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ABSTRACT

This project report describes the pulse circuit battery rechargeable using
small solar cell on the power source. It is able to charge batteries that can be used
for electronic equipment. For example, traffic lights, etc. which charges and collects
electric power from solar cells during a day time for its usage at night. We use solar
cell as an entry power generator, IC number BQ24650 as a converter to generate
power supply for Pulse battery. There is a LCD circuit operation monitor which
displays power supply from the beginning until the end of the process. The
experiment shows that to charge5Ah of battery by solar cell with Vmp = 18.3V,
Im = 0.27A when the brightness of the sun is 70000 lux, it will be able to fully charge
the battery within 7 hours.



I

ANBINISUUIENA

Wdalassnuiensasyianunmeiiuuiadingldlednad msvilassnuluasad

" o @ v [ o cal = = a ey vo fa =
a1aghivszaunaduialdtuinmuuziinmne1nsdnuinudednlasuaneiansdnuinm
& [ 1 s o v o ¥ v
wuudsgleilunsvilassuegrannuazdeaunsailuussyndldlusuanla Asluses
Y9vaUANITENUTNwTA NN T Aenguva st M IiN svineIuTeIngutIwan
dsaqanlulesmed

a W

NI DIVIUMEANG

=l <=

39505 WguRsuelana



1.1 AU UAEAIILA T UDTIAT U, e erserss et e
1.2 AUYAIBUAL INUTEAAVBINITANY oot
1.3 ARG TUUDINITANY Vererrsisiuvivcies osesesbatosonstiesstinssesssssssos s sisesessesssessssesons
R GIL (7 Ep e N SN\ P S, . N

unl 2 Mﬁ’nmmawqwﬁ ......................................................................................................
2.1 PNTYN S UUBADTAZIINTO oo S et et
220C BO24e50. gitabdy 8 @ DL NI NG, Do W b, o o n B R
8.5.1 lypicdl SishempeSCNEIRRLT ... oo, . g G P Y. 2.4}
0.2 2 Deseripiitioernral. = AL LY YR N N\ oot .. ... 2.0, 8]
IR T RIT T T A N v owe N SO W L e S
2.3 Rubse Clgent Iop g QA AR ] e R LB Ao o
208 MasimefirWPoWse N R WEQiNG. . 4..... [ LIRS THENY @ W S04
2.5 ¥aNNNTYINIUTB Maximurmn Power Point Tracking....................ocoecesssieenie.
2.6 VANMIBAAUEIDITNG WT0 TWAWYAN ...t
2.7 L3818 o.......co e MO s - cpgmune N oAl e ool
2.7.1 Tymical Syéiem SchomalfONS AL v NPl
2iliZ DestDNL 5@ Bogissmiaavsigmi gl vl e i
T Rt T e O O S ST st
3.1 UBDNIAIDEIATU oo etttverereecesre s sereeseoeessseesssttsseeesessessseeseesessessesereessessesssssessaon
3.2 AT e

v

O 00O ~N O O O W W N N —» 2 =

e o e S S S N
[© NG L NG 5 B € 4 R o N o e . S e



sy (vie) Wi

3.4 DINTUA AT TUEYDINURIDT s 16

KR b TRt OO 18
UNT 4 AV TNAABIUAEHAN TV ererereseseseensrseesrseestssesesse s 20
4.1 Yawiten A1 Maximurn Power Point Tracking Solar Cell....ieiienne. 20

4.2 mﬁmgﬂé’fgtmmﬁmHIDRVLﬁ'Emﬁ’U?nLODRV%mﬁﬁamzLLamma6] ............ 21

) ) - = Y] oo w ¢ w o
4.3 MyingudyaunuHIDRVABURUYILODRVYMENIEISafuLUAWes... 23
4.4 mMmyIngudyruvemeana(MOSFET)QL:AvMEMIATMIsILUAlAL A

