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Project Design and Construction of Electric Wheelchair
Project Chief Mr. Poompat Buppha
Personnel ID. 4713243

Asst. Project Chief Mr. Likhit Chimgleeb
Personnel ID. 4813246

Project Advisor Asst. Prof. Nantachai Thongpance

ABSTRACT

This project is purposed to designed and construct an electric wheelchair that makes for
the handicapped to be able to help themselves are paying cheaper than ordering from foreign
countries. It is built by the principle of mechanic, electric and electronics. The resultant of project
building can design a structure and construct the controllable set for electric wheelchair that
composes of 3 main parts. The first part is moving control which controls their movements with
joystick in the direction of forward, backward, turn left, turn right, and breaking system. The
second part is the processing control that controls by combination circuits. The third part is the
DC gear motor driving that uses the high bridge switching control and adjustable the levels of
speed control by chopper circuit including also install adjustable 70 degree lie down seat.
According to the result of the efficiency tests of electric wheelchair found that is able to be
weighted up to 80 kilograms in usual pathway and incline plane under 15 degree. The maximum
average velocity of electric wheelchair is measured 5.47 km/hr in plane motion and 0.58 km/hr in
incline plane motion. The average retardant accelerate when breaking at maximum average
velocity is measured 1.93 m/s’. The result of the efficiency test of Lead-Acid battery 36 voltages
at maximum average velocity is working only 1 hour. The cost of this project is estimated 70,000

baht.

Keywords : electric wheelchair, combination circuits, hybrid switching, Dc gear motor
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Forward ulﬁ?lj

nyai Q, Maz Q, M

s 1 z\ i), XD, D& Wé_
1 Q,
+ -
—®

On Off

B _R',g, f/ I o ] N R;{
o i \\Ils &= D, D32: e
Qg Q3
2E

a ad o
sUN 1.15 uaaseasnsaln Q, tag Q, NN
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mstensean 12 v idifiga B ilndinszudIvaru R, Whdunuawes Q,
= ] Y o 9 o = A a o
uaziinszuelvaru R, Whduuuaves Q, wil# Q, uaz Q, w1 (On) nfSeuailouaing
a 1 T 1 4 aa 4
YA dwwaldlinszud lnaninunasiie (12 V) dunineaannesuazdiamesves Q,
] 9 |aa;‘ Jd 1 9 J aa 4 ) Yy
HuAngiiay () vesuemes rivliinneamnnesiazdliamesves Q, iildtinszud Ina
[l I a 2 o 9 J a Yy a
HIuueIRes luian1eay tazAsues 1 lduemesamnsonyu lunianig Reward 18 (3

WY AWAY, 2538)

1.2.5 sauldnihilans
[ v Y
M31¥0u 19N 1919 (Opto Coupler) sl luauindesmsusnszuy Inihvesisaes

o 1 A 9 4 A o o an [ A
NATONVINNUTU Lll'ﬂclslﬂf]']‘ﬂW1/]14Lﬂu!!ﬁﬂﬂu@’]ﬂl@Q'Nfl)ﬁ(ﬂ'Nﬂﬂ@]'ﬂaulﬂﬂ'Jllﬂlllli\iﬂuvl,wquﬂ

Q a

anldnuuseau vlnszuaasaniiandosy  uadesmathluaiuguivaa ldhnssuaadun

< 1 z '

@ : o I { @
doamswasnu ihgepazmiuiaeiniaesdvazuenesnainiuma Iddliblundhivan

[

Y d‘ ti' o w v o 4 4 =3 [ Jd A
Yo uFoulssmanasnd A Fodani snEndataznInind o lng 2546)
X A%

1.2.5.1 WUGIHUOIANTONAIMIna

o A anl ~ 1 @ 9 0 I

duvou Teamanas v19asususenn “awenlaelduas (Opto Isolator)” 11U

P ~ ) a [ [ ~ 3 ay 1 Y

gnsalimenisznoudlsunassuilauauaziininduuas  laoNniaesd udiudinenain
U = d' ] q'.: Qy ] :/' 1 v @ =R (% d'
fu Tasiauiun lselaaunan suaiuianuavzgaussgegluddanuuas aweaslugiln

