LC06511DMX,
LC06511FMX, LC06514DMX

Battery Protection IC, OTP
Function, 1-Cell Lithium-ion
Battery

Overview

LC06511DMX/LC06514DMX is a protection IC for 1 cell
lithium—ion or lithium—polymer battery with built—in OTP. It provides
highly accurate adjustable over—charge, over—discharge, over—current
protection with adjustable detection delay by OTP. Current is detected
by high precision external chip resistor. Which realizes accurate
current detection over temperature.

Function
® Highly Accurate Detection Voltage/Current at Ta = 25°C,
VCC =38V
® Over Charge Detection Voltage
¢ 41V 1t04.55V (5mV step)
® Over Charge Release Hysteresis
¢+ 0Vto02VOV,01V,015V,0.2V)
® Over Discharge Detection Voltage
¢ 20V 1033V (50 mV step)
® Over Discharge Release Hysteresis2
¢+ 0V,02V,03V,04V
® Discharge Over Current Detection Voltagel
¢ 3mVto70 mV (1 mV step)
® Discharge Over Current Detection Voltage2
¢+ 3mVto70 mV (1 mV step)
® Short Current Detection Voltage
+ 50 mV to 150 mV (10 mV step)
® Charge Over Current Detection Voltage
¢ =70mV to -3 mV (-1 mV step)
® Over—discharge Detection Delay Time
¢ 32 ms, 64 ms, 128 ms, 256 ms
® Discharge Over—current Detection Delay Timel
¢+ 8 ms, 16 ms, 2048 ms, 3482 ms
® (0 V Battery Charging
¢ “Permit (LC06511DMX)”, “Inhibit (LC06514DMX)”
® Auto Wake—up Function Battery Charging “Permit”
® This is a Pb—Free Device

Typical Applications
® Smart Phone

® Tablet

® Wearable Device

© Semiconductor Components Industries, LLC, 2018 1
November, 2019 - Rev. 6

ON Semiconductor®

www.onsemi.com

S

1

X2DFN6 1.4x1.4, 0.5P
CASE 716AF

MARKING DIAGRAM

XXM=

XX = Specific Device Code
M = Month Code
. = Pb-Free Package

(Note: Microdot may be in either location)

ORDERING INFORMATION

Device Package Shipping*
LC06511DO1MXTAG | X2DFN6 | 4000/ Tape &
(Pb-Free) Reel
LC06511D02MXTAG | X2DFN6 | 4000 / Tape &
(Pb-Free) Reel
LC06511D04MXTAG | X2DFN6 | 4000 / Tape &
(Pb-Free) Reel
LC06511FO3MXTAG | X2DFN6 | 4000 / Tape &
(Pb-Free) Reel
LC06514D01MXTAG | X2DFN6 | 4000 / Tape &
(Pb-Free) Reel

tFor information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specification
Brochure, BRD8011/D.

Publication Order Number:
LC06511DMX/D
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Table 1. ABSOLUTE MAXIMUM RATINGS

LC06511DMX, LC06511FMX, LC06514DMX

Parameter Symbol Conditions Ratings Unit
Supply voltage VCC -0.3t012.0 \Y
CS terminal Input voltage VCS -0.3t07 \Y
VM terminal Input voltage VVM VCC-24.0 to VCC+0.3 \Y
CO terminal voltage VCO VCC-24.0 to VCC+0.3 \Y
DO terminal voltage VDO VCC-0.3 to VCC+0.3 \Y
Storage temperature Tstg -551t0 +125 °C
Operating ambient temperature Topr -40to +85 °C
Junction temperature Tj 125 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

EXAMPLE OF APPLICATION CIRCUIT

Battery+ PAC+
O ]
=R1 Controller IC
VCC
—CD Over current
detection
—C D oTP
VSS
——C
/J:CS ~PO ~CO VM
= R2
R3
T :
Battery- Sense Resistor PAC-
External FETs
Figure 1. Example of Application Circuit
Table 2.
Components Min Recommended Value Max Unit Description

