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FOURIER COMPONENTS OF TRANSIENT RESPONSE V(3)

DC COMPONENT = 5.000010E+00

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG)

1 5.000E+03 2.233E-15 "1.000E+00 -3.589E+01 0.000E+00
_ 2 1.000E+04 7.626E-16 3.415E-01 6.907E+01 1.408E+02
3  1.500E+04 1480E-15 6.627E-01 -5.359E+01 5.40BE+Q]
4 2.000E+04 4.6S6E-16 2.085E-01 -1.044E+01 1.331E+02
5  2.500E+04 1.907E-15 8.540E-01 -1.402E+02 3.925E+01
6 3.000E+04 1.020E-15 4.568E-0! -1.508E+02 6.453E+0]
7 3.500E+04 7.543E-16 3.377E-01 -3.117E+01 2.200E+02

TOTAL HARMONIC DISTORTION = 1.285019E+02 PERCENT
a1 a o a 7oA ' @ =t ¢ =
31]1‘1 4.6 Hﬁﬂ']‘i’)!ﬂ'ﬂgﬁu‘ljﬂﬂﬁLUEl‘WB‘H'Iﬂ'II.L'SQﬂ‘l«!“ﬂkfﬂ“ﬂﬂﬂmﬁU
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Stopped q 2007 /02/06 22:23:51
CHI=5V I SOus/div
DC 10:1 D (Bous/div)

: NORM:20MS /3

—Traceﬂ—Max 14 209___ Rmrs 9.130v Fréq 18 61kHz
=Filters= =0ffsetl= =Record Length= =Trigger=
Smoothing I OFF CH1 0.00v Main : 108 Mode @ AUTO
BwW  FULL CH2 : o0.0v Zoom 100 Type : EDGE CH1 _-F
Delay : 0.0ns

TekSOOkS/sr 321 Acqgs \
- 2 T 1
B S L T

31 R S S S

Hold OFff MININMUM

51 4.12 A% 1 1 open Toop 9101 3 1o 555

46

“T80mMV 10 Feb 2007
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51U 4.13 397 1 119V close loop 31N 3 Tod 555
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Stopped q
CHI=5V L S0us/div
Dc 101 L (SDus /div)
RUUUUNE FUUUSUR SOVt S SRS SOUREN: AUVt ORI NORM:ZOMS /5

T

» 10; 00V Rms 7 .630V 19:61kHz
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing - OFF CH1 : o.0ov Main : 10K Mode : AUTO
BwW © FULL CHZ : 0.0v Zoom 100 Type : EDGE CHY 4
Delay : 0.0ns
Hold OFF : MINIMUM

Tek HIIH SOOKS/Sr
|
11

5UN 4.14 9A% 2 LU open loop H1U9TS RC

89529 Acqs
T

4t

TZOMV 10 Feb 2007
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NORM:Z0MS /s

=Tracel= Max 14:60V Rms 12:45v Friq 20:.00kHz
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing | OFF CH1 @ 0.00v Main 10K Mode . AUTO
BW © FULL CH2 : 0.0v Zoom : 100 Type : EDGE CH1 £
Detay : 0.0ns
Hotd OfF ! MINIMUM
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€t
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4.16 17N 3

LU open loop 14l drive gate

| vt
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Stepped E 2007 /02,706 22:24:09
CHI=5V : : H 50us/div
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S U SO R O SUP RO SORUROE-SUPRRON NQF‘M-?!’.’*‘!S!S,.
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=Trace1=  max _A..s_.w!l.v__.‘i ...... Rms  4.855v . _F,r:etq.“?...s_z__s'sﬂa
=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing | OFF CH1 : 0.00v Main 1oK Mode | AUTO
BW [ FULL CH2 : o.ov Zoom 100 Type : EDGE CH1 4§
Detay : 0.0ns
Hold OFF : MINIMUM
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Tek250kS/S[

C1 Freq
w Hz
wWfm does not
cross ref

C2 fFreq
19.3249kHz
Lows
resolution

P S T N T OO SO T VOO Y VOOt S S VOO T S W WA TN W W

Chi ‘500 Vn‘i‘ (Ch 2] i.OO v M ZOﬁj..lSi Thi !J' A '3!0-0'm-_\'7 10 Feb 2007
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:; =~ 9 wr = £l o =
511 4.23 997 1 1UU Open loop  BiNFaNMAIMToUWOARE Luiin

Tek HTTTR 250I~:S/sr 94 Acqs X
3 ¥ 4 4
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{Wfm does not
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1 C2Freq
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Low
resolution
Chi 500 Ve BGE 1,00V ™M 20005 Chi 7 300mV 10 Feb 2007
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+ P o = 5 o a
5U714.24 909 1 1110 Close loop A3 NFYRIMEWHBLLNDARTS 1NN

Tek SR 250ks/s 21 Acqs :
T
L ! .
I T e e e e L R R B R ]

C1 Freq
= Hz

|wfm does not

cross ref

C2 Freq
19.1926kHz
Low
resolution

Th1 5.00V

S00V

M 200ps Chi 7 —300mMV 10 Feb 2007

517 4.25 1A% 2 LY Open toop 9107 3 1o 555
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L ' A -
L & R A B A i A R R L LR L — T T A |

PP SN
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10 Feb 2007
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| wim does not

cross ref

C2 Freq
43.9618kHz
Low
resolution

300mV 10 Feb 2007

23:16:01

LYY Open loop 14/ drive gate
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C2 Freq
22.53151kHz
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Tek SR l.OOMSz;s 19 A_Eqs .
a E ! 1 .
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" 0 C1 Freq
: oo H2
{Wwfm does not
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LM555/NES555/SA555

Single Timer

Features Description

« High Current Drive Capability (200mA} The LM3555/NE555/SA555 is a highly stable controller
= Adjustable Duty Cvcle capable of producing accurate timing pulses. With a
= Temperature Stability of 0.005%/°C monostable operation, the time delay is controlled by one
» Timing From pSec to Hours . external resistor and one capacitor. With an astable