SERINVUATU(DIAINIUAZYDH(SOUITE) oo eee s eeessesesses e esssesee 25
UM 5 AT IANABATUNANTTNRBD....orrsscrssssssessessssseesssssssssessesessssssssssesssssesssssssssnees 26
UTTOUTUTITM e vnneevrer s g renennnnerensssncrscrsoenesnasssnssenssaesesees e g g 3¢ 4¢48 e assessssaneeen 27

R R T e R R . L 28



GERRTPRN

A L 1 s s 1 1 al ﬂil k2
PTNN 4.1 WERIAITENINLSIPUNUNSELEYDILHULYaaa e T NALLTULES
UTEITa 1000- L 1000I0DY .cociiisissimsrirentmmsarmamnssssnsssestsstammsssesssessmsensssesentasassen

VI

WU



VIl

-
asugy3u ,,
3
gﬂﬁ
2.1 Charge stages of a lead acid battery......cvceecinicinscneeeseneens 3
2.2 Effects of charge voltage on a small lead acid battery......ccoovvveecrcenen. 4
23 Typlcal System Schermalicted BO265D couuwmmsimmmmn i 6
2.4 Algorithm for Pulse Current Charging........ccocvevoccveieieeiieeeeceese e 8
25 Mdwndngigavosunavaduaiedind Mnuidunas 1,000 as/msrauns
WARSIAETY -V CUNVE oo eeesesese e essessenenens 10
2.6 MEwWARGIgAvEIRITARIAIDTiNG A NELas 100 Tas/maiuns
WARSIALTY -V CUNVE ...ttt 10
2.7 WHALBA UHAAYTAT NG e tntonstssiosssssionsssessenees et sissssssnssnsssnses 12
2.8 Tasagipfn el usesle @ TIIaE NN . s e ecornssss M Nssesssssasoe 13
2.9 Typical System SchematicUBILM3914 ... 14
3.1 PCBUBIIATUARIADTUEUBIUIADT .o nsiertes e 16
3.2 Schematicwamw5LLamamuz°uaamema'%{ ....................................................... 17
38 Ischematie TS iladiE . [ WL .\ L. DN o ™M e LY 18
3.4 PCBUBIINTTNDTUTTTRUUTER ... oot et esasessnsesis 19
4.1 AUAURUSTERTINUTIO (V) WAZATEUE (.o 20
8.2 APUAURUSTENTNUTINU (V) UAZA IR (P 20
4.3 e aufivHIDRVIAEUR UL ODRVAISARINTEUA = 175 MA. ..o 2y
4.4 FyaaivHIDRV(hs R uuW s uiuLILODRVINTWIF1uA) vauedi
RIMBLE = TEEDA N 2D NOBT B il 7
4.5 &yaeufinHIDRV(is W uuwisufiurILODRV(NSWEua"e) vniedl
b T AL 1 VS S\ - 7> ) I ol A A A 22
0.6 FyaresfivHIDRV(ns W uuwiisuiue LODRV(nS wIFua) ezl
R EATE, ) Sy "L {7, S AR o . - U9 o A— 23
4.7 Foya i HIDRV(ns W AwmA e ieufurLODRV(NT AT ) uaue i
FNEIYIFD TUBUPAITIAT L LS/CM oot 23
4.8 dyaraiintHIDRV(ns wEmEsaieuiuuIL ODRVIns a1 v

o

A1R9YI5D NUBUALADINEIAT 500 NS/CM e ees e 24



VIII
GREVATAL(D)

4.9 FygadivHIDRV(NTWEmEsdWisuiurLODRV(ns Wi de)uais i

ANAIY1I5T AULUPLADITANIAT 500 NS/ TN 24
4.10 dyanavosupawn(MOSFET)QL:AvauzyinnsTnsauunlaein
N9V UATU(Drain)iazeaa(Source)MIan 500 NS/TM e 25

