MITSUMI Lithium-lon Battery Charge Control (with timers) MM1639

Lithium-lon Battery Charge Control (with timers)
Monolithic IC MM1639

This is a lithium-ion battery charge control IC. It incorporates constant-voltage and constant-current circuits
for easy implementation of lithium-ion battery charge. It includes functions to disable charging to
overdischarged batteries, disable charging due to abnormal temperature, etc., and timer functions. It is also
equipped with a 2-channel LED driver to allow the charge status to be displayed.

Features

1. Operating supply voltage 2.7~5.9V

2. Operating ambient temperature -20~70°C

3. Current consumption 5.0mA typ.

4. Low voltage detection voltage 2.0V typ.

5. BAT pin output voltage 4.20+0.03V (Ta=0~50°C)

6. Recharge detection voltage 3.90V typ.

7. Precharge detection voltage 2.90V typ.

8. Fast-charge current setting Rsense=0.22V/IgCHG Example: For 0.70A, 0.22V/0.70A=0.31Q (Rsence)
Precharge current 0.026V/Rsence=0.026/0.31Q=0.084A
Full-charge current Example: 0.018V/0.31Q=0.058A
Adjustable full-charge: normally fixed at 0.103V. Full-charge current can be varied by adjusting the ADJ pin
voltage.

Example: For 0.2A, the ADJ2 pin voltage is 0.062 X 4 = 0.248V.
(Adjustable by placing 50kQ between ADJ2 and VREF)
9. Total timer (C=0.01uF, forR=130k T=1.77ms)

Precharge timer T X 21° Overvoltage detect delay time T X 28
Full-charge timer T X 223 Recharge detection delay time T X 2°
1mA charge timer T X 213 LED R blinking cycle T X 21°

Full-charge delay time T X2°
Overcurrent detection delay time T X 28
10. During timeout, abnormal charge, 1mA charge  MM1639E LED-R=blinking
MM1639F LED-R=off

VSOP-16A

Pin Assignment

1 SW 9 cS
T 2 TP1 10 CFB
16 15 14 13 12 11 10 9 3 TP2 11 CNT
4 VREF 12 Ve
12345678 5 GND 13 LED G
gubuuuoy 6 ADJ2 14 LED R
VSOP-16A 7 Toer 15 0SC OUT
8 BAT 16 0SC FB-
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Internal Equivalent Circuit Diagram
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Lithium-lon Battery Charge Control (with timers) MM1639

Pin Description

Pin no.

Pin name

170

Function

SwW

INPUT

Forced charging OFF pin.
L : Forced charging circuit ON.
H : Forced charging circuit OFF. Charging stop is forced.

TP1

INPUT/
OUTPUT

Test pin 1.

Pre-charge timer test Pin.

Inverts while counting (the middle stage of the several FF stages)
and output to TP1, to permit monitoring. Also, TP1 output signal
is inverted again inside the IC and inputs to the next stage FF.
(Timer Setting is done by binary counter.)

TP2

INPUT/
OUTPUT

Test pin 2.
Full charge timer test pin. Sane structure as TP1.

VREF

OUTPUT

Reference power supply output pin.
Outputs 1.2V typ. reference voltage. Used for temperature
detection reference power supply and AD]J2 adjustment.

GND

INPUT

GND pin.

ADJ2

INPUT

Full charge detection adjustment pin.

Pin voltage is set at 103mV typ.. Full charge detection value

can be changed by adjusting pin voltage with an external resistor,
etc. Full charge detection is done by comparing AD]J2 pin

voltage and 12dB voltage drop value between CS and BAT.

ToET

INPUT

Temperature detection input pin.

Apply potential resistance divided by external resistor and
thermistor from reference voltage When using. Reset state will
exist if TpET pin does not reach the specified potential.

BAT

INPUT

Battery voltage input pins.
Detect battery voltage and control charging.

CS

INPUT

Current detection pin.
Detects current by external resistor (between CS and BAT) Voltage
drop and controls charging current.

10

CFB

INPUT

Rated current control phase compensation pin.
Oscillation is improved by connecting an external capacitor
(around 100pF) between CFB and CNT for phase compensation.