» Tum off Time Less Than 2uSec operation, the {requency and duty cycle are accurately

controlled by two external resistors and one capacitor,

Applications
* Precision Timing
= Pulse Generation ﬂ
+ Time Delay Gencration 1
» Sequential Timing

8-DIP

Internal Block Diagram

R R
GND A 8} Vee
) Discharging Tr.
Trigger (2) 5 —(7)Discharge
Output (3) F/F

Vref

Rev. 1.0.3

©2002 Fairchils Semiconductor Corporation
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Absolute Maximum Ratings (TA = 25°C)

Parameter Symbol Value Unit
Supply Voltage vcc 16 \Y
Lead Temperature (Soldering 10sec) TLEAD 300 °C
Power Dissipation PD 600 mw
Operating Temperature Range

LM555/NESSS TCPR 0-~+70 °C
SA555 40 ~ +85

Storage Temperature Range TSTG -65 ~ +150 °C
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Electrica! Characteristics

(Ta = 25°C, Vce = 5 ~ 15V, unless otherwise specified)

Parameter Symbaol Conditions Min. | Typ. | Max. Unit
Supply Voltage Voo - 4.5 - 16 \'
VCC =5V, RL=« - 3 5] mA
Supply Current (Low Stabie) (Note1 |
PPy ( )¢ ) cc Voo =15V, RL= = - 7.5 15 mA
Timing Error {Monostable}
Initial Accuracy (Note2) o
Drift with Temperature (Note4) ACCUR | o = 1k to100KQ ) 10130 /°°
Drift with Supply Voltage (Noted) AVAT | o' 5 1uF S0 ppm/°C
atlavee ' 0.1 0.5 %N
Timing Error (Astable) )
Intial Accuracy {Note2) ACCUR | Ra= 1k to 100kQ 225 - %
Drift with Temperature (Noted) AUAT C=01F 150 ppm/°C
Drift with Supply Voltage (Noted) — ~ | AVAVCC 0.3 %N
Control Vot y Ve = 15V 9.0 | 100 ] 1.0 v
n oltage
onirol Voltag ©  [Vec=5v 26 | 333 | 40 | V
Threshold Volt VT Vee = 15V - 10.0 - v
reshold Voltage " [ Voc=sv ~ 333 - v
Threshold Current (Note3) ITH - - 0.1 0.25 pA
Triager Volt v Voo =5V 11 | 167 | 22 v
(o}
rigger vollage TR Vee=18v 45 | 5 | 56 v
Trigger Current ITR VTR =0V 0.1 20 HA
Reset Voltage VRST - 04 07 1.0 V'
Reset Current IRST - 0.1 0.4 mA
Ve = 15V
ISINK = 10mA - 006 | 0.25 v
Low Qutput Voltage VoL ISINK = 50mA 03 | 075 Y
Voe =5V
ISINK = 5MA - 0.05 | 0.35 v
Ve = 15V
ISOURCE = 200mA 12.5 - v
High Qutput Voltage VOH ISOURCE = 100mA 12.75] 133 v
Vce =5V
‘ISOURCE = 100mA 275 1 33 ) M
Rise Time of Qutput {(Noted) IR - - 100 - ns
‘Fall Time of Qutput (Note4) tF - - 100 - ns
Discharge Leakage Current ILxG - - 20 100 nA

Notes:

1. When the output is high, the supply current is typically TmA less than at Vce = 5V.
2. Tested at Vce = 5.0V and Voo = 15V,

3. This will determine the maximum value of Ra + Rp for 15V operation, the max. total R = 20MQ, and for 5V operation, the max.

total R = 6.7MQ.

4. These parameters, although guaranteed, are not 100% tested in production.




LM555/NESS5/SA555

Application Information

Table 1 below is the basic operating table of 555 timer:

Table 1. Basic Operating Table

Threshold Voltage Trigger Voltage Discharging Tr.
Vi)PIN ) 9 (%i)(PIN 2)9 Reset(PIN4) | Output(PIN 3) (P"?T)Q
Don't care Don't care Low Low ON
Vin > 2Vec /3 Vith > 2Vec/ 3 High Low ON
Vec/3<Vih<2Vec/3 | Vec/3<Vih<2Vcee/3 High - -
Vih < Vec /3 Vih < Vee /3 High High OFF

When the low signal input is applied to the reset terminal, the timer output remains low regardicss of the threshold voltage or
the trigger voltage. Only when the high signa! is applied to the reset terminal, the timer's output changes according to
threshald voltage and trigger voltage.
When the threshold voltage exceeds 2/3 of the supply voltage while the timer output is high, the timer's internal discharge Tr.
turns on, lowering the threshold veltage to below 1/3 of the supply voltage. During this time, the timer output is maintained
low. Later, i a low signal is applied to the trigger voltage so that it becomes 1/3 of the supply voltage, the timer's internal
discharge Tr. turns off, increasing the threshold voltage and driving the timer output again at high.

1. Monostable Operation

+Vce
£ Ra
RESET Voo
Trigger DISCH 7
o—"v 2) TRIG
THRESCS -
;-—(FB\ out == €1
: ™~ GND CONT. 5 ‘]
RL § /1\ c2
: l/

Figure 1. Monoatable Circuit

S IR S B it S
A.“ll_. — _.?_‘.-_ I B . L
1 b i
SEPN SN JEENIEN A B U - ..t FIR
‘ ) i
|
. | bl -
[ Output ! |
Taerie ] T T e S Ll
: i

/I\ Threrhold
4

1

{ ]

s | BRI
Lo v A, AN i S

R,=9.th(l R,=1k{L, C1=0.010F, Ver=8Y

Figure 3, Waveforms of Monostable Operation
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Time Delay(s)

Figure 2. Resistance and Capacitance vs.

Time delay(ta)
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Figure 1 illustrates a monostable circuit. In this mode, ihe timer generates a fixed pulse whenever the trigger voltage falls
below Veo/3. When the rigger pulse voltage applied to the #2 pin falls below Vee/3 while the timer output is low, the timer's
internal flip-flop tums the discharging Tr. ofT and causes the timer output to become high by charging the external capacitor C1
and sening the flip-flop cutput at the same time.

