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Researcher : Monthon Nawong
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Abstract

This research presents the design of DC-DC converter for battery charging for
photovoltaic system. The system consists of a 20W, 17.6V, 1.14A PV module that can be
connected electrically in series and that can convert the solar energy directly into electricity of
36V, a 12V, 7.2Ah lead-acid battery, buck converter and its digital control design with
dsPIC30f1010 microcontroller to battery charger using the constant voltage-current charging
method. Those methods are both a constant current based on peak current mode control and a
constant voltage charge based on PID control. Battery charging starts with a constant current until
a certain voltage is reached. Battery charging continues with a constant voltage until the current
decreases to a value of zero current to complete and maintain the battery charge. The constant
voltage-current charging method had the advantages such as higher shorter charging time. The
result of battery charger is satisfactory; charging method of the battery can be completed within 4
hours by a current of 1A and a constant voltage of 1.4.4V. A battery discharging at 3A it will last

for 1 hour, 11 minutes.
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EPC INTERNATIONAL CO.,LTD

Our Solar Panel Features:

A-grade solar cells ersure high efficiency, esthetic appearance and
good low-light performances;

Nominal 12V DC for standard output;

High transparent low-iron and tempered glass;

Withstand high wind-pressure and snow load;

Easy installation
25 year power output warranty
Type: PVE20P36
Open-circuit voltage (Voc) A7V
Optimum operating voltage (Ymp) 176 V
Short-circuit current (Isc) 1.26 A
Optimum operating current (Imp) 114A
Maximum power at STC (Pmax) 20 Wp
Operating temperature -40T to + 85T
Maximum system voltage 715¥ DC
Cell: multi-crystal solar cells
Quantity of solar cells and connections: 36 (4x9)
Dimension of module: 355*530*30 (mm)
_Weight: 28 Kg
Temperature Coefficients
NOCT: 45C+/-2T
Short-Circuit current temperature coefficient {0.055+/-0.01)%/K
Open-circuit voltage temperature coefficient -(78+£10) mV/K
Peak Power temperature coefficient ~(0.48+/-0.05)%/K
Power Tolerance +10%

NOCT: Nominal Operating Cell Temperature (The data is only for
reference)

Characteristics
Module IV Graph 20W

Current(A)
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Data Sheet

28/44-Pin High-Performance
Switch Mode Power Supply
Digital Signal Controllers

© 2006 Microchip Technology Inc.
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dsPIC30F1010/202X

28/44-pin dsPIC30F1010/202X Enhanced Flash
SMPS 16-bit Digital Signal Controller

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the “dsPIC30F Family Reference
Manual” (DS70046). For more information on the device
instruction set and programming, refer to the “dsPIC30F/
33F Programimer’s Reference Manual’ (DS70157).

High-Performance Modified RISC CPU:

* Modified Harvard architecture
» C compiler optimized instruction set architecture

* 83 base instructions with flexible addressing
modes

» 24-bit wide instructions, 16-bit wide data path
» 12 Kbytes on-chip Flash program space
* 512 bytes on-chip data RAM
* 16 x 16-bit working register array
* Up to 30 MIPs operation:
- Dual Internal RC 9.7 and 14.55 MHz (+1%)
- 32X PLL with 480 MHz VCO
- PLL inputs +3%
- External EC clock 9.7 and 14.55 MHz
- HS Crystal mode 9.7 and 14.55 MHz
* 32 interrupt sources
* Three external interrupt sources
* 8 user-selectable priority levels for each interrupt
* 4 processor exceptions and software traps

DSP Engine Features:

* Modulo and Bit-Reversed modes

* Two 40-bit wide accumulators with optional
saturation logic

* 17-bit x 17-bit single-cycle hardware fractional/
integer multiplier

* Single-cycle Multiply-Accumulate (MAC)
operation

* 40-stage Barrel Shifter

* Dual data fetch

Peripheral Features:

* High-current sink/source 1/O pins: 25 mA/25 mA

* Three 16-bit timers/counters; optionally pair up
16-bit timers into 32-bit timer modules

* Four 16-bit Capture input functions
* Two 16-bit Compare/PWM output functions
- Dual Compare mode available
» 3-wire SPI modules (supports 4 Frame modes)

« 12C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

« UART Module:
- Supports RS-232, RS-485 and LIN 1.2
- Supports IrDA® with on-chip hardware endec
- Auto wake-up on Start bit
- Auto-Baud Detect
- 4-level FIFO buffer

SMPS PWM Module Features:

* Four PWM generators with 8 outputs

» Each PWM generator has independent time base
and duty cycle

* Duty cycle resolution of 1.1 ns at 30 MIPS
* Individual dead time for each PWM generator:

- Dead-time resolution 4.2 ns at 30 MIPS

- Dead time for rising and falling edges
* Phase-shift resolution of 4.2 ns @ 30 MIPS
* Frequency resolution of 8.4 ns @ 30 MIPS
* PWM modes supported:

- Complementary

- Push-Pull

- Multi-Phase

- Variable Phase

- Current Reset

- Current-Limit
* Independent Current-Limit and Fault Inputs
* Output Override Control
* Special Event Trigger
« PWM generated ADC Trigger

© 2006 Microchip Technology Inc.

