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ABSTRACT

The purpose of this research was to design 4 cell lithium-ion battery charger,
The system measures the voltage of each battery cell and analyze appropriate in
charge of each battery cell. The separate battery charger systems into individual
cells.tach cell will be with the current 500mA until it reach 3.9V. Then the system
will measure the voltage in order to more the period that each cell which are
charging,reach 3.9V as soon as possible.So,all of the battery can be fully charged at

the same time.Moreover,it has a LCD showing the status and the voltage of each cell.
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2.3.2 29959159 (charger)
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¢ A o ¢ A o v & ' ¢
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o ¢ 1Y v o« o ! 3 ¢
WINNTPITY WAAAIUSIAUTYT Enable Input  Andn 0.8 Thad 2s9sasmeanisnsa

o | o v | w o - y | « 0§ w
uagiilavaselWidsadnms uavillaiiuseiuiivn Drive Output upend 4.5 Tiad awvinlu
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MA2Q705 j00ma NDS8434

5V LT L SNy
+ | Single

10 wF 1 8] T Lithium-lon
I SENSE DRV J;. Cell
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uazilouunnodiiuseduannnd 4.0 Taad  szuuezUsEquUAREIRILLsITUAW (Constant
Voltage ,CV)
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d /e 1 1
M15199 2.6 AnanTRves IneluudazUsEIAN

N 7 Proceasor Input/ Output Power Connectivity
\
\\.

Arduine UNO ATmegalZé % r Tk ez | 8 | 10 8| 1 NA | NA | BV | T Yes | Yes | ATmegalsuz 1 No No N2
R3 I | 12V
[Aduno UNG | ATmegarzs [ 2 [ | e || w8 [0 8 [ NA | ma [ v | 7. | ves [ ves [Arregaioz | 1+ | we No | No
SMD I | | | Y l
.}1-14\\'5 Meca Vanr'\re;:'zfva‘ | h- 258k 7.‘.1 ;au—: ) \l L[] [ '»7 7 14 [ 4 NA | NA W ””4’ 3 Yea | Y& -’:I Tegal U2 i 1 No Ko :L:\
2550 RS I | Y ; |
Arduino Mega | ATmega2se0 | Bc [ 256k | ax [ toweiz | e[ 00 [ 10 | 14 | 2 | WA | ma | 5V | 7. | ves | ves ATmegatsu? | 1 [ MAXU21E | Mo | No
0K | { I | | 18v |
Moulo | ATmegadzus | 2% | 32 | fc |sowe | 25 | 12 | 10 | 7 1 | N | ua | =V ‘T Yes | Yes Buit No No | No
Laonario N

Ardumo Wi | ATmegaizs T 2] 3| w | roma E\.: B :Vilu ST Pl | k| av v | vl NiA 1 No [ [ N
Sl et TINCIN NN A A T e | TN i i )
Arduino Pro ATmagal2s x I ® BMHI |14 a | a 1 NA A 3av | v No Yas NA 1 No N6 | N
N 328 | [ N

3.3V | | |

Arduna Pro ATmaga | 2 | ax | ';““T 1~ |Way | 7o | ol | 3= | Wenl|-wim Pav | v e | w0 nAL |1 No N | W
A 376 - SV 5 | g i_ AN : v } 5 |
Ao ATmagalse x 2K K 1602 1] (-] i 1" a 1 NA NA &V | e Yos | Yes NA 1 No No NO
Fiharmal witn | | | | BV

| |

FOE moaums | |

“Aouno Atmegaize | 2 | 3k | w | towe= | @ | o f TREE RN ‘;:‘*-nm | o | ves| ves " I Ne | ™ | W |
Emernst | { ‘ ’ | | 8w

o | | i & /NG|

#Aaduiv DUE SAMaE | oo [ Sk | NA [ | 70 | 2 | 12 I« 2 |12 |sav] ™ | mo | vo Butt-ir 2 No ves | No
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2.3.3.1 dauusznaunngg ¥a9 Arduino Mega2560

gﬂﬁ 2.8 1A%9a519909UBSA Atmega2560

= 4 o L3 as o as ! 1
ngun 2.8 Wulnssaivesvedn ATMega2560 dsflgunsniuazdnuarnisvhausasolus

=

)
® yuelaY 1 Ae Tireuwnasdngluiianmeuen aunsaldlatunmassag Wiy

nsswalwihaduuaznszualnings aunsaldfuuseiulni 7 Thas 8¢ 12 Thas
® 1378187 2 A ﬁaL%awiaaquaaﬁ
= 3 ﬂ] 1 = o o =Y 1 { . = 2
® mneay 3 Ao Tuveunemegealimiuindedoasiuneuiiunaslneld FT232RL
Th9sdusunTIvEauLas gl Lﬁaaé’ums‘tﬁmuLmdaihasmﬂgmaﬁlﬂﬂuwdma
Wihldiios Tnedalulfd Tnewdielilddeundsrelniin vesaazldlvanwesn goadiy
wniadelunisvinau uadiefintsaeunasanelnin svadululdunassnsann wrassnelngi
walnednlulf
® yiuuaw 4 Ao Leada VEXT ldwansaniuziidednisaaldannumasieln
& aa o o ¢ ~ s
® unelaY 5 Ap woadd +VCC lunansaniuzvasunasglnivesuede loulauasn
saldauanunasdnelniazwansanuglnenisly woads VEXT war weass +VCC fnadng
wiouiwisg udtueialdunastelnihonnesngioad avuansanzlaensliueads
+VCC AnanaieanIafien
= =l § @ I3 o o & 2 o a as 1
® e 6 AP LOADA LAANANIULYBIDISENT waziildng ldd s uLandnISSU-as

Joyasenineuasn ATMega2560 numaNIResHUHeShELad
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® 3331818 7 A WeADH D13 l'ﬁé"m%’uLLamﬂﬁﬁmuﬁumewamma‘i wazldneaau

MS1UTBIVDIAIINNTATUANTEIYT D13 Yeudiwasin 1 uasngavinausigasin 0
® el 8 Ae dndiae
® vunwiav 9 Ae Prelunisanilvanlusunsu

® 7818 10 A YInawnaIglndi 2.3 Taad 0 5 Las

9
o 1 e

® vunelav 11, 12 An Tarednyinourden

@

2
o

® yuaY 13, 14, 15 A TnednnuRInes

2
o o

® yNelaY 16 Ap TIRBEYYIURINDA

hOT]

Power
Arduino Mega anunsawdaysundsnulaenisifensie micro USB  connector u3e
9 power supply 9MnAusnle InsunaInasuezgnidoninesnlud
WWasTEIINAEuenasounliaIn AC-to-DC  adapter ¥3a1nUunwe3  laose
Wiy 2.1mm center-positive  plug W wendsuwnasiie waznssadnfiuwunnes
ausavitlalaanisaaiiniu GND wag Vin pin header 484 power conecter
vasaamsaiauldlut sty 6 89 20 volts 61 unasdiefiAdini 7V enm
daalyh 5V pin dusswiufisdani 5V uay vesaesazliiadios WAt MINLTIRUEAIEINTY 12
V 919dsnaliuesn Overheat uagerailiuasmdomels fufudiaussiuilmunzaniu
UpiAFD 7V 8112V
- Vin 1¥u input voltage vaauasa Arduino Ineldunasinearnnieuen
- 5V iU output pin fieuA 5V 11nUBIA
- 3v3 18 3.3 volt supply Me$198uann regulator Uuvsn waglvinszualagegn 50 mA
- GND 1Ju groud pin
- I0REF 1 pin 7l voltage reference fululnsaulnsaiass tieidonAusssy

T shield fiundausaiuvasn

Memory

ATmega2560 flnieAaud 256 KB (8 KB lddwsu bootloader) fivuisaanusn
doyadensen (EEPROM) 4 Alalus fmireaaudiusy (SRAM) 8 Alalus
Input and Output

Tuurag digital pins 17?4 54 pins UuUasA Arduino Uno mm'imﬂulc%’ﬁ'ja input Las

output Tngagyemuiusesiu 5 V uarlinssuagegn 40 mA
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HafduBu Ry

> Serial: 0 (Rx) way 1(Tx); Serial 1: 19(Rx) uaz 18 (Tx); Serial 2: 17 (Rx) way
16(Tx); Serial 3:15 (Rx) uay 14 (Tx) Iddmiusu (Rx) uazda(Tx) TTL serial data lng pin 0
uay 1 %gm%awialﬂé’a corresponding pins Y84 ATmegal6U2 USB-to-TTL serial chip

» External Interrupts: 2 (interrupt 0) , 3 (interrupt 1), 18 (interrupt 5), 19
(interrupt 4), 20 (interrupt 3), 21 (interrupt 2). pins L‘wa"lﬁﬂ’]ﬂﬂiﬂﬁﬁ]sﬁmuﬂﬁhﬁﬁﬂﬂ
interrupt Tufeg, veuvitunavas vielasunyase

> PWM: 2 e 13 waz 44 9 46 T output PWM output 8-bits

> SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS) T¥dm3usesiunisdeansuuu SPl
Tnefiliiendosiufu ICSP header @saildnwusadiedu Uno, Duemilanove ua
Diecimila

> LED 13 : \Ju build-in LED Mdeusiaru digital pin 13 o pin Sy HIGH
LED 2¢fn , wiiile pin 1fu LOW LED awsv

» TWI : 20 (SDA) and 21 (SCL). s845unisifiousanuy TWI120)

» upin Mega2560 i1 16 analog inputs wiag pins lp1uaziden 10 bits

> AREF. us3u81484 w35 analog input

» Reset 14lums reset llasroulnsaiass Iﬂﬂﬁ?lﬂ%ﬂ‘?’ﬂﬂﬁﬂﬂitﬁuﬂu reset 11

. < vy od '3
YU sheild maﬁaaﬂuu‘waquuuasm

Communication

Arduino  Uno anwnsadeansiupsuiiames ,Arduino éhé"uq %38 microcontroller &
Tneilulnsroulnsamofuuvesn Ao ATmega32Ud linisdeansuuuounsu UART TTL
(5v) Bafloglupins 0 (RO war 1 (Tx) uenanil 3204 annsaldnisdeansuuuoynsy
Fu USB wazazUsingulu COMport ailouluii Software usagnslsfnudadldivg.inf uu

