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Abstract

This thesis presents a project in which a personal vehicle for short-range transport was
constructed. This project was inspired by a growing realization that the global energy demand has
been rapidly increased and so the energy reserves have been reduced. Fuel combustion has also
caused lhe increase in the amount of atmospheric carbon dioxide, which results in the enhanced
global warming. Therefore, the altempt to reduce the reliance on fossil fuels has been encouraged.
The vehicle constructed in this project is driven by a 250-W DC motor, which consumes
electricity from a 24-V battery sct. The speed of the vehicle is determined by adjusting a
potentiometer in such a way that an NE555 IC chip generates a pulse train with the duty cycle that
is corresponding to the desired speed. The aforementioned pulse signal dictates the swilching
action of MOSFETs in the drive circuit in order to control the terminal voltage of the motor. In
addition, forward and backward drives of the vehicle arc controlled by relays that determined the
flow direction of the motor current. The vehicle size was designed to be compact and is therefore
suilable for running in narrow areas. The testing results showed that the vehicle could speed up lo
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24V 200 Ah
r@ (4.8 kWh) e_)

6V 6V 6V 6V
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2.4.1 waumn3oimeliled NESss
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NE555, SA555, SE555
PRECISION TIMERS

SLFS022C - SEPTEMBER 1973 — REVISED FEBRUARY 2002

® Timing From Microseconds to Hours NESS5 ... D, P, PS, OR PY PACKAGE
® Astable or Monostable Operation s:;:s_s_: 'D‘j(g Ro'; ';A&?K?GE
® Adjustable Duty Cycle {TOP VIEW)
. .
EI;;C;Dmopna:Kble Output Can Sink or Source onof] s U allvee
TRIG[] 2 71| DISCH
® Deslgned To Be Interchangeable With outf] s [l THRES
Signetlcs NE555, SA555, and SES55 ReseT(] 4 sl conT
description

SES555... FK PACKAGE

These devices are precision fiming circuits
capable of producing accurale time delays or
oscillation. In the time-delay or monostlable mode
of operation, the timed interval is controlled by a
single external resislor and capacitor network. In
the aslable mode of operation, the frequency and
duty cycle can be conlrolled independently with
two external resistors and a single extemal
capacitor.

The threshold and trigger levels normally are
two-thirds and one-third, respeclively, of V.
These levels can be altered by use of the
conlrol-vollage terminal. When the trigger input
falls betow Lhe trigger level, the flip-flop is set and NC — No inlernal connection

the output goes high. If {he trigger input is above

the trigger level and the threshold input is above

the threshold level, the Nip-flop is reset and the output is low. The reset (RESET) input can override all other
inpuls and can be used to iniliate a new timing cycle. When RESET goes low, the flip-flop Is reset and the output
goes low. When the oulput is fow, a low-impedance path is provided between discharge {DISCH) and ground.

The oulpul circuit is capable of sinking or sourcing current up to 200 mA. Operation is specified for supplies of
5 V1o 15 V. Wilh a 5-V supply, output levels are compalible with TTL inputs.

The NE553 is characlerized for operation from 0°C to 70°C. The SAS555 is characlerized for operation from
—40°C 1o 85°C. The SE555 is characterized for operation over the full military range of ~55°C to 125°C.

AVAILABLE OPTIONS
PACKAGE
PLASTIC
Voo =15V SMALL QUTLINE
{0. PS) F) ) ) v
- NES55D

0°C to 70°C H.2v NES550S —_ — NES55P HESS5PW

-40°C to 85°C 1n.2v SAS55D — - SASSP —

-55°C to 125°C 106V SESS50 SESSHFK SESS5IG SESS5P —

The D package is available taped and recled. Add the suffix R 1o the device lype {e.g., NESS5DR). The PS and PW packages
are only available {aped and reeled.

A Please be aware Ihal an impartant nolice concerning availability, standard warranly, and use in crilical applications of

Texas Instruments semiconducior products and disclaimers therelo appears al the end of (s dala sheet.

FROOUCTION OALA Indormalion i cumedl o3 of publiceton dile

Copyright £ 2002, Teras Inslnuments Incorporated

Products conkros i specirtond paif the tanns of Teas inpirgpnty H Ot prociucts compant 1o KSL-PRE-3S51S, s pacaatars ird lesled
sandard warramy. Producion procesting doed pol necessaly inchade 4}
tevting of A pararueters, ting * P TEXAS iy ._M—‘_ e ol lh.ll_‘_l_lll- fodis ediciea

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



NE555, SA555, SE555
PRECISION TIMERS

SLFS022G - SEPTEMBER 1573 — REVISED FEERUARY 2002

FUNCTION TABLE

TRIGGER THRESHOLD DISCHARGE

RESET | voitacet | voitacet | QUTPUT | “curren
Low Iretevanl Imelevani Low On
High <WIVpp Irredevant High ol
High *>13Vpp >23Vpp Low On
High >3 Vpo <23Vpp As previotrsly established

T Valtage lovels shown are nominal.
functional block diagram
Veo RESET
8 CONT 4
5
] L R1
THRES 3
R i— our
—1s
2 -~
TRIG — |~

L

1]

GND

Pin numbers shown are for the D, JG, P, PS, and PW packages.
NOTE A: RESET can ovemide TRIG, which can override THRES.