R1 0.1 0.33 1 kQ Battery+ is filtered to VCC by R1 and C1
R2 0.1 1 2 kQ Protection from reverse connection of charger
C1 0.01 0.1 1.0 uF Battery+ is filtered to VCC by R1 and C1
R3 1 20 me Sence resistor for over—current detection
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Table 3. ELECTRICAL CHARACTERISTICS (R1 =0.33kQ, R2 = 1 k&, VCC = 3.8 V (Note 1))

LC06511DMX, LC06511FMX, LC06514DMX

Test
Parameter Symbol Conditions Min. Typ. Max. Unit Circuit
Detection Voltage
Over-charge detection voltage Vov R1=0.33kQ Ta=25°C Vov_set -10 Vov_set Vov_set +10 mV B
Ta=-20 to Vov_set -15 Vov_set Vov_set +15
60°C
Over—charge release voltage Vovr1 R1=0.33kQ Ta=25°C Vovr_set -30 Vovr_set Vovr_set +30 mV B
VN(I;SV_ c(;)\(/:r& Ta=-20 to Vovr_set -55 Vovr_set Vovr_set +40
- 60°C
Vovr2 R1=0.33kQ Ta=25°C Vov_set -15 Vov_set Vov_set +10 mV |
VMC>SV_ c(;)\c/: r& Ta=-20 to Vov_set -20 Vov_set Vov_set +15
- 60°C
Over-discharge detection volt- Vuv R1=0.33kQ Ta=25°C Vuv_set -35 Vuv_set Vuv_set +35 mvV B
age
g Ta=-20 to Vuv_set -55 Vuv_set Vuv_set +55
60°C
Over-discharge release volt- Vuvri R1=0.33kQ Ta=25°C Vuv_set — 35 Vuv_set Vuv_set + 50 mV B
aget VM =0V
Ta=-20to Vuv_set — 55 Vuv_set Vuv_set + 80
60°C
Over-discharge release volt- Vuvr2 R1=0.33kQ Ta=25°C Vuvr_set -100 Vuvr_set Vuvr_set +100 mV D
age2 -
g VM=OPEN Ta=-20 to Vuvr_set -110 Vuvr_set Vuvr_set +110
60°C
Discharge over—current detec- Vdoct R2=1kQ Ta=25°C Vdoc1_set-1.0 Vdoc1_set Vdoc1_set+1.0 mV F
tion voltage (primary protection -
oe (p P ) VCC=3.8v Ta=-20 to Vdoc1_set-1.8 Vdoc1_set Vdoc1_set+1.8
60°C
Discharge over-current detec- Vdoc2 R2=1kQ Ta=25°C Vdoc2_set-1.0 Vdoc2_set Vdoc2_set+1.0 mV F
tion voltage2 (secondary pro- VCC=3.8V
tection) ’ Ta=-20 to Vdoc2_set-1.8 Vdoc2_set Vdoc2_set+1.8
60°C
Discharge over-current Vshrt R2=1kQ Ta=25°C Vshrt_set-10 Vshrt_set Vshrt_set+10 mvV F
detection voltage (Short circuit) VCC=3.8V
: Ta=-20 to Vshrt_set-12 Vshrt_set Vshrt_set+12
60°C
Dicharge over—current(Short Vdocr R2=1kQ Ta=25°C VCC-1.1 VCC-0.65 VCC-0.2 \ A
circuit) release voltage VCC=3.8V
CS_—6V Ta=-20 to VCC-1.2 VCC-0.65 VCC-0.1
- 60°C
Charge over-current Vcoc R2=1kQ Ta=25°C Vcoc_set-1.0 Vcoc_set Vcoc_set+1.0 mV F
detection voltage VCC=3.8v Ta=-20 to Vcoc_set-1.8 Vcoc_set Vcoc_set+1.8
60°C
Charge over—current release Vcocr R2=1kQ Ta=25°C 0.08 0.2 0.32 \ A
voltage VCC=3.8V 201 0.05 02 035
a=-20to . . .
CS=0v 60°C
Input Voltage
0 V Battery Charge Vchg VCC - VM Ta=25°C 1.4 \% A
Permission Charger Voltage VCC = VSS
(LC06511DMX) =0V
0 V Battery Charging Vinh VM = -4V Ta=25°C 0.9 1.15 1.4 \ A
Inhibition Battery Voltage
(LC06514DMX)
Current Consumption
Operating current Icc At normal Ta=25°C 3 6 uA J
state VCC=3.8V
Stand-by current Istb At stand-by Ta=25°C 0.95 uA J
State VCC=2.0V
Auto
wake-up
=enable
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LC06511DMX, LC06511FMX, LC06514DMX