5¥UUU)URANTT Windows e OSX Wag Linux @13138 recognize 1alngdnludi

Programming
Arduino  Uno @111505845un15Usunsuaie Arduino  Software laeaunsalalavialy

S¥UUUURNTS Windows , Mac OS X Uag Linux
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2.3.4 M5UAAINAAI838 LCD 989 Arduino
2.3.4.1 Uszianves LCD

99 LCD wuafu 2 uuulvnlq audnwaiznisudnsaadisl
1. Character LCD Wurefuansnaiduisnusmudesuuumed wive LCD wunm 16x2
mneddly 1 wndifsnusldld 16 @ uasiifommn 2 ussvinldlday dw 20xa ameie
Tu 1 undl fsnusTdle 20 & waziivianun 4 ussitn
2. Graphic LCD \fusefianunsarimunlddnaliusiazgauumieetuuas vioudosuas
oenly vhliedannsoadraguiuumumnineely M3sEYIUInRgsyyludnyuzyessiuIugn
(Pixels) Tuusiaguun 1y 128x64 wunefaneifiswaugamuuuiuey 128 90 uarilyeau
WARa 64 o

2.3.4.2 n1siWausia Arduino AUve Character LCD

1. ms@euseuvuruu-Jumsifeudess LCD Wrfuuada Arduino Tnemse Tovazuvaiy
Weudowuy 4 9n warmsideuseuuy 8 90 Tu Arduino rfludousiouuy 4 9n esann
Tdsiatnania
2. matdeusauuueynss-Hunaiderefuse LCD Wulugautassiuuunsideuseriuae
LCD Mauuuaunnitumsideusieuuuduilldaedesniy iy n1slgluga 12C Serial
Interface azillunisihlugaidomdniusee LCD wiliuadn Arduino Weusoruuaialiuga
Wuldslamea 12C shlildmeios 4 uiansevhlivinneuansaatamuseqponuld

® N151WauAa Arduino U9 LCD WUUIUIY

NISAOUADLUVTUIY 4 U9 anunsane laniunaessuanai

5UN 2.9 n1sl991u Character LCD fiu Arduino nsideusewuueuty
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P 1 al b3 19 1 Y w s | = = 5
WORDNATLIBUTLLAISDEY USB 1W1iuuesa Arduino %Lﬁuﬂaaaamaﬂwmm 16

L) L% 1 1 2 s L3 8 A e
i (mnlluge 16x2) Tuussiausnmnldwunaesliusumnudaldain VR fisesdiue Vo

U

o
A9 2.7 M171921994998 LCD 16x2 LUUTuIY

VSS/GND ' ' Ground

1

2 VDD +5VDC

3 VO/VEE LCD Control dAmivviumuiduvostadnes

a RS Register Select iluvBunmd miv@onfuus ndoynlutamod
5 RW Read/Write {Duwumnd miviSonTuuniBuimlosndoys

6 E/EN Enable Wwv Bumdmivdyanw Pulse WodoinmibuunToswdoyn
7 DBO

8 DB1

9 DB2

10 DB3 Data Pins

11 Dea 8-Bit

12 DB5

13 DB6

14 DB7

15 A (LED+) Duwn Ve Amiu LED backlight (5V)

16 K (LED) luw" Gnd dwmdu LED backlight (Gnd)

® nsi@ewsio Arduino ffuse LCD Wuvaynsy

99 LCD ifmsideunuu 12C wiaidundnegrainisidensowuy Serial Wuse LCD 55U
yilu fiumdensuuada 12C Bus MviliinsTduldasmndaiuuazamteniu VR dmsu

Usumudumesaslu guuuu 12¢ Wulumsideusaiu Arduino Wiss 4 41 (wuu Parallel

19 16 91) FavilAldeulaaenay azanuinisty

gﬂ'ﬁ 2.10 91v839@ LCD 16x2 Wuusynsy (120)
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=i
AITNN 2.8 ANT19VIVB9RD LCD  huvaynsy

GND GND (Pin 1)

+5VDC VCC(Pin 2)
A4 (SDA) SDA ( Pin 3 Serial Data )
A5 (SCL) SCL ( Pin 4 Serial Clock )

2.3.5 Msiiunansmaaasfag SD CARD
doyanluves SD Card

SD Card wSei3endaifing 11 Secure Digital Card  tufioatharldifugunsainam
YAanAeg nanedsaan luiasdu nsdwiilede, ndesidnea vsewdesiime laei
SD Card 5uﬁwu1=§uuwa§uuﬁuyummm%mwu’aaﬂfmﬁi"u,mu MMC Card lpgaziinnu
mhauazenwiiu Tufedauen 32 fadwns uaznie 24 fadwns usedaumun
11nNT1 MMC Card agiéintion sufefimmmun 2.1 fedwns Tnems vien Toshiba 1
Lﬁ'mmmmmmmqﬁmm%mLﬂi‘ﬁﬁﬂﬁﬁﬁﬁ@'ﬁﬁﬁ%’@;garﬁﬁhﬂumﬂiuia&ﬁwm MMC Card

Il
v o =l

wagdidldmaiiafiauiiiianin DRM (Disital Rights Management) FudushiansifeaiuiFes
vosdudvverfoyauild uenarniuiidutnees SO Card Suflainddend miutioatunis
deudayaivielilidnae  wsiodwlsfini SD Card AdildeidaiSsy MMC Card agii
L‘liuL%E]WENﬂ”lif\:lfyLﬁUﬁuﬁﬁBHﬁIUIﬂEJLUEi’]USﬂEI%ﬁ nanAelunsalves SO Card Tunne
64MB veildnmsanydefiuiitoyaluszann 1.5M8 Tuvessdt MMC Card Tumng 64mB
wildmsmsanydeiuiidoyaluiisszunn 0.5MB Wiy Fafoinnatunngg 3 wh
Laeiline?

Tnvaluudn panaSalumavinaiumes SD Card avgnuuseanidiu 2 suiude stu
Un# wae s¥6iu High Speed ﬁﬁé’mﬂﬂ'1{Laua"]aﬁa:&aﬁﬁaﬂ'}'ﬁsﬁwﬂﬁ %1 5D Card wuy
High Speed ﬁuﬁnﬂzgﬂﬁﬂiﬂ%ﬁumuﬁﬁaammmuL%'Jaumﬂaudfla‘ﬁazﬂagmiwﬂﬁ iUl
mslfnulmndenmiile wieamsededundesidneauteu mndlddensldnmd
saningaeifianjuuna fideadonld SO Card uuy High Speed downlunisldauguuuy
ﬁqnﬁnaiamﬁaaﬁﬁﬂuau%’ayjaﬁiaudﬂ&J'Lu'iwmmﬁ’:uﬂ 1nNIUNRA

gunsaliifladendmiuld SO Card fifnavih MMC Card Wldlddhe Wasann MMC
Card fiArunieeniwiiuiu SD Card Wosusiazunnindndes uslumandufugunsalla

Aftadondmiuld MMC Card agliianinsari SD Card WIELE ea1n SO Card UAUAUN
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a "o | v ° <
Nundegldld wasmindeanisih SD Card luldluadionves CompactFlash %38 PC Card
Aanansavile Tneld Adapter Wuiuas

ademvos SD Card vesgunsaiuagiaviaunigu annsasesiunislden sbio ¢
v ) - ad ] S oia A i o el A o e
Mg Inglawzgunsaldminiaiesidie, feaaRtnieornaniulnsdwiieds uas Hnda
e Fadwmngunsallaanansasessunisldamu Soio I8 fezannsatgunsaliaduiiem
1 2 1 17 [N 1 v o =l . . a
7199 Neas U9 SDIO wnldeula laiasduimsudyanadiiea, Wi-F, Ugys, BunsLIn

- i & a C [ TR S o < "o v
iy, inFessnunsife, Ingewidy visusiurndesAineatanusatundeusols Hudu

FEAUAIINSIVRS SD Card
wiheinauiilunisiinuees SD Card denldifuey 2 uuvde Alaluddeiui

= =i

(KByte/s) wag wnngludsiodunfi (MByte/s) wazfgauaninis Shazuvusneda 'x' dadu
vhusadenfutulasi@fsen Taed ' wiazmedy agldunusniau 150KByte/s
YNAIDENNYY

Ix = 150KByte/s

2x = 300KByte/s

Ax = 600KByte/s

10x = 1.5Mbyte/s

16x = 2.dMbyte/s

32x = 4.8Mbyte/s

66x = 9.9Mbyte/s

133x = 19.95Mbyte/s

€

=

KuaRLUInguYes SD Card muaiiilunsvheuesndu 3 ngu fie

LYl

ot a

1Y = 1 aa ) i = v Ao ¥ aa &
1.9¢AULIUAU AU9D9 éuwuﬂqquﬁqﬂ\juﬂ e lﬂﬂua\j 16X LWUNENUNUNADININDAADULNA

WUUSSINAT  TUIRINTUAISENenWANINLIe YEan 8ATWIIBANazE 8a lalunn

]
1 =

2:seuiienndw mnefa suiifiarundwiaus 32x luaufls 66x (Wu SD Card B SanDisk
U Ultra)

3.5uugegm et Juitiianansiegnaien 66x lUaufls 133x (iu SD Card e SanDisk
U Ultra Il, Extree uay Extreme Ill)

dwsugldafinmsenmduenin findeanaumaUssavinmgs anenmluluuaiiuey

vaeq wiemunmidivalvgidufiiay Anasasden SD Card lungusziuiioondn vie

swivgean Aazdaglinisldmnuiaussdvtamggn
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YoyaBanatinvas SD Card

® Yum 24 x 32 x 2.1 TadAT

® Jinin 2 nsu

® JSuns 1,612 gnurandiadiuns

® Snuquitaste (Pins) 9Pins

® AFIgEnvEE A IMIRN 25MHZ

® mnudigegelumsloudiedoya 19.95Mbyte/s (133x : gaiwaziduaiisnfiufisuuw)
® syiuusadulvitanunsaldauld 2.7 fs 3.6 Taad

