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Abstract

This thesis presents a project which deals with charging mobile phones by using solar
energy. Develepment of this project was encouraged by the global energy situation and
environmental issucs, which have been caused by fossil fuel consumption. The attempts to
relieve the aforementioned problems have driven a decrease in conventional fuel use as well as
more atteniion to such renewable sources as solar energy. In this project a charge controller for
moebile phones that require constant 5-V charging voltage was constructed while the charging
power could be the output power of a photovoltaic {PV) module. The controller accepts higher
DC inputs than & V, and is therefore compatible with typical PV modules. This controller
consists of 3 circuits: a voltage regulator, a step-down converter and a current limiter. As the
input voltage of the controller, i.e. the output voliage of the PV module, varies according to
weather conditions, the voltage regulator holds its output voltage constant at 8 V. Subsequently,
the step-down converter adjusted the aforesaid constant voltage to 5 V constant, which is used to
charge the mobiles. In addition, charging current is restricted to not hipher than 1 A by the

current limiter,
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Qs

A:i':g’ b o Ao 1 - ey csydl.
Tuntilsumusaduatenad 499 Suntech 31 STPO10S-12/kb lifuan1iAasil ae

Cell: Mono Crystalline Silicon
Dimension {mm): 310% 36618
Weight: 1.5kg

No. of cells and connections 36 (4x9)
Open circuit voltage (Voc) 216V
Optimum operating voltage (Vmp) 172V

Short circuit current (Isc) 0.66 A
Optimum operating current (Imp) 0.58 A
Maximum power at STC (Pm) 10 Wp
Operating temperature -40 to +80°
Maximum system voltage 715 VDC

WM STC: Irradiance 1000 W/mQ, Module temperature 25°C, AM 1.5
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-  bepefit combinedwill-lhefast swilchi

?

HEXFET® Power MOSFET
+ Advanced Process Technology D
» Dynamic dv/dt Rating Vpsg = -100V
s 175°C Operaling Temperature
o Fast Swilching R, =0.1170Q
+ P-Channel DSton) ™
» Fully Avatanche Rated Ip = -23A
Description

Fiflh Generation HEXFETs from Intemalional Rectifier
uitize advanced processing lechniques to achieve
extremely low on-resislance per silicon area. This

ruggedized device design {hat HEXFET Power
MOSFETs are well known for, provides the designer
will an extremely efficient and reliable device for use
in & wide variety of applicalions.

The TO-220 package is universally prefemred for all
commercial-industrial applications al power dissipaticn
levels (o approximately 50 walfs. The low themmal
resislance and low package cost of the TC-220
conlribute {o ils wide acceptance |hroughout the
indusiry.