Advance Information

DS70178A-page 1
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Analog Features:

ADC

* 10-bit resolution

* 2000 Ksps conversion rate

* Upto 12 input channels

+ “Conversion pairing” allows simultaneous conver-
sion of two inputs (i.e., current and voltage) with a
single trigger

* PWM control loop:
- Up to six conversion pairs available

- Each conversion pair has up to four PWM
and seven other selectable trigger sources

* Interrupt hardware supports up to 1M interrupts
per second
COMPARATOR

* Four Analog Comparators:
- 20 ns response time
- 10-bit DAC reference generator
- Programmable output polarity
- Selectable input source
- ADC sample and convert capable
* PWM module interface
- PWM Duty Cycle Control
- PWM Period Control
- PWM Fault Detect
* Special Event Trigger
* PWM-generated ADC Trigger

dsPIC30F SWITCH MODE POWER SUPPLY FAMILY:

Special Microcontroller Features:

Enhanced Flash program memory:

- 10,000 erase/write cycle (min.) for
industrial temperature range, 100k (typical)

Self-reprogrammable under software control

Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

Flexible Watchdog Timer (WDT) with on-chip low
power RC oscillator for reliable operation

Fail-Safe clock monitor operation

Detects clock failure and switches to on-chip low
power RC oscillator

Programmable code protection

In-Circuit Serial Programming™ (ICSP™)
Selectable Power Management modes

- Sleep, |dle and Alternate Clock modes

CMOS Technology:

Low-power, high-speed Flash technology
3.0V and 5.0V operation (x10%)

Industrial and Extended temperature ranges
Low power consumption

2 lepa| 2~ o | 2 g

Product Pins g g Eg’, % *am;’, é ‘E_ g E a (E_) § é ﬁ 9 ‘g g g

¢ |egd| g | S| 8|s|5|?|T|E|x|n|<s|cE

5]
dsPIC30F1010 28 | SDIP 6K 256 [ 2|01 [1]1 1 |2x2| 1 | 2 | 6¢h 2
dsPIC30F1010 28 | SOIC 6K 256 [ 2|0 |1 [1]1 1 |2x2| 1 | 2 | 6¢h 2
dsPIC30F1010 28 | QFN 6K 256 [ 2|01 [1]1 1 |2x2| 1 | 2 | 6¢h 2
dsPIC30F2020 28 | SDIP 12K 512 [ 3 |1 | 2|1 ] 1 1 |4x2| 1 | 4 | 8c¢h 4
dsPIC30F2020 28 | SOIC 12K 512 [ 3 |1 | 2|1 ] 1 1 |4x2| 1 | 4 | 8c¢h 4
dsPIC30F2020 28 | QFN 12K 5122 [ 3|1 |2 [1]1 1 |4x2| 1 | 4 | 8c¢h 4
dsPIC30F2023 44 | QFN 12K 512 [ 3 |1 | 2| 1]1 1 |42 1| 4 |12ch| 4
dsPIC30F2023 44 | TQFP | 12K 512 [ 3 |1 |2 [ 1] 1 1 |42 1| 4 |12ch| 4

DS70178A-page 2

Advance Information

© 2006 Microchip Technology Inc.
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dsPIC30F1010/202X

Pin Diagrams

28-Pin SDIP and SOIC

(

MCLR []1 28 [1 AVoD
ANO/CMP1A/CN2/RBO []2 27 [0 AVss
AN1/CMP1B/CN3/RB1 []3 26 [] PWM1L/REO
AN2/CMP1C/CMP2A/CN4/RB2 []4 © 25 PWMTH/RE1
AN3/CMP1D/CMP2B/CNS/RB3  []5 © 24 PWM2L/RE2
AN4/CMP2C/CN6/RB4 []6 L 230 PWM2H/RE3
ANS/CMP2D/CN7/RB5 []7 @ 2200 RE4
Vvss []8 O 2100 RES
OSC1/CLKI/RB6 []9 o 20[] Voo
OSC2/CLKO/RB7 [J10 & 19 Vss
EMUD1/PGD1/U1ATX/CN1/T2CK/RE7  [] 11 18 ] PGC/EMUC/SDI1/SDA/UIRX/RF7
EMUC1/EXTREF/T 1CK/U1ARX/CNO/RE6 [12 17 ] PGD/EMUD/SDO1/SCL/UITX/RF8
Voo []13 16 [1 SFLT2/INTO/OCFLTA/RAS
PGC2/EMUD2/SCK1/SFLT3/INT2/RF6 []14 15 [1 PGD2/EMUC2/OC1/SFLT1/INT1/RDO
28-Pin QFN
— O
mm
re
S S
o N
65
@ < Ol
oo 14! 4
sS= i £ &
ZZ
= d R
282726252423 22
AN2/CMP1C/CMP2A/CN4/RB2 | 1 @ 21| PWM2L/RE2
AN3/CMP1D/CMP2B/CNS/RB3 | 2 20 | PWM2H/RE3
AN4/CMP2C/CN6/RB4 | 3 191 RE4
ANS/CMP2D/CN7/RB5 | 4 dsPIC30F1010 g rRES
Vss |5 17| Voo
OSC1/CLKI/RB6 | 161 Vss
OSC2/CLKO/RBY | 7 15 | PGC/EMUC/SDI1/SDA/U1RX/RF7
8 91011121314

PGD1/EMUD1/T2CK/U1ATX/CN1/RE7

PGC1/EMUC1/EXTREF/U1ARX/T 1CK/CNO/RE6

VDD

PGD2/EMUD2/SCK1/SFLT3/INT2/RF6
PGC2/EMUC2/OC1/SFLT1/IC1/INT1/RDO

SFLT2/INTO/OCFLTA/RAS

PGD/EMUD/SDO1/SCL/U1TX/RF8

© 2006 Microchip Technology Inc.

Advance Information
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s | PD - 94053
Internationa
TSR Rectifier IRFZ44N
HEXFET® Power MOSFET
e Advanced Process Technology D
e Ultra Low On-Resistance Vpss = 55V
e Dynamic dv/dt Rating
e 175°C Operating Temperature Rps(on) = 17.5mQ
e Fast Switching
e Fully Avalanche Rated Ip = 49A
s
Description

Advanced HEXFET® Power MOSFETs from Intemational
Rectifier utilize advanced processing techniquesto achieve
extremely low on-resistance per silicon area. Thisbenefit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETs are well
known for, provides the designerwithan extremely efficient
and reliable device foruse in a wide variety of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal

resistance and low package cost of the TO-220 contribute TO-220AB
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units

Ip@ Tc =25°C Continuous Drain Current, Vgs @ 10V 49
Ip @ Tc =100°C| Continuous Drain Current, Vgs @ 10V 35 A
lom Pulsed Drain Current © 160
Pp@Tc = 25°C Power Dissipation 94 W