® sefugamgiifianunsaldanld 0 fs 60 ssaaadva (32 F1 140 sernmaisulad)

® szfugnmgiianunsaiudufindayals -20 fa 85 sswniwadea (4 §1 185 asenvinsy
la)

® saslunisneaniinuarldniinlalivesnidt 10,000 seu

® windaenittuinivesinnidn dwsulestunsdsutoyaiiu

® fszuunsinwanulasndunuy SDMI (Security Digital Music Initiative)

° ﬁmummmﬂﬁﬁané"ulﬁf 64, 128, 256, 512MB way 1, 2GB

® A1 Shock Resistance 2000 G (wi'lﬁ'unﬂiﬂéaaaaéﬁuawnizﬁummga 10 #m)

® jlai?u DRM (Digital Rights Management) Frudnnsingriuizesesdvivsvesdoya

GI’]'S'N‘I?; 2.9 M5B8 SD CARD

Arduino Mega 2560 SD CARD

33V 3.3
GND GND
5V 5V

Pin 53 cS

Pin 52 SCK
Pin 51 MOSI
Pin 50 MISO
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PRNLUUNSUSEQUUALABS Fae IC MCPT73843

ﬂ"}ﬁ‘]\iﬁ 3.1 137991 IC MCP73843 Wag n1sLgeu

A0 %o N5y
MCP73843
1 SENSE NSNS dunn  (Charge Current Sense Input)
2 VDD TWiHbe9Rs15e (Battery Management Input Supply)
3 STAT1 MLAAEN1UEN15Y159 (Charge Status Output)
4 EN a93n (Logic Enable)
5 TIMER faa (Timer Set)
6 VSS DNBINITINNIT M3Y159 0 1aad
(Battery Management OV Reference)
7 VBAT WIIRUL§ (Battery Voltage Sense)
8 DRV laswl tewiwn (Orive Output)

3.1.1 NTEUEYISIBUNY (Charge Current Sense Input)
nszua (Fast Charge) gnivun lAgUsaiuNANATaNR I (Reence)

AIUNTBDNLUUNTLLATITITIBIAMUIUAIINAIUNIY (Rgonce) 310

a\Vaees W8 V7] 50 mo (3.1)

R
ALt IRED 500 mA

Wl Iggp Ao n3zud (Fast Charge) Mg
3.1.2 WidBe995915a ( Battery Management Input Supply )
wviasdelwliiuaeasyso MCP73843 anunsasenuuuuazauaun1sIelnle

Auaun1saelul

[VREG (Typ) + O.BV] 4 12V (3.2)
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3.2.1 'N'il‘iﬂ']‘iﬁﬂ‘?J’]%Q’J\Tﬂitka%ﬂaLLﬂﬂ\iNﬁﬁ’]LLUﬂLﬂﬂ%
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3.2.2 SD CARD

P & w ° - ¢
LwaLﬂwazﬁlamamsmaamawﬂﬂammwma‘tﬂ

a o

Measure voltage

of each cell

all cell 2
42V

Charge cell 1
Cell 1

Diffcell1 Second Minimize

Charge cell 2
Cell 2

Diffcell2 Second Minimize

Charge cell 3
Cell 3
Diffcell3 Second Minimize

Charge cell 4 Cell 4

Diffcell4 Second Minimize
diffcell1-4 2-cell1)x10 second

diffcell2-4 2-cell2)x10)-diffcell1 second

False

diffcell3-i4 2-cell3)x10)-diffcell2 second

diffcell4-4 2-cell4)x10)diffcell3 second

3U# 3.5 Flowchart nmsvhaugesssuudsyauuameiaifisulassunanewadiuumansay
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Namiﬂﬂﬁmﬂ‘?@ﬁ 2056l Cell 1 =33V, Cell 2 =32 V,Cell3=34V,Cell4=35V
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4.2
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Smart Charger Arduino Code
#tinclude <SPL.h>

#include <SD.h>

#include <Wire.h>

#include <LiquidCrystal 12C.h>
LiquidCrystal 12C lcd(0x3F,20,4);
File dataFile;

String filename = "celllog2.csv",
const int chipSelect = 53;
unsigned long NextLog;

unsigned long Timel og;

unsigned long ShowTime;

int a,b,c,d;

intenl =9;

inten2 = §;

inten3 =7;

int end = §;

float aa,bb,cc,dd,celll,cell2,cell3,celld,aaa,bbb,ccc,ddd:
float diff,delayms;

float diffcelll,diffcell2,diffcell3,diffcelld;



void setup()

lcd.begin();
lcd.backlight();
lcd.setCursor(6,0);
led.print("Multi Cell");
lcd.setCursor(3,1);
lcd.print("Li-ion Battery");
lcd.setCursor(4,2);
led.print("Smart Charger");
delay(3000);

lcd.clear();

NextLog = 1;

pinMode(en1,OUTPUT);
pinMode(en2,0UTPUT);
pinMode(en3,0UTPUT);
pinMode(end,OUTPUT);

digitalWrite(en1,LOW);



digitalWrite(en2,LOW);
digitalWrite(en3,LOW);
digitalWrite(end,LOW);

Serial.begin(9600);

if (SD.begin())

Serial.println("SD card is ready to use.");

} else

Serial.println("SD card initialization failed");

return;

void datalog({
dataFile = SD.openl(filename, FILE_WRITE);
while(1){
if (dataFile) {
Serial.printin("Write");

dataFile.print(NextLog);



dataFile.print(",");
dataFile.print(cell1);
dataFile.print(",");
dataFile.print(cell2);
dataFile.print(",");
dataFile.print(cell3);
dataFile.print(",");
dataFile.println(celld);
dataFile.close();
NextlLog += 1,

break;

else {
Serial.print(n("error opening datalog.txt");

return;

void loop()



ShowTime = millis();
TimelLog = ShowTime/60000;

if( TimeLog == NextLog )

datalog();

a=analogRead(A0);
b=analogRead(A1);
c=analogRead(A2);
d=analogRead(A3);
//Serial.println(a);
aa=a*(5.0/1023.0);
bb=b*(5.0/1023.0);
cc=c*(5.0/1023.0);
dd=d*(5.0/1023.0);
aaa=aa;
bbb=bb*(1+(10000/10000));
cce=cc*(1+(20000/10000));

ddd=dd*(1+(30000/10000));



celll=aaa;
cell2=bbb-aaa;
cell3=ccc-bbb;

celld=ddd-ccc;

diffcell1=(4.2-cell1)*10000;
diffcell2=((4.2-cell2)*10000)+diffcell1;
diffcell3=((4.2-cell3)*10000)+diffcell2;

diffcelld=((4.2-cell4)*10000)+diffcell3:

lcd.clear();

lcd.setCursor(0,0);
lcd.print("CELLL = ");

lcd.print(celll);

lcd.setCursor(0,1);
led.printCCELL2 = ™)

lcd.print(cell2),



lcd.setCursor(0,2);

led.print("CELL3 = ");

lcd.print(cell3);

lcd.setCursor(0,3);

led.print("CELLS = ");

lcd.print(celld);

if (celll <= 3.2)

lcd.setCursor(13,0);

led.print("EMPTY ");

elseif(3.2 <celll <4.2)

lcd.setCursor(13,0):

lcd. print("CHARGE");

if (celll > 4.2)



lcd.setCursor(13,0);

lcd.print("FULL ");

if (cell2 <= 3.2)

lcd.setCursor(13,1);

lcd.print("EMPTY ");

else if( 3.2 < cell242)

lcd.setCursor(13,1);

led.print("CHARGE");

if (cell2 > 4.2)

lcd.setCursor(13,1);

led.print("FULL "),



if (cell3 <= 3.2)

lcd.setCursor(13,2);

lcd.print("EMPTY "),

elseif(3.2<cell3 < 4.2)

lcd.setCursor(13,2);

lcd.print("CHARGE");

if (cell3 > 4.2)

lcd.setCursor(13,2);

led.print("FULL "),

if (celld <= 3.2)

lcd.setCursor(13,3):

lcd.print("EMPTY ");



elseif( 3.2 < celld < 4.2)

lcd.setCursor(13,3);

lcd. print("CHARGE");

if (celld > 4.2)

lcd.setCursor(13,3);

led.print("FULL "),

Serial. printin(aaa);
Serial.println(bbb);
Serial.println(cce);
Serial.printin(ddd);
Serial.print("celll :");
Serial.println(cell1);
Serial.print("cell2 :");
Serial.printin(cell2);

Serial.print("cell3 :");



Serial.printin(cell3);

Serial.print("cell4 :");

Serial.println(celld);

Serial.print("diffcell :");
Serial.println(diffcell1);
Serial.print("diffcell2 :");
Serial.println(diffcell2);
Serial.print("diffcell3 :");
Serial.printin(diffcell3);
Serial.print("diffcelld :");

Serial.printin(diffcelld);

if ((celll <= cell?) && (celll <= cell3) && (celll <= celld))

digitalWrite(en1,HIGH);
digitalWrite(en2,LOW);
digitalWrite(en3,LOW);
digitalWrite(end,LOW);

delay(diffcell1);



else if ((cell2 <= celll) && (cell2 <= cell3) && (cell2 <= celld))

digitalWrite(en1,LOW);
digitalWrite(en2,HIGH);
digitalWrite(en3,LOW);
digitalWrite(end,LOW);

delay(diffcell2);

else if ((cell3 <= celll) && (cell3 <= cell?) && (cell3 <= celld))

digitalWrite(en1,LOW);

digitalWrite(en2,LOW);

digitalWrite(en3,HIGH);

digitalWrite(end,LOW);

delay(diffcell3),

else if ((celld <= celll) && (celld <= cell2) && (celld <= cell3))

digitalWrite(en1,LOW);



digitalWrite(en2,LOW);

digitalWrite(en3,LOW);

digitalWrite(end,HIGH);

delay(diffcell4);

else if ((celld >= 4.2) && (cell3 >= 4.2) && (cell2 >= 4.2) && (celll >= 4.2))

digitalWrite(en1,LOW);

digitalWrite(en2,LOW);

digitalWrite(en3,LOW);

digitalWrite(end,LOW);
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MCP73841/2/3/4

