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HIGH FREQUENCY OZONE GENERATOR

Nattapon Thana-adiroj
Arthit Sooksabye
Ekachai Kunchutisin

Assoc. Prof. Siriwat Potivejkul Advisor

2000

ABSTRACT

This thesis is concerned with studying about procedure of ozone generation with
was based on corona discharges.This thesis presented the high frequency device for supplied
power to the flyback transformer and electrode which used in ozone generation procedure. The
most widely used method of ozone generation for air and water treatment in industrial
and residence. Ozone could kill the germ , including viruses in air and water. Many
parameters have effect on the ozone generation such as thermal , moisture , some gases
(hydrocarbon , chlorofluorocarbon etc.) etc , for electrical parameters such as electrical field
configurations, electrical potential and signal characteristics ( voltage types and frequency ).
So this thesis have objective to studied about frequency which have effect to ozone yield
for developed the ozone generator to high efficiency. This supply is designed to use either the
alternating current 220 volt, 50 Hz, rated poweris 120 W and the direct current 24 volt to
be source of energy which device could connect with solar energy system for safe energy
in the ozone generation .Range of output frequency is 20 - 60 kHz and rated output voltage is 4
kV,. This supply can to keep constant output voltage which it could to help constant output

power to load. This supply can yield 240 mgO,/hr at rated power.
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2
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R
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T
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Imax :-Imin (2.56)
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INANNTITN 3.1 1Az 3.2
vV Ao USuasie m’
P Ap anuduussens P =101.5x10° pascal (mm.Hg)
R f9 avo119mIas =8,3143 Pa.m’/(kmolX)
T Ao guvigil (°K )
A o
n fo $1uulua

a

1 1 A A ' a2k kY a = a a A v
iU allos b Tuaunsh 3.2 ﬂﬂﬂ'lﬂﬂ‘ﬂ“]i»i‘l'i'lblﬂi]'lﬂﬁllﬂ'lﬁﬂ 3.1 NANNSINHALNBAYUNYY

INOA(T,) =154.6 °K UazAINNUAUINGA (P) = 5,043 kPa
4 27T.R’T, _ 27((8314.3)*(154.6))
64P, 64 x5.043 x10°

ald =138,218

RT. (8314.3)(154.6)
8p.  8x5.043 x10°

b = =0.0318

UNUAT a tag b asluaunis 3.2

138218
101.5x10% + ————)(V —0.0318) = 2,494,290
( X 7 )( ) (3.3)
FeFunussuaunsi 3.1 lagfin=1 ¥ = LR AN 24.57 m’/kmol

101.5x%10°
1473 a0sAna0aQn(Trial and error) iieualasriae mol HutlSans

NARBIUNUAT V =24.57 TU(2.6); 2,494,290 < (101,728.96)(24.5382) = 2,496,246
NARBINUATV =245 TU(2.6); 2,494,290 > (101,730)(24.4682) = 2,489,149
VNARDINUATV =246 1U(2.6); 2,494,290 < (101,728)(24.5682) = 2,499,273
NAADIUNUATV =24.55 1U(2.6) ; 2,494,290 = (101,729)(24.5182) = 2,494,212
fiP=101.5kPa T=300 °K

9218 V = 24.55 mkmol 1uf® 1 mol = 0.02455 m” Tastlszanay

&arfu 493.2 ky/mol = 20089.61 kl/m” 1182 682.8 ki/mol = 27812.63 kl/m’

910 3.6x10°T=1Wh —> 1J=2.78x10" Wh

Fetundemitufudoaldde 5.58 kWhim’ 84 7.73 kwvm’ 1 i lus lusmenfusioendiou
8y 21% lagilssunm sohmdamidnidudedlunsameiusyeendioude 1.172

J = 1 a
KWh/m® 84 1.62 kWh/m® 31 l1/3usanesensina 1o Tau Tuund
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910 w =— |eE*dV (3.5)
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E = ,/% €,=8.854x10"
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E =\/ 2X 0 _16.158 kViem
8.854 1072 x19.9

oz E :\/ o058 W
8.854 x107° x19.9

1NAUNT 3.4 92 1aussau Wi neei ldina e Tau

A Inr—3+821nr—2)
r

s 82 I (3.6)
1
1 E,,_ =16.158kV/em |
(16.158 x10°)(1.22)(8 n =42 4 1n 122
- .22 1.09
8
= 327kV
M E,, =19.058 kV/cm
(19.058 x107)(1.22)(81n 2% 1 1n 122
o ™ 8209
8
= 385KV
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

62 SLVS074B — JANUARY 1983 — REVISED JULY 1999
2T A R R o e
® Complete PWM Power Control Circuitry D, N, NS, %I; l",\IN PACKAGE
® Uncommitted Outputs for 200-mA Sink or T B
Source Current 1IN+ ] 1 el 2
@ Output Control Selects Single-Ended or 1IN-[] 2 15]] 2IN—
Push-Pull Operation FEEDBACK[|3  14[] REF
@ Internal Circuitry Prohibits Double Pulse at DTC[]4 13{] OUTPUT CTRL
Either Output cT(lls 12{] Voo
® Variable Dead Time Provides Control Over RT[]6 1fl c2
Total Range GND[}7 10]] E2
@ [nternal Regulator Provides a Stable 5-V ci1ls ofl E1

Reference Supply With 5% Tolerance

® Circuit Architecture Allows Easy
Synchronization

description

The TL494 incorporates all the functions required in the construction of a pulse-width-modulation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC)
comparator, a pulse-steering control flip-flop, a 5-V, 5%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mode voltage range from -0.3 V to V¢ — 2 V. The dead-time control
comparator has a fixed offset that provides approximately 5% deadtime. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous multiple-rail power supplies.