Linear Derating Factor 0.63 wi°C
Vas Gate-to-Source Voltage + 20 Vv
IaR Avalanche Current® 25 A
Ear Repetitive Avalanche Energy® 9.4 mJ
dv/dt Peak Diode Recovery dv/dt ® 5.0 V/ns
Ty Operating Junction and -85 to+ 175
Tste Storage Temperature Range °©

Soldering Temperature, for 10 seconds 300 (1.6mm from case )

Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1N*m)
Thermal Resistance

Parameter Typ. Max. Units

Resc Junction-to-Case -— 1.5
Recs Case-to-Sink, Flat, Greased Surface 0.50 —_— °C/W
ReJa Junction-to-Ambient —— 62

www.irf.com

1
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IRFZ44N International
IR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. [ Max. |Units Conditions
V(er)Dss Drain-to-Source Breakdown Voltage 55 | — | — \ Vgs = 0V, Ip = 250pA
AV(eripsg/ATy | Breakdown Voltage Temp. Coefficient | —— |0.058| —— | V/°C | Reference to 25°C, Ip = 1mA
Rps(on) Static Drain-to-Source On-Resistance | — | — [ 175 | mQ | Vgs=10V,Ip=25A @
Vasith) Gate Threshold Voltage 20 | — | 40 \ Vps = Vas, Ip = 250pA
Jis Forward Transconductance 19 | — | — S Vps = 25V, Ip = 25A®
Ipss Drain-to-Source Leakage Current === 4 WA Vige= S9N, Vo= O
— | — | 250 Vps = 44V, Vgs = 0V, T, = 150°C
loss Gate-to-Source Forward Leakage - [ —= ] 100 ok Vas = 20V
Gate-to-Source Reverse Leakage — [ — | -100 Vas = -20V
Qq Total Gate Charge h— | — | 63 Ip = 25A
Qgs Gate-to-Source Charge —_— | — | 14 nC | Vps = 44V
Qgq Gate-to-Drain ("Miller") Charge — | —| 28 Vas = 10V, See Fig. 6 and 13
td(on) Turn-On Delay Time — | 12 | — Vpp = 28V
t Rise Time — [ 60 | — - Ip = 25A
td(off) Turn-Off Delay Time —_— | 44 | — Rc =12Q
ts Fall Time — | 45 | — Vgs = 10V, See Fig. 10 @
Ly Internal Drain Inductance — | 45 . HERWEE o, "
nH 6mm (0.25in.)
from package ¢
Ls Internal Source Inductance —| 75| — .
and center of die contact s
Ciss Input Capacitance — | 1470 — Ves = 0V
Coss Output Capacitance -— | 360 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 8 | — | pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy @ —— [530®01150® | mJ | las=25A, L =0.47mH
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current ] 4 MOSFET symbol
(Body Diode) A showing the
Ism Pulsed Source Current integral reverse
(Body Diode)® — 190 p-n junction diode. s
Vsp Diode Forward Voltage _—| — 1.3 A Ty=25°C, Is=25A, Vgs =0V @
fie Reverse Recovery Time —| 63| 95 ns | Ty=25°C, Ig = 25A
Qi Reverse Recovery Charge —— | 170| 260 [ nC | di/dt = 100A/us @
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls+Lp)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature. (See fig. 11)

@ Starting T, = 25°C, L = 0.48mH
Rg = 25Q, Ias = 25A. (See Figure 12)

® Igp < 25A, di/dt < 230A/ps, Vpp < V(BR)DSS-
T,<175°C

@ Pulse width < 400ps; duty cycle < 2%.

® This is a typical value at device destruction and represents
operation outside rated limits.

® This is a calculated value limited to T, = 175°C .

www.irf.com
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MAX4173

Low-Cost, SOT23, Voltage-Output,
High-Side Current-Sense Amplifier

General Description

Features

The MAX4173 low-cost, precision, high-side current- ¢ Low-Cost, Compact Current-Sense Solution
sense amplifier is available in a tiny SOT23-6 package. .
It features a voltage output that eliminates the need for ¢ High Accuracy +2V to +28V Common-Mode
gain-setting resistors and it is ideal for today's notebook Range, Functional Down to 0V, Independent of
computers, cell phones, and other systems where cur- Supply Voltage
rent monitoring is c_rltlcaL High-side current monitoring & ThieoGain Versions Kvaiiahio
is especially useful in battery-powered systems, since it
does not interfere with the ground path of the battery +20V/V (MAX4173T)
charger. The input common-mode range of O to +28V is +50V/V (MAX4173F)
independent of the supply voltage and ensures that the +100V/V (MAX4173H)
current-sense feedback remains viable even when con- +0.E9 .
nected to a battery in deep discharge. The MAX4173’s % il FullsSoaie.Reousany
wide 1.7MHz bandwidth makes it suitable for use inside 4 +3mV Input Offset Voltage (MAX4173T)
battergeharger control loops. + Wide 1.7MHz Bandwidth (MAX4173T)
The combination of three gain versions and a user-
selectable extemal sense resistor sets the full-scale ¢ 420MA Supply Current
current reading. This feature offers a high level of inte- 4 Available in Space-Saving SOT23 Package
gration, resulting in a simple and compact current-
sense solution.
The MAX4173 operates from a single +3Y to +28V sup- - = = P
ply, typically draws only 420pA of supply current over Typical Operating Circuit
the extended operating temperature range (-40°C to
+85°C), and is offered in the space-saving SOT23 VeEnsE ILoaD
baBkacs, 070 +26V —
o . R
Applications S
Notebook Computers +3V 10 +28Y 58* RE-
Portable/Battery-Powered Systems 0uF <
Smart Battery Packs/Chargers I
Cell Phones — MAX4173T/F/H
Power-Management Systems I LOAD/
General System/Board-Level Current Monitoring CONVERTER BATTERY
PA Bias Control ZNE T
Precision Current Sources = =
Ordering Information
PART GAIN (V/V) TEMP RANGE PIN-PACKAGE SOT TOP MARK
MAX4173TEUT+T 20 -40°C to +85°C 6 SOT23 AABN
MAX4173TESA+ 20 -40°C to +85°C 8 SO .
MAX4173FEUT+T 50 -40°C to +85°C 6 SOT23 AABO
MAX4173FESA+ 50 -40°C to +85°C 8 SO —
MAX4173HEUT+T 100 -40°C to +85°C 6 80723 AABP
MAX4173HESA+ 100 -40°C to +85°C 8 SO .