™~
A

7
DISCH

*5’ Texas
INSTRUMENTS

2 POST OFFICE BOX 65500 % DALLAS, TEXAS 745265
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NE555, SA555, SE555
PRECISION TIMERS

SLFS022C - SEPTEMBER 1973 — REVISED FEBRUARY 2002

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

Supply voltage, Vo (SEe NOte 1} .. o e e 18V
Input vollage (CONT, RESET, THRES, and TRIG) . ......oovi i e iae e Vee
OulpUb GUENL Lo e e e e e 1225 mA
Continuous total dissipalion . _........ ... ... ... ..o iiiiiiiiianaan. See Dissipation Rating Table
Package thermal impedance, 8)a (see Nole 2): D package ........oouiiiineionneeaeaaeannnn. 97°C/W

P package ........ et 85°C/W

PSpackage ... ........ ... .. iiiiiiieae 95°CW

PWpackage ..................oiiiiiaaL, 149°CIW
Case temperature for 60 seconds: FKpackage ...............otiuriiemmmmi i e, 260°C
Lead lemperalure 1,6 mm {1/16 inch) from case for 10 seconds: D, P, PS, or PW package ........ 260°C
Lead temperalure 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C
Storage lemperalure range. Tgpg - .. «.ovocuiiiniiia i —B65°C lo 150°C

1 Sresses beyond Ihose fisled under *absolute maximum fatings” may cause permanentdamage |o the device. These are stréss ratings only, and
funclional operation of the device et thesa or any olher conditions bayond thosa indicatad under ‘recommended operating condilions" is not

implied. Exposure lo absolute-maximum-tated conditions for extended periods may affect device reliability,
NOTES: 1. AR vollage values are wilh respect to GND,
2 The package thesmal impedance s calculated in accordance with JESD 51.7,

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING FACTOR TA=TOC Ta = 85°C a=125C
POWER RATING ABOVE Ta = 25°C POWER RATING POWERRATING POWER RATING
FK 1ITSmW i10mwWrC 580 myY 715 mW 275 mwW
4G (SE555) 1050 myw 8.4 mW/C 672 mW 346 mW 210 mw

recommended operating conditions

MIN  MAX | uNT
v Al I8 SAS55, HESSS 45 16 v
cc Byl SESS5 45 18
v, Inpul voitage (CONT, RESET, THRES, and TRIG) vee|l v
o Oulpul cunrent 1200 | ma
NES555 0 70
Ta, Operaling lree-air temperature SASSS —40 85 “C
SES55 -55 125

‘5’ Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS TEXAS 75765
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NE555, SA555, SE585
PRECISION TIMERS

SLFS022C - SEPTEMSER 1973 — REVISED FEBRUARY 2002
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electrical characteristics, Vo =5V 1o 15 V, T4 = 25°C {unless otherwise noted)

SE55S NESSS
PARAMETER TEST CONDITIONS SA355 UNIT
MIN  TYP MAX MIN @ TYP MAX
Ve =15V 9.4 10 we| 88 0 012
THRES voltage lavel v
Veo=5V 27 33 4 24 33 4.2
THRES currant (sed Note 3} 30 250 30 2501 nA
48 5 52 4.5 5 56
Vog=15VY
TRIG votiage lovel Ta = -55°C lo 125°C 3 3 v
145 167 19 1.1 1.67 22
Voo =5v
Ta =-55°C 1o 125°C 19
TRIG cwrent TRIG al 0V [134] 09 0.5 2 A
03 0.7 1 03 0.7 1
RESET wollage fevel v
TA = -55°C lo 125°C 1.1
RESET al V, 1 .4 3 .
RESET curen Vo < S o1 24 mA
RESET 2t0 Vv 04 -1 -04 -1.5
DISCH switch of-slale curren| 20 100 20 100 nA
96 10 104 a9 10 1
Vog=15V -
L Tp =-55°C la 126°C 96 104
CONT woltage {open circuil) v
29 33 a8 26 33 4
Yoo =5V
Ta=-55°C o $25°C 29 38
V=15V, 01 045 0t 025
lo = 10mA Ta =-55°C to 125°C 02
Voc=15V, 04 05 04 075
1oL =50mA Ta = -55°C to 125°C 1
Voo =15V, 2 22 2 25
IgL = 108 mA = 557 £
vel voliage oL Ta =-55°Cto 125°C 2.7 v
Voo =15Y, oL = 200 mA 25 25
Yoo =5V, e
1oL =2 5mA Ya = -55°C to 125°C 035
Yoc =5V, 0.1 02 01 035
ToL = 5mA T = -55°C lo 125°C 08
VYoo =6Y, Iy =8 mA 015 025 0.15 0.4
Voo=15V, 3 133 1275 133
IGH = -100 mA Tp = -55°C o 125°C 12
Highlevel outpul voltage Veg=15Y, IoH =—200 mA 125 125 v
Vec=5V, 3 23 275 33
loH = -100 mA, Ta = -55°C lo 125°C 2
Oulpul low, Voo =15Y 10 12 10 15
Noload Vee =5V 3 5 3 [
Supply cuirenl mA
Output high, Vec=15V 9 10 9 13
No load Vo =5V 2 4 2 5