1.16

/1

1 2

1. Anode
2. Cathode
3. Emitter
4. Collector

310 116 waasdndonToamauaa
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A Y [y Jd
1.2.5.3 gaandanaveseenldniilass
1) msuen Taglduaelidsz@niamgann
@ @ 4 1 a 4 I a 9
2) anuduiusTznINNIZuaoUNNUaz AN FIAUA
1 1Y a 4 L a
3) eusaldTutuniugaees eslusuilvsersasdnld
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4) anuisage Wldndiasdganunnudgalaa
5) ©1gMs IFaueIUIU
1 A Y
6) NUABMINTTNUNINou 1aa

7) 83 IMIAWIUNTEUAT

1.2.6 Nmmuqué’mn%a (Speed Control Circuit)
U &’ Y d
#ianMsIUeIAUVR Yo ]es
[ :ﬂy Y 4 a dy
NanM oA UY09299550 oI mINToNITANINITAHUF I 111995
1 1 a 4 I~ % 1 9 a
Uszneudianasne lihnszuanss adnduaz Inaadudanudiumy 299501991103 99
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Vv VT,
B3 N 1.16
T (1.16)

v on —
Ton + Toff

o(ave) f—

8 J4 o 2
Tag T =szeznanainmia
{ a I
T . =3szeznanaimyilae
T =szeznarlunillyda
[ a a a t( J qul g 1
anvazmsde -Uaaingluiees verules dunugmluglawsonseon’ld 3
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v [ [ k4
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Twmanlasulainnuniavesiad  (Pulse Width Modulation) 31/319989u353AUI01ANA
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usedun Inanvzanaaiio T, Hoead
v 1 H Y
2) T, A uaz T, wlasuulasua T wasumlaasenmsinuanvazyuin

1 1 [ 1 Y
A5 msilasuniaan1uiFrequency Modulation) 159aufl Tnanazanauiid,, 1naiu
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Tuga (Module) m Adas1aMvBIVIIANNANART d Auduauilu z veuiles
oy mm. TuﬂmzndJu?}ﬁ;‘uaﬂmmﬂmmﬂm%ﬂuizw s ileagivuiuszdouily
leafivina Tugaidentu vinavesTugadildiuedin I

$29gaunveaill (Addendum) a Aoszeziiiamuuuasaiinninaudiad lUdia
VU (top land) VoIHlu

%39g9a19903#U (Dedendum) b Aoszarifamuuunatinnenauiind s
a4 (bottom land) U8IHU

ATUANTINIAYEI3BTIY (Whole depth) AoHaLINYBA a U b

¥949149 (Clearance) ¢ ADFDITHAAANNHAAINUDITLZAIAIAN b AUTZIZHIY
qauw a vesiluiilesgfivu i

HUARATY (Backlash) ADEIUYBIFOII193 MY (tooth space) NANAUVUIAVDS
A wesiluileq (Tooth thickness) s ivuiulasiauuenauiing

8A31MA (Velocity ratio) M, ADoAIIAIUTZHINANMS TNV UNDY (driver
gear) #OAINIT ATV UHBIAM (driven gear) S 1Mo T LAz DI ILAUAIY 1 LAz 2
TRLCEANERED

o0 _dy 7, (117)

1 el
w, n, d .z

4 IS 2 a
Lﬁ@ (0] Lﬂuﬂ’313Jlﬁ’JLG]53343J(rad/Sec)

I <3

n 1Wun152v09 (rpm)
I 9 1 4 A 4

d AuvnaduRIUgUINANNNAUNAS (mm)
I o

z Wudnnuiluiles

8n31e M4 (Gear ratio) m A B0 AIUTENINSMINTAUVDI gear AD T
W04 pinion e pinion e pinion 1o afrtudn m, = m,

nnauduiusves Tugatuunadurugudnalsnauiag uazsiuou
ez Idgasnandmsumsdnailesie

m = (1.18)

d
z
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Weo  p  Wuszeziasvesiluies (mm)
o 1 d 9 Wl’ls}'
wazunud1 G/ e mazlad
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(1.19)

(1.20)

1INANMS 1.20 a1 uIevuIaved lugaveuileslindils 1ddwaes o

= = a 24 ° ' c;’/‘ 1 1 2y <
Nﬂlu’]ﬂjﬁ\lﬂaﬂlﬂﬂ VVUINTSOZNATI UIIUIUMIY VoI 7 1Y W‘Iﬂ\?sllu']ﬂ‘llﬂﬂj‘ﬂﬂa 50

a I 1 1 v o
%zﬁmmmz&zwwﬁgﬂu SIMIDNAT ﬁ@mmu 5 x 3.1416 = 15.71 mm

ms19h 1.1 vunaluganlsegna i

1 1.25 1.5 2 2.5 3 4
Tugadiiaruo 1 5 6 8 10 12 16 20
25 32 40 50
1125 | 1375 | 175 | 2250] 275 3.5 45
Tugadilidondeld | 5.5 7 9 11 14 18 22
28 36 45