+Denotes a lead(Pb)-free/RoHS-compliant package.

T = Tape and reel.

Pin Configurations appear at end of data sheel.

For pricing, delivery, and ordering information, please contact Maxim Direct
at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.
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Low-Cost, SOT23, Voltage-Output,
High-Side Current-Sense Amplifier

ABSOLUTE MAXIMUM RATINGS

VEE: B84 RS- 10BN s smmmsnasmms -0.3V to +30V
OUT IO GND .o -0.3V to (Vee + 0.3V)
Output Short-Circuit to VeC or GND ... Continuous
Differential Input Yoltage (VRS+ - VRs-) . o OBV
Current iNto ANY PN ... it +20mA

Continuous Power Dissipation (Ta = +70°C)

8-Pin SO (derate 5.88mW/°C above +70°C).....c........ 471mW
SOT23-6 (derate 8.7mW/°C above +70°C)................. [sielsianiiy
Operating Temperature Range .......ccoocvveenene -40°C to +85°C

-65°C to +150°C
s e a00°G
.o +260°C

Storage Temperature Range.........
Lead Temperature (soldering, 10s)..
Soldering Temperature (reflow).....

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VRs+ = 010 +28V, Voo = +3V to +28Y, VSENSE = OV, Ta = TMIN to TmaX, RLOAD = < unless otherwise noted. Typical values are at

TA = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating Yoltage Range Yce Guaranteed by PSR test 3 28 3
Common-Mode Input Range VCMR (Note 2) 0 28 V
Common-Mode Rejection CMR VRSt > +2.0V Q0 dB
Supply Current lcc VRs+ > +2.0V, Voo > 12V 0.42 1.0 mA
Leakage Current Irs+, IRs- | Voo = 0V, VRs+ = 28Y 0.3 3 HA

VRS+ > +2.0V 0 50
IRS+
. VRS+ € +2.0V -350 50
Input Bias Current HA
| VRS+ > +2.0V 0 100
s VRs+ < +2.0V 700 100
Full-Scale Sense Voltage VSENSE VSENSE = VRS+ - VRS- 150 my
VSENSE = +100mV, Vooi= +12V, VR4 = +12V +0.5 575
VSENSE = +100mV, Vgg = +12V, VRs+ = +12V,
Ta = +25°C s 3.25
(Tﬁt;‘;%” Voltage Error VSENSE = +100mY, VGo = +28V, VRs+ = +28V 05 575 %
VSENSE = +100mV, Vog = +12V, VRs+ = +0.1V -9 +24
Voo = +12V, VRs+ = +12V, VSENSE = +6.25mVY
+7.5
(Note 4)
MAX4173T, Vog = +3.0V, VRss = 28Y, 08 19
VSENSE = 250mV ’ ’
’ . MAX4173F, Voc = +7.5V, VRS = 28V,
Out High Voltage (Note 5) (Vce - VoH) VeENaE250mY 0.8 1.2 v
MAX4173H, Voo = +15Y, YRS+ = 28Y, 08 192
VSENSE = 250mV ' ’
MAX4173TEUT, Ta = +25°C 1.2 5
OUT Low Voltage VoL Voo = +5Y, Vrgy = 0.89V, my
VSENSE = OmV Ta =-40°C to +85°C 40

Maxim Integrated
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MAX4173

Low-Cost, SOT23, Voltage-Output,
High-Side Current-Sense Amplifier

ELECTRICAL CHARACTERISTICS (continued)

(VRs+ = 0 10 +28VY, Voo = +3V 1o +28Y, VSENSE = OV, Ta = TMIN to TMaX, RLOAD = = unless otherwise noted. Typical values are at

Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX4173T, 17
VSENSE = +100mV ’
MAX4173F, 14
VRS+ = +12V, VSENSE = +100mY ’
Bandwidth BW Ve = +12V, MHz
CLOAD = 5pF MAX4173H, 12
VSENSE = +100mV
VSENSE = +6.25mY 0.6
(Note 4) '
MAX4173T 20
Gain Ay MAX4173F 50 VIV
MAX4173H 100
MAX4173T/F VSENSE = TA = +25°C 0.5 +2.5
AAy +10mV¥ to +150mY,
Voo = VRs+ = 12V TA = -40°C to +85°C 4.0
Gain Accuracy %
MAX4173H VSENSE = TA = +25°C 0.5 +2.5
AAy +10mVY to +100mY,
VYoe =VRsy+ = 12V Ta = -40°C to +85°C 4.0
Input Offset Voltage Vs MAX4173TEUT, Ta = +25°C 0.3 +3 -
(Note 6) VRs+ = 12V Ta = -40°C to +85°C +5
VSENSE = +6.25mV
400
OUT Settling Time to 1% of Voo = +12V, VRgy = 12y, | to +100mY e
Final Value CLoAD = 5pF VSENSE = +100mV 56
to +6.25mV
OUT Output Resistance Rourt 12 kQ
MAX4173T, VSENSE = 80mV, VRs+ = +2V 60 84
Power-Supply Rejection PSR MAX4173F, VSENSE = 32mV, VRs+ = +2V 60 91 dB
MAX4173H, VSENSE = 16mV, VRS+ = +2V 60 95
Power-Up Time to 1% of _ _
Final Value VSENSE = +100mV, CLoAD = 5pF 119 us
Saturation Recovery Time Vee = +12V, VRsy = 12V (Note 7) 10 us

Note 1: All devices are 100% production tested at Ta = +25°C. All temperature limits are guaranteed by design.
Note 2: Guaranteed by Total Output Voltage Error Test.
Note 3: Total OUT Voltage Error is the sum of gain and offset voltage errors.
Note 4: +6.25mV = 1/16 of +100mV full-scale voltage.