NOTE 3: This parameler infiuences the maximum value of the fiming resistors Rp, and Rp in Lhe circuil of Figure 12. For example, when
Vee = 5 Ve the maximum value is R = Rp + Rp = 3.4 M(L, and for Vo = 15 V., the maximum value is 10 MEL
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operating characteristics, Voo =5Vand 15V

NES55
TEST SES555
SAS55
PARAMETER CONDITIONST uNT
MIN ¢ TYP MAX| MIN TYP MaX
Initial error Each limer, monostable§ Ta = 25°C 05% 15%° 1% 3%
of liming intarvark E5ch timer. astable? A 15% 225%
Temparsturs coefficiont Each Umer, monostabled 30 1007 50
L Ta = MIN 1o MAX m~C
of timing interval Each limer, aslablel A %0 150 pr
Supply-vohtage sensitiity | E2€h limer, monostable§ S— 005 02 0t 05 “wv
of timing interval Each timer, astablol A 0.15 03
o CL=15pF, .
Quiput-puise risa lime Ty = 25°C 100 200 100 200 ns
_ CL = 15pF. |
Oulpui-pulse fall ime Ta=25C 100 200 100 300 ns

* On products compkant 10 MIL-PRF-38535, Lhis parameler is nol production 1esled.

1 For conditions shown as MIN or MAX, use the appropriste value spacified under recomemanded operaling condions.
3 Timing interval error is defined as Ihe difference between the measured value and ihe average value of a random sample from each process

un.
§\ahluesspedﬁedareloradevicehanmlabtedrcu'usinﬂarloﬂgu:eg.udlhmek)lbmngmponmlvakms:RA=2knto100m

C=01pF

vatues specified are for a device in an astable circuit simidar to Figure £2, wilh the lollowing component values: Rp = 1 kit 1o 100 &M%

C=0.1pF,

*f’ TEXAS
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0.7
04
D.2

01
0.07
0.04

Vo ~ Low-Level Qutput Voltage - V

0.02

0.01

0.7
04
0.2

0.1
0.07

0.04

VoL ~ Low-Level Qutput Voltage - V

002

001

TYPICAL CHARACTERISTICST

LOW-LEVEL QUTPUT VOLTAGE

Vs
LOW-LEVEL OUTPUT CURRENT

E Vec =5V

Ta =-55C ' ——HT]

g A

-.._-__ b

Ta=125C| HH

2 s

h Y

1 2 4 T 10 20 40

70 100
lgL - Low-Level Outpul Current - mA

Figure 1

LOW-LEVEL QUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

[ Vec=15V

Ta=—55°C

Ta=25°C

Ta = 125°C

I

X NI

1 2 4

7 10 20 40
loL — Low-Leval Qulpul Current — mA

Figure 3

70 100

VoL - Low-Leval Output Voltage =V

(Ve = Vou) - Voltage Drop - v

LOW-LEVEL QUTPUT VOLTAGE
V5
LOW-LEVEL QUTPUT CURRENT

10 T T
TF vec=1o0v
2 =t
TAS25°C __| _.G_r;i——"
1 '_égl‘l 1) ] 18/,
0.7 Ta=—3%°C F
I NN
04 Ta=125°C \\‘ -
02 7’
0.1 =
0.07
0.04 FE
0.02
0.04
1 2 4 7 10 20 40 70 100
loL - Low-Level Output Currenl — mA
Figure 2