4.11 dyeuveuaan(MOSFET)Q1:ATUEYIINITTISAUUALALTA
5812199 A5U(Drain)uasaea(Source)iaan 200 NS/CM.....cvvcvcvvvevveveveeens 25



unl 1
S UM

1.1 fumazauddgyreddasey

Tneluuunmeduvimiii Jounszualviligunaaisnaquesiaiossusiiielivhay
1§ 19y wewmesan1iv szuugasuidn Tuvaeianiimsnoud wanunilfeaunsavhmiiiideu
wasulitugunsalduisanuazainvateqodieing  uummedsasudliliundandn
nszudlwin udduuvaadulnihdises Faelinaunudenisvihnureslasyialiamisad
agvhauls Agfamdsnunnuuameduld Tuneseiuday dlasunfanunsafiasinem
165 nszualwihiimdeannnisldou gnihluiivliuunnedsudy viwihiiadusussnindeg
yifafunummed dufvanead wsmeiazmunegnsliruiuiiiies 2 nedide 1.fu
Tllsiegwianumergnisldan 2 awrsauszqliidalylsae

nnUsAleviveuummeidnarndrsiutu Aefiarmuauisalunisifundeeuli
e llindsnuiuguasalindedldlviiaiagg Tassnuifedavinduiieldusslonian
wuaAe3 Tngifundedrondanuliuunineide Tedrfiwad uaziluldiugunsal
i3 asldflwihereqlaeiibgasasovimiiiimuaunissiendsnuluilisuwunneiuas
wdadldlnidulndygrmeas Tneflunounarsiuduledrsiwadasinisvsandsanu
Titununmeslusniziidiuasuanagitetiluibundsnulilvdyg masastunsunansiy

Tassauiiselivihnmsinuniioatu msvfanunmeineiingm uasdaundayi Pulse

Charger Circuit For Solar Battery Charge System%da’lmmﬁj’dm‘lﬁﬁﬁd

1.2 anuviinewaginguivasaesn1sine
1 ifiednw Lead Acid Battery
2 \iiefinymidnnas Charge Lead Acid Battery
3 fiefinwInsinuLes Bg2d6ds0

4 Wafn®n15YinNeIuYaguas Solar Cell

5 aleuilgmtnuannsinuasaagsdnuntymniagu

1.3 auyfguvenisfing
1 ﬁnm’ﬁaga%d lead acid battery
2 Anwvayadsn13v133 lead acid battery
3 Anwinsvineuees solar cell



1.4 Y9UANITITY

Anwinisviiures bg2a650 fimdaulviein Solar Cell wulandiunisuda
WUV Pulse charge Wnluluwummadngiings Tneveasdluanuiifidaanuduuasdi 70000
lux Tuthaainans iy dWenmnanlunsensauunneiaui

1.5 Usslemifianndnagldsu
1 $¥umnudiFesnsaspulse charge iy
2 a¥gunsalnismdanuy pulse charge fiannsalfamliais
3 IfFumwiises wunimeinziange
4 lFFumm3iEeaune9as solar cell
5 IfsummiiFes fled baza650
6 anmnsathauiiilsiluussendldanuliate
7 Anrunmsvihaouduiin
8 Tnlidunusuinveudanihiivesmy



unil 2
MANNITHASNE YA

o @
2.1 NMSPFIUALNDIAEAINTA

wumaaThuUnznInTaUuldIgnIsuIIRuLarnsrLalii A (CV/COnsvualuingn

a = & o R A, & o -
AIUANITNILTIRdugRIUNTERusIRuUTlATuTRgegaLazIn TELaTUITANaNTRY T
PWALITUNTBITENIIABNAT N13y1sanuazldiig) 12-16 Falusuaziiuduy 36-48 4alu

] a Aﬂl 1 A n'J 5 =l n‘j & ] Q’j’ =
ﬂ’]‘lﬁ'ﬁULLUﬂLmﬂ‘i‘UU’]ﬂl‘lﬁiyLLUWLfﬂﬂ3@]3ﬂ?ﬂ3ﬂﬂﬂﬂ°ﬂﬁ¢lﬂﬂﬂ13ﬂ’]'§’ﬂﬂQ 3 YUNDUAD