The voltage across the external eapacitor C1, V(1 increases exponentially with the time constant t=RA*C and reaches 2Vce/3
at 1d=1.1RA*C. Hence, capacitor C1 is charged through resistor RA. The greater the time constant RAC, the longer it takes
for the V1 to reach 2Vec/3. In other words, the time constant RAC controls the output pulse width.

When the applied veltage to the capacitor C1 reaches 2V ce/3, the comparator on the trigger terminal resets the flip-flop,
turning the discharging Tr. on. At this time, C1 begins to discharge and the timer output converts to Jow.

In this way, the timer operating in the monostable repeats the above process. Figure 2 shows the time constant relationship
based on Ra and C. Figure 3 shows the general waveforms during the monostable operation,

1t must be noted that, for 2 normal operation, the trigger pulse voltage needs to maintain a minimum of Vee/3 before the timer
output turns low. That is, although the output remains unaffected even if a different trigger pulse is applicd while the output is
high, it may be affected and the waveform does not operate properly-if tbe trigper pulse voltage at the end of the output pulsc
remains at below Ve/3. Figure 4 shows such a timer output abnormality.

1V My, Sowdh

U [ N S AN SN HNR VR N S
| Tetgper ;
i | § ; i
S ey B TS J60 N P SYNTTERTeT ENN W BY FRARURRETN |2 P2 N
|| Outpum 1 . .
. e I ! "
:L! ! l L: ' L =

T

R"'=9.II:Q R, =1ki2, C1=0.01uF, Vee=SV

'

Figure 4. Waveforms of Monostable Operation (abnormal)

2. Astable Operation

1w
g
4 1
R
5
2> TRIG g
'E Dbt
L S
T .S
:——'( 3/ ou oa
RL% 1E-.|!°;-
N Frequency(Hz)
Figure 5. Astable Circuit Figure 6. Capacitance and Resistance vs. Frequency




LM555/NESS5/SAS55

L¥/div. S0madiv

-

]

BYLs (PRt PEFTIPT

(S

P O
L
TP A

;; 'Ihrl<hll|dli_/\; ; ' ! ‘

NYPIPPSTTEN theas]

—_——f—- T s

_..,'1

a=lkﬂ. R,=1Le) R =1kW, Cl=1uF, Veo=SV

l.l-nllu
+

Figure 7. Waveforms of Astable Operation

An astable timer operation is achieved by adding resistor RB to Figure 1 and configuring as shown on Figure 5. In the astable
operation, the trigger terminal and the threshold terminal are connected so that a self-trigger is formed. operating as a multi
vibrator. When the timer output is high, its internal discharging Tr. turns ofT and the V1 increases by cxponential

lunction with the time constant {RA+RB)*C.

When the V1, or the threshold voltage, reaches 2Vec/3, the cnmparator output on the trigger tcnminal becomes high,
resetting the F/F and causing the timer output to become tow. This in turn turns on the discharging Tr. and the C1 discharges
through the discharging channel formed by Rp and the discharging Tr. When the V1 Talls below Vece/3, the comparator
output on the trigger tenninal becomes high and the timer output becomes high again. The discharging Tr. turns ofF and the
V1 rises again.

Tn the above process, the section where the timer outpui is high is the time it takes for the VCI to rise from Vee/3 to 2Ved/3,
and the section where the timer output is low is the time it lakes for the V1 to drop from 2Vee/3 to Vee/3. When timer output
is high, the equivalent circuit for charging capacitor C1 is as follows:

R, Ry
e AN ———— MW ———

+
Vee == Cl 7 Vel (0-}=Vec/3

||}

C1dVC1 =Vcc'v(0') 1)
dt RA+RB
VC1(0+) = VCC/S (2)

'
'[_|RA+RB]C1]
Vea = Vel 1730 @)

Since the duration of the timer output high state(ti) is the amount of time it takes for the V¢ 1{1) to reach 2Vce/3,
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[ :
2 ~ 2 "(RA+RB)C1]
Veqlr = §VCC_VCC 1—5e 4)

tyy = C4(R, +Rp)in2 = 0.693(R, +Rp)Cy (5)

The cquivalent circuit for discharging capacitor C1, when timer output is low is, as follows:

dv
Ct 1
Cj——+5——==V-~,=0 (6)
1T dt R,+Rpg c1
——
2 (Rp+Rp)C1
Veaqity=3V ("N
C1 3 CCe

Since the duration of the timer output low state(tL) is the amount of time it takes for the VC1{1) 10 reach Veof3,

e
1 2 '(RA+RD)C1
Van=32V (8)
3'CC 3 CCE
1 = C,(Rg+Rp)In2 = 0.693(Rg + Rp)C, (93

Since R is normally Rp=>>Rp although related to the size of discharging Tr.,
11.=0.693RBC} (10}

Consequently, il the timer opcrates in astable, the period is the same with
Tty H=0.693(RA+RB)C1+0.693RRCI=0.693(RA+2RD)C 1" because the period is the sum of the charge time and discharge
time. And since frequency is the reciprocal of the period, the following applics.

1. 144
T R 2RgIC, “an

frequency, f=
3. Freguency divider

By adjusting the length of the timing cycle, the basic ircuit of Figure 1 can be made to aperate as a frequency divider. Figure
8. illustrates a divide-by-three circuit that makes use of the Fact that retriggering cannot occur during the timing cycle.
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1¥M b, 25autdiv

1 l T T T T
] . =
AE | f
x ' i
B R EEEEE N T | O B
[ i |
Duipul} :
- .‘L__l_IT | . -]

N — - L

) ORI

R,=9.1KEL, R, =10}, Cl=0.01ul, V=5V

Figure 8. Waveforms of Frequency Divider Operation

4. Pulse Width Modulation

The timer output waveform may be changed by modulating the control voltage applicd 10 the timer’s pin 5 and changing the
reference of the timer's internal comparators, Figure 9 illustrates the pulse width modulation circuit.