DROP BETWEEN SUPPLY VOLTAGE AND CUTPUT
Vs
HIGH-LEVEL OUTPUT CURRENT
20

Tasobd
1.8

16 =
Ta=25C

jz A= 125 “

0.6

0.4

0.2

Veo S5V 15y
I 1 1 1 1eil

1 2 4 7 10 0 40
loH - High-Level Qutput Current — mA

70 100

Figure 4

1Dsla for temperatures betow 0°C and above 70°C are apphicable for SES55 circuits only.
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TYPICAL CHARACTERISTICST
NORMALIZED QUTPUT PULSE DURATION
SUPPLY CURRENT : (MONOSTABLE OPERATION)
Vs vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
b I T 1 » 1015
9 Oulpui Low, > / o
[ No Load LAY »
8 | .//A/ g 1.010
= 2 -] -
E . Ta = 25°C L\\ ///‘ E \
- W 5 1005
£ & ,}; s -+
b4 ]
P A SE A\
— Ta=-55C /e P
. VA/ '(L ol H
Ta = 125°C
i | A £ 0.995
i« 3 F
(]
Lo 2 a
[ 0.990
1 ]
o
0 0.985
5 6 7 8§ 9 10 1% 12 13 14 15 o 5 10 15 20
Ve ~ Supply Vollage -V Voo - Supply Vollage -V
Figure 5 Figure 6
NORMALIZED OUTPUT PULSE DURATION PROPAGATION DELAY TIME
{MONOSTABLE OPERATION) Vs
vs LOWEST YOLTAGE LEVEL
FREE-AIR TEMPERATURE OF TRIGGER PULSE
1.015 ' I 360
‘:;.;,’ Vec =10V Ta=125C
" 1010 2 5 LS
' : Tairoe| L
= - i
L3 E =257 "1
£ 1008 o200 e 14 A'ﬁ
2 1 > |
z +— 'E' /V/__-
] M o / /
$ 1 S 50 A e
] 3 4
% \\ = l/ - Ta=0C
o [ a /
£ 0995 o 100 (AL
s " & S Y
® ' —- Ta=-55C
5 -
a a
e 099 - 50
x
=3
a
0.985 0
75 -50 -25 © 25 S0 75 100 125 0 0ixVee 02xVge 03xVgg 0dxVge
Ta — Free-Air Temperature - °C Lowent Yollage Level of Trigger Pulse
Flgure 7 Figure 8

TData for temperalures below 0°C and above 70°C are applicable for SES55 seties circuils only.
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APPLICATION INFORMATION

monostable operatlon

For monostable operalion, any of these timers can be connected as shown in Figure 9. If the oulput is low,
application of a negalive-going pulse to the trigger (TRIG) sels the flip-fop (Q goes low), drives the oulput high,
and turns off Q1, Capacitor C then is charged through Rp, unlil the vollage across the capacitor reaches the
threshold voltage of the threshold (THRES)input. If TRIG has retumed to a high level, the output of the Lhreshold
comparator resels the flip-flop (Q goes high). drivas the outpul fow, and discharges C through Q1.

RlA = 6.1 l:!'!
[ € =0.01pF
| R =102
p v\:gc‘:s % See Figure 9
g] q g Input Volage
— 2
Rp g - s 8 z [ ] L Wik I _
CONT Ycc RL i
3| reser |
71 piscH s 3
A y A ouT Ouput Oultput Voltage
1
Input 2 ! 1RiG // / A /]
i = / /[ /
L d = Capaciior Vollaqa
F L] 1 1 1
Pin numbers shewn are for the D, JG, P, PS, and PW packages. Time - 0.1 ms/div
Flgure 9. Circult for Monostable Operatlon Figure 1¢. Typlcal Monostable Waveforms
Monosiable operalion Is initialed when TRIG 1 -
voltage falls below the lrigger threshold. Once Ra = 10 Ml —,
initiated, lhe sequence ends only if TRIG is high i
al lhe end of the timing interval. Because of the T ;
threshold fevel and saturalion voltage of Qf, RA='MQ—\
the output pulse duration is approximately H
lw = 1.IRAC. Figure 11 is a plot of the tme ¢ 1071
constant for various values of Ry and C. The 3
lnreshold levels and charge rales both ara direclly 3 , \
proporiionaliothe suppiyvollage, Ve Theliming g '% p g
interval is, therelore, independent of the supply 3 / / /( /
vollage, so long as the supply vollage is constanl 3 163 J 5 )
during the lime interval. § N Ry = 100 kil
Applying a negalive-going lrigger pulse 1 Rp =10k
simultaneously lo RESET and TRIG during the & 10— “ “
timing inlerval discharges C and reinitiales lhe / /(  Rac itk
cycle, commencing on {he positive edge of the s P A |

reset pulse. The outpul is held low as long as the ¢.001 0.0t o1 1 1 100
reset pulse Is low. To prevenl faise lriggering,
when RESET is not used, #l should be connecled
o Vee.

C —Capacitance — uF
Figure 11. Output Pulse Duration vs Capacitance
‘9 TEXAS
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APPLICATION INFORMATION

astable operation

As shown in Figure 12, adding a second resislor, Ry, to lhe circuit of Figure 9 and connecling the trigger input
tothe thrashold inpul causes the limer to self-lrigger and run as a multivibralor. The capacilor C charges through
Ry and Rg and then discharges through Rg only. Theretore, the duty cycle is controlled by ihe values of Ry and
Rg.

This astable connection results in capacilor C charging and discharging batween the threshold-vollage lavel
(=0.67 x V) and the rigger-voltage lavel {=0.33 x V). As in the monostable circuil, charge and discharge
limes (and, therelore, the frequency and duty cycle) are independent of the supply vollage.

