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Abstract
The problem of energy crisis has affectd industrial development very much. This
makes industrial plants and aeveral kinds of business have to looK for energy saving
mathod to reduce energy utilization. Now the energy is limited and tends to have hihger
and hihger price. Thailand ia the country that encounter this problem directly.Due to '
electrical energy production have touseoil to be fuel and most oil must be imported from
foreign country therefor this thesis compose of project Energy saving which explain

principle of Energy saving
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Current
capacity in
Diameter over Norminal Resistance miliamperes
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AWG Min Max mil area ft 1000 c.m/A  AWG
8 0.130 0.133 16510 0.6281 16510 8
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20 0.0340 0.0351 1020 10.13 1024 20
21 0.0302 0.0314 812 12.77 812.3 21
22 0.0271 0.0281 640 16.20 640.1 22

42



23 0.0244 0.0253 511 20.30 510.8 23

24 0.0218 0.0227 404 25.67 404 24
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33 0.0081 0.0088 50.4 2056.7 50.41 33
34 0.0072 0.0078 39.7 261.3 39.69 34
35 0.0064 0.0070 31.4 330.1 31.36 35
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Pay Back Time of Electronic Ballast

( X = Ballast Price (Baht) , Y = Pay Back Time [roonth=] )
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cLE-OSC !LLATING HALF BRIDGE DRIVEn

Features Product Summary
8 Floating channel designed for boatstrap operatian }
Fully operational to + 600V VOFFSET 600V max. !
t ; ; i
TD!EFa{"II to negative trans:ent voltage .ty Cycle 50% :
dV/dt immune
Fl Undervoltage lockout for both channels VouT 10 - 185V
& Programmable oscillator frequency
/ 1 Lr/f (typ.) 80 & 20 ns
- = . 27 + y O .). "E’ . .
La x (AT + 35000~ C Dz2adtime (typ.) 1.2 s !
B Micropower supply startup current of 200 g4 typ. G
& Marched propagation detay for both channsls
® Low side output in phase with RT
Package

Description

The IR2155 is a high valiage, high speed, seif-
voillating power MOSFET znd IGET wriver with, |
both high side and low side referenced output
channels. Proprietary HVIC and latch immune
CHOS technologies enable ruggedized monolithic
construction. The front-end features 3
vrogrammable osciliator which is similar to the 555
timar.  The output drivers feature a high pulse
current buffer stage and an internal deadtme
designed for minimum driver cross-conduction.
Propagation delays for the two channels are
matched to simplify use in 50% duty cycle
.applications. The floating channel can be used w
drive an N-channel power MOSFET or IGBT in the
high side configuration that operates off a high
voltage rail from 10 1o 600 volis.

Typical Connection

10 T BOOV
AAA
!
> H
S ] )T
Voo ve AAA ;l
== N
- AT Fns 1O
© LoaD
cT Vg
—
= [
COM to AAY &




TOR

Dynamic Electrical Characteristics
Vaias {Vce, Vas) = 12V and C = 1000 pF uniess otherwise specified. _