1.Constant-Current Charge
2.Topping Charge
3.Float Charge

swinsflvnfadieduneuConstant-Current Chareetiu USinauumaoiaziiszuna7o
Wosidudlunan 5-8 dalus wasludnsoedidudiuasgnurfalagduneuTopping Charge
Tneldiaan 7-10 F2lusTopping Chargeﬁuﬁﬁauﬁﬁﬁ’fgﬁm%’umqmﬂ‘z’mumamumma‘élﬁﬁ
A15915auUUTopping  Chargewumimpiazgadsaiiuaiuisalunisuuszglniuay

UsgansSninaranadtilasainnisiiaSulfationusanisiinnaadainmlulunnas Tunay

3 I

Float Charge Huagtdun1ssnwlummesnonsaauwa

Voltage per cell
== =~ ~- — Charge current
Stage 1 | Stage 2 | Stage 3
Constant current | Topping charge | Fioat
charge | | charge
20 T T 25
t e
1.6 | | 20
| |
i | ! i
< 12 i T 15 =
= e i s ] &
§ _*\ ’ £
5 08 =% t 10 2
| ™ E
N
0.4 } M | 0.5
~
[ s ]
| e (S
3 6 g 12
Time (hrs)

Stage 1: Voltage Stage 2: Current drops; Stage 3: Voltage
rises at constant fuli charge is reached is lowered to floal
current to V-peak. when current levels off charge level

gﬂﬁ 2.1 Charge stages of a lead acid battery
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ﬂJﬁ 2.2 Effects of charge voltage on a small lead acid battery
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2.2 IC BQ24650

2.2.1 Typical System Schematic
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JUn 2.3 Typical System Schematicues BQ24650

2.2.2 Description
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PIN
TYEE DESCRIPTION
NO. NAME
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TYPE DESCRIPTION
NO. NAME
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2.3 Pulse Current Charging
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2.4 Algorithm for Pulse Current Charging
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4.2.2 finTsud = 185 mA
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INSTRUMENTS
Using the bq24650 to Charge a Sealed, Lead-Acid Battery

Jeff Falin, Charles Mauney, Stephen Nortman PWR - BMS Battery Charge

ABSTRACT

This application report shows how to modify the bq24650 to charge a sealed, lead-acid battery from a
solar panel. The circuit uses constant current (CC) charging to reach the bulk battery voltage and then
switches to constant voltage (CV) charging until the termination current is reached. The modifications
necessary to change the regulated voltage, recharge voltage and regulated current are discussed. The
datasheet explains how to configure the MPPSET components, the switching converter active and passive
components and other components for the specific application.
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1 Pulse Current Charging

With some simple modifications, the bq24650 charger, designed specifically for charging Li-ion batteries,
can charge lead-acid batteries.

Figure 1 shows the pulse current charging algorithm that is used to charge the sealed lead-acid battery.

Pre-charge | Fast Charge
CurrentReg,  Current Reg.

A Phase | Phase
_______ L L.
. -
lewre [------fsooo------f (—
5 ~
O |~ o — = — =T T
7/
lF'RECH&-ITERM ( ey SN
|
I
1

Figure 1. Algorithm for Pulse Current Charging

Vg« is the bulk battery voltage and is the maximum voltage at which the charger regulates. The remaining
terms are explained in the bq24650 data sheet (SLVSATS5).

Figure 2 shows the schematic used to implement the algorithm in Figure 1. Five additional components
are needed in addition to the typical evaluation module (EVM) circuit. These components, along with the
components whose values changed from the EVM circuit, are shown in bold in Figure 2.
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System Load
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Figure 2. Schematic for Pulse Charging

The charger begins in CC mode and then switches to CV mode. The circuit uses the STAT2 pin, which is
pulled high while the battery is charging, to turn on Q3 and increase the charger's CV regulation paint to
the battery’s bulk voltage until the charger senses that the current has tapered off. Normally STAT2 is
pulled up to V,,, but to protect the gate of FET Q3, resistor R23 divides down the voltage at STAT2. Once
the charging current falls below the termination current threshold, STAT2 goes to low impedance. This
causes Q3 to turn off, thus lowering the recharge threshold voltage, Vgecy, to the battery's float voltage.
When Vg, drops to Veeey, the charger returns to CC charging and sends a pulse of current to recharge
the battery to the bulk voltage and the cycle repeats. Equation 1 gives the Vg« regulation voltage:

Rt +Rp 1 |B"rc]

VBuik = Vrer ’{1"
Rg "RP—B (1)

Equation 2 gives the Vgecy threshold voltage.

