
0SL-68913
3
Feb/04/2013

0Oct/23/2020

Caution regarding surface mount type packages

Surface mount type packages are susceptible to heat applied in solder reflow and moisture absorbed during
storage. Please contact your local ROHM sales representative for recommended mounting conditions (reflow

sequence, temperature and cycles) and storage environment.
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H Revision History

Page
Document No. Issue date Before i After Revision description
revision | revision
FEDL5233-01 14 Sep, 2015 - - Initial release, based on FJIDL5233-01.
FEDL5333-02 25 Dec, 2015 28 28 Cascade connection, pin name is corrected.
FEDL5333-03 25 Mar, 2016 6 6 High temperature charge inhibition detection
threshold (Ta=25°C) is 0.97(min)->0.99(min)
High Temperature Detection and Recovery, note2 is
17 17
added.
Application Circuit examples; capacitor connection
30,31 30,31 of lowest cell is modified.
Note is added
Application Circuit example 2; the value of Reu  is
31 31 -
modified.
FEDL5333-04 1 Dec, 2020 - - Changed Company name
34 34 Changed “Notes”
FEDL5333-05 Jan. 9, 2024 1 1 Add Application Part number, Delete notes
34 34 Add Notes
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Notes

1)

2)

3)

4)

5)

6)

7

8)

9)

When using LAPIS Technology Products, refer to the latest product information and ensure that usage conditions (absolute
maximum ratings™, recommended operating conditions, etc.) are within the ranges specified. LAPIS Technology disclaims
any and all liability for any malfunctions, failure or accident arising out of or in connection with the use of LAPIS
Technology Products outside of such usage conditions specified ranges, or without observing precautions. Even if it is used
within such usage conditions specified ranges, semiconductors can break down and malfunction due to various factors.
Therefore, in order to prevent personal injury, fire or the other damage from break down or malfunction of LAPIS
Technology Products, please take safety at your own risk measures such as complying with the derating characteristics,
implementing redundant and fire prevention designs, and utilizing backups and fail-safe procedures.
*1: Absolute maximum ratings: a limit value that must not be exceeded even momentarily.

The Products specified in this document are not designed to be radiation tolerant.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the standard
operation of semiconductor products and application examples. You are fully responsible for the incorporation or any other
use of the circuits, software, and information in the design of your product or system. And the peripheral conditions must be
taken into account when designing circuits for mass production. LAPIS Technology disclaims any and all liability for any
losses and damages incurred by you or third parties arising from the use of these circuits, software, and other related
information.

No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of LAPIS
Technology or any third party with respect to LAPIS Technology Products or the information contained in this document
(including but not limited to, the Product data, drawings, charts, programs, algorithms, and application examples, etc.).
Therefore, LAPIS Technology shall have no responsibility whatsoever for any dispute, concerning such rights owned by
third parties, arising out of the use of such technical information.

LAPIS Technology intends our Products to be used in a way indicated in this document. Please be sure to contact a ROHM
sales office if you consider the use of our Products in different way from original use indicated in this document. For use of
our Products in medical systems, please be sure to contact a LAPIS Technology representative and must obtain written
agreement. Do not use our Products in applications which may directly cause injuries to human life, and which require
extremely high reliability, such as aerospace equipment, nuclear power control systems, and submarine repeaters, etc.
LAPIS Technology disclaims any and all liability for any losses and damages incurred by you or third parties arising by
using the Product for purposes not intended by us without our prior written consent.

All information contained in this document is subject to change for the purpose of improvement, etc. without any prior
notice. Before purchasing or using LAPIS Technology Products, please confirm the latest information with a ROHM sales
office. LAPIS Technology has used reasonable care to ensure the accuracy of the information contained in this document,
however, LAPIS Technology shall have no responsibility for any damages, expenses or losses arising from inaccuracy or
errors of such information.

Please use the Products in accordance with any applicable environmental laws and regulations, such as the RoHS Directive.
LAPIS Technology shall have no responsibility for any damages or losses resulting non-compliance with any applicable
laws or regulations.

When providing our Products and technologies contained in this document to other countries, you must abide by the
procedures and provisions stipulated in all applicable export laws and regulations, including without limitation the US
Export Administration Regulations and the Foreign Exchange and Foreign Trade Act.

Please contact a ROHM sales office if you have any questions regarding the information contained in this document or
LAPIS Technology's Products.

10) This document, in part or in whole, may not be reprinted or reproduced without prior consent of LAPIS Technology.

(Note) “LAPIS Technology” as used in this document means LAPIS Technology Co., Ltd.

Copyright 2015 — 2024 LAPIS Technology Co., Ltd.

LAPIS Technology Co., Ltd.

2-4-8 Shinyokohama, Kouhoku-ku, Yokohama 222-8575, Japan
https://www.lapis-tech.com/en/
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