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the
output-control function. The architecture of this device prohibits the possibility of either output being pulsed twice
during push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494l is characterized for operation from

—40°C to 85°C.
FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
V| =GND Single-ended or parallel output
V| = Vyef Normal push-pull operation

A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is cument as of m date. Copyright © 1999, Texas Instruments Incorporated
Products conform to specifications per the terms of Instruments

warmanty. Pr does
testing of all parameters. =

P el
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AVAILABLE OPTIONS
PACKAGED DEVICES
CHIP

Ta SMALL | PLASTIC SMALL S rorm

OUTLINE DIP OUTLINE v)

) (N) (NS) OUTLINE (
(PW)

0°C to 70°C TLAACD | TLA94CN | TLA94CNS | TLdsdacPw | TLagdy

—40°C10 85°C | TL494ID | TLAS4IN E, - N

TheD, NS, and PW packages are available taped and reeled. Add the suffix R to device type (e.g.,
TL494CDR). Chip forms are tested at 25°C.

functional block diagram

OQUTPUT CTRL
(see Function Table)

i3
RT 2 Oscillat,
cT.5 scillator Q1 g
1D —— C1
Dead-Time Control 1»—]_/ 9
4 ~01V & Comparator E1
DTC — — > C1
A PWM 2 n .,
11 S | . 1 19 &y
2 a !
1IN- y | Pulse-Steering
Tl Flip-Flop
Error Amplifier 2 12 Vee
2iN+ 18 [\ J
2in-_15 i q Reference 14
REF
Regulator
7
+ (} GND
3
FEEDBACK 0.7 mA

%3 Texas
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

TL494 UNIT

Supply voltage, Vo i (see Note 1) 41 \
Amplifier input voltage, V} Veo+0.3 \
Collector output voltage, Vo 41 v
Collector output current, o 250 mA

D package 73

N package 88
Package thermal impedance, 0 4 (see Notes 2 and 3) °C

NS package 64

PW package 108
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D, N, or PW package 260 9C
Storage temperature range, Tstg —65t0 150 °C

t 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 under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.

2. Maximum power dissipation is a function of T j(max), 64, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T y(max) — Ta)/8 . Operating at the absolute maximum Ty of 150°C can impact reliability.
3. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace

length of zero.

recommended operating conditions

v

TL494
UNIT
MIN MAX
Supply voltage, Voo 7 40 Y
Amplifier input voltage, V; 0.3 Vge-2 \
Collector cutput voltage, Vg 40 vV
Coallector output current (each transistor) 200 mA
Current into feedback terminal mA
Oscillator frequency, foge 1 300 | kHz
Timing capacitor, C1 047 10000 nF
Timing resistor, RT 1.8 500 | kQ
. . ) TL494C 0 70
Operating free-air temperature, Ta °C
TL4941 -40 85

‘:‘5 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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electrical characteristics over recommended operating free-air temperature range, Vgc =15V,
f =10 kHz, Tp = 25°C (unless otherwise noted)

reference section

R TL494Y
PARAMETER TEST CONDITIONST MiN TYPT  MAX UNIT
Qutput voltage (REF) Io=1mA 5 \4
Input regulation Vec=7Vto 40V 2 mV
Output regulation io=1mAto 10 mA 1 mV
Short-circuit output current? REF=0V 25 mA
T Al typical values, except for parameter changes with temperature, are at Tp = 25°C.
t Duration of the short circuit should not exceed one second.
oscillator section, Ct = 0.01 uF, Rt = 12 kQ (see Figure 1)
TL494Y
PARAMETER TEST CONDITIONST UNIT
MIN TYPT MAX
Frequency 10 kHz
tandard deviation of frequency$ All values of Vo, CT, RT, and Tp, constant 100 Hz/kHz
Frequency change with voltage Vocc=7Vto40V 1 Hz/kHz
T Alltypical values, except for parameter changes with temperature, are at Tp, = 25°C.
§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formuta:
G =
error-amplifier section (see Figure 2)
TL494Y
PARAMETER TEST CONDITIONS ‘ UNIT
: MIN TYPT MAX
Input offset voltage Vo (FEEDBACK) =25V 2 mv
tnput offset current Vo (FEERDBACK) =25V 25 nA
Input bias current Vo (FEEDBACK) =25V 0.2 HA
Open-loop voltage amplification AVQp =3V, Rl = 2k, Vo=05Vto35V 95 dB
Unity-gain bandwidth Vo=05Vto35YV, RL =2kQ 800 kHz
Common-mode rejection ratio AVp =40V 80 dB
Output sink current (FEEDBACK) Vip=-15mVto-5V, V (FEEDBACK) = 0.7 V 0.7 mA
t Al typical values, except for parameter changes with temperature, are at Ta = 25°C.
f.’r; TEXAS <
POST OFFINCE B(’)Ix‘ gEiMELETEXAS 75265 5



TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B - JANUARY 1983 — REVISED JULY 1999

67

electrical characteristics over recommended operating free-air temperature range, Vgc =15V,

f =10 kHz (unless otherwise noted)

output section

TL494, TLAY4Y
METER S UNIT
PARAME TEST CONDITION MIN_ TYPT  MAX
Collector off-state current VCg =40V, Voo =40V 2 100 HA
Emitter off-state current Vecc=Vg =40V, VE=0 =100 HA
. Common emitter | VE =0, i = 200 mA i1 1.3
Collector-emitter saturation voltage \Y
Emitter foliower Vo(C1orc2) =15V, Ig=-200mA 1.5 25
Output control input current Vi = Vief 3.5 mA
T All typical values except for temperature coefficient are at Tp = 25°C.
dead-time control section (see Figure 1)
TL494, TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX
Input bias current (DEAD-TIME CTRL) Vi=0t0 525V -2 -10 HA
Maximum duty cycle, each output Vi (DEAD-TIME CTRL) =0, CT = 0.1 pF, Ry =12kQ 45%
Zero duty cycie 3 3.3
Input threshold voltage (DEAD-TIME CTRL) , \%
Maximum duty cycie 0
TAI typical values except for temperature coefficient are at Ta = 25°C.
PWM comparator section (see Figure 1)
TL494, TLA94Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX
Input threshold voltage (FEEDBACK) Zero duty cycle 4 4.5 Vv
Input sink current (FEEDBACK) V (FEEDBACK) = 0.7 V 03 0.7 mA
1 All typical values except for temperature coefficient are at Ta =25°C.
total device
TLA494, TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX
Voe =15V 6 10
Standby supply current RT = Vief, All other inputs and outputs open mA
Voo =40V Q 15
Average supply current V| (DEAD-TIME CTRL) =2V, See Figure 1 7.5 mA
T All typical values except for temperature coefficient are at Ta =25°C.
switching characteristics, Tp = 25°C
TL494, TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX
Rise time . . 100 200 ns
- Common-emitter configuration, See Figure 3
Falltime 25 100 ns
Rise time . 100 200 ns
- Emitter-follower configuration, See Figure 4
Falltime 40 100 ns

T All typical values except for temperature coefficient are at T = 25°C.

‘:? TEXAS
INSTRUMENTS
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Test
Inputs

PARAMETER MEASUREMENT INFORMATION

Vece=15V
12 150 Q 150 Q
A 2w
Vce 6
= DTC C1 L Output 1
3 9
FEEDBACK E1 1
12 kQ 6 1 =
RT c2 Output 2
(1]
0.01 puF —
B 1
g 1IN+
16 1N= | Error
_l_ © 2IN+ [ Amplifiers
= L 2IN-
13] ouTPUT REF |14
CTRL
§ GND
50 kQ
A
TEST CIRCUIT

Voltage
atC1

L

Voltage
atC2

Voltage
atCT
DTC
ov

FEEDBACK

07V

Threshold Voltage — —

L]

Ul

W2 gy

Duty Cycle

MAX

VOLTAGE WAVEFORMS

Threshold Voitage ————

l
I
le— 0% —p

Figure 1. Operational Test Circuit and Waveforms

“.’? TEXAS
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PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test

FEEDBACK

w®

Other Amplifier

Figure 2. Amplifier Characteristics

15V

68 Q

Each Output
Circuit

1

Output

Cp =15 pF
(See Note A)

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
NOTE A: Cy includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

Each Output
Circuit

QOutput

-
|

I

|

| ———
|

| 90%
L

68 Q
2w

I
(See Note A) ! | 10%

l
= et P — ¢

TEST CIRCUIT QUTPUT VOLTAGE WAVEFORM

NOTE A: Cy includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration
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TYPICAL CHARACTERISTICS

OSCILLATOR FREQUENCY AND
FREQUENCY VARIATIONt
Vs
TIMING RESISTANCE

N

JI: 100 k = ===

- Vee=15V :E

2 40k ~ Zalll TA=25°C ]

E 7 TIK ETI

§ L2 P T T onorur

2 10k —d 1% LI e O001uF 1

3 ; S =

‘a-: v T S 0.01 uF \‘

5 4k o s e R N

2 1] N N I

o I . .&"'/ TN

c 1k T “ 0.1 pFEE: —

= - : L

§ 400 ! %

3 AN Di'=1% N
~\

£ 100 o1/ 1 N

:o: Cr=1uF ~J A

= 40 ‘\\ \‘

1 10 AN b

ta 1k 4k 10k 40k 100k 400k 1M

RT - Timing Resistance - Q

t Frequency variation (Af) is the change in oscillator frequency that occurs over the full temperature range.

Figure 5

AMPLIFIER VOLTAGE AMPLIFICATION
Vs
FREQUENCY
100 I
LN Vee=15V

90 AVQ=3V
Ta =25°C

80
70

60 \
50 \

30 \
N\

20 N

A - Amplifier Voltage Amplification — dB
&

10 \\
1 10 100 1k 10k 100k M
f - Frequency - Hz

Figure 6
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tldeems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
thatany license, either express orimplied, is granted under any patentright, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute Tl's approval, warranty or endorsement thereof.