Absolute Maximum Ratings

Parameter Max. Units
lp @ To=25°C | Continuous Drain Current, Vgs @ -10V 23
Ip @ To=100°C| Conlinuous Drain Current, Vg @ -10V -16 A
Ipa Pulsed Draln Currenl @ Sl
Po@Tg=25C Pover Dissipation 140 W
Linear Deratfing Factor 0.81 WG
Vs Gate-to-Source Vokage + 20 v
Exg Sing'e Pulse Avalanche Energy@ 430 n
IaR Avalanche Currents -1 A
Esr Repeditive Avalanche Energy® 14 mJ
dyfdt Peak Diode Recovery duldl & -5.0 Ying
Ty Operating Junction and -hh to+ 175
Torg Storage Temperature Range 'C
Soldering Temperature, for 10 seconds 300 {1.6mm from case §
Mounling torque, 6-32 or M2 stew 10 biin {1.1Nm)
Thermal Resistance
Parameter Typ. Max. Units
Rawe Junctien4{o-Case — i1
Rycs Casa-1o-Sink, Flat, Greased Surface 050 — ‘CIW
Rala Junction-to-Amblent — 62
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Electrical Characteristics @ T = 25°C (unless otherwise specified)
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Parameler Min. | Typ. | Max. | Uinits Conditions
Vigrss Drain-fo-Source Breakdown Voltage 00— — | V| Ves =0V, Ip =-250pA
AVerpssiT) | Breakdown Voltage Temp. Coslfickent | — |-0.11| — | VI*C | Reference 10 25°C, Ip = -1mA
Rosica) Static Draln-to-Source On-Resistance | — | —— (0417 Q | Vgs=-10V, Ip=-11A@
Vosih) Gate Threshold Voliage 20 [-— |40 V | Vog=Vgs, Ip=-250pA
s Forward Transconduciance R3IJ— | — | 5 |Vps=-50V. Ip=-11A
i — | —| -2 Yos =-100V, Ves =0V
loas Drain-to-Sourrce Leakage Cument S p—T PA Vos = B0V, Vs = OV, T, = 150°C
leg Gate-to-Source Forward Leakage — | — | 100 nA Vg = 20V
55 Gale-to-Source Reverse Leakage — | ——|-100 Yeg = 20V
G, Total Gate Charge — || " Ip=-11A
Qs Gate-lo-Source Charge — | —| 15 | nC | Vpg=-80V
Qg | Gafe-tn-Drain (Miller’) Charge — | —| K Voo = -0V S0 Fig Gand 43 ®
taten) Tuin-On Detay Time — [ 15 | — Yop = -50V
I Rise Time — | 87 | — In=-11A
(7 Tum-Of Delay Time — 1w [—| ™ {Rs=510
ks Fall Timz — ¥ Rp=4.20),8eaFig. 10 ®
Lp Intemal Drain Inductance — | 45— W le_a 0,
- firmm (0.25in.) G(i
from package
ks frjen Souge Igulanics 2N\ and center of die contact :
Cies Input Capacitance — | 1300} — Vgs =0V
Coss Output Capacitance — | 400 | ~— ) pF | Vpg=-25V
Ciss Reverse Transfer Capacitance — 240 — §=1.0KMHz, See Fig. &
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max, | Uniis Condilions
ls Conlinuous Source Currenl N B MOSFET symbol it
{Body Diode) A showing the ;
lsy Pulsad Source Cuient i integral reverse &
{Body Diode} ® 0 junclion diode. 1
Vsn Diotle Forward Voliage —— 6| ¥ | Ty=25C, 1g=-11A, Vae =0V @
b Reverse Recovery Time — | 150 220 | ns | Ty=25°C, I =-11A
Qe Reverse RecoveryCharge — | 83011200 nC | dirdt = -100As @
tn Forward Tum-On Time Infrinsic um-on e i neglicire (um-on is dominated by Lg+Lp)
Noles;

@ Repelitive rating; pulse widlh limited by
mrax. junclion temperature. { See fig. 11)

{® Starting T; = 25°C, L = 7.tmH

Rg = 250, |5 = -HA. (See Figure 12)

Ty=175°C

B lgp £-11A, didt < 4TOANSS, Vop < Yrpss.

@ Pulse widih £ 300ps; duty cycle 5 7%
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Vas , Gate-to-Source Vollage (V)

Fig 3. Typical Transfer Characteristics
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s Vas =0V,  f= 18Hz = 1A ] I
. gi” = gg; Y ng . C45 SHORTED = Voo = -0V=C
5% —
2508 < Come = Cas 5 Cot S Vpg =50V~ ™
) N T (Egﬁ VDS '—'-?DV‘-\ V |
e NN 3 A7
B 2000 Ciss = /
h \‘ s A% Y //f'/
s
2 a0 N N _ H‘!\.\ i § /f//
=g
8 ANAN ™ 2 /‘//
3 - Coss R 7 7
1m0 \\ -+ ® /1
8] [ A ™ L
e h h
oS - - JR - — /
— / FORTESTCIREUIT
N SEE FIGURE 13
b 0 gL : L.
1 1 100 0 20 40 50 £ 150
Vg , Drain-to-Source Yoltage (V) (g, Total Gate Charge {nG)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
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L@ [ l fia fi N h \ 1
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Vsp , Source-lo-Drain Voltage (¥ V_. . Drain-to-Source Voltage (V)
5D q DS
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area
Forward Vollage
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Peak Diode Recovery dvidt Test Circuit

—( Circull Layout Considerations

X

¢ Low Stray Inductance

T —]
mﬁ 5 + Ground Plane

» Low Leakage Indutiance
Corrent Transformear

_<.

