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ABSTRACT

This project presents a sludy of an electric bike that can be charged by the utility line and
during the ride. Apart from the environmental concern, Thailand suffers from energy problem,
especially fuel and could be faced with the cnergy shortage in the near future. This problem is
mainly caused by the population growth, which resulis in higher energy demand including the fuel
for travelling. Although travel by bike may be least expensive, riders would be exhausted. Recently
electric bikes have been launched into the market for the rider convenience. However, they are
costly and require charging only from the 220-ac line. The objective of this projeet is therefore to
develop a two-operating-mode electric bike that can be charged by the bike’s dc machine during the

ride, apart from the utility line, in order to provide continuous travel.
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e ——
FAIRCHILD IRF530N

e rv————————————
SEMICONDUCTOR®

Data Sheet January 2002

22A, 100V, 0.064 Ohm, N-Channel, Power

MOSFET
T .. _Packaging— .~ "~ _  ____ _ __ Features—— L —
JEDECTO-22048 + Ultra Low On-Resistance
" SOURCE = - IDS(ON) = 0.0640Q, Vg =10V- -
D%ﬁ\'{"E * Simulation Models
- Temperature Compensated PSPICE™ and SABERY
Electrical Models
i - Spice and SABER® Thermat Impedance Models
. pRAN - www.fairchildsemi.comn
{FLANGE) * Peak Currenl vs Pulse Widlh Curve
IRFS395 * UIS Raling Curve
Symbol Ordering Information
B PART NUMBER PACKAGE BRAND
IRF530M TO-220AB IRF530N
c
s

Absolute Maximum Ratings T = 25°C. Unless Otherwise Specifisd

IRF530N UNITS
Draln o Source Voltaga (Nele 1) ..o oo oo o B Vpss 100 v
Drain to Gale Voltage (Rgg = 20K (Note 1. ... .. ivivviinneens VDGR 100 vV
GaletoSowrce Voltage .. ... ... L. Vas +20 v
Drein Current
Contirwous (To= 25%C, Vgg = 10V (Figue 2} .. ... ... ... u | \ Y / & Ip S22 . A
Continuous {T¢= 100°C, Vs = 10V} (Figure 2} ..., ... ... o 15 15 A
Pulsed Drain Current . ... ... .. . . i oM Figure 4
Pulsed Avalanche Rating . ... ... .o oo L o — Lis Figures 6. 14, 15 .
Power Dissipation ... ....._........ e Pp 85 W
Derate Above 25°C .. .. .. ... il i 0.57 WoC
Operaling and Slorage Temperature ... ... ... ...l Ty Tg10 . 5510175 °c
Maximum Temperature for Soldering
Leads a! 0.063in {1.6mm) from Casefort0s  ....... ... .. e T . 300 . °c
— ipawﬂg&my for 103, SeaTechorefTB334- .. .. oo . o— . ‘Tpk§’ - —_— 260. . — — °C— e —_— ..

NOTES:

1. Ty = 259C to +50°C.

CAUTION: Stresses above those listed in “Absolute Maximum Habngs" may cause parmanent damage o the devics. This is a stress only raling and operation of the
device al these of any other conditions above those indicated in the operational sections of this spacification is not impled.

D Farehid Semicond gt Coperaier IPEIEI Rer 5
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Electrical Speclfications T¢ =25°C. Unless Clherwise Specitied