Copyright © 1998, Texas Instruments Incorporated



Advanced Power MOSFET 72

IRFP460

FEATURES

* ¢ & 6 o o &

Avalanche Rugged Technology

Rugged Gate Oxide Technology

Lower Input Capacitance

Improved Gate Charge

Extended Safe Operating Area

Lower Leakage Current: 10pA (Max.) @ Vpg = 500V
Lower Rpgon): 0.197Q (Typ.)

Absolute Maximum Ratings

= 500V
= 0.25Q

1.Gate 2. Drain 3. Source

Symbol Characteristic Value Units
Vpss Drain-to-Source Voltage 500 \4
I Continuous Drain Cumrent (To=25°C) 22 A
Continuous Drain Current (T=100°C) 134
Iom Drain Current-Pulsed (1) 88 A
Ves Gate-to-Source Voltage +30 \
Eas Single Pulsed Avalanche Energy (2) 2151 md
bR Avalanche Curent (1) 22 A
Ear Repetitive Avalanche Energy {1) 27.8 md
dv/dt Peak Diode Recovery dv/dt (3) 3.5 V/ins
Total Power Dissipation (T=25°C) 278 w
Po Linear Derating Factor 2.22 W/eC
Operating Junction and
Ty, Tsre -55 to +150
Storage Temperature Range
Maximum Lead Temp. for Soldering I©
T Purposes, 1/8. from case for 5-seconds =00
Thermal Resistance
Symbol Characteristic Typ. Max. Units
Rasc Junction-to-Case > 0.45
Racs Case-to-Sink 0.24 - °CIW
Rasa Junction-to-Ambient - 40
Rev. B
FAIRCHILD

SEMICONDUCTOR™
©1998 Farchild Semiconducicr Corporaien



IRFP460

N-CHANNEL
POWER MOSFET

Electrical Characteristics (T.=25°C unled8 otherwise specified)

Symbol Characteristic Min.| Typ.| Max.| Units Test Condition
BVbss | Drain-Source Breakdown Voltage | 5001 — | — | V| Vae=0V,1,=2500A
ABV/AT, | Breakdown Voltage Temp. Coeff. | — {0.69| — |VPC|1,=250uA  See Fig 7
Vesmy | Gate Threshold Volitage 20| — 40| V | Vos=5V,Ip=250pA
| Gate-Source Leakage , Forward =t = o0} , Vgs=30V
%5 | Gate-Source Leakage , Reverse - | — 1100 Vgs=-30V
; ) -~ oo 10 Vps=500V
bss Drain-to-Source Leakage Current N g e pA Vpe=400V,T=125°C
Static Drain-Source
R A V=10V, Ip=11A @)
80" | On-State Resistance Sy ° °
Gts Forward Transconductance - 1731 - O V=50V, I;=11A )
C Input Capacitance — 1394015120
= OPd epace Vee=0V,Vps=25V.f =IMHz
Coss | Output Capacitance — |465|535| pF el
i
Cres Reverse Transfer Capacitance - {215 250 .
Turn-On Delay Time <\ I| 2%/ Y BS
LCD) == ¥ Vpp=250V,1p=22A,
t, Rise Time =w\4'130/0270
ns | Rg=5.3Q
oy | Turn-Off Delay Time — 1150310 )
: See Fig 13 {4) (5)
& Fall Time - | 431 95
Q, |Total Gate Charge ~ |182| 236 Vps=400V, Ves=10V,
Qg | Gate-Source Charge - {26 | — | nC|iy=22A
Qqq Gate-Drain (. Miller. } Charge - |796| — See Fig 6 & Fig 12 (4) (5)

Source-Drain Diode Ratings and Characteristics

Symbol Characteristic Min.| Typ. | Max.| Units Test Condition
Is Continuous Source Current — - | 22 & integral reverse pn-diode
Ism Pulsed-Source Current (0] - — | 88 in the MOSFET
Vsp Diode Forward Voltage 4| - — | 14 ] V | T=25°C,1g=22A V=0V
- Reverse Recovery Time — |528] — | ns | T,=25°C,I;=22A
Q. Reverse Recovery Charge — |835] — | uC | diz/dt=100A/us (4)
Notes;

(1) Repetitive Rating: Pulse Width Limited by Maximum Junction Temperature
(2) L=8mH, 1,6=22A, V,,=50V, R;=27€), Starting T,=25°C
(3) 1gp< 22A, difdt < 300AJus, V< BV oo, Starting T,=25°C
{4) Pulse Test: Pulse Width = 250us, Duty Cycle < 2%
(5) Essentially Independent of Operating Temperature
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Fig 1. Output Characteristics
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Fig 7. Breakdown Voltage vs. Temperature Fig 8. On-Resistance vs. Temperature
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Fig 12. Gate Charge Test Circuit & Waveform

v -~ v(iS
- Same Type
as DUT < '
IV E §8s 28 8% 5 P8% 55 82 5 E
= Vps
Vas 1 = Q™
AN [ —
D &
DUT
+
3mA J_L_—>‘
T R] RZ
O—MW Ct
Current Sampling (I;)  Current Sampling (1) -harge
Resistor ) Resistor
Fig 13. Resistive Switching Test Circuit & Waveforms
Ry
Vom\; AVAYAY O Vot
Vie Voo
Y (0.5 rated Vi, )
R K’] ry
[ DUT

tn

10V @ |
iy

' o

Fig 14. Unclamped Inductive Switching Test Circuit & Waveforms

h 1 ﬁ BVpss
L Eps= Y Ly dag® ““i;"”““\‘{ """
Vs ¥ 4 DSS ™ VDD

Vary ¢, to obtain g\c Iy BVpsg i = = — -« — - — -
required peak I, 3 Tl A~ __ _ o\v 4