[R2155

Parameter Ta=25°C
Symbol Definition Fig. | Min. | Typ. | Max. {Units| Test Conditions
tr Tum-On Rise Time — — 80 140 ns
t Tum-Off Fali Time — | — 40 70
OT Ceartirme, LS Tun-Off to HS Tum-On & — | 05 | 12 20 7]
HE Tum-Cffio LS Tum-On
DC | RT Duty Cycle — 495 50 | 505] % |  fosc=20kHz
Static Electrical Characteristics
Veias (Vee, Vas) = 12V, Vs = COM and C| = 10C0 pF uniess otherwise specified.
] Parameter Ta=25°C
Symbol | Definition Min. | Typ. | Max. [Units{ Test Conditions
Supply Characteristics '
Veeuws 77 | 845 | 9.2
; - - vV
Veewv- | Vee Supply Undervoltage Negative Going 74 | 815 | 8.9
Thep sl
laceouy f;i-i-crbﬁp;:vgr_ Vcc Supply Startup Current — 70 150 A Vee < Startup Thresh.
tace Quiescent Vce Supply Current — 500 | 1000 g
Verawe | Vee Zener Shunt Clamp Valtage 144 | 156 | 16.8 A\ lec =5 mA
Fleating Supply Characteristics
Vesuve | Vas Supply Undervoltage Positive Going 7.7 | 8457 9.2
Threshold Y
Vesuv- | Vs Supply Undervoltage Negative Going 74 | 8B15] B9
Threshold
lossuv | Micropower Vgs Supply Startup Current — 55 125 Ves < Startup Thresh.
las | Quiescent Vas Supply Curent — 70 150 | pA
bk Offset Supply Leakage Current — — 50 Ve = Vs =600V
Oscillator VO Characteristics
fosc Oscillator Frequency 194 | 20 | 206 RT =35.7kQ,
KHz Ci=1nF
94 100 | 106 RT =6.97 k),
CT=1nF
fcr CT Input Current - — |0.001% 10 pA
Veruy | CT Underveltage Lockout — 100 — 2.5V < Ve <Veeuws
VRt RT High Level Output Voltage, Vee - RT —_ 20 50 Iry =-100 pA
' — | 2004500 | lrr =-1mA
Vrr- RT Low Level Output Voltage — 20 50 lar = 100 pA
—~— 1 200 | 500 Ikt =1mA
Vrruv | RT Undervoltage Lockout, Vee - RT — 100 — 2.5V < Vee < Veouws
Vcro 213 Vee Threshold - 8.0 _ v
Vet 113 Ve Threshold —_ 40 —_
Output Characteristics ’
Vou High Level Qutput Voltage, Vas - Vo — — 100 o = DA
Vou Low Level Qutput Voltage, Vo —_ —_ 100 mv lo=0A
Viouv | High Side Undervoltage Lockout Status — - 100 2.5V < Vas < Vasyys
Viowv | Low Side Undervoltage Lockout Status — — 100 2.5V < Ve < Veeyws
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Absolute Maximum Ratings

thsolute Maximum Ratings indicate sus

tained limits beyond which damage to the device may occur

TGR ]

All

voltage parameters are absolute voltages referenced to COM, all currents are definad positive into any lead.

The Thermal R

esistance and Power Dissipation ralings are measure

d under board mounted and still air

conditions.

. Parameter | o

! Symbol Definition Min. Max. Units

i Vs High Side Floating Supply Absolute Voltags -0.3 625 ) !

Vs High Side Fioating Supply Offset Voltage Vg - 25 Vg +0.3 i
Via High Side Floating Qutput Voltage Vs-0.3 Vg + 0.3 Y,
Vie Low Side Output Voltage 0.3 Ve +0.3

P Nar RT Valtage -0.3 Voo + 0.3

I Ver CT Voliage -0.3 Vee +0.3

iotec Supply Current {(Note 1) — 25

| o High Side Output Current -500 500 A

Lim Low Side Qutput Current -500 500 }

i IRy RT Qutput Current -5 5

D\J:{EL_ Allowabie Offset Supplb/_\.-'oltage Transient — 50 Vinz ]

' Po | Package Power Dissipation @ I € ¥25°C — 1.3 W___l;
Rosa Thermal Resistance, Junction to Ambient — 125 °CIW |
Ty Junction Temperature — 150

k Ts 1 Storage Temperature -55 150 °C ‘

I { ead Temperature {Soldering, 10 seconds) — 300 | |

Recommended Operating Conditions

The (nput/Qutput logic timing diagram is shown in Figure 1. For

within the recommended conditions,

proper aperation the device should be used

Parameter ]
Symbol Definition Min. Max. Units
Ve High Side Floating Supply Absolute Voltage Vs + 10 Vs + Vorame
Vs High Side Floating Supply Offset Voltage — 800 vV
Vo High Side Floating Output Voltage Vg Ve
Vio Low Side Output Voltage 0 Veo -
“lee Supply Current (Note 1) — 5 mA
Ta Ambient Temperature -40 125 °C
Note 1 Because of the IR2155's application specificity toward off-line supply systems, this IC contains a