Note 5: VSENSE such that output stage is in saturation.

Note 6: Vos is extrapolated fromthe Gain Accuracy tests.
Note 7: The device does not experience phase reversal when overdriven.

Maxim Integrated
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oo @

TO-220AC

16.0 Amp.Glass Passivated Ultra Fast Recovery Rectifiers

Unit: inch (mm)

Features

* Fast switching for high efficiency

* Low forward voltage drop s i . | 'Ti%f

* High current capability - i e A

* Low reverse leakage current s 3

* - High surge current capability % g

1202 ] 7

Mechanical Data e Zl oswo |

* Case: Molded TO-220AC ' N

* Epoxy: UL 94V-0 rate flame retardant 2

* Terminals: Solderable per MIL-STD-202 S 2ot THE 2802

method 208

%X Polarity:Color band denotes cathode %

* Mounting position: Any 0

* Weight: 2.03 grams
MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Rating at 25°C ambient temperature unless otherwise specified.
Single phase, half wave ,60Hz, resistive or inductive load.
For capacitive load, derate current by 20%

CHARACTERISTICS SYMBOL| Y68 | ‘610 | t6t5 | teoo | ‘teao | ‘teap | e | UNT
IMaximum Recurrent Peak Reverse Voltage VRRM 50 100 150 200 300 400 600
Maximum RMS Voltage VRMS 35 70 105 140 210 280 420 v
[Maximum DC Blocking Voltage Vbe 50 100 150 200 300 400 600 Vv
oo Curt - @Ta=t5 0 .
Peak Forward Surge Current
8.3ms Single Half Sine-Wave IFsm 300 A
Super Imposed on Rated Load(JEDEC Method)
Peak Forward Voltage at 16.0A DC VF 0.95 13 17 Vv
Maximum DC Reverse Current  @TJ=25C " 10 -
lat Rated DC Blocking Voltage @TJ=100C 150
Maximum Reverse Recovery Time(Note1) TRR 35 nS
Typical Junction Capacitance (Note2) c 80 pF
Typical Thermal Resistance (Note3) ReJa 25 TW
(Operating and Storage Temperature Range TJ,TsTG -55to + 150 b
NOTES:1.Measured with IF=0.5A,IrR=1A IRR=0.25A
2 Measured at 1.0 MHZ and applied reverse voltage of 4.0VDC.
3.Thermal resistance junction to ambient
Page 1/2
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1

SEMICONDUCTOR ®

MUR1605 thru MUR1660

RATING AND CHARACTERTIC CURVES (MUR1605 thru MUR1660)
FIG.1- TYPICAL FORWARD CURRENT DERATING CURVE FIG.2-TYPICAL REVERSE
@ 20 CHARACTERISTICS
% 1000
& 16 .
a4
5 N
o N
& d2 N y,
x SINGLE PHASE HALF \ @
<, L waveeos L g Ti=100°C /
& [~ RESISTIVE OR N = 100
o INDUCTIVE LOAD é 'jzz
w4 4 —
0] >
é o
w 0 Lc})J
z 0 50 100 150 4
S 10
AMBIENT TEMPERATURE C g
(2}
3 7
Z T1=25°C v
FIG.3-MAXIMUM NON-REPETITVE FORWARD SURGE CURRENT f} |_~1
~~ Z 1.0
< 300 < ——
= 1%}
= z
2 250 <
v e
3
w = 0.1
& NL 20 40 60 80 100 120 140
2 150 N
= mn PERCENT OF RATED PEAK
74 REVERSE VOLTAGE (%
e 100 ~— iy (%)
5 8.3 ms Single Half-Sine-Wave Bmmt
o 50— (JEDEC METOD)
<
£ o | L Ll
o 1 2 5 10 20 50 100
NUMBER OF CYCLES AT 60Hz
FIG.4-TYPICAL INSTANTAEOUS FIG.5-TYPICAL JUNCTION CAPACITANCE
FORWARD CHARACTERISTICS
40 T / / /
— [ MUR1605-
< 20 |— MURt620 / A A
= 7
MUR1660 T
& 10 5
% l’ l’ I’ 8 40
(&) 4 VA y A y 4 <Z(
o 7 74 E 20
£ | 4 ™ 2
E MUR1003- Z 10
S 40 MUR1604 [$) Ty=25°C
T 1 e =
@ v e y & — 1 T (©)
o 7 7 T I | =
o %417 [ Ti=25°C o A
Z PULSE WIDTH 300uS =) 2
< e )
E 02 1% DUTY CYCLE —
2 ol [ 1
Z 06 08 10 12 14 16 18 20 0102 04 1 2 4 10 20 40 100
INSTANTANEOUS FORWARD VOLTAGE, (V) REVERSE VOLTAGE (V)
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Abstract

This paper presents the design of constant current-voltage
battery charging method for photovoltaic module. The system
consists of a 20W, 17.6V, 1.14A PV module that can be
connected electrically in series that can convert the solar

energy directly into electricity, a 12V, 7.2Ah lead-acid battery,

193

buck converter and its control with microcontroller to battery
charger using the constant voltage-current charging method.
Those methods are both a constant current based on peak
current mode control and a constant voltage charge based on
PID control. Battery charging starts with a constant current
until a certain voltage is reached. The charging continues at
the constant voltage level until the current decreases to a
value of zero current. The result of battery charger is
satisfactory; charging method of the battery can be completed
within 4 hours by a constant current of 0.3A, 1A and 1.5A
and a constant voltage of 14.4V.