Table 3. ELECTRICAL CHARACTERISTICS (R1=0.33 kQ, R2=1kQ, VCC = 3.8 V (Note 1))

Test
Parameter Symbol Conditions Min. Typ. Max. Unit Circuit
Resistance
Internal resistance (VCC-VM) Rvmu VCC=2.0V Ta=25°C 150 300 600 kQ E
VM=0V
Internal resistance (VSS-VM) Rvmd VCC=3.8V Ta=25°C 5 10 20 kQ E
VM=0.1V
CO output resistance (High) Rcoh VCC=3.8V Ta=25°C 6 12 24 kQ H
C0=3.3V
CS=0V
CO output resistance (Low) Rcol VCC=4.5V Ta=25°C 0.5 0.7 2.0 kQ H
C0=0.5V
CS=0V
DO output resistance (High) Rdoh VCC=3.8V Ta=25°C 0.5 1.0 2.0 kQ G
DO=3.3V
CS=0V
DO output resistance (Low) Rdol VCC=2.0V Ta=25°C 0.2 0.3 0.8 kQ G
CS=0V
DO=0.5V
Detection and Release Delay Time
Over-charge detection delay Tov VCC=3V to Ta=25°C 819 1024 1229 ms B
time 4.6V
VM=CS=0V Ta=-20 to 717 1024 1331
60°C
Over-charge release delay time Tovr VCC=4.6V Ta=25°C 12.8 16 19.2 ms B
to 3V
VM=CS=0V Ta=-20 to 1.2 16 20.8
60°C
Over-discharge detection delay Tuv VCC=3.5V Ta=25°C Tuv_set*0.8 Tuv_set Tuv_set*1.2 ms B
time to 1.8V
VM=CS=0V Ta=-20to Tuv_set*0.65 Tuv_set Tuv_set*1.35
60°C
Over-discharge release delay Tuvr VCC=1.8V Ta=25°C 0.84 1.05 1.26 ms B
time to 3.5V
VM=CS=0V Ta=-20to 0.68 1.05 1.42
60°C
Discharge over-current Tdoct CS=0V to Ta=25°C Tdoc1_set*0.8 Tdoc1_set Tdoc1_set*1.2 ms F
detection delay time 1 Vdoc1MAX
Ta=-20 to Tdoc1_set*0.7 Tdoc1_set Tdoc1_set*1.3
VM=0V o = = =
60°C
Discharge over-current Tdoc2 VM=0V to Ta=25°C 12.8 16 19.2 ms F
detection delay time 2 Vdoc2MAX
VM=0V Ta=-20 to 1.2 16 20.8
B 60°C
Discharge over—current Tdocr VM=3.8V to Ta=25°C 3.2 4 4.8 ms A
release delay time 2.65V Toe—20 4 o8 2 5o
a=-20to R .
CS=0V 60°C
Short-current Tshrt CS=0V to Ta=25°C 175 250 325 us F
detection delay time VshrtMAX
VM=0 Ta=-20 to 150 250 350
60°C
Charge Over-current Tcoc CS=0V to Ta=25°C 12.8 16 19.2 ms F
detection delay time VcocMIN
VM=0 Ta=-20 to 1.2 16 20.8
B 60°C
Charge Over-current Tcocr VM=0V to Ta=25°C 3.2 4 4.8 ms F
release delay time VcocrMAX
Ta=-20 to 2.8 4 5.2
CS=0V 60°C