zener clamp structure between the chip Vee and

COM which has a nominal breakdown voltage of

15.6V. Therefore, the IC supply voltage is normally derived by forcing current into the supply lead
(typically by means of a high value resistor connected between the chip Vec and the rectified line
voltage and a local decoupling capacitor from Vee to COM) and allowing the internal zener clamp
circuit to determine the nominal supply voltage. Therefore, this circuit should not be driven by a DC,
low impedance power source of greater than Vciame.
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Functional Block Diagram
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Lead Definitions
Lead
Symbol- . Description
RT Oscillator timing resistor input; a resistor is connected from RT to CT. RT is in phase with LO
for normal IC operation.
) Oscillator timing capacitor input; a capacitor is connecled from CT to COM in ordar to program
the oscillator frequency according to the foltowing equation:
S AR T vsom W G
where 1500 is the ellective impedance of the RT oulput stage.
Ve High side floaling supply.
HO High side galte drive output. ]
Vs High side floating supply retum. +
Vee Logic and low side fixed supply.
Lo Low side gate drive output.
COM Logic and low sidg retum.

Lead Assignments

i '::‘,,'q‘_:' oL len,

[+] fe] [o] [-]

Voo Ve
RT Ho
cT Vg

COM LO

o] =] 18] =]

8 Lead DIP

182155




IGR | IR2155

LO

Figure 1. Input/Output Timing Diagram
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1 Lmp anc 3 Amp

Fast Hecovary Haotifiers

tMajor Ralings and Charactaristics

|
|

1DF1 | 11DF3 | 31DF1 {31073,
11DE2 | 110F4 | 31DF2 | 310F4 | UDits
o 10 i -0 A
| @ 50 Hz 36 | e
FSM &80z 374 2.8 A
0.  @50Hz 45 18
A X Lar: 73 64 AZs
e a5 30 35 30 | nS
Ty Range -4~ +150 =40 ~ +150 °C
160 | 360 | 100 | 300
VHRM Range & & -\ & v
200 | 400 | 200 | 400

CASE STYLE AND DIMENSIONS

0.86
(0.034}

MAX.
/ DEA.
1
52

N

11DF Series

Description/Features

The 11DF and 31DF series ot fas! recovery rectiti-
ers are ratad at 1 amp and 3 amps, respective!y.
Thay are designed for u¢e in switr‘*\"'--;; Coe

supplies, inverters and as fras ~ivisnng

u niey

@ Ultratast 30 and 35 nanosecond recovery
times at rated 15y

B8 Glass passivated junction
n Low forward voltage
@ High voitage capability, to 430 volts

| Available taped and reeled

T

27.0 41,05}

086 @AM [, ik,

Q.72 ©.028!
TWO PLACES -

1

§2¢020%)
MAX

—4

27.0 (1.D6)
HiN

—
( % ) 21007
1300 TA

Case Styte DO-204AL {DO-41}, 110F Series
Dimansions in Millimaters snd (inches)

CATHORE
AAND

Raferto the Last Page For 310F Case Siyle.