1.2.7.2 gauiloana

1 o o 1 Ay v o o A Y 3 ] A
MIAINAITLHINUNBIAIUY z, I GRGRER Z, AMUIUKHIANNT VBN DY

Y A
AW n, 14 Ao

(1.21)
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) @ a <3| .

dmisuiesaseiianamsnyuazdlu lawngiiorn (Right-hand rule) Hazaz
I A A <3 d? Ty A < a A <3 a A
TR0 9MINeINNTEAUNIZIUOIAUTANNMIUALIRNIHIOMUTNIIAN gaHoina

u q

@ ! @ < o A
aslugld 1.18 Usznoudreiles 5 @1 anusarseuveuilesdan 6 azutldanaums Ao

n=—=2.—-3.-2 n (1.22)
6 2

I <] @
o z, Wudlesazwiu (ilde) z, luaums 2.22 Ndvsdnoon luazraves z, 1¢
o v [ a ' 3 I~ YY) {
dmhin)asufiemaveuiles z, mniu e z, , z, uag z Wwilesdrdu vaziiles 2, , z,

3 A o 2 o q¥ g . Ao A
Uag z, Wuiosdinw Lﬁ?ﬂ\‘lﬂﬂ‘l’i e 10U train value UAIAITUNT AD

A v v 3
e = waﬂmmmmmmw‘ww@ (1.23)

Haf UV INDIA IR IR IR
4 o o ' < @ 9)
weaums 1.23 Mdmsuilesnsa i e sziluvinduilesdrgaieonyuly
a = v o A o < Y A o 9/ 2 v 9
NAMARALINUALIHDIATA Haz e wxifuay aurleadgamenyu LA 1ensanuIIN uaz

ansoeuduaumsluula Ao

n, =en, (1.24)
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n; Lﬂuﬂ’JHJL?’J?’E]’]JGUENLW?JW]’JLLﬁﬂ
iy
.
21‘
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3) fgaaalinansuANeINUgUNYI
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Y )
5) gilnsal lWiiiu o duTvaauuuderiiamie i
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huiladvednaniislumsidenvinavesans lvih I audums 19w dall
anuddaaziludiidesiifians sudonviname luih vz auiums Faululces
b4 )
i linailaman1d wu aelihlguualigaazen vl 14 esninvuavesais T
Aq ¥ ' [ A 9 1 IS A 1 = A
g liawnsosessulnaaniinszuage 18 ihnzilumendelurcsdesnse  aei
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wudngnsal Wil wu vaea 'l | neeiniidou, wnlulasni, vowes 1Wudu &9
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Ineszuy 1 mla vaz 3 wla duiuasinmsmansamanunszuavesae Wi Fsaanse
Y o 1 Ay v o o Y} Y ' o Ay v
mldTasiavea Traandeenislgnavuaunsuiu udrmisareaivodusaau Wi wan'ld
I~ [ ) 1 H I
ponuztumvoanszua i udnhanszualiihnlalddneuduasevueues e

Tasaaie 1315z 20 % nnaums
P
| = E (1.25)

110 I = aweanszua i (A)

Y
= masnulWihvesTnaananua (w)

= psegulihaneldsuTvaa (v)

dd‘ d‘ a o o [} 1 d‘ 9 |c; 1
ATUN 1 LiJf]Wﬂﬂﬂi$Llﬁ"lJ’t]\1ﬁ1Elvl1/\lﬁ1 mmﬂﬁammmmummmulmnﬂm

125 % vedNAanszua Inanangas

I, >1.25x1, (1.26)
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100 % YRINNANTZUT 1HaAINYAT
l. >1 (1.27)

1o l. = nszuavesd ey (Amp)

Y
= nszuaved Inaanivua (Amp)

1.2.8.2 masivhiigadamealume
1 4 I
ioannae liihiianudun aelu dutuwdedenszue Tudud 1) luae
P4
wdeslimsgydoiddliihluaen  adu msdafeuilunlesidud Sezldeenuuilu

Uszansmnvoamsaaimaa lulih

Efficiency = % x100% (1.28)