R
Veee — 50mV) =V, x B

Because lead-acid batteries do not typically have built-in thermistors, the charger's over/under
temperature regulation features are not used. By changing EVM resistor R12 to 7.5 kQ, the TS input
senses a fixed voltage that is within the normal operating range and does not change any of the regulation

parameters with temperature.

3
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2

Circuit to Implement Temperature Compensation

The life span of a lead-acid battery is longer if the charging voltage is adjusted with temperature. For
applications where the temperature changes only slightly around 25°C, using a linear negative
temperature charging coefficient of approximately —2.5 mV/C per cell is adequate. However, the
recommended charging profile over a wider temperature range is not linear. Although not required, for
applications where the battery is exposed to a range of ambient temperatures, the regulated bulk and
recharge voltages must be adjusted with temperature to maximize battery life. The pink curve in Figure 3
shows the recommended bulk voltage charging profile over temperature, using a 6-cell, lead-acid battery
with a bulk voltage of 2.6 V/cell at 25°C. The blue curve is the Vp,« regulation value, including the
thermistor's resistance variation with temperature, as designed in the following example.

17 |
i

165 \ — {
\

\ Recommended |

ANE

\\\
-..\
14.5 | Actual \

MW —-1.4 \\

13.5

VBAT

\

13
-40 -30 =20 =10 0 10 20 30 40 50 60

TEMP
Figure 3. Battery Voltage vs Temperature for a 6-cell, Sealed, Lead-Acid Battery

From Figure 2 and Equation 1, the additional, series feedback resistor (Rp.;) in parallel with thermistor Ry,

placed close to the battery, alters the charger's bulk regulation and recharge (i.e., float) threshold voltages

as the temperature changes. Sizing the resistors to achieve the appropriate negative temperature

coefficient and regulation point is a trial and error process. One method for finding the best-fit resistor

values is as follows:

1. From the selected thermistor's data sheet, select at least three temperature (e.g., maximum, nominal,
and minimum) and corresponding resistance values to compute/plot in a spreadsheet.

2. Initially choose (Rg||Rp.5) @nd Re; equal to 1-2 times the thermistor's 25°C value, weighting closer to 2
times as the temperature range goes below zero. Use Equation 3 to estimate R+ to give the
appropriate bulk battery voltage at nominal temperature.

v, Rpr x R
Ry = [ BULK@T(Now_q X R Rp-r . RTC@T(NOM)
P-T TC@T(NOM) (3)

VREF

3. Adjust Rs; up or down to change the slope of the regulated voltage curve. Increasing R;.; significantly
increases the regulated voltage at low temperatures.
4. Adjust R; up or down to shift the entire curve up or down.

Note that the resistors can only be configured to provide regulation and recharge voltages that match the
desired values over a limited temperature range.
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3 Design Example

The following design example illustrates how to modify the bq24650EVM so that it can recharge a lead-
acid battery. For the 6-cell, 2.4-Ahr sealed |lead-acid battery used in this example, the bulk (maximum)
battery voltage at 25°C is 14.85 V, and the float voltage, used as the recharge voltage, is 14.1 V. The
ambient temperature range is 0°C to 55°C.

Step 1. Compute the sense resistor, Reg, to provide the maximum charge current (lcyarce), Which also
sets the precharge and termination current to one-tenth of the maximum charge current. It is
generally recommended to charge lead-acid cells between 0.1-0.3 times the batteries
maximum current rating during CC charging. For this example, lgyarce = 2.4 Ax 0.3 =072 A
rounded up to 0.8 A

Ry. = 40 mv _ 40mvV S
lparce 800 MA (4)
The inductor, L1 and FETS Q1A and Q1B must be sized per the data sheet to accommodate this
current.