Vee RA=S5k2 ' R=1k2 =
A= 5k Ry =1h2
53Vt 15V) HRp =3k Sea Flgure 12
N C=045pF
| 0.01 pF L
1)
Open =
Ra (see Note A) | 5 8
CONT ¥ece
Ry

Voltaga - 1 Vidiv

4
{ - cresEr
i* DISCH 3
our Output
6
Re g S THRES Wy
.—C TRIG w 44— | Oulput Voltage

_1_ GND
¢ WL AN AV VANE
i B VIVIVIVIY
Pin numbers shown are for the D, JG, P, PS, and PW packages. Capacitor Vollage
NOTE At Decoupling CONT voilage to ground with a capadilor can ] ] | ] }
improve operation. This should be evaluated jor individual
applications. Time — 0.5 msidiv

Figure 12. Clrcuit for Astable Operation Figure 13. Typlcal Astable Waveforms
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APPLICATION INFORMATION

astable operation (continued)

Figure 13 shows typical waveforms generated during astable operation. The oulput high-level duration { and

low-level duration ! can be calculated as follows:
= 0893 (R, + RB) C
|, = 0693 (RB) c

Other useful relationships are shown below.

period =t + 1, =1:.1693 (R, +2Rp) C

(oW = g+ 27g) ©

i Rg

Oulpul driver duly cycle = tht tL = RA T ZRB
Qutput waveform duty cyde

o . Rp
by 1 R At 2RB

Low-to-high ratio = —

f - Free-Running Frequancy - Hz

100 k T T
—Rp +2Rg = 1 ki}
L}

'
\/’_RA*2RB=1Um

1 T
X“A”RB“W“-“
P,

7777
7787

)\ \
100 B A,
V| f— \\\\ \
\\,\\\ \
Ra+2Rg =1 MO ﬁ\ \ \
1]
Rp +2Rg = 10 M1)
01 : b
0.001 001 01 1 10 10

€ —Capacitance — uF
Figure 14. Free-Running Frequency
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PRECISION TIMERS
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APPLICATION INFORMATION

missing-pulse detector

The clreuit shown In Figure 15 can be used to delect a missing pulse or abnormally long spacing between
conseculive pulses in a train of pulses. The liming interval of the monostable circuil is relriggered continuousty
by the inpul pulse train as long as the pulse spacing is lass than lhe timing interval. A longer pulse spacing,
missing pulse, or lerminated pulse train parmits the liming interval to be compleled, thereby generating an
oulput pulse as shown in Figwre 16.

Veg{5Vio15V)

4 V(;Ic =85y

~ Rp =150

. | C=0.4pF

4 8 i Ra See Figure 15
Input RESET Ve a
2 ouT + Quiput
TRIG Z [ i {
7 5 Inpui Voltage
DISCH 7 !]
: )
CONT 6 4
001 "F[ THRES ]
= :TD 7:_5 [ Oulpul Voltage
s —7,_ +§
= s AL/
\QAstasu VD T
i ICapa’rl‘tm' IVoIlaEa
Fin mumbers shawn are shown for the D, JG, P, PS, and PY packages. Time — 0.1 msldiv
Figure 15, Circult for Missing-Pulse Detector Flgure 16. Completed-Timing Waveforms

for Missing-Pulse Deteclor
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APPLICATION INFORMATION

frequency divider

By adjusting the length of the iming cyele, the basic circuil of Figure @ can be made to operate as a frequency
divider. Figure 17 shows a divide-by-lhree circuil that makes use of the facl thal retriggering cannot occur during
the timing cycle.

T T T }

¥Ygoce5V
| Rpa=12500
| C=0.02yF
Soee Figure 9
e 1 1]
g Inpul Vollage
': |
i "
; 1
Cutput Yoltage
/, / // ’/’
Capactior Voltage

Time — 0.1 maldiv

Figure 17. Divide-by-Three Clrcuit Waveforms

pulse-width modulation

The operation of lhe limer can be modified by modulating the internal threshold and trigger voltages, which is
accomplished by applying an external voltage (or current) to CONT. Figure 18 shows a circuit for pufse-width
modulalion. A centinuous inpul pulse train triggers the monostable circuil, and a comrol signai modulates the
threshold voltage. Figure 19 shows the resulling oulput pulse-width modulation. While a sine-wave modulation
signal is illuslrated, any wave shape could be used.
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APPLICATION

Yee(5Yito15Y)

—
4]
RESET Vco 3
Cleck _2 | TRIC ouTt Cutput
Input
7
DISCH
Modulalion
Input —— CONT 6
(sea Nole A) THRES
GHD
0 T¢

Pin numbers shown are for the D, JG, P, PS5, and PW packages.
NOTE A- The modulaling signal can ba direc or capacitively coupled
to CONT. For direcl coupling, the effects ol modulation
. souce vollage and impedance on the bias of the limer
should be considered.

Flgure 18. Circuit for Pulse-Width Modultation

pulse-position modulation

INFORMATION

T T T

Ra =3k

C o 3.02 yF

R =1k —

~~l_See Figure 18
L~ =
]
=l Modulation Input Vollage

LT

ClockTnpu

Hlil

Voltage = 2 V/div

= = ==
S 3
==

Qutpyl
‘ Al

Vollage

AAL 4%

/ A4

{ Capacﬂ:or Voltage

Tima — 0.5 ma/div

Flgure 19. Pulse-Width-Modulatlon Wavelorms

As shown in Figure 20, any of these tlimers can be used as a pulse-position modulator. This application
modulates the threshold vollage and, thereby, Lhe time delay, of a free-running cscillator. Figure 21 shows a
riangular-wave modulation signal for such a circuit; however, any wave shape could be used.