11

CNT

OuTPUT

Charging control output pin.
Controls external PNP-Tr base for rated current rated voltage charging.

12

Vee

INPUT

Power supply input pin.

13

LED G

OUTPUT

LED G control output pin.
NPN-Tr open collector output. Refer to the flow chart for ON/OFF.

14

LED R

OUTPUT

LED R control output pin.
NPN-Tr open collector output. Refer to the flow chart for ON/OFF.

15

oscouTt

OUTPUT

Oscillator output pin.

Timer setting time changes according to oscillation frequency.
Oscillation frequency is determined by an external resistor

(connected between OSC OUT and OSC FB) and capacitor (connected
between OSC FB and GND). For example, the full charge timer
setting is 4h for external resistor of 130kQ and capacitor 0.01uF

16

OSC FB-

INPUT

Oscillator inverted input pin.
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Pin Description ) The value of components below is typical one.

Pinno.| Pin name |Internal equivalent circuit diagram|Pinno.| Pin name |Internal equivalent circuit diagram
1 SW py 9 CS
100k 100k Vce
10k 10k
2k

10 CFB
2 TP 1.2V

11 CNT
3 TPz 1.2V

13 LED G
4 'VREF é :

%VCC

14 LEDR

6 AD]J2
1.2v i O
114.3k
10.7k

15 | OSC OUT
7 Toer Voo %
8 BAT ? 16 | OSC FB-
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Absolute Maximum Ratings [LEREXY

Item Symbol Ratings Units

Storage temperature Tste -40~+125 °C

Operating temperature Torr -20~+70 °C

Supply voltage Vcemax. -0.3~+15 A%
Allowable loss Pp 250 mW

Recommended Operating Conditions EREXY)

Item Symbol Ratings Units

Operating temperature Torr -20~+70 °C

Charging control operating voltage Vorr 2.7~5.9 v

= [=Yoqi g [0 O a1 = o1 (=) g 1=y (1= (Except where noted otherwise, Ta=25°C, Vce=5V) (Models listed MM1639E)

Item Symbol | Measurement conditions |Measurementpin| Min. | Typ. | Max. | Units
Current consumption Icc 12 50 | 7.0 | mA
Reference voltage VREF 4 1.207 v
ADP detection voltage L VappL Vcee: H—L 14 2351245125 | V
ADP detection voltage L
VappLw 14 50 | 100 | 150 | mV
hysteresis voltage width
ADP detection voltage H Vapru Vee: L-H 14 6.1 | 63 | 6.5 v
ADP detection voltage H
Vappaw 14 50 | 100 | 150 | mV
hysteresis voltage width
BAT pin leak current IBaT 8.9 1 HA
BAT pin output voltage Vaar Ta=0~+50°C 8 4.17014.200|4.230| V
CNT pin output voltage Venr Ient=20mA 11 0.5 A%
SW pin input current Isw 1 80 | 120 | 160 | pA
SW pin input voltage H Vswa Charging control circuit: OFF 1 0.6 120 V
SW pin input voltage L Vswi Charging control circuit: ON 1 025| V
Current limit 1 Vil Full charge 8,9 020022024 V
Current limit 2 Vi2 Pro-charge 8,9 21 | 26 | 31 | mV
Full charge detection Vr 8,9 13 18 23 | mV
Overcurrent detection 8.9 0261029 031| V
Low voltage detection Viv Vear: L~H 8 1.90 | 2.00 | 210 | V
Low voltage detection
Vivw 8 25 50 | 100 | mV
hysteresis voltage width
Pre-charge detection voltage Vp Vear: L—H 8 2801290 |3.00| V
Pro-charge detection
Vew 8 25 | 50 | 100 | mV
hysteresis voltage width
Re-charge detection voltage VR Vear: H—L 8 3851390139 | V
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Item Symbol | Measurement conditions |Measurementpin| Min. | Typ. | Max. |Units
Overvoltage detection voltage Vov Vear: L—H 8 430 | 435|440 | V
Battery temperature Low temperature
Vru . 7 0.835[0.8600.885| V
detection voltage H 3°C = 3°C detection
Battery temperature High temperature 43°C + 3°C
VL1 . . 7 0.390/0.41310.435| V
detection voltage L1 detection (Charging start)
Battery temperature High temperature 50°C + 3°C
i VL2 . . ) 7 0.335[0.3530.370| V
detection voltage L2 detection (during charging)