Advanced Single or Dual Cell Lithium-Ion/
Lithium-Polymer Charge Management Controllers

Features

Linear Charge Management Controllers

» High-Accuracy Preset Voltage Regulation:
- +0.5% (max)

» Four Preset Voltage Regulation Options:
- 4.1V -MCP73841-4.1, MCP73843-4.1
- 4.2V - MCP73841-4.2, MCP73843-4.2
- 8.2V -MCP73842-8.2, MCP73844-8.2
- 8.4V - MCP73842-8.4, MCP73844-8.4

« Programmable Charge Current

* Programmable Safety Charge Timers

* Preconditioning of Deeply Depleted Cells

* Automatic End-of-Charge Control

* Optional Continuous Cell Temperature
Monitoring (MCP73841 and MCP73842)

* Charge Status Output for Direct LED Drive
* Automatic Power-Down when Input Power
Removed
» Temperature Range: -40°C to 85°C
Packaging: MSOP-10 - MCP73841, MCP73842
MSOP-8 - MCP73843, MCP73844

Applications

Lithium-lon/Lithium-Polymer Battery Chargers
* Personal Data Assistants

* Cellular Telephones

* Hand-Held Instruments

» Cradle Chargers

+ Digital Cameras

* MP3 Players

Typical Application Circuit

1A Lithium-lon Battery Charger

MA2Q705 100me  NDS8434
5V -
AL ﬂ_ Single
10 wF 1 EI T Lithium-lon
l SENSE DRV ;E Cell

2 7

Voo Vear 2 0,

$D21STATT Vg8
¥ 5

—m——EN TIMER
100 k2 A
mMcpP73843 I

Description

The MCP7384X family of devices are highly advanced
linear charge management controllers for use in
space-limited, cost-sensitive  applications. The
MCP73841 and MCP73842 combine high accuracy,
constant-voltage, constant-current regulation, cell pre-
conditioning, cell temperature monitoring, advanced
safety timers, automatic charge termination and
charge status indication in space-saving, 10-pin
MSOP packages. The MCP73841 and MCP73842
provide complete, fully-functional, stand-alone charge
management solutions.

The MCP73843 and MCP73844 employ all the
features of the MCP73841 and MCP73842, with the
exception of the cell temperature monitor. The
MCP73843 and MCP73844 are offered in 8-pin MSOP
packages.

The MCP73841 and MCP73843 are designed for
applications utilizing single-cell Lithium-lon or Lithium-
Polymer battery packs. Two preset voltage regulation
options are available (4.1V and 4.2V) for use with either
coke or graphite anodes. The MCP73841 and
MCP73843 operate with an input voltage range of 4.5V
to 12V.

The MCP73842 and MCP73844 are designed for
applications utilizing dual series cell Lithium-lon or
Lithium-Polymer battery packs. Two preset voltage
regulation options are available (8.2V and 8.4V). The
MCP73842 and MCP73844 operate with an input
voltage range of 8.7V to 12V.

The MCP7384X family of devices are fully specified
over the ambient temperature range of -40°C to +85°C.

Package Types

10-Pin MSOP
SENSE 10 _ 10— DRV
Voo 42 & & 9 Vear
STATI 3 2 R 8f—JVss
ENC4 & & 7= TIMER
THREF—]5 = = gl— THERM
8-Pin MSOP
SENSE —{10 @ g 8 DRV
VDD|:2 § 2 TZIVBAT
STAT1 3 % % 6— Vgg
EN 4 = = 5[ TIMER
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Functional Block Diagram
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Voo 1kQ VRep
- Y E} {% Charge Current DRV
5 Charge |90 keF Control Amplifier
Current +
Amplifier | Voltage Control
) - Amplifier
12 kﬂi *
Charge 10 k03 T VRer
Termination r Vear
Comparator
90 k " 300 kQ
L
IRea/10 L_| Precondition harge_ok R conditian (825 k0)
Control Precon 3 \j:
10 .,

uvLO

] Comparator
Vs
> Constant-Voltage/
l Vs Recharge Comp.

o M~ Power-On VRer —
| Delay
150.02 k2
. —V
Biasand [ ,,UVLC
Reference Vrer (1.2V)
Generator
J
THREF| - — B 3 {1 _0==42 = -5 Vs
| ; 100 ka2 Temperature | STAT1
| ) Comparators ] T
THERM| | ; Drv Stat 1
I ! Charge Control,
| | Irga/10—| Charge Timers,
And
J | Status Logic
Osu:illa?’“
| |
TMER| L '— — — B8 e "7\ =
Charge_ok
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MCP73841/2/3/4

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratings t

M Eiearunsvansmsnisnsmansmsnsmmtin dissssmessss o TS 13.5V
All inputs and outputs w.r.t. Vgg ..cooeeeenee. -0.3 to (Vpp+0.3)V
Curentat DRV PIN s sinsiiiuirememasssenss +4 mA
Currentat STATT Pin ..o, 230 MA
Maximum Junction Temperature, T .....cccccoeovrenrininnnn, 150°C

Storage temperature .............c.c...........
ESD protection on all pins:

Human Body Model (1.5 kQ2 in Series with 100 pF)......> 2 kV.
Machine Model (200 pF, No Series Resistance)............. 200V

DC CHARACTERISTICS

...-65°C to +150°C

*Notice: Stresses above those listed under “Maximum
Ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at
those or any other conditions above those indicated in the
operational listings of this specification is not implied. Expo-
sure to maximum rating conditions for extended periods may
affect device reliability.

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp= [Vrea(Typ)+0.3V] to 12V, T, = -40°C to +85°C.
Typical values are at +25°C, Vpp = [Vreg(Typ) + 1V].
Parameters Sym | Min I Typ ‘ Max I Units | Conditions
Supply Input
Supply Voltage Vop
MCP73841, MCP73843 4.5 - 12 A
MCP73842, MCP73844 8.7 - 12 Vv
Supply Current Iss - 0.25 4 uA Disabled
= 0.75 4 mA Operating
Vop =Vrea(Typ)+1V
UVLO Start Threshold VsTART
MCP73841, MCP73843 4.25 4.45 4.60 v Vpp Low-to-High
MCP73842, MCP73844 8.45 8.65 8.90 \" Vpp Low-to-High
UVLO Stop Threshold Vstop
MCP73841, MCP73843 4.20 4.40 4,55 V Vpp High-to-Low
MCP73842, MCP73844 8.40 8.60 8.85 \ Vpp High-to-Low
Voltage Regulation (Constant-Voltage Mode)
Regulated Output Voltage Vgeg
MCP73841-4.1, 4.079 4.1 4.121 \" Vpp = [Vreg(Typ)+1V], Igut = 10 mA,
MCP73843-4.1 Ta =-5°C to +55°C
MCP73841-4.2, 4179 4.2 4.221 v Vpp = [VREcg(Typ)MV], louT =10 mA,
MCP73843-4.2 Ta =-5°C to +55°C
MCP73842-8.2, 8.159 8.2 8.241 Vv Vop = Vreg(Typ)*+1V], lgyt = 10 mA,
MCP73844-8.2 Tp = -5°C to +55°C
MCP73842-8.4, 8.358 8.4 8.442 v Vpop = [Vrea(Typ)+1V], gyt = 10 mA,
MCP73844-8.4 Tp =-5°C to +55°C
Line Regulation [(AVgaT/ - 0.025 0.25 %N | Vpp = [Vrea(Typ)+1V] to 12V,
Veat)l/AVpD lout = 10 mA
Load Regulation |AVaTI/VBAT - 0.01 0.25 % lout = 10 mA to 150 mA,
Vop = [VRrea(Typ)+1V]
Supply Ripple Attenuation PSRR - -58 - dB loyt =10 mA, 100 Hz
- -42 - dB lout =10 mA, 1 kHz
- -30 - dB loyt =10 mA, 10 kHz
Output Reverse Leakage IDISCHARGE - 0.4 1 pA Vpp Floating, Veat = Vrea(Typ)
Current
Current Regulation (Fast Charge Constant-Current Mode)
Fast Charge Current VEcs 100 110 120 mV Vob = Vsense,
Regulation Threshold Ta=-5°C to +55°C

© 2003-2013 Microchip Technology Inc.

DS21823D-page 3



MCP73841/2/3/4

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp= [Vreg(Typ)*+0.3V] to 12V, T, = -40°C to +85°C.
Typical values are at +25°C, Vpp = [Vreg(Typ) + 1V].

Parameters Sym I Min I Typ ' Max | Units I Conditions
Preconditioning Current Regulation (Trickle Charge Constant-Current Mode)
Precondition Current Vpes 5 10 15 mV Vob = VsensE,
Regulation Threshold Tp=-5°C to +55°C
Precondition Threshold Voltage VetH
MCP73841-4.1, 2.70 2.80 2.90 v Vgar Low-to-High
MCP73843-4.1
MCP73841-4.2, 2.75 2.85 2.95 A Vpar Low-to-High
MCP73843-4.2
MCP73842-8.2, 5.40 5.60 5.80 \ Vpar Low-to-High
MCP73844-8.2
MCP73842-8.4, 5.50 5.70 5.90 v Vpat Low-to-High
MCP73844-8.4
Charge Termination
Charge Termination Threshold Vres = 7 10 mV Vop - Vsense,
Ta=-5°C to +55°C
Automatic Recharge
Recharge Threshold Voltage VRTH
MCP73841 3 VREG_ VREG’ VREG' \ VBAT High-to-Low
MCP73843 300 mV | 200 mV [ 100 mV
MCP73842, Vreg- | Vreg- | Vreg- \% Vpat High-to-Low
MCP73844 600 mV [ 400 mV | 200 mV
External MOSFET Gate Drive
Gate Drive Current Iprv - 2 - mA Sink, CV Mode
= -0.5 - mA Source, CV Mode
Gate Drive Minimum Voltage VBRVMIN - - 1.0 vV Vpp = 4.5V
Gate - Source Clamp Voltage Vas =78 - 4.5 vV Vpp = 12.0V
Thermistor Reference - MCP73841, MCP73842
Thermistor Reference Output VTHREF 2475 2.55 2.625 V TA =+25°C, Vpp = VREG(TYP)""}V‘
Voltage ITHREF =0 mA
Temperature Coefficient TCrhRer = +50 - ppm/°C
Thermistor Reference Source I THREF 200 - & HA
Current
Thermistor Reference Line AV THREF = 0.1 0.25 %N | Vpp=[Vreg(Typ)+1V] to 12V
Regulation Vruree)l!
AVpp
Thermistor Reference Load AVTHREF! - 0.01 0.10 % ltyrer = 0 mA to 0.20 mA
Regulation VIHREF
Thermistor Comparator - MCP73841, MCP73842
Upper Trip Threshold V11 1.18 125 1.32 v
Upper Trip Point Hysteresis VT1Hys - -50 - mV
Lower Trip Threshold V1o 0.59 0.62 0.66 \
Lower Trip Point Hysteresis Vronys - 80 - mV
Input Bias Current |Igias! - - 2 HA
Status Indicator
Sink Current ISINK 4 7 12 mA
Low Output Voltage VoL - 200 400 mV Ising = 1 MA
Input Leakage Current Ik - 0.01 1 pA Ising = 0 mA, Vgrar =12V

DS21823D-page 4 © 2003-2013 Microchip Technology Inc.