When the continuous trigger pulse train is applied in the monostable mode, the timer output width is modulated according to
the signal appticd to the control terminal. Sine wave as well as other waveforms may be applied as a signal to the control
terminal. Figure 10 shows the exomple of pulse width medulation waveform,

+Vec
1V M, 100owdih
! Controt}- ; : |'l'r1gger :’
| |
Tri ; 1
rgﬂéj TRIG Y "o N e
/ . - /{ - ;__
I - e !
" Itveshedd
Qutput lo"-“l’“' ) P
O—0) our ul wl
(&) 3 . iy / -
R, =9.1k{} R,=1K€L C1-0.000F, Vee=5V
Figure 9. Circuit for Pulse Width Modulation Figure 10. Waveforms of Pulse Width Modulation

5. Pulse Position Modulation

IT the modulating signal is applied to the control terminal while the timer is connected for the astahle operation as in Figure 11,
the timer becomces a pulse position modulator,

In the pulse position modulator, the reference of the timer's internal comparators is modulated which in turn modulates the
timer output according to the modulation signal applied to the control terminal.

Figure 12 Hllustrates a sine wave for modulation signal and the resulling output pulse position moedulation : howcver, any wave
shape could be used.
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RESET

2} TRIG

GND - C
fi)
L

Figure 11. Circuit for Pulse Position Modulation

6. Linear Ramp

el LA aaset |

T

Oulput

CEE

i

R, =3.9Kk0), R,=1kCL R, =1k, C1=0.01uF, Vee=SV

Figure 12. Waveforms of pulse position modulation

When the pull-up resistor RA in the monostable circuit shown in Figure 1 is replaced with constant current source, the VC1
increases linearly, gencrating a linear ramp. Figure 13 shows the linear ramp generating circiit and Figure 14 illustrates the

generated linear ramp wavcforms.

Figure 13. Circuit for Linear Ramp

1V Aiv, Tfaxidiv
— g e s

I
i 1
+ e gi,u.i.._g_.i_ i B S ,
. bt ! 1 _ ._.‘__.l.;_.__'._.J
R1=47k(l, R2=100k{L Rﬁ-z.-fkﬂ. R.L"lkﬂ. Cl1=0.01uF, Veo=5Y

Figure 14. Waveforms of Linear Ramp

In Figure 13, current source is created by PNP transistor Q1 and resistor R1, R2, and R,

o = Vee~ Ve
Re
Here, VE is
R,
Ve~ VBe*R 1R, Rz"’cc

(12)

(13)

For example, if Vee=15V, RE=20k(L RE=5kW, R2=10k(}, and VBE=0.7V,

VE=0.7V+10V=10.7V
1c=(15-10.7)/20k=0.215mA
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When the trigger starts in a timer configured as shown in Figure 13, the current flowing through capacitor C1 becomes a
constant current generated by PNP transistor and resistors.

Hence, the V¢ is a linear ramp function as shown in Figure 14. The gradient S of the lincar ramp function is defined as
follows:

\Y
5 = _.?E (14)

Here the Vp-p is the peak-to-peak voltage.
If the electric charge amount accumulated in the capacitor is divided hy the capacitance, the VC comes out as follows:

V=Q/C {15)

The above equation divided on both sides by T gives us

Qs/T
< 8

v
T
and may be simplified into the following equation.
S=1/C (7

in other words, the gradient of the linear ramp lunction appearing across the capacitor can be obtained by using the constant
current flowing through the capacitor.

I the eonstant current flow through the capacitor is 0.215mA and the capacitance is 0.021F, the gradient of the ramp function
at both cnds of the capacitor is § = 0.215m/0.022 = 9.77V/ms.

10
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Mechanical Dimensions

Package
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0.252 10,008 n
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Mechanical Dimensions (Continued)

Package
Dimensions in millimeters
0.1~0.25
1,56 10.20 MIN 0.004~0.001
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%’ﬁ
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T It
#11 O T 1#8 I 1
) @
2| =8 ]
(. [ 1] 3 3|2
0|5 g g
N M= _____I_ L
28
#4T ] T#5 +—H—7 %
J — [
PP
o
6.00 +0.30 1.80 h&‘g
0.236 +0.012 0.071 MAX -
o = '
o |2
& | o o|g
5t 3.9510.20 Sle
2gl8% 0.156 =0.008 X|%
(S o <
z2|=
L d
572 zqo’
0.225 ‘ <
0.50 20.20 ! '
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12




LM555/NE5S55/5A555

Ordering Information

Product Number Package Operating Temperature
LM555CN 8-DIP
0~+70°C
LM555CM 8-50P
Product Number Package Operating Temperature
NES55N 8-DiP
0 ~+70°C
NES555D 8-S0P
Product Number Package Operating Temperature
P
SAS555 8D 40 ~ +85°C
SA555D 8-S0OP

13



LM555/NESS5/SA555

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT 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 THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, {a} are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expecled to cause the failure of the life support
perform when properly used in accordance with device or system, or to alfect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

wearwy_fairchitdsemi com

11/29/02 0.0m 001
Stockd D Siooo0o00t
© 2002 Fairchitd Semiconductor Corporation
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TIP120, TIP121, TIP122
(NPN); TIP125, TIP126,
TIP127 (PNP)

iy s

Plastic Medium-Power
Complementary Silicon
Transistors

Designed for general—purpose amplifier and low—speed switching
applications.

Features
® High DC Current Gain —
hgg - =2500(Typ) @ Ic
=4.0 Adc
[ ]

Collector—Emitter Sustaining Voltage — @ 100 mAdc
VeEopus) = 60 Vde (Min) = TIPI120, TIP125
' = 80 Vdc (Min) — TIPI21, TIP126
= 100 Vde (Min) — TIP122, TIP 127
Low Collector—Emitter Saturation Vollage ~
Vegsay = 2.0 Vde (Max) @ I = 3.0 Ade
=4.0 Vde (Max) @ 1c = 5.0 Ade
Monolithic Construction with Buili—In Base-Emirter Shunt Resistors

Pb—Free Packages are Available*

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Saldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

R ——— . awy rerk v B - r—— - - - =

¢ Semiconduclor Components Industries, LLC, 2005 k|
September, 2005 - Rev. 6

.- Ce - —rurs

ON Semiconductor®

http:/fonsemi.com

DARLINGTON
5 AMPERE
COMPILEMENTARY SILICON
POWER TRANSISTORS
60-80-100 VOLTS, 65 WATTS

MARKING
® DIAGRAM
4
TO-220AB
CASE 221A TIP12xG
: STYLE1 AYWW
3
TIP12x = Device Code
x =0,1,2,56,0r7
A = Assembly Location
Y = Year
ww = Work Week
G = Pb-Free Package

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 2 of this data sheel.