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product

performance may not be indicated by the Electrical Characteristics if operated under different conditions.
1. The specifications in high temperature and low temperature are guaranteed by design.

www.onsemi.com
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LC06511DMX, LC06511FMX, LC06514DMX

TEST CIRCUITS

www.onsemi.com

Figure 2. Test Circuits
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LC06511DMX, LC06511FMX, LC06514DMX

Table 4. ADJUSTABLE PARAMETERS

Parameter Unit Range Typical Value Setting Guide
Vov mV 4100 ~ 4550 5 mV step
Vovr mV Vov-Vovr_Hy Vovr_Hy: 0,100,150,200 (4 steps)
Vuv mV 2000 ~ 3300 50 mV step
Vuvr2 mV Vuv+Vuvr2_Hy Vuvr2_Hy: 0, 200, 300, 400 (4 steps)
Vdoc1 mV 3~70 1 mV step
Vdoc2 mV 3~70 1 mV step
Vshrt mV 50 ~ 150 10 mV step
Vcoc mV -70 ~ -3 1 mV step
Parameter Unit Typical Value Setting Guide
Tuv ms 32, 64, 128, 256
Tdoc1 ms 8, 16, 2048, 3482

Table 5. SELECTION GUIDE

Specific
Vov Vovr Vuv Vuvr2 | Vdoc1 | Vdoc2 | Vshrt Vcoc Tuv Tdoc1 Device
Device @ | @ | @) | @) | @) | @) | my | mv | ms) | ms) | Code
LC06511D01MXTAG| 4475 4275 2600 2800 40 - 150 -30 32 16 LE
LC06511D02MXTAG| 4225 4125 2500 2700 18 25 60 -12 32 16 LG
LC06511D04MXTAG| 4430 4230 2800 3000 24 - 50 -12 32 8 LJ
LC06511FO3MXTAG| 4500 4350 2100 2300 10.5 15 40 -18 64 3482 LK
LC06514D01MXTAG| 4550 4400 2600 2800 35 40 120 -40 32 3482 LF

www.onsemi.com
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LC06511DMX, LC06511FMX, LC06514DMX

Table 6. PIN FUNCTION

Pin No. Symbol Pin Function

1 VM Charger negative voltage input terminal

2 CO Charge FET control terminal

3 DO Discharge FET control terminal

4 VSS VSS terminal

5 VCC VCC terminal

6 CS Over-current detection input terminal
BLOCK DIAGRAM

vce
(5]

0osc
Power
Control
Level
- Shifter
-4 Control Circuit

N

i

Rvmu
Short
Over-discharge De?ecl‘z:"e L Rvmd
> 7 Detector L -
1.2v
Discharge Y
Over-current hmEn
Detector 1
Over- charge ’ el
T Detector Disharge -
Over-current
-« 4 Comp for
Detector 2 Vdocr l
e
Charge *
Over-current —|
<«
Detector Comp for
oTP Veocr l
4 [6] [3 2
L]
VSS Cs DO CcOo

Figure 3. Block Diagram
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LC06511DMX, LC06511FMX, LC06514DMX

DESCRIPTION OF OPERATION

The battery voltage is detected between VCC pin and
VSS pin and the battery current is detected between
VSS pin and CS pin.

1. Normal state
“VCC voltage” is between “over—discharge detection
voltage (Vuv)”, “over—charge detection voltage (Vov)”,
and “CS voltage” is between “charge over—current
detection voltage (Vcoc)”, “discharge over—current
detection voltage (Vdoc)”, and “VM voltage” is lower
than “dicharge over—current (short) release voltage
(Vdocr)”.
This is the normal state. Both CO and DO are high

level output. Charge and discharge is allowed.

2. Over—charging state
“VCC voltage” is higher than or equal to “over—charge
detection voltage (Vov)” for longer than “over—charge
detection delay time (Tov)”.
This is the over—charging state, CO is low level output.
Charge is prohibited.
Release from over—charging state 1
“VM voltage” is lower than “charge over—current
(short) release voltage (Vcocr)”. Then “VCC voltage”
is lower than “over—charge release voltage (Vovr)” for
longer than “over—charging release delay time (Tovr)”.
Release from over—charging state 2
“VM voltage” is higher than “charge over—current
(short) release voltage (Vcocr)”. Then “VCC voltage”
is lower than “over—charge detection voltage (Vov) for
longer than “over—charge release delay time (Tovr)”.