PARAMETER SYMBOL | TEST CONDITIONS | MIN [ TYP [ MAX [ UNITS
QFF STATE SPECIFICATIONS
Dirain to Source Breakdown Voltage BVpss |lp=250pA. Vgg = OV {Figure 11} 100 - v
Zero Gale Vollage Drain Current Inss Vps =95V. Vgg =0V 1 pA
Vps = 90V, Vg = OV. T = 150°C - 250 nA
Gate to Source Leakage Current Igss Voo = +20V +10Q nA
e .| ON STATE SPECIFICATIONS . — — — — - —
Gale 10 Source Threshold Voltage VosaH) | Yas = Vps. Ip = 250uA (Figure 10) 2 - 4 v
- | Drain to Source On Resistance — DS{ON) — | 10 =22A. Vgg-= 10V-{Figurs 9) - 0.054 | 0.064 Q
[THERMAL SPECIFICATIONS '
Thermal Resistance Juncton 1o Case Rurg TO-220 - i76 | oW
Thermal Resistance Junction fo Ryga - - 62 | ®cw
Ambient
SWITCHING SPECIFICATIONS (Vg = 10V)
Tum-On Time ton Vop =50V, Ip =224 - 75 ns
o Turn-On Delay Time LioNy ;gg Z 11?3:'; 1.9 - ns
Rise Time k (Figures 18, 19) 42 - ns
Tum-Of Delay Time taoFFy 47 - ns
Fall Time L] E 39 - ns
Tum-Off Time loFF - 130 ns
GATE CHARGE SPECIFICATIONS
Tolal Gale Charge Qgrory  [Yas =0V lo 20V Voo =50V, 43 52 nG
Gale Charge at 10V Ogioy | Vas = 0V 10 10V :0_= g2A. 23 | 28 | nc
giREFy = 1.0mA
Threshold Gale Charge OgrHp  |Vag=0VIo 2V {Figures 13, 16, 17) - 1.7 2 nC
Gate to Source Gale Charge Ops . 3.5 - nC
Gale to Drain "Miller” Charge Qg 8.7 - nG
CAPACITANCE SPECIFICATIONS
Input Capacitance Ciss Vpg =28Y. Vg = OV, %0 (- pF
Output Capacitance Coss I;gﬁfgiza F 215 - pF
Reverse Transler Capacitance Cpss 70 - pF
Source to Draln Diode Speclfications
» PARAMETER SYMBOL TEST CONDITIONS HIN | TYP | MAX | UNITS
Source lo Drain Dicde Voltage - V¥gp Igp = 22A - - 1.25 v
: lsp=11A - 1.00 v
Reverse Recovery [imic Tir Isip = 224, digpil=100ANs - - 100 ns
Reverse Hecovared Charge Oﬁn Igp = 224, digp/dt = 160As - - 313 nG
CRIX2 £ v &2 ST aniater Comeraton FFEXN fay &
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‘3’; UC1842/3/4/5
I TEXAS UC2842/3/4/5
NSTRUMENTS UC3842/3/4/5
‘ www.li.com $LUS223C—APRIL 1987 —REVISED JUNE 2007
- CURRENTMODEPWMOONTROLLER
FEATURES _ DESCRIPTION
+ Optimized For Off-line and DC-to-DC The UC1842/3/4/5 family of control devices provides
R ._ .. Lonverters : - .- . ihe necessary. features to implement offline or
— "+ Low Start-Up Current (<1 mA) ' de-to-de nxeﬁmw_'_”_—'

s+ Automatic Feed Forward Compensation schemes with a minimal extemal parts count.
_ o - T ) _Internally implemented circuits include under-voltage
+ Pulse-by-Pulse Current Limiting lockout featuring start up current less than 1 mA, a
+ Enhanced Load Response Characteristics precision reference trimmed for accuracy al the error

+ Under-Voltage Lockout With Hysteresis amp input, logic to insure latched operation, a PWM
comparator which also provides current limit controd,

» Double Pulse Suppression and a totem pole output stage designed to source or
» High Current Totem Pole Output sink high peal current. The output stage, suitable for
+ Internally Trimmed Bandgap Reference driving N-Channel MOSFETs, is low in the off state,

»  500-kHz Operation Differences befween members of this family are the

-

under-voltage lockoui threshalds and maximum duty
cycle ranges. The UC1842 and UC1844 have UVLO
thresholds of 16 Vg, and 10 Vg, ideally suited to
off-line applications. The corresponding thresholds
for the UC1843 and UC1845 are 84 V and 7.6 V.
The UC1842 and UC1843 can operate to duty cycles
approaching 100%. A range of zero to 50% is
obtained by the UC1844 and UC1845 by the addition
of an internal toggle flip flop which blanks the output
off every other clock cycle.