MCP73841/2/3/4

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp= [Vreg(Typ)+0.3V] to 12V, Ty = -40°C to +85°C.
Typical values are at +25°C, Vpp = [Vreg(Typ) + 1VI.

Parameters Sym | Min | Typ | Max | Units | Conditions
Enable Input
Input High-Voltage Level Vi 1.4 - = \'J
Input Low-Voltage Level Vi - - 0.8 \'
Input Leakage Current Ik - 0.01 1 MA VenapLe = 12V

AC CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp= [Vrea(Typ)+0.3V] to 12V, Ty = -40°C to +85°C. Typ-
ical values are at +25°C, Vpp= [Vreg(Typ)+1VI.

Parameters Sym Min Typ Max Units Conditions
UVLO Start Delay tSTART N - 5 msec | Vpp Low-to-High
Current Regulation
Transition Time Out of tDELAY = 3 1 msec VBAT< VPTH to VBAT > VPTH
Preconditioning
Current Rise Time Out of tRISE - - 1 msec | loyt Rising to 90% of Igeg
Preconditioning
Fast Charge Safety Timer Period tFasT 11 15 1.9 Hours CTIMER =0.1 uF
Preconditioning Current Regulation
Preconditioning Charge Safety tPrRECON 45 60 75 Minutes | Cyjyer = 0.1 pF
Timer Period

Charge Termination

Elapsed Time Termination Period tTERM | 22 ’ 3.0 | 3.8 I Hours | Cypyer = 0.1 pF
Status Indicators

Status Output turn-off torF - - 200 psec  |lgnk = 10 mA to 0 mA
Status Output turn-on fon - - 200 psec |[lgnk =0 mA to 10 mA

TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise specified, all limits apply for Vop= [Vreg(Typ)+0.3V] to 12V.
Typical values are at +25°C, Vpp= [Vrea(Typ)+1.0V].

Parameters | Sym ] Min I Typ | Max [ Units | Conditions

Temperature Ranges

Specified Temperature Range Ta -40 +85 °C

Operating Temperature Range Ta -40 +125 B

Storage Temperature Range Ta -65 +150 b &

Thermal Package Resistances .

Thermal Resistance, MSOP-10 0a 113 °C/W | 4-Layer JC51-7 Standard Board,
Natural Convection

Thermal Resistance, MSOP-§ 0,4 206 °C/W | Single-Layer SEMI G42-88 Board,
Natural Convection

© 2003-2013 Microchip Technology Inc. DS21823D-page 5



MCP73841/2/3/4

2.0 TYPICAL PERFORMANCE CURVES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated, Vpp = [Vreg(Typ) + 1V], loyt = 10 mA and Ta= +25°C.
4.203 1.40 v i R, 1
MCP73841-4.2V | MCP73841-4.2V |
4.202 . Vpp=52V - 1.20 Vpp=5.2V i
a20 = - ' 1.00 HH +85°C A
- +25°C ] — Y
a; 4.200 E 0.80 f +25°C ‘i y
3 4.199 2 0.60
= 45°C
4,198 0.40 J
4,197 -5°C/| 0.20
4196 38 ' [TT] 0.00 |
10 100 1000 10 100 1000
lour (MA) lour (MA)
FIGURE 2-1: Battery Regulation Voltage FIGURE 2-4: Supply Current (lsg) vs.
(Vgar) vs. Charge Current (1o47). Charge Current (Ioy7)-
4,203 . 1.40 . ’ ‘
- IMCP73841-4.2V / V.o +85°C MCPTZ:g:;-d-.iV
§ o~ lour = 1000 mA = g ~ lour = m
4201 s ‘—"""/,/ 1.00 ATSIN '
S 4200 —222C -'KE" 0.80 K*js"ﬂx " |
3 4199 3 060 5% ‘
4.198 Yo 0.40
4197 —5C < at' 0.20
496 | | 0.00
4.5 6.0 7.5 9.0 105 120 4.5 6.0 7.5 9.0 105 120
Voo (V) Vop (V)
FIGURE 2-2: Battery Regulation Voltage FIGURE 2-5: Supply Current (Isg) vs.
(VBat) vs. Supply Violtage (Vipp). Supply Voltage (Vpp).
4203 MCP738414 2V e - MCP73841-4.2V
4.202 TE:'CHDUT =10 mA /.-—/ 1.20 logr=10MA ——4—
4.201 = N 0% 1.00
5 sy |—at =] £ 080 ——
>5= 4.199 8 060 __Er_:gﬂ%—
4.198 2] 0.40 \\ -
4197 |—-5°C Liseee ] 0.20 HEe
] " +85°C
4.196 0.00
45 6.0 7.5 9.0 105 120 45 6.0 7.5 9.0 105 120
Voo (V) Voo (V)
FIGURE 2-3: Battery Regulation Voltage FIGURE 2-6: Supply Current (Isg) vs.
(VBar) vs. Supply Voltage (Vpp). Supply Voltage (Vpp).

DS21823D-page 6 © 2003-2013 Microchip Technology Inc.



MCP73841/2/3/4

Note: Unless otherwise indicated, VDD = [Vgeg(Typ) + 1V], lOUT =10 mA and TA= +25°C.

8.408
8.406 J
8.404 |- 45500
8.402
8.400
8.398
8.396
8.394
8.392 --5°C
8.390

MCP73842-8.4V
Vop =94V

+25°C

Vaar (V)

10 100 1000

loyr (MA)

FIGURE 2-7: Battery Regulation Voltage
(Vgar) vs. Charge Current (1gyr).

1.40 o ’
MCP73842-8.4V ]
120 Vop = 9.4V [ +85°C
1.00 | +25°C 13
_— e
< 0.80 =
-E— ~L_L
2 0.60 450 ]
0.40
0.20
0.00
10 100 1000
lour (MA)
FIGURE 2-10: Supply Current (Igg) vs.

Charge Current (Igy7).

8.408 | fiod
S °73842-8.4V
i T lour = 1000 mA =
. —+55°C
8.402 ———— ] ulm O 2
= +25°C ———
= 8.400
[
j 8.398
8.396
8.394
8,392 __suc _____-___.—-——"’_ |
8300 L |
88 92 96 10 104 108 11.2 116 12
Voo (V)
FIGURE 2-8: Battery Regulation Voltage

(Vgat) vs. Supply Voltage (Vpp).

1.40
] MCP73842-8.4V
1.20 vagec | lour = 1000 mA
1.00
= +25°C
< 0.80 ——
£ -
s 0.60 T ggec
0.40
0.20
0.00
88 9.2 96 10.0 10.4 108 112 11.6 12.0
Voo (V)
FIGURE 2-11: Supply Current (Igg) vs.

Supply Voltage (Vpp).

8408 I CPT3843.8.4v \
8.406 1 L =10mA  +55°C S
8.404 l . -
- 8.402 ——
Z 8.400 — 2ac
< 8.398
> 8.396
8.394 -5°C L
—-“-
]
8.392 | — ‘ i
8.390
88 9.2 96 10.0 104 10.8 11.2 11.6 12.0
Voo (V)
FIGURE 2-9: Battery Regulation Voltage

(Vgat) vs. Supply Voltage (Vpp).

7 MCP73842-8.4V
1.20 lour = 10 mA
1.00 ‘

z

E 0.80

g 0.60

< NN sec
0.40 O
e +25°C |
' ~+85°C
0.00 -

88 92 96 100 104 108 11.2 116 120
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FIGURE 2-12: Supply Current (Igg) vs.

Supply Voltage (Vpp).
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MCP73841/2/3/4

Note: Unless otherwise indicated, Vpp = [Vreg(Typ) + 1V, lgyt = 10 mA and T,= +25°C,

.4 .
o MCP73841-4.2V 08 MCP73842-8.4V
0:40 Vpp = Float 0.80 Vpp = Float
0.35 0.70
—_ — 85°
< 0.30 / < 0.60 e
w 0.25 vd w050 p—— ‘
% 0.20 —+85°C 74 Z 0.40 o e +25°C
2 0.15 ' 2 030 / Ler 1
B o -
0.10 —{*25°C ,/ 0.20 P // e
_— /
0.05 — 45°¢c 0.10 }
0.00 | 1 T 0.00 ‘ I ,
2.0 2.2 2.4 2,6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 42 4.0 4.4 48 52 56 6.0 6.4 68 7.2 7.6 8.0 8.4
Vaar (V) Vaar (V)
FIGURE 2-13: Output Reverse Leakage FIGURE 2-16: Output Reverse Leakage

Current (Ip;scHarae) vs. Battery Voltage (Vgar).

Current (IpiscHarce) vs. Battery Voltage (Vgat).