@

—am

+ dvidl controlled by Ry _\j
+ lzp controlled by Duly Faclor"D” Voo
¢ D.UT. - Device Under Test

* Reverse Polarity of DUT for P-Channel

(D Driver Gate Drive

Period

Weersamas)

Reverse |
Recovery | Dacﬁe I:onvard |
&l
Cumrent i /'
@ DUT Yy Waveiorm .
_ Ciode Remv&ry\
dvldk

Body Diode ? ? Fonward Drop
@ |inductor Curent

X Vs = 5.0V for Logic Level and 3V Drive Devices

Fig 14. For P-Channel HEXFETS
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Package Outline
TO-220AB Qutline
Dimensions are shown in milimelers (inches)
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Part Marking Information
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EXAMPLE © THIS 1S AN IRF1010

WITH ASSEMBLY 5 Q ?

LOT GODE 9B1M INTERNATIONAL PART NUMBER
RECTIFER IRF1010-"/
1060 Iéneue\
Pl L DATE GODE
ASSEMBLY )
LOT GODE W - ViR
WW = WEEK
Internationa

ISR Rectifier

WORLD HEADQUARTERS: 233 Kansas St., Ef Segundo, Califormia 90245, Te): (310) 322 3331

EUROPEAN HEADQUARTERS: Husst Green, Oxted, Surrey RHE 9BB, UK Tel ++ 44 1883 732020

IR CANADA: 7321 Victoria Park Ave., Suile 201, Markham, Ontario LAR 2Z8, Tel: (805) 475 1897

IR GERMANY: Saalburgslrasse 157, 61350 Bad Homburg Tel; ++ 45 6172 96500

IR ITALY: Via Liguria 43, 10074 Borgamo, Torino Tel: ++ 39 11 451 0111

IR FAR EAST: K&H Bidg,, 2F, 30-4 Nishi-Ikebukurn 3-Cheme, Toshima-Ku, Tokys Japan 171 Tel: 81 3 3983 0086
IR SOUTHEAST ASIA: 315 Gutram Road, #10-02 Tan Boon Liat Building, Sirgapore 0316 Tel: 65 221 8371
hitp:iwww. iif.comy  Dala and specificalions subject to change without nolice. 5/98
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L7800
SERIES

POSITIVE VOLTAGE REGULATORS

OUTPUT CURRENT TO 1.5A

QUTPUT VOLTAGES OF §; 5.2; 6; B; 8.5, 9;
10,12, 15, 18; 24V

s THERMAL OVERLCAD PROTECTION

» SHORT CIRCUIT PROTECTICN

s OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7800 series of three-terminal positive
regulalors is available in_TO-220, TO-220FF,
TO-220FM, TO-3 and D?PAK packages and
seveéral fixed outpul vollages, making it useful in a
wide range of applications. These regulalors can
provide local on-card regulalion, eliminating the
distribution problems associated with single point
regulation Fach type employs intemal current
limiting, thermal shut-down and safe area
pratection, making it essenlially indestrictible. If
adeguate heat sinking is provided, they can
deliver over 1A output current. Although designed

‘. Co

R TO-220FP
. TO-220FM

. . 2
primarly as fixed voltage regulators, these DPAK T0-3
devices can be used with exiernal components to
oblain adjustable voltage and currents.
Figure 1: Schematic Diagram
T SERE TRUT
10 B\Sss 02)2
CURNENT A soa
|
STARTING REFERENCE AR |
TREILT VOLTAGE APLIFER
PROTECTION
1 Gho
....... — 0
Rev. 12

Movember 2004

134
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Table 1: Absolute Maxlmum Ratings

Symboi Parameter Value Unit
v DG input Valtage for Vg=5to 18V 35 v
! for Vo= 20, 24V 40
_ g |Ouput Current _ Intemally Limited
Piot Power Dizsipation internally Limited
Tatg Slorage Temperature Range 65 {o 180 L
1 Operabing Junction Temperalure | for L7800 -55 1o 150 °C
%2 |Range for L7800C 0o 150
ﬁgisﬂlgggaﬁmum Ratings are thoee values beyond which damage to the device may ocewr. Funchonal operation under these condition is