Vee (SVIe 15V)
ai 8 RLS 2 R
RESET Voo |3
2 ouT Oulput
TRIG
DIScH |-
Modulallon I Rg
h Inpul 2| conT b
{see Note A} THRES
GND
1 "t

Pin numbers shown are for the . JG, P, PS. and PW packages.

NOTE A:  The modulaling signal can be direc or capaditively coupled
lo CONT. For direcl coupling, the eflects of modutation
source voltage and impedarnce on Lhe bias of the timer
should bo considered.

Figure 20. Circuit for Pulse-Poasitlon Modulation

i ] I
Rp =3 k0

Rp=5000
Ry =1k}
/ Soee Flgure 20 \
A M P .
L~ ~

N D

Modulalon Inpul Voliage

Voltage ~ 2 V/dlv

Ouiput Vollage

A/IA
a1l vy

' L§
Capacitor Yoltage
-l 1 1

Time — 0.1 msidiv
Flgure 21. Pulse-Position-Modulation Waveforms

‘W Texas
INSTRUMENTS

POST OFFECE BOX 65503 #

OALLAS, TEXAS 75265 13

50



NES555, SA555, SE565
PRECISION TIMERS

SLFS022C - SEPTEMBER 1973 — REVISED FEBRUARY 2002
APPLICATION INFORMATION

sequential timer
Many applications, such as compulters, require signals for iniliatizing conditions during start-up. Other
applications, such as tesl equipment, require activation of test signals in sequence. These liming circuils can
be connected to provide such sequenlial control. The limers can be vsed in various combinations of aslable
or monoslable circuil connections, with or without modutation, for exiremely flexible waveform control. Figure 22
shows a sequencer circuit with possitle applications in many systems, and Figure 23 shows the oulpul

wavelorms.

| T ; 1
4 8 RA 3kai 4 8 Rg :mm% 4] 8 Rg
2

RESET  V¢¢ 3 \ RESET Vcg 3 l RESET Vgg 3
\ o—mie Our - IOOi s our nl ~ TRIG our
5 piscH| ¢ WF piscH] 7 ¢ uF piscu|-L4

CONT [ CONT

5
f CONT . oecle ) Jj haes | 84 I THRES | %4
ND GND GND
0.01 - 0.0 | D.OFI .
= \L

A /] _sTaplt Gt T
Cp=10 uF _I_ Cc=14.7pF
Rp = 100 k0 Oulput A Ly A Oulput B R = 100 ki Output C
B b
Rp = 100 kit

Pin numbers shewn am lor the D, JG, P, PS, end PW packages.
NOTE A: S closes momentarly al 1= 0.

Flgure 22. Sequential Timer Circuit

i l
See Flgure 22
Il
Output A wh by “1-1l RaCa
—8 ek |

=2 I wBI
2 ]
@ | oupute twB=11RaCp
-
&
a
2

Cutput © 1,0 M wC=11RcCe

+—1=20
|

t—Time — 1 sidiv

Flgure 23. Sequentlal Timer Waveforms
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International
TSR Rectifier

* Advanced Process Technology
¢ Dynamic dv/dt Rating

» 175°C Operaling Temperature
» Fast Swilching

¢ Fully Avalanche Raled

Description

Fifth Generation HEXFETs [rom Intermnational Rectifier
ulilize advanced processing techniques to achieve
extremely low on-resislance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

The TO-247 package is preferred for commercial-
induslrial applicalions where higher power levels
preclude lhe use of TO-220 devices. The TO-247 is

PD - 91503D

IRFP150N

HEXFET® Power MOSFET
D

Vpss = 100V
RDS(on) =0.036Q
Ih = 42A

5

similar bul superior to the eadier TO-218 package TO-247AC
because of its isolated mouniting hole.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Te =25°C Conlinuous Drain Currenl, Vgs @ 10V 42
fo @ Te = 100°C| Conlinuous Drain Currenl. Vgg @ 10V 30 A
13N Pulsed Drain Currenl ©& 140
Pp @T¢ = 25°C Power Dissipalion 160 w
Linear Deraling Faclor Lt wWrc
Vas Gale-lo-Source Vollage +20 v
Eas Single Pulse Avatanche Energy@® 420 mJ
far Avalanche Current@® 22 A
Ear Repelitive Avalanche Energy® 16 mJ
dv/dt Peak Diode Recovery dv/dt @® 5.0 Vins
Ty Operating Junciion and -55 1o + 175
Ts1o Slorage Temperature Rango *C
Soldering Temperalure, for 10 seconds 300 (1.6mm from case )
Mounling torque, 6-32 or M3 srew 10 1bol+in (1.1N*m)
Thermal Resistance
Parameter Typ. Max. Units
Raxc Junction-to-Case —_— 0.95
Racs Case-l0-Sink, Flal, Greased Sudace 0.24 —_ ‘CW
Roaus, Jundlion-to-Ambienl| —_ 10
wwaw.ir.com 1