Toer input bias current Ir 7 30 | 150 | nA
LED R pin output voltage VLEDR ILEDR=10mA 14 0.4 v
LED G pin output voltage ViEDG ILEpG=10mA 13 04 v

Timer error time AT Not including external deviation 13,14 -10 10 %

*Current limits 1 and 2 and full charge detection are specified art current detection resistor voltage drop.
*If the IC is damaged and control is no longer possible. its safety can not be guaranteed. Please protect with

something other than this IC.

*Temperature detection is the setting value at B constant 3435 (10KC15-1 608 made by Ishizuka Denshi).
*Use a capacitor with good temperature characteristics in the oscillator. Capacitor deviation will contribute to

timer error.

*When the battery overdischarge condition. a charge 1 mA for 14 seconds. and then it does not switch to
pro-charging during that interval. it means the IC has identified a battery abnormality.

2 [=ei g (o= | O] g 172163 (=1 [5] i [e3- 3724 OSC CR Setting Reference Note

M OSC CR-Oscillation Cycle Examples

- R 75k 100k 120k 130k 150k 200k
0.0047u 0.47ms 0.63ms 0.75ms 0.82ms 0.94ms 1.26ms
0.0082p 0.83ms 1.10ms 1.32ms 1.43ms 1.65ms 2.20ms

0.01p 1.03ms 1.37ms 1.63ms 1.77ms 2.04ms 2.73ms
0.015u 1.48ms 1.98ms 2.38ms 2.58ms 2.97ms 3.95ms
0.022u 2.16ms 2.87ms 3.44ms 3.73ms 4.30ms 5.76ms
M Time of Each Times
- Calculation Examples of calculation
formula (for C=0.01pF,R=I 30kQ)
Pre-charge timer Tx21 15min. 28s
Full charge timer Tx2% 4h 7min.
1mA charge time Tx213 14.5s

Full charge detection delay time Tx2° 0.90s

Overcurrent detection delay time Tx?28 0.45s

Overvoltage detection delay time Tx?28 0.45s

Re-charge detection delay time Tx25 56.6ms

LED R blinking cycle Tx21 1.8s

T : OSC oscillation cycle
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Measuring Circuit

Vce
'
i
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(U EEETgTp[o gl feTol=To [F{=1-1 (Except where noted otherwise, Ta=25°C, Voo=5V, V1=0V, V8=4.27V, SW7 11, 13, 14, 16: A, 19=0mA)

Item

Measuring procedures

Current consumption

V1=1.2V. Measure A12 current value Icc.

Reference voltage

Measure T4 potential Vrer.

ADP detection voltage L

Gradually lower Vcc from 5V; Vec-potential is VaorL when T14 potential goes
over Vcc-0.5V.

ADP detection voltage L
hysteresis voltage width

Gradually lower Vcc-from 2V. Vece-potential is Vaprr2 when T14 potential drops
below 0.5V. VaprLw=VappL2-VaprL

ADP detection voltage H

Gradually increase Vcc from 5V. Vee potential is Vabpn when T14 potential
goes over Vcc-0.5V

ADP detection voltage H
hysteresis voltage width

Gradually lower Vcc from 7V Vece-potential is Vabpu2 when T14 potential drops
below 0.5V. Vappuw=VapPH-VADPH2

BAT pin leak current

Vee=0V. SW11: B, V11=0V, Measure A8 current value Isar.

BAT pin output voltage

Gradually lower V8 from 3.5V. T8 potential is Vear when T9-T8 potential
difference falls to less than 20mV.

CNT pin output voltage

V8=3.5V. SW1 1: B. Gradually raise V11 from 0V. T11 potential is Vent When
A11 current value 20mA.

SW pin input current

Measure Al current value Tsw.