2.560 I 2.560 f o — :
2,558 | ‘I\:CP=73824‘1{—4.2V D)ok H ‘ ‘Tcp_naaz-s.w
2.556 : oo 2556 |-*85°C_L_ Voo =94V
__ 2,554 -+85°C ‘ _ 2.554 —+25°C
au 2.552 F o ‘Eﬁ=g 2 2552
b 2550 i 2,550
= =
F 2.548 ‘ £ 2548 F=—
2546 = 2.546 |-
2.544 2.544
2.542 l 2.542
2.540 2.540
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
lrurer (HA) Irurer (HA)
FIGURE 2-14: Thermistor Reference FIGURE 2-17: Thermistor Reference

Voltage (Vryrer) vs. Thermistor Bias Current
(ITHREF)-

Voltage (Vryrer) vs. Thermistor Bias Current
(ITHREF)-

2.568 2.568
MCP73841-4.2V MCP73842-8.4V
2.564 lrumer = 100 HA 2.564 lrsirer = 100 pA /.——""
2.560 / 2.560 i P
2 2556 — — - S 25556 | *+85°C |
i +85°C - / TRa T |~ |
£ 2552 : £ 2552 [ +25°C —
> +25°C = | L
2.548 ‘ L — 2.548 T
2,544 —-45°C 2544 |_-45C
2.540 I 2.540
4.5 6.0 7.5 9.0 105 120 8.8 9.2 9.6 100 104 10.8 11.2 116 12.0
Voo (V) Voo (V)
FIGURE 2-15: Thermistor Reference FIGURE 2-18: Thermistor Reference

Voltage (Vryrer) vs. Supply Voltage (Vipp).

Voltage (Vryrer) vs. Supply Voltage (Vpp).
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MCP73841/2/3/4

Note: Unless otherwise indicated, Vpp = [Vreg(Typ) + 1V], loyt = 10 mA and Ty= +25°C.

Vear

st

MCP73841-4.2V

Vop Stepped From 5.2V to 6.2V
lour = 10 mA 14
Cour = 10 pF, X7R, Ceramic

TR 1700 VW TO0mYAR M 50005 CRT ST

MCP73841-4.2V

Vpp Stepped From 5.2V to 6.2V
louT = 500 mA

Cour = 10 pF, X7R, Ceramic

i : il O[S ]

FIGURE 2-19: Line Transient Response. FIGURE 2-22: Line Transient Response.
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FIGURE 2-20: Load Transient Response. FIGURE 2-23: Load Transient Response.
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FIGURE 2-21: Power Supply Ripple FIGURE 2-24: Power Supply Ripple
Rejection. Rejection.
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN DESCRIPTION TABLE
MCP73841, MCP73843,
MCP73842 MCP73844 Name Function
Pin No. Pin No.

1 1 SENSE Charge Current Sense Input
2 2 Voo Battery Management Input Supply
3 3 STAT1 Charge Status Output
4 4 EN Logic Enable
5 — THREF Cell Temperature Sensor Bias
6 —_ THERM Cell Temperature Sensor Input
7 5 TIMER Timer Set
8 6 Vgg Battery Management 0V Reference
9 7 Vear Battery Voltage Sense
10 8 DRV Drive Output

3.1 Charge Current Sense Input
(SENSE)

Charge current is sensed via the voltage developed
across an external precision sense resistor. The sense
resistor must be placed between the supply voltage
(Vpp) and the external pass transistor (Q1). A 220 mQ
sense resistor produces a fast charge current of
500 mA, typically.

3.2 Battery Management Input Supply
(Vop)

A supply voltage of [Vrgg(Typ) + 0.3V] to 12V is
recommended. Bypass to Vgg with a minimum of
4.7 pF.

3.3 Charge Status Output (STAT1)

Current limited, open-drain drive for direct connection
to a LED for charge status indication. Alternatively, a
pull-up resistor can be applied for interfacing to a host
microcontroller.

34 Logic Enable (EN)

Input to force charge termination, initiate charge, clear
faults or disable automatic recharge.

3.5 Cell Temperature Sensor Bias
(THREF)

Voltage reference to bias extemal thermistor for
continuous cell temperature monitoring  and
prequalification.

3.6 Cell Temperature Sensor Input
(THERM)

Input for an external thermistor for continuous cell-
temperature monitoring and pre-qualification. Apply a
voltage equal to 0.85V to disable temperature-sensing.

3.7  Timer Set (TIMER)

All safety timers are scaled by Cyjyer/0.1 uF.

3.8 Battery Management 0V Reference
(Vss)
Connect to negative terminal of battery.

3.9  Battery Voltage Sense (Vgay)

Voltage sense input. Connect to positive terminal of
battery. Bypass to Vgg with a minimum of 4.7 pF to
ensure loop stability when the battery is disconnected.
A precision internal resistor divider regulates the final
voltage on this pin to Vgea

3.10 Drive Output (DRV)

Direct output drive of an external P-channel MOSFET
for current and voltage regulation.

DS21823D-page 10
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4.0 DEVICE OVERVIEW

The MCP7384X family of devices are highly advanced,
linear charge management controllers. Figure 4-1
depicts the operational flow algorithm from charge
initiation to completion and automatic recharge.

4.1 Charge Qualification and
Preconditioning

Upon insertion of a battery or application of an external
supply, the MCP7384X family of devices automatically
perform a series of safety checks to qualify the charge.
The input source voltage must be above the
undervoltage lockout threshold, the enable pin must be
above the logic-high level and the cell temperature
monitor must be within the upper and lower thresholds.
The cell temperature monitor applies to both the
MCP73841 and MCP73842, with the qualification
parameters being continuously monitored. Deviation
beyond the limits automatically suspends or terminates
the charge cycle.

Once the qualification parameters have been met, the
MCP7384X initiates a charge cycle. The charge status
output is pulled low throughout the charge cycle (see
Table 5-1 for charge status outputs). If the battery
voltage is below the preconditioning threshold (Vpr),
the MCP7384X preconditions the battery with a trickle-
charge. The preconditioning current is set to
approximately 10% of the fast charge regulation
current. The preconditioning trickle-charge safely
replenishes deeply depleted cells and minimizes heat
dissipation in the external pass transistor during the
initial charge cycle. If the battery voltage has not
exceeded the preconditioning threshold before the
preconditioning timer has expired, a fault is indicated
and the charge cycle is terminated.

4.2 Constant-Current Regulation —
Fast Charge

Preconditioning ends and fast charging begins, when
the battery voltage exceeds the preconditioning
threshold. Fast charge regulates to a constant-current,
Ire based on the supply voltage minus the voltage at
the SENSE input (Vgcs) developed by the drop across
an external sense resistor (Rgensg). Fast charge
continues until the battery wvoltage reaches the
regulation voltage (Vgeg); or until the fast charge timer
expires. In this case, a fault is indicated and the charge
cycle is terminated.

4.3 Constant-Voltage Regulation

When the battery voltage reaches the regulation
voltage (Vgeg), constant-voltage regulation begins.
The MCP7384X monitors the battery voltage at the
Va7 pin. This input is tied directly to the positive
terminal of the battery. The MCP7384X is offered in
four fixed-voltage versions for single or dual series cell
battery packs with either coke or graphite anodes:

- 4.1V (MCP73841-4.1, MCP73843-4.1)
- 4.2V (MCP73841-4.2, MCP73843-4.2)
- 8.2V (MCP73842-8.2, MCP73844-8.2)
- 8.4V (MCP73842-8.4, MCP73844-8.4)

4.4 Charge Cycle Completion and
Automatic Re-Charge

The MCP7384X monitors the charging current during
the constant-voltage regulation phase. The charge
cycle is considered complete when the charge current
has diminished below approximately 7% of the
regulation current (Iggg) or the elapsed timer has
expired.

The MCP7384X automatically begins a new charge
cycle when the battery voltage falls below the recharge
threshold (Vgty), assuming all the qualification
parameters are met.

© 2003-2013 Microchip Technology Inc.
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5.0 DETAILED DESCRIPTION

5.1 Analog Circuitry

5.1.1 CHARGE CURRENT SENSE INPUT
(SENSE)

Fast charge current regulation is maintained by the
voltage drop developed across an external sense
resistor (Rgense) applied to the SENSE input pin. The
following formula calculates the value for Rggnge:

VFC'S

Rsense = 7—
REG
where:
Ireg is the desired fast charge current in amps

The preconditioning trickle-charge current and the
charge termination current are scaled to approximately
10% and 7% of Iggg, respectively.

51.2  BATTERY MANAGEMENT INPUT
SUPPLY (Vpp)

The Vpp input is the input supply to the MCP7384X.
The MCP7384X automatically enters a power-down
mode if the voltage on the Vpp input falls below the
undervoltage lockout voltage (Vgtop). This feature
prevents draining the battery pack when the Vpp
supply is not present.

5.1.3 CELL TEMPERATURE SENSOR
BIAS (THREF)

A 2.55V voltage reference is provided to bias an
external thermistor for continuous cell temperature
monitoring and pre-qualification. A ratio metric window
comparison is performed at threshold levels of
Vrrer/2 and Vrprer/4. Cell temperature monitoring
is provided by both the MCP73841 and MCP73842.

5.1.4 CELL TEMPERATURE SENSOR
INPUT (THERM)

The MCP73841 and MCP73842 continuously monitor
temperature by comparing the voltage between the
THERM input and Vgg with the upper and lower
temperature thresholds. A negative or positive
temperature coefficient (NTC or PTC) thermistor and
an external voltage divider typically develop this
voltage. The temperature-sensing circuit has its own
reference, to which it performs a ratio metric
comparison. Therefore, it is immune to fluctuations in
the supply input (Vpp). The temperature-sensing circuit
is removed from the system when Vpp is not applied,
eliminating additional discharge of the battery pack.

Figure 6-1 depicts a typical application circuit with
connection of the THERM input. The resistor values of
Rty and Rry are calculated with the following
equations.

For NTC thermistors:

R = 2% Reorp * Ryor
n= —f————
Reorp=Ruor

R = 2xReorp * Ryor
Reoip=3 % Ryor

For PTC thermistors:

R = 2*Recorp* Ryor
7 =
Ryor—Reorp

2 2x Reorp X Ryor
Rgor—3*Reorp

where:
RcoLp and Ryt are the thermistor resistance

values at the temperature window of interest.

Applying a voltage equal to 0.85V to the THERM input
disables temperature monitoring.