Keywords: Buck Converter, Photovoltaic Module, Constant
Voltage Charging Method, Constant Current Charging Method
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Abstract

This paper presents the battery charging method
using buck converter for photovoltaic (PV) module. The
system consists of a PV module converting solar energy
into electricity directly with rating 20W, 17.6V, 1.14A, a
lead-acid battery with rating 6V, 5Ah, buck converter
and control circuit. The battery charging circuit is
controlled by a microcontroller at constant voltage and
current. The current is controlled to be constant at the
initial state, the constant voltage is then controlled. The
experiment results showed that a battery could be
charged completely within 5 hours at the constant
current 0.7A and constant voltage 7.2V.

Keywords: Buck Converter, Battery Charger, Constant
Voltage Charging Method, Constant Current Charging
Method

1. ymih
Tuilagiuillianudesms Tumsldndaan iy niiy
wdanu ldhiindaanleadamdaGunua lluenandundins 14
@ oA o Y ¥ [ 2 n’: ar
wganunndeadadiomIidanizTanfou dufundanunanny
Fuflumadeoniiihanlalunninn Mdmaunundanu ihinga
Tdnnoada @y ndaauay waswdanuannuasering [Hudu
W a Jq ya A da ' < a
nfanunnumoind1¥aelszdugToniimaduasoriing

& o A @ A g
(Photovoltaic cell: PV} mmwﬁmxﬂaﬂuwmamﬂ1ﬂummvmmﬂu

461

i i 18Tasnse sazdiotusaduasorfinduusoudedy
209500 Tuga  (Module) wiewiuua  (Panel) Faniumamad
w40 1ind PV moduleor PV Panel) Tagiinishiunssuunda
o (3 - o A -
wanu lihaneadiaeoindoonidu 3 szuvfessuunda
wéaan lihdrasadimsoinduuufass PV Stand-alone system)
ssuundandeany lilihdreaaduasofinduuy @ounedussuy
$111i18 (PV Grid connected system) 5z UUnaanga011 Ilihdramad
UEAOAAIUUNANNA T (PV Hybrid system) 53UUNGANEIY
Tfhdaadumeofinduvudaszseneudigmarimd e Toldh

A a v 9 1o 9 Y
fndnldu 1 auTlasase miutihnnldaui Tvaalssmnnasa
Tflwmonomos IWihnszuansaifudu naziinn19lumasey
4 A o = - oA
nuamesmoazaundsu B unafinsaadiasering linda

e llhvsonari lalslnaseriing [1]
sosnnnszua ihuazusadu llthiinge 1dnnunasad
PO T - y A )
seaoriindhinaiiduegfiuanimmadendonamidunaa (Solar
"

iradiance) (182 gAY (Temperatwre € ) Sranaiidtmsilszy
wuapes Tngiia 1 14has8d nnsetindlumsidanszualiihuas

3

usadu lihluvazdszquuame’ SaldamIdmme Auszuiides

. ¥
. v w

ndaar i ldgeunidnaaziilsz@ngandr daiunisilszy

¥
P

wunwe’ Tngldunamadimaoiad 11 ausuida ihiigaiiu
a o A £ 2w 9 o ¢ e
wazihlszAnFamnniuisdesldrrianeunesmes (Buck
4. M e L
Converter) [2-3] Faviimihfianszduusaduilihwinuvdase
usadu Ilfhasaiinga ldonunaaaduaeoindiasansainmm
szduvesnsaduIiihiinesnldasiivaz sz aufumsilszg
HURREE TAIM TR NUDLNITMLNIIMIM NV TR UNE T
9.9 'Y ey e - 9
wes Iz audumsitmsdszquamesintmsfomseanuun i
i T Tnuansadu 1Wiaei (Constant voltage: CV) tas

e Ty Tnuanszua lfhasi (Constant Current: CC) [4]

¥
= o

Tusdseinuaueitlssquuamel dreianeunesines
dmfumsndandanndihnunusadeaseriing  Tagns
opAILMITARIMTIIMYe a9 TAReunesine fiflonuqy
nazua i e i lug B uduveanislsz guuames azaugy
tsadi Ifhnailuansde lifenial szquusinet Wilanuderiies

o 9 % 9 o 4
Ltﬁ:wﬂw@1&4ﬂms“l%nmjm;mmm5ﬁwwu

PE025




78

m‘iﬂ'mgsﬁmmimﬁmn‘;‘m”lm‘?h adaf 37 (EECON-37) 19 — 21 WRAingu 2557 umInenauuainis

v .
2. HanMIINNIY
a o v P a 2a P
sypunaandsauliidteraduaserindioszuui
s a8 2R o I 1 o
Usznaudisunsradumeatiaddeimiinilasundsan
Py 7., o I o
uasetiadfiegluglvomnaseminas I undeon Wi nszuaass
o & s& o y_ e o o
19estinneule fimes saiimiansedvvesussauldiinn
o o 2 a ¢ a
ws s s zuaaseiiumusaduasaiadnaald 1 19 wag
Al ooy oA o ANy a P a8 @
waweseimhazaunasuin lanaannunasaduasonad
o { 2 P A o
wazdauiu T unafiunavaauaseriad lundands I fmse

AN e a 2
l'JﬁTVIVIMZJLLﬁQﬂﬂﬂﬁH

J 2 d
2.1 uplaal@IeInag
2 2 TS = P o S )
wiraduasemasFaihmhin/asunasauusemiadfiegu
o < o d
givosndssmuasldidundsemMihinszuaass  lesean
ussn lfhuaznszualwihinga Idnnunaraduasariag luineh
. 7 .
fimsunldenasaaenariuegiuiatsd Idunqungd (1) uaz

° ° a Jdo
AL (@) amnsmiteane lnslFuuuiiassrauase1inge

it 1151
Ipy —»
PV A A
Lo IDt 7 R,
\ &y R, Vey

U 1 unaessranaseniind
o o & ' ' o .
anuduiuisznindvesussdulih (7))  uaz
y
a < a o o
nazue T (V) waa Idninunasraduaserinds serumsaeil

‘?("pV"‘Rs’PV) 5
miT 5 I Vpy + Ryipy

fpy =lcc—1Is| € 2 (€9)]
P

F G
e Icc(T):]sc(Tref)G 'HZ(T_]:ef) @

vef

e (T)
IS (Tref) - [‘ZVoc (T“f)J (3)