07/45/02
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IRFP150N International
IGR Reclifier
Electrical Characteristics @ T4 = 25°C (unless otherwise specified)
Parameter Min.| Typ. | Max. | Units Conditions
V(BRIDSS Drain-lo-Source Breakdown Vollage W | —|— V | Vags =0V, Ip = 250pA
AVmrrpse/AT) | Breakdown Vollage Temp. Coefficlent | — | 0.11| — | V/°C | Relerence lo 25°C, Ip = 1mA®
Rpsgen) Slalic Drain-to-Source On-Resistance | — | — [0.036] O | Vgzs =10V, Ip=23A D
Vasiny Gale Threshold Vollage 20 |— | 40 | V | Vos=Vgs, In=250pA
gts Forward Transconduclance 14 | —|— | S | Vos=25V,Ip=22A0
. — | —1 25 Vs = 100V, Vs = OV
Drain-lo-Source Leakage Current A
foss =250 | " | vps = 80V, Vs = 0V, T, = 160°C
) Gate-lo-Source Forward Leakage — 1 — 1 100 nA Vos = 20V
Gss Gale-lo-Source Reverse Leakage — f—-100 Vgg = -20V
Qq Tolal Gale Charge — | —} 10 lo=22A
Qg Gale-lo-Source Charga — | —1 15 | nC | Vpg =80V
Qga Gale-to-Draln {"Miller") Charge — | — | 58 Vgs = 10V, See Fig. 6 and 13 @0
Lyon) Tun-On Delay Time — | 11| — Vop = 50V
I Rise Time — | 56 | — - p = 227
Lty Tuin-Off Delay Time — | 45 | — Rg = 3.6
I Fall Time — 1 40 | — Rp = 2.2 See Fig. 10 @®
. Between lead, b
Lo tnlemsal Drain Induciance — | 5.0 | — " émm (0.25in.) /ﬁ\
from package LA p Ry
Ls e el ' — and cenler of die contact —’?
Cisa Input Capacilance — 11200] — Vgs = 0V
Coss Qulpu! Capacilance — {450 | — | pF | Vps =25V
Crs Reverse Transfer Capacilance — | 230 — J = 1.0MHz, See Fig. 5@
Source-Drain Ratlngs and Characteristics
Parameter Min_| Typ.| Max. | Units Conditions
Is Continvous Source Cument 42 MOSFET symbol
{Body Diode} T A | showing the
lern Pulsed Source Curent P integral roverse
{Body Diode) ©@® -y p-n junclion diode. E
Vso Diode Forward Vollage — [ — 13| v | 7,=25°C, 15 =23A, Vo5 = OV @
by Reverse Recovery Time — | 1801 270 | ns | Ty=25°C, I =22A
O Reverse RecoveryCharge — 1.2] 1.8 | pC | dildt= 100A/ps @ D
bows Forward Tum-On Time Intrinsic trm-on fime is negliigible (fum-on is dominated by Lg#Lp)
Hotes:

(@ Repetitive raling; pulse widlh limited by

max. junclion lemperatuie, ( See fig. 11)

@ Slarting T, = 25°C, L. = 1.7mH
Rg = 250,

lus = 22A_ (See Figure 12}

@ Igp 5 22A, difdL £ 180AJus, Vpp € Veerpss,
T, 175°C

@ Puse widlh £ 300ps; duty cycle < 2%.

® Usas IRF1310N dala and lest condilions.
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IGR Reclifier
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Fig 1. Typical Oulput Characlerislics
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Fig 3. Typical Transfer Characterislics
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Rpsion) . Drain-to-Source On Resistance

Ip. Crain-lo-Source Currant (A)
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|
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Fig 2. Typical Qulpul Characterislics
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IRFP150N
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Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage
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Fig 7. Typical Source-Drain Diode
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IOR Rectifier
20 Mip= 224 T
Vpg = B0Vl
Vpg= S0V |
16 Vpg= 20\ - w oy
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,///
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/,,//
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77
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2
FOR TEST CIRCULT
0 SEE FIGURE 13
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Fig 6. Typical Gate Charge Vs.
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Fig 8. Maximum Safe Operaling Area
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TGR Reclifier
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Ip. Drain Current (A)
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N Fig 10a. Switching Time Test Gircuit
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Fig 10b, Switching Time Waveforms
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Fig 11. Maximum Effeclive Transient Therma! Impedance, Junclion-lo-Case
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)

IcR Reclifier
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Fig 12a. Unclamped Inductive Test Circuit “ \;\\‘
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V(BR)DSS Starling Tj, Junction Temperature {°C)
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’/ g Fig 12c. Maximum Avalanche Energy
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P I
/ \

lag = _ 2

Fig 12b. Unclamped Inductive Waveforms

I
Charge —— Curreal Sampling Resisiors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit
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International IRFP150N
ToR Rectifier
Peak Diode Recovery dvidt Test Circuit
DUT \—<+ Circuil Layout Consideralions
— - Low Slray Induclance
i o - Ground Plane
lltl_ - Low Leakage Induclance
Curent Transformer
._<.
+
® I ®
‘ LT
YN AN
® )
/' ¥
Rg - dvidt controlled by Rg A+
- Driver sama type as D.U.T. T. Voo
- Isp conlrofled by Duty Factor *D"
- D.U.T. - Device Under Test
@ Driver Gate Drive
Period p=—EW.
P Period
B % f
Vgg=1DV *
(f i