MANNT o= Vi Ip () - :

' DUT 7 - . :

Vpp " : Vps (1)
[{Y "o ;
_N’:_ b 1, ——] Time

e

SEMICONDUCTOR™



IRFP460 P OWER MOSFET

7
Fig 15. Peak Diode Recovery dv/dt Test Circuit & Waveforms
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

not intended to be an exhaustive list of all such trademarks.

ACEx™ ISOPLANAR™
CoolFET™ MICROWIRE™
CROSSVOLT™ pop™
E2CMOS™ PowerTrench™
FACT™ Qs™
FACT Quiet Series™ Quiet Series™
FAST® SuperSOT™-3
FASTr™ SuperSOT™-6
GTO™ SuperSOT™-8
HiSeC™ TinyLogic™
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOESNOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the iabeiing, can be
reascnably expected to result in significant injury to the
user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Advance Information Formative or
In Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without natice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.




DataSheet _File Number 23313

14A, 500V, 0.400 Ohm, N-Channel Features
Power MOSFET . 144 500V

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranteed to withstand a specified level of + Single Pulse Avalanche Energy Rated
energy in the breakdown avalanche mode of operation. All of + SOAis Power Dissipation Limited
these power MOSFETSs are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching » Linear Transfer Characteristics
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits. * Related Literature
- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”

* TDS(ON) = 0.400Q

< Nanosecond Switching Speeds

* High Input Impedance

Formerly developmental type TA17435.

Ordering Information Symbol

PART NUMBER PACKAGE BRAND D
IRFP450 TO-247 IRFP450
NOTE: When ordering, use the entire part number.

S
Packaging
' JEDEC STYLE TO-247
SOURCE
4-353 CAUTION: These devices are sensitive to electrostatic discharge; follow proper ESD Handling Procedures.

http://www.intersil.com or 407-727-9207 ] Copyright © Intersil Corporation 1999
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Absolute Maximum Ratings T¢ =25°C, Unless Otherwise Specified

IRFP450 UNITS
Drain to Source Voltage (Note 1) .. .. ........ ... Vps 500 \Y%
Drain to Gate Voltage (Rgs=20kQ) (Note 1) . .. ... oo VDGR 500 Y,
Continuous Drain Current ... ................ ... .. Ip 14 A
L o [0 oS Ip 8.8 A
Pulsed Drain Current (Note 3) . ... ............ ... . ... ... . . . . . Ibwm 56 A
Gateto Source Voltage .. ... .. .....ouuiiiiit Vgs +20 \%
Maximum Power Dissipation . ........... ... ... ... ... .. ... .. Pp 180 w
Linear Derating Factor. . . ....... ... ... ... . 144 w/°c
Single Pulse Avalanche Energy Rating (Note 4) .. .................. ... ... . ... ... Eas 860 mJ
Operating and Storage Temperature . . .. .. .........ooo oo Ty, TsTG -55 to 150 °c
Maximum Temperature for Soldering . uB
Leads at 0.063in (1.6mm) from Case for 10s. . ..................... ... ... ... .. T 300 %€
Package Body for 10s, See Techbrief334 ... ............. ... .. . . . .. .. ... ... .. Tpkg 260 oc

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage lo the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. Ty = 25°Cto 125°C.

Electrical Specifications T¢ = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpss | Ip =250uA, Vgg = 0V (Figure 10) 500 - - \Y
Gate Threshold Voltage VGS(TH) VGS =Vps. Ip = 250pA 2.0 = 4.0 \Y
Zero Gate Voltage Drain Current Ipss Vps = Rated BVpgg, Vgg = 0V - & 25 HA
Vps = 0.8 x Rated BVpgg, Vgs = 0V, T = 125°C - - 250 uA
On-State Drain Current (Note 2) ID(ON) Vps > ID(ON) X IDS(ONJMAX: Vgs = 10V 14 1 - A
Gate to Source Leakage Current lgss Vgs = £20V - - +100 nA
On Resistance (Note 2) DS(ON) | Ip =7.9A, Vgs = 10V (Figures 8, 9) - 0.3 0.4 Q
Forward Transconductance (Note 2) Ots Vps 2 50V, Ip = 7.9A (Figure 12) 93 | 138 - S
Tumn-On Delay Time taon) | VDD =250V, Ip = 14A, Vs = 10V, Rgg = 6.1Q, - 16 27 ns
Rise Time t Ry = 1?.49 MOSFET Switching Tl_mes are . 45 66 ns
Essentially Independent of Operating Temperature
Turn-Off Delay Time td(oFF) - 68 | 100 ns
Fall Time tf ~ 41 60 ns
Total Gate Charge Qg(toT) | Vas = 10V, Ip = 14A, Vpg = 0.8 x Rated BVpss - 82 130 nC
(Gate to Source + Gate to Drain) IG(REF) = 1.5mA (Figure 14) Gate Charge is
Gate to Source Charge Qgs Essentially Independent of OperatingTemperature § 12 B nC
Gate to Drain “Miller” Charge Qqgd = 42 = nC
Input Capacitance Ciss Vps =25V, Vgg = 0V, f = 1MHz (Figure 11) - 2000 - pF
Output Capacitance Coss - 400 - pF
Reverse Transfer Capacitance CRrss = 100 - pF
Internal Drain Inductance Lp Measured from the Contact | Modified MOSFET - 50 e nH
Screw on Header Closer to | Symbol Showing the
Source and Gate Pins to Internal Device
Center of Die Inductances
Internal Source Inductance Ls Measured from the Source - 12.5 - nH
Lead, 6.0mm (0.25in) from
Header to Source Bonding
Pad
Thermal Resistance, Junction to Case Reyc - - 070 | °cw
Thermal Resistance, Junction to Ambient Roya Free Air Operation - - 30 °cw