518 TIMER SET INPUT (TIMER)

The TIMER input programs the period of the safety
timers by placing a timing capacitor (Cyyer) between
the TIMER input pin and Vgg. Three safety timers are
programmed via the timing capacitor.

The preconditioning safety timer period:

<
TIMER
lpRECON = O1uF % 1.0Hours

The fast charge safety timer period:

Criver
lpasT = 0IpF x 1.5Hours

The elapsed time termination period:

G
LrERM = OT%';R x 3.0Hours

The preconditioning timer starts after qualification and
resets when the charge cycle transitions to the con-
stant-current, fast charge phase. The fast charge and
elapsed timers start once the MCP7384X transitions
from preconditioning. The fast charge timer resets
when the charge cycle transitions to the constant-volt-
age phase. The elapsed timer will expire and terminate
the charge if the sensed current does not diminish
below the termination threshold.

© 2003-2013 Microchip Technology Inc.
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516  BATTERY VOLTAGE SENSE (Vigar)

The MCP7384X monitors the battery voltage at the
Vgar pin. This input is tied directly to the positive
terminal of the battery. The MCP7384X is offered in
four fixed-voltage versions for single or dual series cell
battery packs, with either coke or graphite anodes:

- 4.1V (MCP73841-4.1, MCP73843-4.1)

- 4.2V (MCP73841-4.2, MCP73843-4.2)

- 8.2V (MCP73842-8.2, MCP73844-8.2)

- 8.4V (MCP73842-8.4, MCP73844-8.4)

5.1.7 DRIVE OUTPUT (DRV)

The MCP7384X controls the gate drive to an external
P-channel MOSFET. The P-channel MOSFET is
controlled in the linear region regulating current and
voltage supplied to the cell. The drive output is
automatically turned off when the voltage on the Vpp
input falls below the undervoltage lockout voltage

(Vstop)-

5.2 Digital Circuitry

B.2A1 CHARGE STATUS OUTPUT (STAT1)

A status output provides information on the state-of-
charge. The current-limited, open-drain output can be
used to illuminate an external LED. Optionally, a pull-up
resistor can be used on the output for communication
with a host microcontroller. Table 5-1 summarizes the
state of the status output during a charge cycle.

TABLE 5-1: STATUS OUTPUTS
Charge Cycle State Stat1

Qualification OFF
Preconditioning ON
Constant-Current Fast ON
Charge
Constant-Voltage ON
Charge Complete OFF
Safety Timer Fault Flashing

(1 Hz, 50% duty cycle)
Cell Temperature Invalid Flashing

(1 Hz, 50% duty cycle)
Disabled - Sleep mode OFF
Battery Disconnected OFF

The flashing rate (1 Hz) is based off a timer capacitor
(Crimer) of 0.1 uF. The rate will vary based on the
value of the timer capacitor.

522  LOGIC ENABLE (EN)

The logic-enable input pin (EN) can be used to
terminate a charge anytime during the charge cycle,
initiate a charge cycle or initiate a recharge cycle.

Applying a logic-high input signal to the EN pin, or tying
it to the input source, enables the device. Applying a
logic-low input signal disables the device and
terminates a charge cycle. When disabled, the device's
supply current is reduced to 0.25 pA, typically.

DS21823D-page 14
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6.0 APPLICATIONS cells: constant-current followed by constant-voltage.
Figure 6-1 depicts a typical stand-alone application
circuit, while Figure 6-2 depicts the accompanying
charge profile.

The MCP7384X is designed to operate in conjunction
with either a host microcontroller or in stand-alone
applications. The MCP7384X provides the preferred
charge algorithm for Lithium-lon and Lithium-Polymer

Voltage

Regulated Optional

Wall Cube Reverse
Blocking
Diode

Rsense
— /A

SENSE 1 [e
~ STAT1 | mcp73844
EN (7]
R THREF =
4 WA {5]
iRTz
FIGURE 6-1: Typical Application Circuit,
T T T
Preconditioning |  Constant-Current | Constant-Voltage [
Phase | Phase | Phase i
I | I
Regulation Voltage | I AN V) B 0. | |
(VreG) | /| |
Regulation Current | _ __ _ __ | |
(IRec) } !
| \
| |
Charge
Voltage | |
Transition Threshold | | |
(VeTh) [ |
| |
i |
Precondition Current | Currant l
lepechiT T ¢ s e i il o
Termination Currentf — — — — — — — — — — — S= e e |— == il
(lrerm) l :
|
I |
Precondition Fast Charge f
I‘_Safety Timer Safety Timer i( |
| Elapsed Time |
i Termination Timer |
FIGURE 6-2: Typical Charge Profile.
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6.1 Application Circuit Design

Due to the low efficiency of linear charging, the most
important factors are thermal design and cost, which are
a direct function of the input voltage, output current and
thermal impedance between the external P-channel
pass transistor and the ambient cooling air. The worst-
case situation occurs when the device has transitioned
from the preconditioning phase to the constant-current
phase. In this situation, the P-channel pass transistor
has to dissipate the maximum power. A trade-off must
be made between the charge current, cost and thermal
requirements of the charger.

6:1.1 COMPONENT SELECTION

Selection of the external components in Figure 6-1 are
crucial to the integrity and reliability of the charging
system. The following discussion is intended to be a
guide for the component selection process.

6.1.1.1 Sense Resistor

The preferred fast charge current for Lithium-lon cells
is at the 1C rate, with an absolute maximum current at
the 2C rate. For example, a 500 mAh battery pack has
a preferred fast charge current of 500 mA. Charging at
this rate provides the shortest charge cycle times
without degradation to the battery pack performance or
life.

The current sense resistor (Rggnysge) is calculated by:

R Wircs
SENSE) T 71—
REG
Where:
Ireg is the desired fast charge current.

For the 500 mAh battery pack example, a standard
value 220 mQ, 1% resistor provides a typical fast
charge current of 500 mA and a maximum fast charge
current of 551 mA. Worst-case power dissipation in the
sense resistor is:

PowerDissipation = 220mQ x 551mA> = 66.8m W

A Panasonic® ERJ-6RQFR22V, 220 mW, 1%, 1/8W
resistor in a standard 0805 package is more than
sufficient for this application.

A larger value sense resistor will decrease the fast
charge current and power dissipation in both the sense
resistor and external pass transistor, but will increase
charge cycle times. Design trade-offs must be
considered to minimize space while maintaining the
desired performance.

6.1.1.2 External Pass Transistor

The external P-channel MOSFET is determined by the
gate-to-source threshold voltage, input voltage, output
voltage and fast charge current. Therefore, the
selected P-channel MOSFET must satisfy the thermal
and electrical design requirements.

Thermal Considerations

The worst-case power dissipation in the external pass
transistor occurs when the input voltage is at the
maximum and the device has transitioned from the
preconditioning phase to the constant-current phase. In
this case, the power dissipation is:

PowerDissipation = (VDDMAAﬁ VPTHM.’N] % IREGMA.’L'

Where:
Vppmax is the maximum input voltage.

IrReGMAX IS the maximum fast charge current.
VprHmin is the minimum transition threshold voltage.

Power dissipation with a 5V, #10% input voltage
source, 220 m£, 1% sense resistor is:

PowerDissipation = (5.5V=2.75F) x 551mA = 1.52W

Utilizing a Fairchild™ NDS8434 or an International
Rectifier IRF7404 mounted on a 1in? pad of 2 oz
copper, the junction temperature rise is 75°C,
approximately. This would allow for a maximum
operating ambient temperature of 75°C.

By increasing the size of the copper pad, a higher ambi-
ent temperature can be realized, or a lower value
sense resistor could be utilized.

Alternatively, different package options can be utilized
for more or less power dissipation. Again, design trade-
offs should be considered to minimize size while
maintaining the desired performance.

Electrical Considerations

The gate-to-source threshold voltage and Rpggp of the
external P-channel MOSFET must be considered in the
design phase.

The worst-case Vgg provided by the controller occurs
when the input voltage is at the minimum and the fast
charge current regulation threshold is at the maximum.
The worst-case Vgg is:

Vos = Vorvmax= Vopain = Vecsuax)
Where:
Vbrvmax is the maximum sink voltage at the

Vpry output
Vppmin is the minimum input voltage source
Vecsmax is the maximum fast charge current
regulation threshold

DS521823D-page 16
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Worst-case Vgg with a 5V, £10% input voltage source
and a maximum sink voltage of 1.0V is:

Ves = 1.0V —(4.5V-120mV) = -3.38V

At this worst-case (VGS) the RDSON of the MOSFET
must be low enough as to not impede the performance
of the charging system. The maximum allowable
Rpson at the worst-case Vg is:

_ Vopuin=Vrcsmax— Vearmax

Rpson = 7
REGMAX

4.5V - 120(115)mV —4.221V
551(581)mA

= 288mQ

Rpson =

The Fairchild NDS8434 and International Rectifier
IRF7404 both satisfy these requirements.

6.1.1.3 EXTERNAL CAPACITORS

The MCP7384X are stable with or without a battery
load. In order to maintain good AC stability in the
Constant-Voltage mode, a minimum capacitance of
4.7 uF is recommended to bypass the Vgt pin to Vgg.
This capacitance provides compensation when there is
no battery load. Additionally, the battery and
interconnections appear inductive at high frequencies.
These elements are in the control feedback loop during
Constant-Voltage mode. Therefore, the bypass
capacitance may be necessary to compensate for the
inductive nature of the battery pack.

Virtually any good quality output filter capacitor can be
used, independent of the capacitor's minimum ESR
(Effective Series Resistance) value. The actual value of
the capacitor and its associated ESR depends on the
forward fransconductance (g,,,) and capacitance of the
external pass transistor. A 4.7 pF tantalum or aluminum
electrolytic capacitor at the output is usually sufficient
to ensure stability for up to a 1A output current.

6.1.1.4 REVERSE-BLOCKING PROTECTION

The optional reverse-blocking protection diode,
depicted in Figure 6-1, provides protection from a
faulted or shorted input, or from a reversed-polarity
input source. Without the protection diode, a faulted or
shorted input would discharge the battery pack through
the body diode of the external pass transistor.