@ .07 15, Wavetorm

Rewovory V
Currenl 1

@ |o.u.T vpg Wavelonm

Body Diode Forward \,
Cuirent /'
di'dt

Diode Recove

P AN

Re-Applied
Vollage

@

* Vgg = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFETS

www.irl.com



IRFP150N

Package Outline
TO-247AC Outline
Dimenslons are shown In millimeters (inches)

International
IGR Reclifier
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1530 (602) |~ &2 ‘ ] J0{.
[EIpeE o Aol & 25008
: LA A =1 .50 (.058)
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2.40 [.094) 140 (056 0.80 {.031) LEAD ASSIGNMENTS
2.002(:.(079) ";I i L-*3X 1.00 (_039: “'J 3 9 40 {.0%6) ;3;:5}
: S [0251010) 1) [C{AG | 2.60{.102) 3-SDURCE
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Part Marking Information
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WITH ASSEMBLY D O {'fr . PART NUMBER
LOT CODE 3A1Q INTERNATIONAL |1/ ‘\/,/
RECTIFIER ~._§ IRFPE3D
LOGO ~ IOR ¢
aa1Q 9302f
ASSEMBLY -~ i1 " DATE CODE
LOT CODE (YYWW)
YY = YEAR
WW WEEK
Data and specifications subjecl to change wilhout nelice.
ISR Rectifier
IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, Califomia
90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903
Visit us at www irl.com for sales contact Information. 07/02
8 www.irf.com
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(N7 BD135
Y/, BD139

NPN SILICON TRANSISTORS

» STMicroelecironics PREFERRED
SALESTYPES

DESCRIPTION

The BD135 and BD139 are silicon epitaxial
planar NPN transistors in Jedec SOT-32 plaslic
package, designed for audio ampiifiers and
drivers ullfizihng complemenlary or quasi
compementary circuils. ‘
The complementlary PNP types are BD136 and 1
BD140 respectively.

S0T-32

INTERNAL SCHEMATIC DIAGRAM

Co(2)
{1
B
)
SE06260
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
BD135 BD139
Vcao  |Collector-Base Vollage {lg = 0) 45 80 \d
Vceo |Collector-Emilter Vollage (I = 0} 45 80 V'
Veso  |Emilter-Base Voltage (ic = 0} 5 A
ic Colleclor Current 1.5 A
len Collector Peak Current 3 A
la Base Current 0.5 A
Pion | Total Dissipation at T, < 25 °C 12.5 w
Pt |Total Dissipation at Tams < 25 °C 1.25 w
Tsig |Slorage Temperalure -65 to 150 °c
T Max. Operating Junction Temperature 150 °c

May 1999 114
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BD135/ BD139

THERMAL DATA

rR"'i-““ %Thermal Resistance Junctlon-case 10 l "W l
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C uniess olherwise specified)
Symbol Parameler Test Conditlons Min. | Typ. | Max. | Unit
feao Collactor Cul-of( Ve =30V 0.1 pa
Current (e = 0) Vea=30V Tc=125°C 10 pA
Ieao Emilter Cut-olf Current {Vea =5V 10 HA
{lc=0)
Vceoqsus e | Collector-Emiller ic =30 mA
Sustaining Voltage for BD135 45 v
for BD139 80 v
Veesay® iColleclor-Emitter le=0.5A lg =0.05 A 0.5 v
Saluration Vollage
Vager Base-Emilter Yoliage Ic=05A VYee=2V 1 v
hpg= DC Current Gain Ic=5mA Vee =2V 25
lc=05A Vee=2V 25
P lc=1t50mA Vee=2V 40 250
hre hre Groups lc =180 mA Vee=2V
for BOD139 group 10 83 160

= Pulsed: Pulse duration = 300 us, duty cycle 1.5 %

Safe Operaling Area

!t(")': = GCa4isd
— .!f,f;[".; e
‘ PJLSE DPERATION *®
! : 10 sk
L -1 19 )
w0l =4 b\ (1 IN]] 10002
s X
| — 1 i
4 GGl \[ T
I X
SN
L D.C. CPERAT:ON [} ' Ima
m'E!Fnrslng!ernnE:k ; ol
: ] repetitive pulse TIIL
in 1] 4
2 ani3s —=} [|+—30139
!
! i lI i I l I
1a° o " 458
! LA

2/4
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BD135/B0139

SOT-32(T0-126) MECHANICAL DATA
mm inch
DIM.
MIN. TYP. MAX, MIN. TYP. MAX.
A T4 7.8 0.291 0.307
B 105 10.8 0.413 0.445
07 09 0.028 0.035
bt 0.49 0.75 0.019 0.030
C 24 2.7 0.040 0.106
¢l 1.0 1.3 0.039 0.050
D 154 16.0 0.606 0.629
a 22 0.087
el3 4.15 4.85 0.163 0.183
KX 0.150
3 32 0118 0.128
2.54 0.100
A o I 1¥
\\p) =
-
H2
c1
o
L*L
b bl
0016114
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