4-354 | _intersil
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Source to Drain Diode Specifications
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS

Continuous Source to Drain Current Isp Modified MOSFET Symbol & - 14 A
Pulse Source to Drain Current (Note 3) Ispm Showing the lntegrfil ° - - 56 A

Reverse P-N Junction

Rectifier

G
S

Source to Drain Diode Voltage (Note 2) Vsp Ty =25°C, Igp = 14A, Vgg =0V (Figure 13) - = 14 \%
Reverse Recovery Time ter Ty =150°C, Igp = 13A, digp/dt = 100A/us - 1300 - ns
Reverse Recovery Charge QrR Ty =150°C, Igp = 13A, digp/dt = 100A/us - 7.4 - uC

NOTES:

2. Pulse test: pulse width < 300us, duty cycle < 2%.

3. Repetitive rating: pulse width limited by Max junction temperature. See Transient Thermal Impedance curve (Figure 3).
4. Vpp = 50V, starting Ty = 25°C, L = 7.9mH, Rg = 25Q, peak Iag = 14A.

Typical Performance Curves Unless Otherwise Specified
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Typical Performance Curves Uniess Otherwise Specified (Continued)
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Typlcal Performance Curves Unless Otherwise Specified (Continued)
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Test Circuits and Waveforms
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Al Intersil semiconductor products are manufactured, assembled and tested under ISO9000 quality systems certification.

Intersil semiconductor products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time with-
out notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Inlersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see web site http://www.intersil.com

Sales Office Headquarters

NORTH AMERICA EUROPE ASIA
Intersil Corporation Intersil SA Intersil (Taiwan) Ltd.
P. O.Box 883, Mail Stop 53-204 Mercure Center 7F-6, No. 101 Fu Hsing North Road
Melbourne, FL 32902 100, Rue de la Fusee Taipei, Taiwan
TEL: (407)724-7000 1130 Brussels, Belgium Republic of China
FAX: (407)724-7240 TEL: (32) 2.724.2111 TEL: (886) 2 2716 9310
FAX: (32) 2.724.22.05 FAX: (886) 2 2715 3029
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LM555
Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of
operation, the time is precisely controlled by one external re-
sistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor. The
circuit may be triggered and reset on falling waveforms, and
the output circuit can source or sink up to 200mA or drive
TTL circuits.

February 2000

Features

u Direct replacement for SES55/NE5S55

® Timing from microseconds through hours

® Operates in both astable and monostable modes
B Adjustable duty cycle

u Output can source or sink 200 mA

® Output and supply TTL compatible

= Temperature stability better than 0.005% per 'C
B Normally on and normally off output

B Available in 8-pin MSOP package

Applications

B Precision timing

® Pulse generation

m Sequential timing

® Time delay generation

= Pulse width modulation

® Pulse position modulation
® Linear ramp generator

Schematic Diagram
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Connection Diagram 87
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CONTROL
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Top View
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin SOIC LM555CM LM555CM Rails MOBA
LM555CMX LM555CM 2.5k Units Tape and Reel
8-Pin MSOP LM555CMM Z55 1k Units Tape and Reel
- MUAOSA
LMS55CMMX Z55 3.5k Units Tape and Reel
8-Pin MDIP LM555CN LM555CN Rails NO8E

www.national.com 2




Absolute Maximum Ratings (ot 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage

Power Dissipation (Note 3)
LM555CM, LM555CN
LM555CMM

Operating Temperature Ranges

LM555C
Storage Temperature Range

+18V

1180 mwW
613 mW

0°C to +70°C
-65°C to +150°C

Electrical Characteristics (otes 1, 2)
(Ta = 25°C, V¢ = +5V 1o +15V, unless othewise specified)

Soldeging Information
Dual-In-Line Package

Soldering (10 Seconds) 260°C
Small Outline Packages

(SOIC and MSOP)