SW pin input current voltage H

CHGSW pin input current voltage L

V8=3.5V. Raise V1 from 0V to 12V. SW: ON when A8 is bigger than 500mA.
SW; OFF when A8 is smaller than 1 mA. Measure Vsw-

Current limit 1

V8=3.5V. T9-T8 potential difference is VL1.

Current limit 2

V8=2.5V. T9-T8 potential difference is Vi1.2.

Full charge detection

SW1 6: B. 19=100mA. Gradually reduce 19 current value after reset. T9-T8
potential difference is VF when T13 potential goes under 0.5V.

Overcurrent detection

19=500mA. Gradually increase I9 current value after reset. T9-T8 potential
difference is Voc when T14 potent;al starts to repeat HI/LOW.

Low voltage detection voltage

Gradually raise V8 from 0V. T8 potential is VLv when A8 current value goes
over 50mA.

Low voltage detection
Hysteresis voltage Width

radially lower V8 from 2.5V. T8 potential is VLv2 when A8 current goes over
10mA. Vivw=VLv-Viv2

Pre-charge detection voltage

Gradually raise V8 from 2.5V. T8 potential is Ve when A8 current value goes
over 500mA.

Pre-charge detection
Hysteresis voltage width

Gradually Bower V8 from 3.5V. T8 potential is Vr2 when A8 current value goes
under 150mA. Vpew=Vr-Vp2

Re-charge detection voltage

Wait about 1 see at V8=4. 27V, in full charge detection state,
gradually lower V8 potential to lower T13 potential to under 0.5V. T8 potential
is Vk When T13 potential is more than Vcc-0.5V.
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Item Measuring procedures
Overvoltage detection voltage Gradually raise V8 from 4V. T8 potential is Vov when T14 potential starts to
repeat HL/LOW.

Battery temperature V8=3.5V, SW7: B, Gradually raise V7 from 0.6V. T7 potential is Vru when A8
detection voltage H current value goes under 1mA.
Battery temperature V8=3.5V, SW7: B, Gradually raise V7 from OV. T7 potential is V1.1 when A8
detection voltage L1 current value goes over 500mA.
Battery temperature V8=3.5V, SW7: B, Gradually lower V7 from 0.6V. T7 potential is V1.2 when A8
detection voltage L2 current value goes over 1mA.

Toet input bias current SW7: B, V7=0V. Measure A7 current value IT.

V8=3.5V, SW14: B, Gradually raise V14 from 0V. T14 potential is VLeEbr when
A14 current value is 10mA.

Wait about 1s at V8=4.27V: in full charge detection state, make

LED G pin output voltage | T13 potential 0.5V or less. Next at SW13: B, gradually raise V13 from 0V. T13
potential is VLepc when Al3 current value is 10mA.

LED R pin output voltage
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L1301 (s [e @ F=Tg i (Models listed MM1639E)

M When charging normally M When connecting abnormal adapter
Vce: ON
Strat
Vce 5.5V l/ 11— Vce A%
oV OV ——
BAT PIN
voltage 3V
BAT PIN —F-29v: g §
voltage : : : : : :
: : : ' Charging current |
: : : 0A
Charging current : " \1_
— Jre | : LED R
0A % charge: 0A - : OFF
1 charge: H H
1mA charging ! J : Full Full ; ; Re- e
; icharge  charge : charge
LEDR | ON OFF | ON LED G OFF
_! : —_—
LED G Vore ON | OFF
M When battery setting error M When overcharged battery setting
(temperature detection pin open)
Vce 5.5V Veo 5.5V
o —— ov
; BAT PIN :
v ; voltage 435V | ,
BAT PIN : i BAT PIN overvoltage detection
charging Charging current Lomere than 0.5
0A 0A '
charging current P
LEDR OFF LED R |_
; — ON/OFF 0.57Hz
LED G LED :
OFF G i OFF
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B When setting overdischarged battery

Voo 55V
ov —
BAT PIN © No return to
voltage Under2V — _normal voltage
ov 5 14s
Charging current : :
0A ' 1mA charging
LEDR ||||||||||||||||||||||||||
E— ! ON/OFF 0.57Hz
LED G OFF

Bl When times up for pre-charge

Vee 5.5V I
ov | BAT voltage
. BAT voltage E/under 2v
BAT PIN  overav
voltage :
15min. : Charging at about
Charging current | 112% of full charge

é ON
LEDR :

: ON/OFF 0.57Hz

OFF

LEDG |

B When overcurrent detection

BAT PIN
voltage
ov
i 0.5s
—i Overcurrent detection
Charging current |_
0A !