If a reverse-protection diode is incorporated into the
design, it should be chosen to handle the fast charge
current continuously at the maximum ambient
temperature. In addition, the reverse-leakage current
of the diode should be kept as small as possible.

6:1:1.5 ENABLE INTERFACE

In the stand-alone configuration, the enable pin is
generally tied to the input voltage. The MCP7384X
automatically enters a Low-power mode when voltage
on the Vpp input falls below the undervoltage lockout
voltage (Vgtop), reducing the battery drain current to
0.4 pA, typically.

6.1.1.6 CHARGE STATUS INTERFACE

A status output provides information on the state of
charge. The current-limited, open-drain output can be
used to illuminate an external LED. Refer to Table 5-1
for a summary of the state of the status output during a
charge cycle.

6.2 PCB Layout Issues

For optimum voltage regulation, place the battery pack
as close as possible to the device's Vgat and Vgg pins.
This is recommended to minimize voltage drops along
the high current-carrying PCB traces.

If the PCB layout is used as a heatsink, adding many
vias around the external pass transistor can help
conduct more heat to the back plane of the PCB, thus
reducing the maximum junction temperature.

©® 2003-2013 Microchip Technology Inc.
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7.0 PACKAGING INFORMATION

i1 Package Marking Information

8-Lead MSOP (MCP73843, MCP73844) Example:
KXXXX 738431
YWWNNN 0319256

, 78
JULL i

10-Lead MSOP (MCP73841, MCP73842) Example:
XXXXX 738411
YYWWNNN 0319256

, B Rk
HUU INRIERI

Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
WW Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code
Pb-free JEDEC designator for Matte Tin (Sn)
X This package is Pb-free. The Pb-free JEDEC designator )
can be found on the outer packaging for this package.

Note: Inthe event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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8-Lead Plastic Micro Small Outline Package (MS) (MSOP)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging

E
T
i —
D
=] L 1%
B
n[__] SR SNy
o
/’K ~
oy g j s i
Anm
i 0
L~ p
(F) L
B ——
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 8 i 8
Pitch P .026 BSC 0.65 BSC
Overall Height A - -/} .043 - - 1.10
Molded Package Thickness A2 .030 .033 .037 0.75 0.85 0.95
Standoff A1l .000 - .006 0.00 - 0.15
Overall Width E 193 TYP. 4.80 BSC
Molded Package Width E1 .118 BSC 3.00 BSC
Overall Length D .118 BSC 3.00 BSC
Foot Length L 016 | .024 | .031 0.40 | 0.60 | 0.80
Footprint (Reference) F .037 REF 0.95 REF
Foot Angle [ 0° - 8° 0° - 8°
Lead Thickness c .003 .006 .009 0.08 - 0.23
Lead Width B .009 .012 .016 0.22 - 0.40
Mold Draft Angle Top o 5° - 157 g2 - 15°
Mold Draft Angle Bottom B B - 15° 5° - 15"

*Controlling Parameter
Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed .010" (0.254mm) per side.
JEDEC Equivalent: MO-187
Drawing No. C04-111
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10-Lead Plastic Micro Small Outline Package (UN) (MSOP)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging

| E
1 E1 ]
|
j—: I (
P
T: —
| E—— i D
BJ_: -
Y — O [/

(F) ~
p sty | (1
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 10 10 -
Pitch P 020 TYP 0.50 TYP.

Overall Height A I 3 043 4 % 1.10
Molded Package Thickness A2 .030 .033 .037 0.75 0.85 0.95
Standoff A1 .000 = .006 0.00 d - 0.15
Overall Width E .193 BSC 4.90 BSC

Molded Package Width E1 .118 BSC 3.00 BSC

Overall Length D .118 BSC 3.00 BSC

Foot Length L 016 | 024 | 031 0.40 | 0.60 | 0.80
Footprint F .037 REF 0.95 REF

Foot Angle 0 0° - 8° 0° - 8°
Lead Thickness c .003 - .009 0.08 - 0.23
Lead Width B .006 .009 .012 0.15 0.23 0.30
Mold Draft Angle Top o 5 - 15° 5° - 157
Mold Draft Angle Bottom B 54 - 15° 5° - 15°

*Controlling Parameter
Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed .010" (0.254mm) per side.
JEDEC Equivalent: MO-187
Drawing No, C04-021
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8.0 REVISION HISTORY

Revision D (January 2013)
Added a note to each package outline drawing.

©® 2003-2013 Microchip Technology Inc. DS21823D-page 21



MCP73841/2/3/4

DS21823D-page 22 ©® 2003-2013 Microchip Technology Inc.



MCP73841/2/3/4

PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Device

o

Preset
Voltage
Options

X

¥

i

Temperature Package
Range

Device

Preset Voltage
Regulation Options

Temperature Range

Package

MCP73841:

MCP73841T:

MCP73842:

MCP73842T:

MCP73843:
MCP73843T:
MCP73844:
MCP73844T:

410
420
820
840

MS
UN

4.1V
4.2V
8.2v
8.4V

LU L I}

Single-cell charge controller with temperature
monitor

Single-cell charge controller with temperature
monitor, Tape and Reel

Dual series cells charge controller with tem-
perature monitor

Dual series cells charge controller with tem-
perature monitor, Tape and Reel

Single-cell charge controller

Single-cell charge controller, Tape and Reel
Dual series cells charge controller

Dual series cells charge controller,

Tape and Reel

-40°C to +85°C (Industrial)

= Plastic Micro Small Outline (MSOP), 8-lead
= Plastic Micra Small Outline (MSOP), 10-lead

Examples:

a) MCP73841-4101/UN:
b)  MCP73841T-410l/UN:
c)  MCP73841-4201/UN:
d)  MCP73841T-4201/UN:
a) MCP73842-8201/UN:
b)  MCP73842T-8201/UN:
c) MCP73842-8401/UN:
d) MCP73842T-840l/UN:
a)  MCP73843-410/MS:
b)  MCP73843T-410//MS:
c)  MCP73843-420/MS:
d) MCP73843T-4201/MS:
a) MCP73844-8201/MS:
b)  MCP73844T-8201/MS:
c)  MCP73844-8401/MS:
d)  MCP73844T-840I/MS:

4.1V Preset Voltage
4.1V Preset Voltage,
Tape and Reel
4.2V Preset Voltage
4.2V Preset Voltage,
Tape and Reel

8.2V Preset Voltage
8.2V Preset Voltage,
Tape and Reel
8.4V Preset Voltage
8.4V Preset Voltage,
Tape and Reel

4.1V Preset Voltage
4.1V Preset Voltage,
Tape and Reel
4.2V Preset Voltage
4.2V Preset Voltage,
Tape and Reel

8.2V Preset Voltage
8.2V Preset Voltage,
Tape and Reel
8.4V Preset Voltage
8.4V Preset Voltage,
Tape and Reel

Sales and Support

Data Sheets

Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.

1. Your local Microchip sales office
2. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in @ manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= IS0/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
FlashFlex, KEeLoa, KEELOQ logo, MPLAB, PIC, PICmicro,
PICSTART, PIC* logo, rfPIC, SST, SST Logo, SuperFlash
and UNI/O are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor,
MTP, SEEVAL and The Embedded Control Solutions
Company are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of
Microchip Technology Inc. in other countries.

Analog-for-the-Digital Age, Application Maestro, BodyCom,
chipKIT, chipKIT logo, CodeGuard, dsPICDEM,
dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONOMONITOR, FanSense, HI-TIDE, In-Circuit Serial
Programming, ICSP, Mindi, MiWi, MPASM, MPF, MPLAB
Certified logo, MPLIB, MPLINK, mTouch, Omniscient Code
Generation, PICC, PICC-18, PICDEM, PICDEM.net, PICkit,
PICtail, REAL ICE, rfLAB, Select Mode, SQI, Serial Quad I/O,
Total Endurance, TSHARC, UniWinDriver, WiperLock, ZENA
and Z-Scale are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

GestIC and ULPP are registered trademarks of Microchip
Technology Germany Il GmbH & Co. & KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 2003-2013, Microchip Technology Incorporated, Printed in
the U.S.A., All Rights Reserved.

Q Printed on recycled paper.
ISBN: 9781620769027

Microchip received ISO/TS-16949; 2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company's quality system processes and procedures
are for its PIC® MCUs and dsPIC*® DSCs, KEeLoa® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip's quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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MICROCHIP

Worldwide Sales and Service

AMERICAS
Corporate Office
2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200
Fax: 480-792-7277
Technical Support:
http://www.microchip.com/
support

Web Address:
www.microchip.com
Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455
Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

ltasca, IL

Tel: 630-285-0071
Fax: 630-285-0075
Cleveland
Independence, OH
Tel: 216-447-0464
Fax: 216-447-0643
Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924
Detroit

Farmington Hills, M|
Tel: 248-538-2250
Fax: 248-538-2260
Indianapolis
Nablesville, IN

Tel: 317-773-8323
Fax: 317-773-5453

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA

Tel: 408-961-6444
Fax: 408-961-6445
Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8569-7000
Fax: 86-10-8528-2104

China - Chengdu

Tel: 86-28-8665-5511
Fax: 86-28-8665-7889
China - Chonggqing
Tel: 86-23-8980-9588
Fax: 86-23-8980-9500

China - Hangzhou
Tel: 86-571-2819-3187
Fax: 86-571-2819-3189

China - Hong Kong SAR
Tel: 852-2943-5100
Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205
China - Shanghai

Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8864-2200
Fax: 86-755-8203-1760

China - Wuhan

Tel: 86-27-5980-5300

Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7252

Fax: 86-29-8833-7256

China - Xiamen
Tel: 86-592-2388138
Fax: 86-592-2388130

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4123

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Osaka

Tel: 81-6-6152-7160
Fax: 81-6-6152-9310
Japan - Tokyo

Tel: 81-3-6880- 3770
Fax: 81-3-6880-3771
Korea - Daegu

Tel: 82-53-744-4301
Fax: 82-53-744-4302
Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068

Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955
Taiwan - Kaohsiung
Tel: 886-7-213-7828
Fax: 886-7-330-9305
Taiwan - Taipei

Tel: 886-2-2508-8600
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829
France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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