Preferred devices are recommended choices for future use
and best overafl value.

- e d——

Publication Order Number:
TiIP120/D




TIP120, TIP121, TIP122 (NPN); TIP125, TIP126, TIP127 (PNP)

MAXIMUM RATINGS

TIP120, | TIP121, | TIP122,
Rating Symbol TIP125 TIP126 TIP127 Unit
. Collector-Emitter Voltage Veeo 60 80 100 Vdc
Collector-Base Vollage Ve 60 80 100 Vdc
Emitier-Base Voltage VER 5.0 Vdc
Collector Current = Continuous Ic 50 Adc
- Peak a0
Base Current Ig 120 mAdc
Total Power Dissipation @ T = 25°C Pp 65 w
Derate above 25°C 0.52 wieC
Total Power Dissipation @ Ta = 25°C Pp 20 w
Derate above 25°C 0.016 wi C
Unclamped Inductive Load Energy {Note 1) E 50 mJ
Operating and Storage Junction, Temperature Range Ty Tatg ~651to+150 °C
THERMAL CHARACTERISTICS '
Characteristic Symbol Max Unit
Thermal Resistance, Junction—to-Case Rpsc 1.92 “C/Ww
Thermal Resistance, Junction-to-Ambient Rosa ) 62.5 °Cw

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values {not normal operating conditions) and are not valid simuttaneously. if these limits are exceeded, device functional operation is not implied,
damage may occur and reliability may be affected.

1. lg=1A, L=100mH, PRF. =10 Hz, Vg =20 V, Rpg = 100 Q

ORDERING INFORMATION

Device Package Shipping

THIP120 TO-220 50 Units / Rail

TIP120G TO-220 50 Units I Rail
{Pb—-Free)}

TIP121 TO-220 50 Units / Rail

TIP121G TO-220 50 Units / Rail
{Pb-Free)

TIP122 TO-220 50 Units / Rail

TIP122G TO-220 50 Units / Rail
(Pb—Free)

TIP125 TO-220 50 Units / Rail

TIP125G TO-220 50 Units / Rail
{Pb-Free} .

TIP126 TO-220 50 Units / Rail

TIP126G TO-220 50 Units / Rail
{Pb—Free)

TIP127 TO-220 50 Units / Rail

TIPt27G TO-220 50 Units / Rail
{Pb-Free)

. — M - i-mma. el = e e = . - n r—— W T —— - o v vl e o
http://onsemi.com
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TIP120, TIP121, TIP122 (NPN); TiP125, TIP126, TIP127 (PNP)

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

Characteristic [ symbol | min I Max J Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage {Note 2) Veea(sus) vde
(Ic = 100 mAdc, Ig = 0) TIP120, TIP425 60 -
TIP121, TIP126 80 -
TIP122, TIP127 100 _
Collector Cutoff Cumrent iceo mAdc
{Vce =30 Vdc, 15 =0) TIP120, TIP125 - 05
{(Vce =40 Vdc, Ig = 0) TiP121, TIP126 - 0.5
{Vce = 50 Vdc, la = 0) TIPt22, TIP127 | - 05
Collector Cutoff Current lceo ‘ mAde
(Ve =60Vde, Ig=0) TIP120, TIP125 - 0.2
(Vea = 80 Vdc, 1g=0) TIP121, TIP126 - 0.2
(Vep = 100 Vdc, Ig = 0) TIP122, TIP127 - 02
Emitier Cutoff Current lemo - 20 mAdc
{Vee = 5.0 vdc, I =0)
ON CHARACTERISTICS (Note 2)
DC Current Gain ‘ hee -
{lc = 0.5 Adc, Ve = 3.0 Vdc) 1000 -
(Ic = 3.0 Adc, Vg = 3.0 Vdc) 1000 -
Collector-Emitter Saturation Voltage VeE(set) vde
(Ic = 3.0 Adc, Iz = 12 mAdc) : - 2.0
(Ic = 5.0 Adc, lg = 20 mAdc) - 4.0
Base~Emitter On Voltage VBE(an} - 25 vdc
(Ic = 3.0 Adc, Vg = 3.0 Vdc)
DYNAMIC CHARACTERISTICS
Small-Signal Current Gain hia 4.0 - -
{Ic = 3.0 Adc, Ve = 4.0 Vdc, f = 1.0 MHz)
QOutput Capacitance Cob pF
(Veg = 10 Vde, lg = 0, 1= 0.1 MHz ] TIP125, TIP126, TIP127 - 300
TIP120, TIP121, TIP122 - 200

2. Pulse Test: Puise Width < 300 ps, Duly Cyde = 2%

Ta T
40 80
£
S
5 20 60
|=9_—' Te
£ 20 0 < \‘
a . \\
¥ %\ \
510 2 ~ N
£ \\
0 0 ™

0 20 40 60 80 160 120 140 160
T, TEMPERATURE ({°C)

Figure 1. Power Derating

PR : — — e b = i e S
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TIP120, TIP121, TIP122 (NPN); TIP125, TIP126, TIP127 {PNP)

Rg & R VARIED TO OBTAIN DESIRED CURRENT LEVELS _‘;gcv

D MUST BE FAST RECOVERY TYPE, eg:
1N5825 USED ABOVE Ig = 100 mA ?
MSD6100 USED BELOW Ig = 100 mA

V2

approx __ . __
8.0V

[’}

Vi

approx

-2V

T

L 4= 10ns
DUTY CYCLE = 1.0%

r{f), TRANSIENT THERMAL RESISTANGE

v

25 s

5.0 T T T
i PNP
3.0 s —— _— NPN
20 \\ l,\L-L MR o=
ORS r
el scom P = RN
T 1.0 Dl T2 -
307 et == -
& 05 e T
= S~ A
S 03 < e SHNE -
- i T t
HoV 02 i Vec=30V [td T
= IU"B =250 \r d —~ [~ P |
for y and 1, Dy is disconnecied 01 lpy =g 1 =
andVz=0 y oo7 | Tu=25°C B— —
For MPN les! circuit reverse all potarities. 0.05 i—1 W@ VBE(D“] =0
0.1 02 03 05 07 10 20 30 5070 10