Vapor Phase (60 Seconds) 215°C

Infrared (15 Seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

Parameter Conditions Limits Units
LM555C
Min Typ Max
Supply Voltage 4.5 16 \%
Supply Current Vee = 5V, R = = 3 6
Vee = 18V, R = o 10 15 mA
(Low State) (Note 4)
Timing Error, Monostable
Initial Accuracy 1 %
Drift with Temperature Ra = 1k to 100kQ, 50 ppm/°C
C = 0.1uF, (Note 5)
Accuracy over Temperature 115 %
Drift with Supply 0.1 %NV
Timing Error, Astable
Initial Accuracy 2.25 %
Drift with Temperature Ra, Rg = 1k to 100kQ, 150 ppm/°C
C = 0.1pF, (Note 5)
Accuracy over Temperature 3.0 %
Drift with Supply 0.30 YoV
Threshold Voltage 0.667 X Ve
Trigger Voltage Vee = 15V s \Y
Vee = 5V 1.67 \
Trigger Current 0.5 0.9 HA
Reset Voltage 0.4 0.5 1 \Y
Reset Current 0.1 0.4 mA
Threshold Current (Note 6) 0.1 0.25 pA
Control Voltage Level Vee = 15V 9 10 11 v
Vee = 5V 26 3.33 4
Pin 7 Leakage Output High 1 100 nA
Pin 7 Sat (Note 7)
Output Low Vee = 18V, |7 = 15mA 180 mV
Output Low Vee = 4.5Y, |; = 45mA 80 200 mV
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LM555

Electrical Characteristics (Notes 1, 2) (Conjaued)
(Ta = 25°C, V¢ = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units
LMS55C
Min Typ Max
Output Voltage Drop (Low) Vee = 15V
lsink = 10mA 0.1 0.25 \
lsink = 50mA 0.4 0.75 \
lsink = 100mA 2 25 Vv
lsink = 200mA 25 \%
Vee = 5V
lsink = 8mMA \%
lsink = SMA 0.25 0.35 Vv
Output Voltage Drop (High) lsource = 200mA, Ve = 15V 12.5 \
Isource = 100mA, Ve = 15V 12.75 13.3 \%
Vee = 5V 275 33 \
Rise Time of Output 100 ns
Fall Time of Output 100 ns

Note 1: All voliages are measured with respect to the ground pin, unless otherwise specified.

Note 2: Absolule Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar-
antee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications,are not guaranteed for parameters where no limit is
given, however, the typical value is a good indication of device performance.

Note 3: For operating at elevated temperatures the device must be derated abave 25°C based ona +150°C maximum junction temperature and a thermal resistance
of 106°C/W (DIP), 170°C/W (S0-8), and 204"C/W (MSOP) junction to ambient.

Note 4: Supply current when output high typically 1 mA less at Vee = 5V.

Note 5: Tested at Vo = 5V and Ve = 15V.

Note 6: This will determine the maximum value of Ry + Rg for 15V operation. The maximum tolal (R, + Rg) is 20M€Q.

Note 7: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.
Note 8: Refer to RETS555X drawing of military LM555H and LM555J versions for specifications.
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Typical Performance Characteristics %
Minimuim Pulse Width Supply Current vs.
Required for Triggering Supply Voltage
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LM555

Typical Performance Characteristicsy(continued)

Output Propagation Delay vs. Output Propagation Delay vs.
Voltage Level of Trigger Pulse Voltage Level of Trigger Pulse
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Applications Information
MONOSTABLE OPERATION

In this mode of operation, the timer functions as a one-shot
(Figure 1). The external capacitor is initially held discharged
by a transistor inside the timer. Upon application of a nega-
tive trigger pulse of less than 1/3 V. to pin 2, the flip-flop is
set which both releases the short circuit across the capacitor
and drives the output high.

5V T 415V
i RESET

o0 er
] :

|
TRIGGER 4 4
NORMALLY R O—q{2
|
|

. DISCHARGE
“ON“ LOAD

THRESHOLD
LMSES  fp——

CONTROL

QUTPUT
P R : V_ﬂk_ﬁe . -

NORMALLY 1
“OFF" LOAD L

l 0.01.F
L -

DS007851-5

FIGURE 1. Monaostable

The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 R, C, at the end of which time the
voltage equals 2/3 V.. The comparator then resets the
flip-flop which in turn discharges the capacitor and drives the
output toits low state. Figure 2 shows the waveforms gener-
ated in this mode of operation. Since the charge and the
threshold level of the comparator are both directly propor-
tional to supply voltage, the timing internal is independent of
supply.

A TTAZIAT A

DSG7851-6
Vg =5V Top Trace: Input SV/Div.
TIME = 0.1 ms/DIV. Middie Trace: Output 5V/Div.
Ra = 9.1k Bottom Trace: Capacitor Valtage 2V/Div.
C = 0.01uF

FIGURE 2. Monostable Waveforms

During the timing cycle when the output is high, the further
application of a trigger pulse will not effect the circuit so long
as the trigger input is returned high at least 10ps before the
end of the timing interval. However the circuit can be reset
during this time by the application of a negative pulse to the
resel terminal {pin 4). The output will then remain in the low
state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended that
it be connected to V¢ to avoid any possibility of false trig-
gering.

Figure 3 is a nomograph for easy determination of R, C val-
ues for various time delays.