+ LowRg Error Amp

BLOCK DIAGRAM
UVLO . *
Y
sm| gyt gl
o

‘ % 2, 50 mA
e Internal

“ v BIAS

A Good

Logic :

L1 = 4

- osc > JfDl

TiLY : 6 10
: ‘ Error J L'/ OUTPUT

- AP IR ) s
- '-H_H_ﬂ‘.’v"-y R b
Vg [2/3 - < PWHM
o 273} , R —|>* PM POWER

o I S CURRENT. L R
- SR RS T S SCOMP /T ] - 7‘l¢; SENSE : - GROUND :
GURRENT 1375 4 COMPARATOR
SENSE

Note 1: A =DIL-8 Pin Number. 8 = S0-14 and CFP-14 Pin Numbaer.
Note 2: Togg'e fip fop used only in 1844 and 1845,

- i Please be aware thal an important notice conceming availability, stendard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data shee!.

PRODUCTION DATA informatiad 5 curren: 33 oF publcadon date, - Copyright € 19972007, Texas Instruments Incorporaled
Procusls <onférm 10 specdcations per the terms of the Texas .

Instruments standard warranty. Produchon (XGLESSING £005 N

necessanly indude iesing of af paramesers
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(1) Allvollages are wilh respec! te Pin 5. All currents are posilive nto the specifiad terminal. Consult Packaging Section of Databook for

thermal Emitations end considerations of packages.

CONNECTION DIAGRAMS

DIL-8. S0OIC-8
NorJ PACKAGE, D8 PACKAGE
(TOP VIEW)

)

COMP []
Ves (1

lsense (]

8
7
6
R1/Ct [ 5

S N =

] Vree

] Yoo

1 OUTPUT
] GROUND

80IC-14, CFP-14

D or W PACKAGE
(TOP VIEW) -

COMP EE 1 ]4 VREF

NC CI 2 13 NC

Ve C1]3 12 Vo

NC CT4 nf Ve
laense CI4 5 0 QUTPUT

NG I 8 g ‘GROUND
Ry/Cr LI 7 3 PWR GND

NC
Vep
NC

ISENSE
NC

PLCC.20
Q PACKAGE
(TOP VIEW}

Veo

Ve
NC -
QUTPUT

NC

\ UC1842/3/4/5
UC2842/3/4/5 * Texas
UC3842/3/415 INSTRUMENTS
vww.llL.com
SLUS223C-APRIL 1997 -REVISED JUNE 2007
ABSOLUTE MAXIMUM RATINGS
UNIT
Low impedance source 0V
Supply voltage —
lee < 30 MA Sell Limiting
Oulpwt current HA
- Quipul energy (capacitive kood) e - - - Snd :
[ T T 777 [Analoginputs {Pins 2, 3) ' 03V1683V
Error amp output sink cumenl 10 mA
- - |- = - Tp2 25°C{DIL8) ~ - 1w
Power dissipalion Ta= 25°C (SDIC-14) 725 mwW
Tu% 25°C {SOIC-8) 550 mW
Storage lemperature range —85°C to 150°C
Junction temperature range -55°C 1o 150°C
Lead lemperalure (solderning, 10 seconds) 300°C

NC — No intemal connection

Submit Dogumantation Feechack
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UC1842/3/4/5
UC2842/3/4/5
UC3842/3/4/5

SLUS223C - APRIL 1947 -REVISED JUNE 2007

THERMAL CHARACTERISTICS

over operating free-air temperature range (unless otherwise noled)

PACKAGE B¢ 'R

DIL-8 J 2811 125160
N 25 11012

socs DB 42 B4-160
SeHCAd— - — - - I - AL - 7 3 HU-TZ0:%

CFP-14 W 5.45°CW TT5ACAN
PLCC20 . _  _ _ _a _ Y] 43750

)

8~ dola values stated were derived irom-MIL-STD-18358.

)

range is given, lower values are for 5in. Test PWE was 0.062 in thick and typically used 0.635-mm trace widths for power pockoges

ond 1.3-mm trace widlhs for ron-power packages with 100 x 100-mil piobe land area at the end of each trace.