Figure 2. Switching Times Test Circuit

I, COLLECTOR CURRENT (AMP)

Figure 3. Switching Times
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1.0 f T —
[ T -
07 poos -
05 f~— -
| i I ey
03~ ———— e
& 02 t 0 e
B ot T 3 T
ERA — LT Zosery =11 Rug )
5 M= = Rpuc = 1.92°CAW MAX
o007 008 D CURVES APPLY FOR POWER i
=005 — R PULSE TRAIN SHOWN '
[ 0.02 R READ TIME AT t ! m
003 jrmaer—t Tl 1 1 1]
|1 Tatpn ~ To = Pipy Zoscy DUTY CYCLE, D=ty || L]
0.02 00] /, T TTFIT y i S S T T ; -
™ SINGLE PULSE P reeem 1T I
001 002 005 01 02 05 10 20 50 10 20 50 100 200 500 1.0%
t, TIME (ms}
Figure 4. Thermal Response




TIP120, TIP121, TIP122 (NPN}); TIP125, TIP126, TIP127 (PNP)

20 TTTT]
10 100 ps
o . » H
= 50 500 ps Y
= W NA N
5 20} Ty =150°C 2PN TN
£ o) — ~ — BONDING WIRE LIMITED ANIN
S F e THERMALLY LIMITED E 1 ms =i
© 05t  @Tc=25°C (SINGLE PULSE) smst—H
S ool SECOND BREAKDOWN LIMITED
=R CURVES APPLY BELOW
U_ 0.1 I._'. RATED VCEO
Sy05 TIP120, TIP125

: TIP121, TIP126

002 TIP122, TIP127

1.0 20 30 50 70 10 20 30 50 70 100
Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)
Figure 5. Active-Region Safe Operating Area

10,000
_ 5000
immprTreTaee
E 1000 AL
S 500 5
S o Tg=25°C R
2 B
= =3
o N
4 100] S
=
E

o PNP N
2 O New

10 [ R
1.0 20 &0 10 26 S0 100 200 500 1000
t, FREQUENCY {kHz)

Figure 6. Small-Signal Current Gain
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There are two limitations on the power handling ability of
a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate I~ Vg
limits of the transistor that must be observed for reliable
operation, i.e., the transistor must not be subjected to greater
dissipation than the curves indicate.

The data of Figure 5 is based on Tk = 150°C; Tg is
variable depending on conditions. Second breakdown pulse
limits are valid for duty cycles to 10% provided Ty,
<150°C. Typry may be calculated from the data in
Figure 4. At high case ternperatures, thetmal limitations will
reduce the power that can be handled to values less than the
limitations imposed by second breakdown

300 T 11
T, =25°C
200 ST
™t
Btk a
Tt LT —— U7 T
| -—-...,_..‘- = ~ Cab \
100 L h™
-y e
70 B g Co S
~
S0 PNP l.\
| — —— NPN
ol L 1]
01 02 05 10 20 50 10 20 50 100

Vi, REVERSE VOLTAGE {VOLTS)

Figure 7. Capacitance

. P c- b e




20,000

10,000

5000

1000

hgg, DG CURRENT GAIN
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300
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© 22
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03 05 07 1.0 20 30 50 70 10 20 30
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Figure 9. Collector
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TIP120, TIP121, TIP122 (NPN); TiP125, TIP126, TiP127 (PNP)

NPN
TIP120, TIP121, TIP122

Vee=40V 1711

A

Ic, COLLECTOR CURRENT [(AMP}

PNP
TIP125, TIP126, TIP127
20,000 T 77T
Vee =40V 11T
10,000
=z 7000
=
% 5000~ T -
£ [ T, = 150°C _f= g ym— <
i 3000 — \\\
€ 2000 bl 25°C LA N
3 /1/ | T N
[+ |
S 1000 =] 2 =3
£ 700 P~ -55°C H
500 T
300 -
200 £ :
01 g2 03 05 0.7 10 20 30 50 70 10

Figure 8. DC Current Gain

I, COLLECTOR CURRENT {AMP)
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TiP120, TIP121, TIP122 (NPN); TIP125, TIP126, TIP127 (PNP)

PACKAGE DIMENSIONS

TO-220
CASE 221A-09
ISSUE AA
NOTES:
SEATIHG
=T~ FLaNE 1. \[‘)lil:E:’I:f?‘O;;NG AKD TOLERANCING PER ANST

2. CONTROLLING DIMENSION: INCH.

B F T c 3. (MMENSION 2 DEFTNES A ZONE WHERE ALL
I s —-bi f— BOOY AND LEAD IRREGULARITIES ARE
A
K

ALLOWED.

INCHES MILLINETERS
NN NAX HIN | MAX
0579 § 0620 | 448 [ 15.75
0380 | 0405 966 | 10.28
D160 | 0.190 | 407 | 482
0025 | 0035 | 064 | 0388
0142 | 0.047 361 Kk
0095 | 0,105 242 268
g.e0 | 0355 | 280 ¢ 393
D018 | 0025 | 046 | 064

J
gy Bl

0500 | 562 | 12.70 | 14.27
" 005 | 0.060 | a5 | 152
L R 0150 | 0210 | 483 § 533
v - J 0100 | 0120 | 254 | 3.04
0080 | ong | 204 | 279
G — — 0045 | 0055 | 135 | 1.39
0235 | 0255 | 597 | 647
— D 0.000 | 0050 [ 000y 127
N f=— | 0045 } -] vas | ---
- looso | - [ 204
STYLE1:
PIN1. BASE
2. COLLECTOR
3. EMITTER
4. COLLECTOR