Step 2. Select temperature compensation resistors. With a 100-kQ thermistor having Ryc 4 25c = 100
kQ, selecting Rg||Rp.s = 156 kQ and R..; = 154 kQ and use Equation 1 to estimate the top
feedback resistor, R;.

V, Rs_txR
Ry =| BULK@IAC) 4 |y R T TC@T(NOM) 14-85\’_1])(156,(9_%1%1_:947@
R Rt daid\ o4 v 154kQ+100kQ

Vrer (5)

Lowering R; to 887-kQ standard value gives the best fit as shown by the gold curve in Figure 3.

Step 3. Compute the value for Rg, the bottom feedback resistor that sets Vgecy, the recharge voltage
threshold. In this example, Vgecn at 25°C is 14.1 V.

Rp_1[Rrc+Rr  _ 100kQ||154kQ+887kQ

M : 137V % = 161kQ — 162kQ standard value

Rg =

Note that the temperature compensation circuit shifts Vaecy in the same manner that it shifts Vg,
Step 4. Compute the value for R, the switched-in resistor that sets Rg||Rp.s = 156 k(.

Rg =Rp_B=(RB“RP’B)xRB IR PRI =4.21MQ — 4.22MQ standard value

Rg-RgllRp.g  162kQ — 156kQ (7)

Step 5. NMOS FET Q3 in series with the resistor Ry can be any low-cost FET. However, few FETs
have wider than a #20-V maximum Vg rating. The 2N7002, with +20-V maximum Vs rating,
was selected. Therefore, a resistor divider, formed by STAT2's pullup resistor, R21, and an
additional resistor, R23, to ground is needed to protect the FET from overvoltage if Vi,
exceeds 20 V. Resistor R23 must be large enough to protect the FET but not too large that it
lowers the FET's gate voltage below at least 2 V above its 2.5-V maximum threshold voltage.
Equation 8 computes R23 assuming the maximum input voltage is 22 V.

Vosmax) — R21 _ 20V x 10KQ _ .0\ o
VIN(MAX) = VGS(MAX) 22V - 20V "
R23 was selected to be 25 kQ.

R23 >

4 Test Results

Table 1 shows measured results from using a source meter to simulate the battery compared to minimum
and maximum expected results, including resistor and voltage tolerances. Figure 4 shows a scope shot of
the circuit as the battery charger moves from precharge mode to CC mode to CV mode and then toward
termination.
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Table 1. Measured Results using a Source Meter to Simulate a Lead-Acid Battery

0°C 25°C 55°C
Computed Computed | Computed Computed | Computed Computed
Minimum M“&‘;"’d Maximum Minimum Mea(svl;red Maximum Minimum Maa(;l):red - Maximum
v) V) ) V) V) V)
Viowv 11.2 11.4 11.8 10.7 10.9 11.2 10.3 10.6 10.8
VBuLk 15.2 15.5 15.9 14.5 14.8 15.2 14.0 14.4 14.6
VRecH 14.7 14.6 15.1 14.1 14.1 14.5 13.5 13.5 13.9
‘ 100 mA/div
{
\
\
‘ Vean
| .
‘ i
| 1 vidiv
\
J
i
. |

t - Time - 1 ks/div
Figure 4. Measured Results With Circuit Charging a 6-Cell, 2.4-Ahr Battery

5 Circuit to Disable Precharge

For an explanation of a circuit to disable Precharge, see the application report Reducing Precharge Phase
Region for bq24650 (SLVA473).

6 Conclusion

The bg24650 battery charger can be modified to charge a lead-acid battery simply by changing the
charger's regulation and recharge voltage set points. The circuit modifications also cause the charger's set
points to vary with temperature by placing a thermistor and parallel resistor in series with the top, external
feedback resistor. In addition, the modifications cause the charger to "exercise" the battery with pulsing
currents during the constant voltage phase of the charge profile. For most lead acid batteries, this
charging profile prolongs battery life. However, the user should follow their battery manufacturer's
recommended charging profile in order to maximize battery life.

7 References

1. bq24650, Synchronous Switch-Mode Battery Charge Controller for Solar Power With Maximum Power
Point Tracking data sheet (SLUSA75)
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