MkTVQ‘ 1

Voe 1) =Voe L)+ B(T ~IL) @

die I, Aenszumaudiveslalen (&), 7., denszuaiinga’lduin

o 2 ' 1 o ' a g

LUEND1NAY (A), k Ansnsives Tuadud (J/K), qﬁamﬂizi}amﬁ
a a o

jou (C), Tﬁaqmwgmaqwauammﬁﬂ ey, B flonau

dunmueunsy (Q), R,Aeanudwmuuni (Q), mde

462

Ideality factor vaslaTan (1<m<?2), I fenszualivhway
anees (), V. eussinhiihaaezilanns (v, Giesdnny
e (W/m®), T, G, a1
g o o d 5 B oo o < N
AUYULLETID 1909 (lkW/m ), @ ANz ANT QUi

v,

flequngdadh (25 C),

5
nszua (A C) waz  fAeadulsyAniqumglivesusesu
v/ )
P o a yn ¥ o o w2 '
nAAuMsh (1-4) Ml ldmanshaesanuduiuinsznii
ugedu I ez nszua e sunawanasefiadaiunsiing
fremvesnszaa Il -ugadulia (v Curve) tiiadinig

wlasumlasvesanuduuasamgili 2

14

1KW/m?

210.9kW/m* 1
i 0.8kW/m?
0.7kW/m*
0.6k W/m? —
0.5kW/m?

Current (A}
o ©
o 2

[0.4KW/m?
|0.3kW/m?

=
s
.

0.2kW/m*

=3
b

T
‘

S S S S
0 2 4 6 & 10 12 14 16 18 20 22
Voltage (V)

U 2 nsmmshonmesnssua Tib-us iy IdiuenuduuaranGounla

o d
2.2 19T UAABUIIBINDS
o & ¢ o E o o
19vstanauIedmes iimifianszauusesuTien
unassousssu Iihasaazannsasnuszauye wsanu i
{ o 1 S o &
nweenldnhidwuansises lugili 3 Uszneudaesgnsaiadag (sw)
o { ° o deb 4 o '
IaTon D) Aunileai @) uazmmuﬂ'qu (®)] RTINS
@ s £y o a oo
haures N stinneuesmas nnanvarMI et Iafiiy
o o 1o X o a
wuuinszua T ez ueny lidhinszua i Faildifa

o o4
gﬂlllll]ﬂ'li‘ﬂ'lxi TUANU

_‘% . erLY\LD—_I—OD
=+ VG

=

o Foc ¥
ZIJ'V\ 3 NITUANDUIBIAEDT

derlad 1 adasihnszuaIvihuas laTen luvingsue Wi

di, 1

AR =
dv, dve 1. .

o~ a ol e



>
&

79

msﬂs:s}gu?ﬂnm‘imﬁmﬂ‘ﬁu"lWWw adait 37 (EECON-37) 19 — 21 WRafngu 2557 umInenduaainis

denlad 2 a3as lithnszua Wi wazla Temingzue i

di, 1

i ”
dv, av 1oe o

o~ a cleTh) ©

o 2 2 A o v
mMseanuuuINslianeunaiinesiializyuuaaas Ingld
' o P P o
UM IS IIRLEIETaLE oA BN TN Tdasundasvesszay
usedn T ihiinaala v, =12V =20V uazuseau Irlimiedm
o8N v, = 7.2V nszua bl misdmesn i, = 1A anwdaldly
a 4 D’l’ 1 a # a
miadad f, =40kHz Tevfiduaeuluniseenuuudidialnia
Y
(D) sall
V.
b
D=— ©®
V
fmualiriszaennauvesduniienii (A7, ) G liiiu 40% ves

¥ v 3
nszua Tvhi Inarmdanilsnhiasd

Ai, = ,(0.4) = (1A)X0.4) = 0.4A 0)
Foturmesdamilenhous et miaamyaums (1) st
Vv =¥
T i
A,
(20V=12V) | o sy -
= 0. s 11
0.4A 3
— 480H

¥ ; Y
gonudenldrvesduniienin L =500uH waznszua i
3

e oA P
”lwa FIHAUHHIIUIGIGANAINIU

; . A 0.4A
iy =ig+—k= (1A)+T =1.2A

12
> (12)

fvualirszasnaauvesusedu Il meeniia lufu 1%

ey B e & <
muumiﬂ‘lmmuﬂi:qmmﬁmmsﬁ (13)

o (=D )T (1-06)(25ps)’
8L(Av,/v,)  8(5004H)(0.01)

=6.25uF (13)

”
o e Ve &
dorudenldmdnimlizy C =104F

463

2 ] o = =
3. 38 Uszquuamesnuuns s ldihasi-nszna TWihned
- o e .
nseenuuuItUszauuameineitnsinvisyduves
usedulrlihI¥asidauiuitmssnmszduvesnszualilihlvasid
U T R 5 90
FEmsdiudegdi 4 Gnsdedsdl $aeansuduiiau
° { { °
fmual¥nisdszauameiluuuunszua hidhn i Tnas mua
nszua Tlihilden lidn 30% vesinnuuwameinie 03¢ i1
A = F1 o =
¢ Aamnnuenszuauuame’ uazilfoussan Tlivesuuaaes
(vy) Sanmnndwsean i 200 veuseduldnng (V)
N 1 o o 1
fmua Inslssyuuame il uuuuus sdu Irlvhash Tasensa

a o N Yo P
E]ﬁU'IEJﬁHJLLW'NW\?ﬂ'li‘l’lN'lu‘Ilﬂﬂ\?gﬂﬂ S

ACC charge CV charge A

<
03 =
vV, 2
%‘: o oc g
& L 02 g
$234 5
3 ~_ A
AR
224 Cell voltage g
L&)

21 e N

1 2 3 4 5 6 b/

Time (h)

317 4 FEsdseyuuameiuouns iy iinedi-nszua iihasi

Start

Read i, [#],vy[#]