Table 2: Thermal Data

Symbol Parameter D2PAK | TO-220 |TO-220FP| TO-220FM | TO-3 | Unit
; ermal Resistance Junction-case Max 3 5 5 4 CIwW
| Ringcage | Thermal Resistance Juncfion-caseMax |~ 3 | B cw
Rits ot H::nml Resistance Junchon-ambient 625 50 60 50 35 o
Figure 2: Schematic Diagram
¥ |l . ’ O
[Ijm'. Ad (={:] 3 R1a
ae Q9 D2
L
,) -+ Q17
K _
Rz
R5 L] M
Qour
Re R0
y CIRET

5-4 358

234
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L7800 SERIES
Figure 3: Connection Diagram (iop view)
(p— 1V )4 | e QUTPUT
() = couw | ) =) GROUND
B \ [ ———3 INpUT [————— 3 wput
30570 TS0
TD-220 {Any Type) TO-220FPITO-220FM

—— OUTPUT
GND | |. u|
—— INPUT
h' PC11920
D2PAX {Any Type) T0-3
Table 3: Order Codes
2,
10220 | T0220 | To220 | DPAK D°PAK
TYPE T0.220FP | TO220FM | TO3
{8 Type) | IC Typs) | (E Type) |(A Type) ) {ﬁgg?

L7605 178057
L7805C | L78050V | L7805CV | L7805CV] |L7805CDZT | L7805C-D2TR | L7805CP | L7BOSCF | LTBUSCT
L7852C | L7862GY 17852GD27 [78520P | L7852GF | L7852CT
L7806 L7806T
L7B06C | L7306CV | L7606GV (7806CDZT |7806CP | L7306GF | LTBOBCT
L7608 L7808T
L7808G | L7006CV | L7808GY T7B0BCD2T [78060P | L7608CF | L7808CT
17885C | L7885GY L7885C02T L7885CP | L7805CF | L7885CT
17608C | L7809CY | L7809CY L7809CD2T L7809CF | L7B0GCF | L7B0SGT
L7810 | L7810CY 78100037 L7810CP

17612 (78127
7812C | 178120V | L7812V 178120027 [7812CP | 17812GF | L7812CT
L7815 L7815T
L7BIEC | L7BI5CY | LTBI5GY L7B15CD 2T L7615CP | L7B15CF | L7815CT
L7818 78187
L7818C | L7818CV L78160D2T L7B18CP | L7GIBCF | L7618GT
17820 178201
17820C | L78200V (7620CD2T L7820CP | L7820CF | L7820CT
L7624 (78247
[7624G | L7824CY L7624CD2T L7824CP | L7824CF | L7824CT

{*) Avaiable tn Tape & Reel wilh the suffc -TR".
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TEST GIRCUITS

Figure §: DC Parameter
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Table 6: Electrical Characteristics Of L7808 (refer to the test circuits, T;=-5610 150°C, ¥, = 14V,
| = 500 mA, C; = 0.33 pF, Gy = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vo |Output Voltage T)=26°C ir | 8 | 83 )
Vo |Oulput Voliage lozhmAlolA Py Z15W 76 | B | 84 | V
V=115 23V
AVq{") |Line Regulation Vi=105t0 25V T;=26°C g0 | mY
V=1t l7V 1)=25°C 40
AVol") |Load Regulation lh=5mAto15A T,)=25°C 100 | my
lg =250 to 750 mA Ty=25°C 40
Iy |Quiescent Curent T,=25°C 6 [ mA
Aly |Quiescent Cumrent Change (lg=5mAto 1A 05 | mA
, V=115t 25V 08 ]
- AV/AT | Quiput Yoifage Drft Io=5mA 1 mVrG
eN  |Qulput Noise Vollage B =10Hz to 100KHz T;=25C 40 | pV¥iVg
SYR [Supply Voltage Rejection  |V;= 1150215V f=120Hz2 62 d8
Vy  [Dropout Voliage lh=1A Ty=255°C 2 25 v
Rg |Oulput Resistance f=1KHz 16 mi
l;  [Shori Gircuit Gusrent Vi=3HV T=25G 075 | 12 A
lyep | Short Circuit Peak Current T, =25°C 13122 133 | A