ON Semiconductor and @ Bre registered trademarks of Semicondudor Componenits Inaustries, LLC (SCRLC). SCILLC rescrves Lha right to make changes without further notice
o any products herein. SCILLC makes no wamanty, represematon or guaraniee regarding the suitability of Its products Tor any particutar purpose, nar does SCILLC assume any lability
ersing out of the application or use of any produci or circul, and specifically disctaims any and al liability, including withou! kmilation special, consequential or incidental damages.
*Typical’ parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual performance may vary over ime. All
operating paramaters, including “Typicals™ must be validated for ench customer application by customer’s technical experis. SCILLC does no! convey any license under its patent rfghts.
nor Lhe rights of others. SCILLC products are not designed. interided, or authorized for vse a3 components in systems intended for surgical impiant into the body, or cther applications
intended to suppon or sustain lite, or for any other application In which the fatlure of the SCILLC product could create a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC products for any such uniniended or unautherized epplication, Buyer sha¥ indemnity and hold SCILLC and its officers. ermpioyees. subsidiaries, affitstes,
and distributors harmtess againsi ell claims, costs, damages, and expenses, and reasonable atfomey fees arising ou of, directly or directly, any claim of personal injury o death
agsociated with such unintended or urauthorized use, even if such claim alleges that SCILLC was negligant regarding the dosign or manutacture of the part. SCILLC is an Equal
Opportunity/Affirmative Action Empioyer. This Bterature is subject to afl applicable copyright laws and is not for resale in any manner.

B e L T T 1 Y e - b R LY
PUBLICATION ORDERING INFORMATION
UTERATURE FULFILLMENT. N. Amerlcan Techntcal Support: BOO-282-9855 Tell Free ON Semiconductor Webaite: hitp2/onsemni.com
Literature Distribution Center for ON Semiconductor USa/Canada
P.O. Box B1312, Phoenix, Arizona BS082-1312 USA Order Literature: hitp:iwww.onsemi.com/itorder

Phane: 480-829-7710 or BOO-344-3860 Tolt Free USA/Caneda Japan: ON Semiconductor, Japan Customer Focus Center o .
Fax: 480-829-7709 or 800-344-3867 Toll Freo USA/Canada 2-9-1 Kamimeguro, Meguro—ku, Tokyo, Japan 153-0051 For additional information, please contact your
Email: orderiit@onsemi.com Phone: 81-3-5773-3850 local Sales Representative. -

L —— o R - - m . - [l P ——r - — — wan

TIP120/D




—————
FAIRCHILD
SEMICONDUCTEIR ™

CD4093BC

Quad 2-Input NAND Schmitt Trigger

General Description

The CD4093B consists of four Schmitl-triager drcuits.
Each circuit functions as a 2-input NAND gate with Schmitt-
triggar action on both inputs. The gate switches at different
points for positive and negative—going signals. The differ-
ence between the positive (V¢*) and the negative voltage
(V") is defined as hysteresis voltage (Vi4).

All outputs have equal source and sink currents and con-
form to standard B-series ovlput drive (see Static Electrical
Characteristics).

Features
W Wide supply voltage range; 3.0V to 15V
M Schmifi-iriggar on each input
with no external components
B Noise immunity greater than 50%

QOctober 1987
Revised January 1998

B Equal source and sink currents

B No limit on input rise and Fall time

B Standard B-serles output drive

B Hysteresis vollage (any input) Ty = 25°C

Typical Voo = 5.0V V=15V
Vpp = 10V V=22V
Vpo = 15V V=27V
Guaranteed Vi =0.1Vpp
Applications

+ Wave and pulse shapers

* High-noise-environment systems
« Monostable mutivibrators

+ Astable multivibrators

= NAND logic

Ordering Code:

Order Number | Package Number

Package Description

CD4093BCM M14A 14-Lead Small Oulline Integrated Circuit (SOIC), JEDEC MS-120, 0.150" Namow Body

CD4093BCN N1dA 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300° Wide

Devices also available in: Tepe and Reet. Specify by appendeng the suffix leter “X (0 the ordenng cods,

Connection Diagram

Pin Assignments for SOLC and DIP

Voo H [5

14 13 12

L F E

~
~

L-z.—p

T 1999 Fairchild Semiconductor Corporntion DS005982. prf

www.fairchildsemi.com
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CD4093BC

Absolute Maximum Ratings ot 1)
{Note 2)

DC Supply Voltage (Vpg) 0510418 Vpe
Input Voltage (Vi) =0.5 to Vpp +0.5 Ve
Storage Temperature Range (Tg) -65°C to +150°C
Power Dissipation (Pg)

Dual-in-Line 700 mW

Small Qutline 500 mw
Lead Temperature (T, }

(Soldering, 10 secands) 260°C

DC Electrical Characteristics (Noez)

Recommended Operating
Conditions (vote 2)

DC Supply Viltage (Vpp) 30 15Vpe
input Voltage (Vi) 0 to Vpp Vpe
Operating Temperature Range {T,) —40°C to +85°C

Note 1; "Absote Maximum Ralings™ are those vahyes beyond which the
satety of the device corinol be guaranteed; Mey are not meant to imply that
the devices should be opemled at these lmits. The table of ‘Recom-
mended Oparating Conditons™ and “Electricai Characleristics” provicas
condions i actual dovice operation,