DISSIPATION RATINGS

Specified 8, (junction to ambient) is for devices mounted to 5 in2 FR4 PC board with ane ounce copper where noted. When resistance

PACHAGE Tp<25°C DERATING FACTOR Tps 70°C Tas 86°CPO Tpe 126°C
POWER RATING "ABOVETas25°C | POWER RATING WER RATING POWER RATING
w 700 mw 5.5 mWAC 452 mW 370 MW 150 mw

ELECTRICAL CHARACTERISTICS

Unless otherwise staled, these specifications apply for =55°C < T,< 125°C for the UC184%: ~40°C < T,< 85°C for the
UC284X: 0°C = T,x 70°C for the 384X Ve = 15 VI Ry = 10k C; = 33 nF. T, = T,

UC184213/4/6
PARAMETER TEST CONDITIONS UC284213;4"5 1 T UNIT
MIN TYP MAX| MIN TYP MAX
REFERENCE SECTION
Ouipul Violtage T,=25°C, I5=1mA 495 5.00] 505 490 500 5.0 v
Line Regulation 12V 25V i 20 ] 20
Load Regulation 1= =20 mA 25 6 25 mv
Temp. Stability " | Se@ 0N 0.2 0.4 027 04| mviC
Total Qutput Varialion Line, load, tempature 12) 49 51| 482 518 A
Oulpul Noise Voltage 10 Hz= f < 10 kHz, T, = 25:CH% 50 50 uv
Long Tem Stability Ty = 125:°C, 1000 Hrs2! 5 25 5 251 mv
Qutput Shont Circuit 30| 100 -t80| -30 -100 -180 mA
" OSCILLATOR SECTION
) Initia) Accuracy T, = 250G 47 52 57 q7 52 57| kHz
Voltage Stability 12 < Ve 25V 0.2% 1% 0.2% 1%
Temp. Stability Thane Tag Tpa'® 5% 5%
Amplitude Ve 4 peak-to-peak 2 17 1.7 Y
(1) Adjust V. above Lhe slort threshold before setting at 15 .
(2) These paramaters, although specified, are not 100% tested in production.
(3) Temperature stabikly. somelimes refered Lo as average lemperature coefficiont, is descitbad by the equation:
= s = = e Ypepmay VREE(Mn_ . . = o = o = e =
: B R V, and Vaggo,m are (he maximum and minimum reference vottages measured over
REFimax) AFFan}

s

the appropriate temperature range. Note that the extremes in voltage do not necessanly occur at the extremes in lemperalure.

Output frequency equals oscillator fraquency for the LIC1842 and UC 1843,

Output frequency is one hall oscillalor frequency for the UC1844 and UC1845.

Subanf Documantation Fesdback
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UC1842/3/4/5
UC2842/3/4i5 {y Texa
UC3842/3/415 INSTWI:LJ“NE“I:ITS

SLUS223¢~APRIL 1397-REVISED JUNE 2007
ELECTRICAL CHARACTERISTICS (continued)

'(5) These p‘lramalers although specmed ore not mﬁ% lasled in produchon.

Unless olhersise stated, t ificatlions apply for=55:C < T, < 125°C ford hﬂm&m-%@%%eﬂht,—
UC284X: 0°C < T, 70°C for the 384X Vi = 16 VI R = 10 k(2 C; =3.3nF, T, = T,
PARAMETER TEST CONDITIONS 33;3:33;3;2 ucasdziaie UNIT
MIN TYP MAX| MIN TYP MAX
L ERROR AMP SECTION - s
T Input Volage Vem1=25V 245 250 255| 242 250 258 W
Input Bios Current . Q3 ~1 -03 -2 A
- Audy ; 25VasdV T 65 ag} 1 65 90 T} dB -
Unity Gain Bondwidth Ty=25C® 0.7 1 07 I MHz
PSRR 128 Ve225V 60 70 60 70 dB
Qutput Sink Current Ve =27V V= 11V 2 6 2 B mA
Cutput Source Current Vpna=23V Vang1=5V 05 08 -05 08
Vaur High Vpin2 — 23V, Ry = 15 k() to geound & ] ] B v
Vo7 Low Von2=27V, R =15%0 10 Pin 8 07| 11 07 id
L CURRENT SENSE SECTION
. Gain Ses 1) 285 3] 345] 285 3 315 VN
Maximum Input Signal Vo1 =5V 0.g i 1.1 049 | 1.1 v
PSRR 12 € Ve 25 vV 516 70 70 dB
Input Bias Currant -2 10 -2 10 nA
Dalay to Output Ve :=0Vio 2V 9 1501 300 150 300] ns
OUTPUT SECTION
lo = 20 mA 01| 04 01 04
Outpul Low Lavel
fagk = 200 mA 15 22 15 2.2 v
OUIIpUI High Lavel ISOURCE =20 mA 13 135 13 135
‘EOURCE =200 mA 12 135 12 13.5
Rise Time Ty=25C,C_=14nF 1% 50 150 50 150
Fall Time T,=25:C. G, = InF&! 50| 150 50 10| ™
UNDER-VOLTAGE LOCKOUT SECTIOM
XB42/4 15 16 7| 145 16 175
Start Threshold ;
X843/5 78 8.4 20 78 84 90 v
Min. Operating Voltage After X842/4 9 10 11 85 10 115
Tum On X84345 7.0 76| 82| 70 76 A2
. PWM SECTION
& Maximum Duty Cyclo XB42/3 95%_ 97% ) 100% | 95% 47% 100%
XB4475 46% 48%| 0% | 47% 48%  50%
Minimum Duty Cycle o 0% 0%
TOTAL STANDBY CURRENT .
Start-Up Current 05 1 5 -1 A
Operaling Supply Currenl Vena= Ve =0V 1 17 11 17
Vcc Zener Vo!lager Im =25mA 30 34 30 34 v