{")Load end line requiation ave specified al constand junction lemperature. Changes in Vy dus to heating effects must be taken inte azcount
separately. Pulse tesling with kow duly cycle is used.
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TO-220 (A TYPE) MECHANICAL DATA
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o . inch
MiN. TYP MAX. MIN. TYP. MAK.
A 440 4.50 0.173 0.181
b 061 0.80 0.024 0.034
b 115 170 0.045 0.067
c 049 0.70 0.019 0.027
) 1625 15.75 0.500 0.620
E 100 10.40 0.393 0.409
24 27 0094 0106
o 495 5.15 0.194 0.203
F 1.2 1.32 0.048 0.051
o t 62 6.6 0.243 0.260
o H 240 272 0.094 0.107
L 13.0 14.0 0511 0.561
Li 35 3.93 0.137 0154
L20 16.4 0.645
130 28.9 1.138
4P 375 3.85 0147 0.451
Q 265 295 0.104 0116
I .\ W
aP
E P
|
Ll
/ Q/\ ) : i
0
| |
*\.‘, Lz20 I
?7—6:% — RV o
il &
,l i b
br(x3) <l L.I ) A,
I |
Y 2y 43 H
—tol] N | B
S | Y
er 0015988/N

173

2534
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@

LM117/217
LM317

1.2V TO 37V VOLTAGE REGULATOR

OUTPUT VOLTAGE RANGE : 12 TO 37V
OUTPUT CURRENT IN EXCESS OF 1.5A
0.1% LINE AND LOAD REGULATICN
FLOATING OPERATION FOR HIGH
VOLTAGES

v COMPLETE SERIES OF PROTECTIONS :
GURRENT LIMITING, THERMAL
SHUTDOWN AND SOA CONTROL

DESCRIPTION

The LMUT7ILM217/LM317  are  monolithic
integrated circuitin TO-220, TO-220FP, TO-3 and
D?PAK packages intended for use as positive
adjustable voltage regulators.

They are designed to supply more than 1.5A of
load current with an oulpui voltage adjustable
overa 1.2 to 37V range.

The nominal oulput voliage is selected by means
of only a resislive divider, making the device
exceptionally easy {o use and eliminaling the
stacking of many fixed requlators.

AN

TO-220 TO-220FP
ABSOLUTE MAXIMUM RATING
'§y'm'hol Parameter Value Unit
Vie |Input-output Differential Voltage 40 Vv
lg Gutput Current Intenrally Limited
Tep | Operaling Junction Temperature for: LM117 -65 {0 150 °c
L4217 -25 to 150 °C
LM3I17 010125 °c
Pl |Power Dissipation Internally Limited
Tty [Slorage Temperatre - 65 to 150 °G
THERMAL DATA
Symtiol Parameter TO03 TO-220 | TO-2200P | D?PAK | Unit
Ritj-case | Themal Resistance Junction-case Max 4 a L) 3 cCIwW
Ripj-ams | Themmal Resistance Junclion-ambient Max 35 50 60 62.5 °Crw
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CONNECTION DIAGRAM AND ORDERING NUMBERS (lop view)

i L
M | === INPUT
O [~ pursun O [ =3 ourpur
[Ty ADJUST . ADJUST
Yob cenrathd ke g 3
2k kY LI 2GRN
T0-220 TO-220FP

1
=1 ADJ \\éémusr

s : INPUT
) INPUTS m
OUTPUT k 0 Q3jurpPut

£y BL 11960 kil
D?PAK T03
Type T3 T0O-220 TO-220FP D*PAK
LMI17 LM117K
Lh217 IM217K LM217T LM21702T
LM317 LM317K LM317T LM317P LM31702T

SCHEMATIC DIAGRAM

I%PUT

b?