92
NOTE: In monostable operation, the trigger should be driven
high before the end of timing cycle.

"7,
‘QQS’\S[ ~$'1// A//
% i

. A.av &Y.

VY
uin

0.001 L—= £ .
10ps100 us1 ms10ms100ms 1s 10s 100s

¢~ CAPACITANCE (uF)

t4 = TIME DELAY
DSO7EH1-7

FIGURE 3. Time Delay

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 (pins 2 and 6
connected) it will trigger itself and free run as a multivibrator.
The external capacitor charges through R, + Rg and dis-
charges through Rg. Thus the duty cycle may be precisely
set by the ratio of these two resistors.

r ®—O Ve
I
!
| Ll \
]
4 8
Re 3 3
{ Re
l tmsss B
| .
|
S d. b=
g RL ‘
i I 0.01F
&
N DS007851-8

FIGURE 4. Astable

in this mode of operation, the capacitor charges and dis-
charges between 1/3 V. and 2/3 V. As in the triggered
mode, the charge and discharge times, and therefore the fre-
quency are independent of the supply voltage.

www.national.com

GSSINT



LM555

Applications Information (continued)

Figure 5 shows the waveforms generated in this mode of
operation.

44+ 4 e + S
L i e
v
1 NA NS
7 v ES Vv
| :
DSH07651-9
Voo = 5V Top Trace: Output 5V/Div.
TIME = 20ps/DIV. Bottom Trace: Capacitor Voltage 1V/Div.
Rp = 3.9k
Rg = 3kQ
C = 0.01pF

FIGURE 5. Astable Waveforms

The charge time (output high) is given by:
t; = 0693 (Ry+ Rg) C
And the discharge time (output low) by:
t, = 0.693 (Rg) C
Thus the total period is:
T=1t +1, = 0693 (R, +2Rg) C
The frequency of oscillation is:

i 1.44

T NR Bt

Figure 6 may be used for quick determination of these RC
values.

The duty cycle is:

f=

AN
N

G - CAPACITANCE (uF)
7
&
&
W

0.1 N \“"\\"d__":t
6 \\\\ \\\
{Ra +2Rg) \ \ \ \
0.001 ] N N N

0.1 1 e 100 1k 10k 100k
{ - FREE-RUNNING FREQUENCY (Hz)
DS007851-10

FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 7 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by three
circuit.

93

DS007851-11

Vee = 5V Top Trace: Input 4V/Div.

TIME = 20ps/DIV. Middle Trace: Output 2V/Div.
Ra = 9.1kQ2 Bottom Trace: Capacitor 2V/Div.
C = 0.01pF

FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode and
triggered with a continuous pulse train, the output pulse
width can be modulated by a signal applied to pin 5. Figure
8 shows the circuit, and in Figure 9 are some waveform
examples.

+Veo
OISCHARGE
TRIGGE R Qg 2 7
LMS55 ¢ THRESHOLD
MODULATION
INPUT
0UTPUT O~——q3 § ) ¢
1
¥ DS07851-12

FIGURE 8. Pulse Width Modulator

v N
LN
\\
- o
- — - — "
DS007851-13
Ve = 5V Top Trace: Modulation 1V/Div.
TIME = 0.2 ms/DIV.  Bottom Trace: Output Voltage 2V/Div.
Ra = 9.1kQ
C = 0.01pF

FIGURE 9. Pulse Width Modulator
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LM555

Applications Information (continued) o5

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors R4 and Rg may be con-
nected as in Figure 14. The time period for the output high is
the same as previous, t, = 0.693 R, C. For the output fow it
isty, =

Rg — 2RA}
[(RA Re)/(Ra RB)} n [ZRB =
Thus the frequency of oscillation is

1
f=
ty + 1p

*Vee
Aa
R 51k
8
4 8 22
2 1 A
LM555 6 —&—&
QUTPUT O—— 3 v 5 e
'1 | = B.01uF
I 0.01uF
DS007851-18

FIGURE 14. 50% Duty Cycle Oscillator

Note that this circuit will not oscillate if Ry is greater than 1/2
R, because the junction of R, and Rg cannot bring pin 2
down to 1/3 V¢ and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1pF in par-
allel with 1pF electrolytic.

Lower comparator storage time can be as long as 10us
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10us minimum.

Delay time reset to output is 0.47ps typical. Minimum reset
pulse width must be 0.3ps, typical.

Pin 7 current switches within 30ns of the output (pin 3) voit-
age.
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Physical Dimensions inches (millimeters) unless otherwigg noted
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LM555 Timer

Physical Dimensions inches (millimeters) unle§§otherwise noted (Continued)
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A criical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform
into the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury to the user.

Naticnal Semiconductor National Semiconductor National Semiconductor Nationa! Semiconductor
Corporation Europe Asia Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 180-530 85 86 Response Group Tel: 81-3-5639-7560
Tel: 1-800-272-9959 Email: europs.support@nsc.com Tel: 65-2544466 Fax: 81-3-5639-7507
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 9508 6208 Fax: 65-2504466
Email: support@nsc.com English Tel. +44 (0) 870 24 0 2171 Email. ap_suppart@nsc.com

www.national.com Francais Tel: +33 (0) 141 91 8790

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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