N\



DF & 31DF Series

I R
'"OLTAGE RATINGS
Uqal\ﬂ -- Max. VRSN‘ ——Max.
Parz Numbe s Repetitive Peak Non-Repetitive Paak !
Raevarse Voltags Asverse Voltage
V) (V)
110DF1 Ji1DF1 100 110
110F2 310F2 200 220
11DF3 31DF3 300 i 330
11DF4 31DF4 400 440
LECTRICAL SPECIFICATIONS
11551 { 11092 1 31DF! | 31DF3 '
11072 | 11074 | 31DF2 | 31DF4 | Units Conditions
I Max. average output current.i 1.0 T, = 27°C 1.0 T, = 18°C Without Fin or P.C. Board
180° conduction sinusoidal A -
wavetorm 1.0 T,=863°C 1.0 T, =579 With P.C, Board
30 . 60 50 Hz half cycle sine wave
‘Fgay Max. peak one cycle, non- or 6 ms rectangular pulse
repetitive surge current, A - -
4 §2.8 60 Hz half cycle sine wave
) ' K or 5 ms rectangular puise
=1 Max. !zt for tfusing, 4.5 18 A25 :.LQ.T_S_
4 16.4 t=8.3ms
. ) o iF=1Afor'i‘|DF
Vem Max. pea.k forward vouage- 098 1.25% 0.98 1.25 v T, = 25°C m
laas Max. peak reverse current 10 20 10 20 HA VR = VRpMm Ta =25°C
T, =125°C For 11DF Series:
a
IFM =1A
e Max. reversse recovery time 35 30 35 30 ns
. di/dt = For 31DF Series:
. 50 Alps PEm = 3A
FTHERMAL-MECHANICAL SPECIFICATIONS
T Max. aperating junciion - °
temperature range 40 ~ +150 ¢
T: Starage temperature
st -~ o
9 range -40 +150 C
Rihsa Max. thermal resistance, 115 B8O Without Fin or P.C. Board
de 81 34 deg. C/W ["with Fin.
wi Approximate weight 033 (0.012) 1.2 {0,042} g/oz.
Case Style DO-204AL 16
(DO-41) C-
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Intemnational
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PD-9.3154

IRF720

HEXFET® Power MOSFET

* Dynamic dv/dt Rating -
& Repetitive Avalancha Rated D
® Fast Switching
* Ease of Paralleling
+ Simple Drive Requirements 6

S

RDS(OI’I) = 1.89

Description

Third Generation HEXFETs from Intemational Rectifier provide the designer
with the best combination of fast swilching, ruggedized device design, fow
on-resistance and cost-effectiveness.

The TC-220 package is universally preferred for all commenrcial-industrial
applications at power dissipation levels to approximately 50 watts. The low
tharmal resistance and low package cost of the TO-220 contribute to its wide
acceplance throughout the industry.

Absolute Maximum Ratings

239

Parameter Max. Units

o€ Tc=25C Continuous Drain Current, Vos @ 10V 33
Ip @ Te=100°C | Continuous Deain Current, Vas @ 10V 2.1 A
lom Pulsed Drain Cumrent @ 13
Pp @ Tc=25°C |} Power Dissipation 50 w

Linear Derating Factor 0.40 WrC
Vas Gate-to-Source Voltage 120 v
Eas Single Pulse Avalanche Energy @ 190 mJ
laRr Avalanche Cumrent @© 33 A
Ean Repetitive Avalanche Energy @ 5.0 mJd !
chv/dt Peak Diode Recovery dv/dl @ 4.0 Vins |
T Operating Junction and \ -55 1o +150 :
Tsra Starage Temperature Range ' ‘c o,

Soldering Temperature, for 10 seconds 3n0 {1.6mm from case) :

Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nem)
Thermal Resistance

Parameter Min. Typ. Max. Units

Aac Junction-to-Case - - 2.5
Racs Case-lo-Sink, Fiat, Greased Surface — 0.50 — °CN
Hasa Junction-{o-Ambient — — 62
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iE'ledrlml Characteristics @ Ta= 25°C (unless otherwise speciﬁe&)