{6y Paramzter measured at tip poinl aiach wilh Ve 2 = 00

AYPIN

(7) Gain defined as: A= AVPIN

3'0 VPINS - 08V

Subenit Doctimenlation FeeUdback
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UC1842/3/4/5
UC2842/314/5
UC3842/3/4/5

SLUS22IC -APRIL 1997 -REVISED JUNE 2007

ERROR AMP CONFIGURATION

Error an P can source of sink up o .o mA.

28V

UNDER-VOLTAGE LOCKOUT

During under-voltage lock-out, the output drive is biased o sink minor amounts of current. Pin 8 should be
shunted to ground with a bleeder resistor to prevent activating the power switch with exiraneous leakage

currents.
|
Voo — 7 ONJ/OFF Command
<) to REST of IC

uc1842 | UC1343

UCi844 | UC1846

— | oy | 18V | sav

Vorr | 10V 76V

CURRENT SENSE CIRCUIT

A small RC filter may be required 1o suppress switch transients.

ERROR
AMP

Vee

1

<ITmA T

<l mA

+ } » Voo

q] COMP 1
igh CURRENT .

J1| = COMPARATOR
- T -—- — —_ = f— [— [Ep— ——— i 4{,‘\"'\"',177 3 ,SENSE7 — — [— p— p— e — SO —— e — -
S C =
R
l o GND
- 5 [_ e
Peak Current {I5) is Detemmined By The Farmula
e A0V
SHAX "o
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, UC1842/3/4/5
UC384213/4/5 lNS‘IW&LVJmENTS
5LUS223C-APRIL 1997 -REVISED JUNE 2007 "
OSCILLATOR SECTION
VREr .—J
S Ry Deadtime vs Cy (Ry >6 hal) Timing Resistance vs Frequency

30 100 [RIV T TR
/ Q\,\\A(l‘h,\\

L. . - - . RpCr T - .
T [ N = B =30 %%\ 1 %___._ U
T s e £ BERR
- R : 2 AT T Eel ERWER
"~ " GROUND E—.» 1 L ' W _\\\\\'.\
W 5 .
' S 0.3 3 AR
1 22 47 10 22 47 100 100 1k {0k 100k 1M
forRy> 5 K f 17z Cr-nF 1= Frequency = Hz

~ RiCr

OUTPUT SATURATION CHARACTERISTICS

4 T

=T T
Vo =18V
)
H 3 ’
‘ : T.=u¢ |/
g Te=—5¢. [/
: \\af/}-’/
5 2 o
i W A W A »
i **‘f" /
’ / SOURCE 8aT
1 ; 7 SURCE ST
: [
/ SINCEAT (o)
e v AN
o : :
TN S B S R 2 345 7

Oumpus Currenl Source of Sink - A

ERROR AMPLIFIER CPEN-LOOP FREQUENCY RESPONSE

o
=

=

“ohage Gain - £B
2

10 LlCH (A3 0k Wk L WK
| - Frequency - Hz
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