31U 5 upufismshanmesmsszguame’

3

4. AN NAABINININY

wuataes e 14 lunsnaaeunisdszy i dsziom
pzia-niadida 6V-SAH 14 miaiuunasadiaseiadiia 20w
FeamunsanaaussduIithoundaiees (Vo) 910 2117V uay

nrzua Mihuazdnins (Jg) wua 1.26A wazanniineives



>
&

80

matlszandnmymedmnssuluih a3af 37 (BECON-37) 19 — 21 wgddmon 2557 umInenduanuuny

sstinneunesesaizii 6 TasldlulasneuTnsaaeslunis

AIVANMITNINY
oy =2 5004H 7, i
Yy = =
+ 1Y Vg = &
2 IRFP460 | 7, + leE L5k
= Ve T ¢ K verm | 2%(9
% 4704F MURI6o |104F| RZ (| TR [B

d
Driver Id— PWM A/D

& < ra a ¢
zﬂ'l’l 6 'Nﬂ3ﬂ35%_llﬂlﬂ0331ﬂllNQl‘]{aallﬁﬁﬂWw‘lU

wamwﬂﬁaumiﬂiziguumﬂa?uuuuiqﬁu"lﬂﬂmqﬁ-
nasue Ifinedi Tao e lumsnadeu s dalusiesaanm 12.45-
17.45 u. ussiu e sunaradumsendiag ludiwawsnaiatian
Faalit 7 wasranmaneslss puameinagii s Tasldiaarluns
Yszyuammesuvunszia fneivszine 3 Faluend
ugadu Wiy 72 v wﬁﬂﬁmﬂyu1%3‘%n151]3:quumﬂa§rsmu
wsestn Wihasfounssua Wihidwssana 0.1 A Sangamsdszy
Ti#h uasatuuaned 11 ude

20 =
Vey

Voltage (V)

0 T T T T

12:45 13:57 15:09 16:21 17:33
Time

31 7usadu T unamaduasmiadlugianm 12.45-17.45 1,

73 = 3 r 08

72

71

e
oS

Voltage (V)
o
oo

2
(v) yuarm)

U4 8 wamsnaaslse puuameSuuuus iy i ei-nszualilihasi

464

5. unargy

{ s o '
Han1INAAe UM IUsEUAASS 1INIHILYA AUAID THATNY I
aavseansnlsey I idessderitosfaud s sdn i iinga 16

Fg o g IR -1 s
Mnursradusoiadinny iderilesfnmuayitnalizy
uuameiuuuuuus i inai-nszualfhadhideddoannse
auaunszud Wihlusaansudunisdszeld ldgainll vas
Tugranamesmsauguuisdulfhasi MdnszualWihluns

o o3 o KT S
Uszquuamesderieuaziind duvaaeiiduuniuieuirly1d

SunFeme)szy 1W#1 (Discharge) da’li

a A

6. padnssudszme
& Sel

f3itsveveuquuminendsgsiatiudadfeivayuguiis

dszdtlmsfing 2556

Yo
1RNA1391999

[1] Diary R. Sulaiman, Hilmi F. Amin, and Ismail K.
Said, “Design of High Efficiency DC-DC Converter
for Photovoltaic Solar Home Applications”, Journal
of Energy & Power Engineering, Vol. 4 Issue 11,
pp. 43-51, Nov 2010.

[2] Robert W. _ Erickson,
Fundamentals of power
Academic Publishers, 2004).

[3] S. Abinaya, A. Sivaranjani and S. Suja, “Methods of
Battery Charging with Buck Converter Using Soft-
Switching Techniques” Bonfring International
Journal of Power Systems and Integrated Circuits,
Vol. 1, Special Issue, December 2011.

[4] S. Armstrong, M.E. Glavin and W.G. Hutley,
“Comparison of Battery Charging Algorithms for
Stand Alone Photovoltaic Systems”, IEEE Power
Electronics Specialists Conference, PESC2008, pp.
1465-1479, June 2008.

[5] Jaouad Tanouti, Mohammed Setti, Abdelhak Aziz
and El Mamoun Aziz, “Design and Implementation
of a Digitally Controlled Photovoltaic System Using
Series Connected Buck Converters”, Journal of
Environmental Science and Engineering, pp. 456 -
464.

Dragan  Maksimovic,
electronics  (Kluwer

yuMa U129y AWAITANYT AL,
FAINITUILVVAIVAN VA0 Y

malulaBwivveundniigunnis

o/ 2 o & o
aranszie Jaatiniueinsdlszd
madxiiaanssu iy awe
Sranssumaad un1inerdegine

O
vunagy



ﬂ A Y A

ITINNIVE U

A @

¥o-umana  ATNUMA UINY

Tupouhida 1 wnsiaw 2519

d‘ | 1 o =) o T4

Nogl 29/1 Wy 11 @UaUNgnNde  61n003ATNY
WHIAUATUIYN 26120

sz Iamsanmn

2542 Aranssuenaasiugia a3 aensy Ilvhisid
wnInedema lulaguriiuns

2546 INTINANAATUMTDNG A1VINIAINTINISVUAIVAW
aoniuma Ty TagnszaaunalnnMniITaIAn szl

2557 Aranssumansquama avidndaans sy luvh
anniuma Ty lagwszaounalnuUNmITaIAN Iz

dsziamsimau

Y] Y a a a 4
ﬁ’JWUWﬂTﬂ’JG]ﬂ’Jﬁ’JﬂSiNle\IV\h AUTIAINTTUAITAT

a J

UMINNAeFINITUNAY

v a ad a o w [ wva
Q]H’j‘ﬂﬂﬁﬂiﬂ‘ﬂ NNATUBLANNTDUNANIAN L!ﬁ$53ﬂﬂﬂ3ﬂﬂﬂ@ﬁiuﬂﬁ

81



	Title page
	ABS
	กิตติ
	Contents
	Chap_1
	Chap_2
	Chap_3
	Chap_4
	Chap_5
	App-bip
	App
	Vita