3. Over-discharging state
“VCC voltage” is lower than “over—discharge detection
voltage (Vuv)” for longer than “over—discharge delay
time (Tuv)”.
This is the over—discharging state, DO is low level
output. Discharge is prohibited.
During over—discharging state, VM pin is pulled up to
Vcc by internal resistor (Rvmu) and circuits are shut
down. The low power consumption is kept.
Release from Over-discharging state 1
Charger is connected, then “VCC voltage” goes higher
than “over—discharge release voltagel (Vuvrl)” for
longer than “over—charge release delay time (Tuvr)”.
Release from over-discharging state (with auto
wake-up feature) 2
“VCC voltage” is higher than “over—discharge release
voltage2 (Vuvrl)” without charger for longer than
“over—charge release delay time (Tovr)”.

4. Discharging over—current state
Discharge over—current detection 1
CS terminal is higher than or equal to “discharge
over—current detection voltage (Vdocl)” for longer than
“discharge over—current detection delay time (Tdocl)”.
DO is low level output. Discharge is prohibited.
Discharge over—current detection 2
CS terminal is higher than or equal to “discharge
over—current detection voltage2 (Vdoc2)” for longer
than “discharge over—current detection delay time 2
(Tdoc2)”.
DO is low level output. Discharge is prohibited.
Discharge over—current detection (Short circuit)
CS terminal is higher than or equal to “discharge
over—current detection voltage (Short circuit) (Vshrt)”
for longer than “short—current detection delay time
(Tshrt)”.
DO is low level output. Dischaege is prohibited.
During discharging over—current state, VM pin is
pulled down to Vss by internal resistor (Rvmd).
Release from discharging over—current state
“CS voltage” goes lower than “discharge over—current
detection voltage (Vdoc1)” and VM voltage goes lower
than “discharge over—current (short) release voltage
(Vdocr)” for longer than “discharge over—current
release delay time (Tdocr)”.

5. Charging over—current state
“CS voltage” goes lower than or equal to “charge
over—current detection voltage (Vcoc) for longer than
“charge over—current detection delay time (Tcoc)”.
This is the charging over—current state, CO is low level
output. Charge is prohibited.
Release from charging over—current state
“CS voltage” goes higher than “charge over—current
detection voltage (Vcoc)” and “VM voltage” goes
higher than “charge over—current release voltage
(Vcocr)” for longer than “charge over—current release
delay time (Tcocr)”.

6. 0 V battery charging (LC06511DMX)
When the Battery voltage is lower than or equal to “0V
battery charge permission voltage (Vchg)”, charge is
allowed if charger voltage is higher than or equal “0V

battery charge permission voltage (Vchg)”. CO is fixed
by the “VCC voltage”.

7. 0 V Battery Protection Function
(LC06514DMX)

This function protects the battery when a short circuit
in the battery (0 V battery) is detected, at which point
charging will be prohibited.
When the voltage of a battery is below “0 V battery
charging inhibition battery voltage (Vinh)”, CO is low
level output. Charge is prohibited.

www.onsemi.com
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LC06511DMX, LC06511FMX, LC06514DMX

Over Discharge Detection and Release (with/without Charger)
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LC06511DMX, LC06511FMX, LC06514DMX

Discharge Over Current and Short Current Detection and Release
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LC06511DMX, LC06511FMX, LC06514DMX

CHARACTERISTICS OF LC06511D01MX (TYPICAL DATA)

(1) Current Consumption and Protection Detection Voltage

Icc Vov
7 4490
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—_— 5 = 4480
g 4 E
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2
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Figure 7. Current Consumption and Protection Detection Voltage
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LC06511DMX, LC06511FMX, LC06514DMX

(2) Protection Detection Delay Time
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Figure 8. Protection Detection Delay Time
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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