Parameter Min. | Typ. | Max. | Undls " Test Conditions
Vsmoss Drain-to-Source Breakdown Voltage 400 | — — V 1 Vas=0V, lp= 250pA
AV@Eross/AT | Breakdown Vottage Terp. Coetficlent — 10511 — | ViC | Reference to 25°C, lo= 1mA
Rosiny Static Draino-Sourca On-Resistance | — | — | 1.8 | 2 |Vas=10V, lb=20A @
Vasmy Gate Threshold Voltage 2.0 —_ 4.0 V | Vos=Vas, lo= 250pA
Ot Forward Transconductance 17 — -— S |Vos=50V,Ip=2.0A @
. _ — 25 Vpg=400V, Vas=0V
loss Drain-to-Source Leakage Current — {250 HA Vos=320V, Vos=0V, T—125°C
loss Gate-to-Source Forward Leakage — — | 100 nd Vas=20V
Gate-to-Source Reverse Leakage — — | -t00 Ves=-20V
Oy Total Gate Charge — | — | 2 1p=3.3A
Qe Gate-to-Source Charge — | — | 33 | nC |vps=320v
Qg Gatato-Drain {"Miller”) Charge — ] —=in Vas=10V See Fig. 6 and 13 @
Lijon) Tum-On Delay Time _— 10 — Voo=200V
i Risa Time _— 14 — ns lp=3.3A
Lo Tum-Off Delay Time | — 30 —_ Re=180Q
i Fall Trme — 13 - Ro=5602 See Figure 10 @
L Internal Drain Inductance — |45 — eyt
nH | from package o
Ls Intemat Source Inductance — 751 — and center of
dia contact [
Cigs input Capacitance — Taw0 | — Vas=0V
Com Quiput Capacitance —_ 120 | — pF | Vos=25V
Cns Reverse Transfer Capacitance - 47 - f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parametar Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Cuyrent _ — a3 MOSFET symbol o
(Body Diode) ) A showing the
s Puised Source Current - -1 1a inlegral reverse €
(Bady Dlode) © p-n junction diode. s
Vsn Diode Forward Voltage —_ —_ 1.6 V | Te=25°C, I5=3.3A, Vgs=0V @
ter Reverse Recovery Time — | 270 | 600 | ns [ T=25°C, I,=3.3A
Qe Reverse Recovery Charge — | 1.4 | 3.0 | uC |dikdt=100As @
ton Forward Tum-On Time Intrinsic tum-on Uime is neglegible (lum-on is dominated by Ls+Lo)
Notes:
@ Repetilive rating; pulse width fimied by @ lsps3.3A, didi<6SA/s, VDDSVBRJDSS,
max, junction temperature (Sea Figure 11) Tys150°C
@ Voo=50V, starting T/=25°C, L=30mH @ Pulse width < 300 ps; duty cycle <2%.

Rg=25Q), 1a5=3.3A {See Figure 12)
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1. Drain Currant (Amps)

in. Drain Current {Armps)

Ip, Drain Current (Amps)

Fig 1. Typical Qutput Characteristics,
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1o Ves - OV, f = Tz
Cﬁss = E'gs + Cqu- Cys SHORTED
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-Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage

101 |
n o
a
I e
< pd
- [ g
i“ .
L
5
s /
g /
T 1% y509¢ .
D l’ I’
[.+3 ri .
© - 20
g) |
D /]
@
o W
w0
Vgg = OV
!
0.« 06 0.7 09 10 12

Vso. Source-to-Drain Voltage (volts)

Fig 7. Typical Source-Drain Diode
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Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
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Ip, Drain Current {Amps}

IRF720

Vos r—t—"AA—
_ —1\ DUT.
3.5 . 9
Voo
3.0 =
< Py
n T
20 ™ Fig 10a. Switching Time Test Circuit
- AN Vos
N o N/ \ /[
1.0 \ |
X | |
0.5 | | |
‘0% I | I
0-0 = 50 75 100 125 150 sz_ﬂ : ' :
Tc. Case Temperature (°C) Woa) & Yooty Y

Fig 9. Maximum Drain Current Vs.
Case Temperature
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NOTES:
1. DUTY FACTOR, D-t§/t2
2 2. PEAK Ty=Ppy ¥ Zenjc.* Te
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ty, Rectangular.Pulse Duration (seconds)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case

Fig 10b. Switching Time Waveforms
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Fig 12a. Unclamped Inductive Test Circuit
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b e

Fig 12b. Unclamped Inductive Waveforms
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Fig 13a. Basic Gate Charge Waveform
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Fig 12c. Maximum Avalanche Energy
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Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Fiecovenly dv/dt Test Circuit — See page 1505

Appendix B: Package Outfine Mechanical Drawing ~ See page 1509

Appenaix C: Part Marking Information — See page 1516
Appendix E: Optional Leadforms — See page 1525
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