ON
LEDR —

I

ON/OFF 0.57Hz

-

LED G

OFF

B When times up for full-charge

Vce :
ov . BAT voltage | No detection
BAT PIN | oover2.9V. i of full charge
voltage :
Charging current
0A Full charge

LEDR _  ——————
5 —

LED G

| ON/OFF 0.57Hz

OFF
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B When setting full charge battery

Vee 5.5V
ov
4.2V
BAT PIN
voltage : 0.9s :
Charging current 5
0A !
? ON FF
LEDR _ ————— ©
OFF ON

LED G

M When recharge detecting

55—
Vce
O ..........
3.9V
BAT PIN
voltage ; ;
i 56ms |
Charging current !
0A Full charge
LED R : oFF [ ON
LED G i ON | OFF
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Flow Chart

Start

Adaptor trouble No

2.5V<Vce<6.3V

Check No

i

Abnormal charging prohibited

}

batteries

Check temperature No

3~43°C

Check 1mA 14s
when Vear<2.0V

Check voltage
2.0V<Vear<4.35V
Yes

Check voltage

Vear>2.9V

Yes

|
4h timer
start
I

Quick charging

No Check temperature

3~50°C

Yes

Check overcurrent

lear<1A

Yes

Check voltage
VBar<4.35V
Yes
No

No Check overchage
VBar<4.35V
Yes

Chaging complete

No Check voltage
VBaAT<3.9V
Yes

15min.tmer
start

Pre-charging

e >
Check voltage
VBar>2.9V

*When charging is prohibited
disconnect the power supply,
remove the batteries
or use reset to start again.

Abnormal charging prohibited

LED display

Not lit up

Red lit up

........................

Green lit up

Red blinking
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Application Circuit

AC input B+
AC adaptor
O ] S AVee XCNT Les LBaT
= M N
Input
protection LEDR Battery
cricuit p— LED G pack
0SC OUT VREF

0OSC TDET
OSC Ll)sw GNDLI)

Portable egipment
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Characteristics

M Current limit 1 M Current limit 2
0.3 50
s S
= 025 £ 40
— N
[= = 30
= 02 S
= = 20
e 5
o
0.1 0
-25 0 25 50 75 25 0 25 50 75
Temperature (°C) Temperature (°C)
M BAT pin output voltage M Re-charge detection voltage
Q
% 495 Vear=4.2V g 395
S 4.24 5 3.94
S 423 > 393
9 422 S 3.92
= 4.21 75 39
3 42 —— 8 3.90
5 4419 © 3.89
O 418 -g_’ 3.88
£ 417 £ 3.87
3 4.16 S 3.86
T 416 2 385
Pra) -25 0 25 50 75 © -25 0 25 50 75
o) o
Temperature (°C) o Temperature (°C)
M VCNT vs IeNT M LED G, R voltage vs current
05 Ta=25°C 05 /Ta=25 C
> /
S o4 o 04
o / g /
2 03 % = 03 7
= g [LED GJ
g 0.2 / e 0.2 — /
= ,/ o /:/,_
S 01 = 4 0.1 = LEDR]
0 (=
1 10 100 1 10 100
Ient current (mA) ILep R, G current (mA)
M Period of OSC M BAT pin leak current
Ta=25°C <
6 < 01
@ ,—|—| = 0.09
£ 5 [C=0.022F /// £ 008
£ il S o.
QO 4 » £ 007
8 1 c=00TF]_| 3 0.06
3 =0. x 0.05
5 C=0.047uF] | —— S 0.04
g 5 — 0.03
3 .
o | :Z 0.01
0 0
100 120 140 160 180 200 o 0 05 1 15 2 25 3 35 4 45

Resistance for OSC (k<) BAT pin voltage (V)