L}
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BASIC ADJUSTABLE REGULATOR
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M7 ;
o—4 1M
LM317

1

5- 50451

ELECTRICAL CHARACTERISTICS (Vi- Vo = 5V, o =500 mA, lmax = 1.5A and Puax = 20W, untess

athenwise specified)
Syibol Parameter Test Condlilions LMT17/ILM217 M7 Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
AV, |Line Regukilion Vi-Vo=3tod0V  [T,=25°C 0.01 | 0,02 0.0110.04 | %IV
0.02 [ 0.05 0.02 | 0.07 | %IV
AV, |LoadReguation V, 25V Tj=25%C 5 | 15 5 125 [ my
b =10 mAlo huax 20 | 50 20 [ 70 [my
Vo= 5Y T;=25°C 0.1 703 01|05 %
b=10mAlohax [ 03 | 03 |15 ] %
lapy |Adusiment Pin Cument 5D | 100 50 100 | pA
Alapy | Adiustment Pin Cument [Vi- Vo = 2.5t0 40V 021 5 0215 | pa
L, = 10mAto luax
Vaer  |Reference Voltage Vi-V,=25t040V 12 |[125 )13 | 1.2 112513 | ¥V
{betwesn pin 3 andpn |k = 10 mAlo lyax
1) Pp < Pypx
AV, | QuiputVoltage 1 i %
Y, |Temperature Stability
lofmiaj |Minimum Load Curerk [Vi-Ve =40V 35| 5 35110 [ mA
bagmax) | NEaximum Load Vi-Veo 4BV ih | 2.2 15 ) 2.2 A
Cument Pp < Puaax
Vi-Ve =40V 0.4 0.4 A
Pp < Pyax
T,=25C
ey |QutputNoise Voltage |B=10Hzto 10KHz 0.003 0.003 %
(percentance of Vo) |Tj=25°C
SYR |Suppl Vollage T=26°C Cany=0 65 65 dn
Rejection ('} 1=120H Cany=104F| 66 | 80 e | 80 )

{*) CADJ s connected between pin 1 and ground.

Hole:

(1) Unless olherwize specifiad the above specs, apply over the fellowing conditions LM 117 T)= - 53 {0 150°C;
LM 217 Tj=—-2510 150°C ; LM 317 Tj= Oto 125°C.
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Figure 1 : OQutput Current vs. Input-output
Differential Voltage.
9-4418

Figure 2 : Dropout Voltage vs. Junction
Temperature,
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Figure 3 : Reference Voliage vs. Junclion Figure 4 : Basic Adjustable Regulator.
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APPLICATION INFORMATION

The LM117/217/317 provides an internal
reference voltage of 1.25V between the output
and adjustmentis terminals. This is used o sel a
conslant current flow across an external resistor
divider (see fig. 4), giving an cutput voliage Vo of:

Vo = Vrer (4 +%} + |apg Rz

The device was designed to minimze the term
lapy (100nA max) and to maintain il very constant
with line and load changes. Usually, the error
term laps - R> can be neglected. To obtain the
previous requirement, all the regulator quiescent
curient 15 refurned to the output terminal,
imposing a minimum load current condition. If the
load is insufficient, the oulput voltage will rise.

Since the LM117/217317 is a floating regulator
and "sees” only the input-to-output differential

voltage, supplies of very high vollage wilh respect
to ground can be regulaled as long as the
maximum  input-to-output  differential is  nol
exceeded. Furthermore, programmable regulator
are easily oblainable and, by connecting a fixed
resistor between the adjustment and output, the
device can be used as a precision current
regulator.

In order to oplimise the load regulation, the
current zet resisior R1 (see fig. 4) should be tied
as close as possible te the regulalor, while the
ground terminal of R2 should be near the ground
of the load to provide remidote ground sensing.
Performance may be improved wih added
capacitance as foliow:

Aninput bypass capacitor of 0.1pF
An adjustment terminal to ground 10pF capacitor
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TO-220 MECHANICAL DATA
DI it ireh
MIN, TYP. MAX. MIN. TYP. MAX.
A 440 4 .60 0473 0.181
C 1.23 132 0.048 0.051
D 240 212 0.024 0107
D1 1.27 {.050
E 049 0.70 0.0i9 0.027
F .61 0.88 0.024 0.034
Fi 1.14 1.70 0.044 0.067
F2 1.14 170 0.044 0.067
G 495 5.15 0.194 0.203
- Gi 24 27 0.094 0.106
; H2 10.0 10.40 0.393 0409
L2 16.4 . 0.645
L4 13.0 14.0 0511 0.551
LE 265 2.95 {1104 0.116
L6 15.25 1575 0.500 0.620
L7 6.2 6.6 0.244 0.260
L9 ih6 393 0137 0154
DIA. 315 3.85 0147 0.161
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