Note 2; Voo » OV unless otherwise specified,

-40°C +25°C +85°C
Symbol Parameter Condillons Units
Min Max Min Typ Max Min Max
Ipp Chiigscent Device Voo =5V 1.0 10 1.5 A
Current Vpp = 10V 2.0 2.0 15,0 A
Vpp = 15V 4.0 4.0 300 | pA
Vor LOW Levet Vin = Vo, llol < 1 pA
Qutput Valtage Vpp =5V 0.05 0 0.05 0.05 v
Vpp = 10V 0.¢5 a 0.05 0.05 v
Vop= 15V ) 0.05 0 | oos 0.08 v
Vou HIGH Level Vin=Vgg llgl < 1 pA
Cutput Voltage Voo =5V 4.95 4.95 5 495 v
Voo » 10V 9.95 995 | 10 o905 v
Vpp = 15V 14,05 1495 15 14.95 v
V- Negative-Going Threshaold ol < 1 ua
Voltage [Arry tnput) Vpg = 5V, Vi = 4.5V 13 | 225 | 15 1.8 [225] 15 | 23 v
Vpp = 10V, Vg =9V 2485 | a5 ki 4.1 45 3.0 | 465 v
Voo = 15V, Vg = 135V 435 | 675 4.5 6.3 6.75 4.5 6.8 v
N+ Positve-Going Threshold Hpl< 7 pA
Voltage (Any Input) Vg = 5V, Vo = 0.5v 275§ 36 | 275 | 33 35 | 265 A5 v
Vop = 10V, Vg=1V 55 [ 715 | 55 6.2 70 | 535 | 7.0 v
Vpp = 15V, Vo= 1.5V 825 | 1065 | 825 | 9.0 105 | 81 10.5 v
Vi Hysteresis (V1+ - V) Vpp= 5V 05 2.35 0.5 1.5 240 0.35 2.0 A
{Any Input) Vpp= 10V 10 4.2 1.0 2.2 4.0 0.70 4.0 v
Voo =19V 15 6.3 1.5 27 6.0 1.20 | 6.0 v
lese LOW Level Quipunt V= Vpp
Current (Note 3) Vpo = 5V. Vg =04V 0.52 044 | 088 0.36 mA
Voo = 10V, Vg = 0.5V 1.3 1.1 225 0.9 mA
Vpp = 15V, V= 1.5V 36 3.0 ea 2.4 mA
Ion HIGH Leved Outpurt Vin = Vs
Current (Note 3) Vpp = 5V, Vg = 4.6V -0.52 0.44 | -0.88 -0.36 mA
Vpp = 10V, Vg = 9.5V -1.3 =11 |-2.25 -0.9 mA
Vpg = 15V, Vg = 1.5V a6 <20 |8 | | 24 mA
in Input Curent Vpg = 15V, Vi = OV -0.3 -10°| 0.3 -1.0 A
Vo = 15V, Vi = 15V 0.3 10°% | 03 10 HA
Note 3: Igy and ig_ are lested ona output al & time.

www,fhirghi ldserni.com




AC Electrical Characteristics note4)
Ta=25°C. C,_ = 50 pF, Ry = 200k, Input , l; = 20 n3. unless olherwise specified

Symbaol Parometer Condltions Min Typ Max Units
ou- ey Propagation Delay Time Vpp =5V 300 450 ms
Vog = 10V 120 210 ns
Vg = 15V 80 160 ns
trHee LA Transition Tima Voo =5V 90 145 ns
Vpp = 10V 50 75 ng
Vpp =16V 490 60 ns
Ciy Input Capacitance {Any Input} 50 75 pF
Cro Power Dissipation Capachance (Per Gate) 72 oF
Note 4: AC Paramaters are guaranieed by DC correlated testing.
3 www.fairchildsemi.com
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CD4093BC

Typical Applications

Gated Oscillator

Voo

CONTROL
CONTROL

: : - —
j?-— Y \/\/\/

ASSUME by + by 33 tppg + 1oy Ther o
tg = RC ' [VppiVy-) vop
b= RC i [(Vpg - ViMoo - Yol Vour
ty= RC 7n [T
w
I S 1 Y L
H=ty R — ]
Re (n[VI‘HVQQ*VT )
(M~ W¥po — Vi)
Gated One-Shot

(a) Negative-Edge Triggered

Yoo Yin l I l _l I—
m—| }-ib % v

__l F t=BCtn [¥pp/Vpg - Vi)

{b) Positive-Edge Triggered

0 N S R B B
. _| v . Vour

Vi V-

|
= Yaur —l_] U U
——' !—-— 1= REtn {¥gpy)
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Typical Performance Characteristics

Typicat Transfer Guaranteed Trigger Threshotd
Characteristics Voltage vs Vpp
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Guaranteed Hysteresis vs Vpp

Guaranteed Hysteresis vs Vpp
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CD4093BC

AC Test Circuits and Switching Time Waveforms
Voo

L
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50 pF
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~:-—| l-‘— LN i
Voo ‘ oo j‘
Vin . 50%
ov 10% :

- [“-‘THL L
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Vout 523‘%
ov
— L tPHL —— tpLH

www. fairchildsemi.com [




- T T

Physical Dimensions inches (milimeters) unless ctherwise noted

D03
f 18800~ 8 I
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srv-s | e
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oy B ggguy Ut
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st I g e

o

14-Lead Small Qutiine integrated Circuit (SOIC), JEDEC MS-120, 0.150" Narrow Body
Package Number M14A

7 www.fairchildsemi.com
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CD4093BC Quad 2-Input NAND Schmitt Trigger

Physical Dimensions inches (milimeters) unless etherwise noted (Continued)

L. 748 -0.7TD

i~ RE Par e
Y 0.090
1 72,266
T
s 0.73010.010
®) B I0T00H)
LT G, - — i
Vel 1]
0.097 0,030 max .
o D D760 DEPIH
OPTION L ovTON o
r""“-**":':a:u‘m 0.300-0.320
’ vem-sam)
BA43-0.200 : oo - i 2,065
5.0 5205 PIAL TEn
L4
X Y f | S
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l 0.068-0.015 [0
0% o8¢ + 4% TTP -~ O FE AT
DS pameoism | I e
M e | [o_tom=ums
13473 -3 8% Tt 505 = 0.381)
0,04 -0.023
00M-008 o
3% 038) = - SA0RO0 |
fDass000 2se=02n a—
—| [ = TYF +D.0x0
11,770 0 7o vz 000
T
ESHH p—

14-.ead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N14A

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE HOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component ¢f a life support

which, (g) are intended for surgicat implant into the
body, or {b) support of sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to resull in a significant injury to the
user.

device or system whose failure to perform can be rea-
sonably expected to cause the fature of the life support
device or system, or fo affect its safety or effectiveness.

www.fairchildsemi.com
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