G

= madlihnTvan

= haelihnmToeduiia

1.2.8.3 awsaaulvlihnnlagulas
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M5199 1.2 uaasvinavedane 11ih PHELPS DODGE 1x (SIZE) SQ.MM. PD-VSF 300V

PVC 70 C TIS 11-2531, TABLE 10 (Phelps dodge International Corp., 2004, page 1-2)

Min Number - Allowable ﬂlmmum__ Cable -

Nominal & Max. Thickness Dverall Ampacities | Insulation =~ Weight | Standard

Sectional Diameter of Insulation | Diameter Free Air Resistance  (approx) = Packing
Aroa - of Wire - @ 40°C @ 70°C -

mim? No. / mm mm mm A MO - km kg / km m

1x0.5 PD-VSF 0.5 281016 08 28 11 0.0160 12 100/C
1 x0.5 PD-VSF 05 16/0.21 0.8 29 1 0.0180 12 100/C
1% 0.75 PD-VSF 075 42/0 16 08 31 14 0.0140 15 100/C
1 x 0.75 PD-VSF 0.75 24/0.21 0.8 31 14 0.0140 15 100/C
Tx1 POD-VSF 1 321021 0.8 33 16 0.0127 18 100/C
1x 1.5 PD-VSF i 2 30/0.26 08 36 21 0.0111 3 100/C
1x2.5 PDVSF 25 50/0.26 0.8 4.0 29 0.0082 33 100/C

C = Packing in coil
R = Packing in reel

1.2.9 NUNIHITSUNTIN
WA | < o LY A
Usziannniisnvesmsesnuuusadudmsvgie
I o A A w Y] Aa I
Taiil a1, 1869 souduusnldandnsiialasansgemsnuiludoonlh (Hotchkiss,
1993)
< ° { s
133 a.a. 1903 savu I Taglduuames 12 v vazlduemes 3/8 usash lu
3 < " Y 9 A 2 9 a 1 A @ 1
aoutiusodu ' lagnldmemdoudien uiims saduamelumsiaunee i luounn
(Kamenetz, 1969)
= I v o 9 o =2 9 1 2 a A
1) A, 1909 soifunuunziiaia lagnienniuTasldne Tanzunududuaun
I { '
Wu'lfnfivuialvg (Kamenetz, 1969)
g’J Y <3 1 o o [ a
g wlanasan 1 soduldihguusn Tagminnlddmsudnms Taeld
{ S 1 ~ < Y] =S
HUANBTLATNDINDS 0E19918NNTANMSITZAVIAYI AB On/Off (Kamenetz, 1969)
A Ao < { I 1 Y
1l a.a. 1937 1dTasvadansiiassaiunwuiluuuy X brace (Madadd X) Tag
a A . Y y 24 o Y v
3AINT 2 AU AD Everest 1Az Jennings I udosnuuuaasavumdnamnsony lavindeuua
9 1 k) £ a9 B ) ] o I [ Yo 9 a dy dy
919819, nunie lUdndunile dumdsmswveziudnsas lvinude anuaaiiugud
o I I 1 o
Fanatlumasglumsadsodunldiioluilegiiu (Hobson, 1990)
A Ao [ < Y]
133 a.a1. 1940 1dTmseenludnsiias lidusamu lWihauusn (Hobson, 1990)
v A Aaw { o < I 2 A
Nl n.7. 1950 Sam Duke lA5udnFiasilszgnannsaduiousodun
o d‘ 9 o w 3 A I ] o w [ d’ ~ [y 9
TumasuaetiaenNuEImzay  (Wunilgialumstumasuimuzaununs 1%

NUTINVIAND Taald ubolts) (Kamenetz, 1969)
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< o a { 0
Tidl a.a. 1970 Tassvessadiuhdrvegiiilonninunm lagniunldluy
H v

<3 iy 9 awva 3 AA o o ' a Y o 9
msamauazidugaisuduvesmsl)iasoduniiminand TaemaTuladi las 1A
< a 3’ Y g
souHAIeFIATIHITNILIYY (Hobson, 1990)

Nl a.a. 1980 s IlihduInalufesnaadinstidnuas vy win Taslianw

[

] A t & o o v 2\ v ' 9 Y
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MANHIN U

MJ11028, MJ11029

FAMOSPEC

COMPLEMENTARY SILICON POWER
DARLINGTON TRANSISTORS

..designed for use as output devices in complementary general

purpase amplifier applications.

FEATURES:

* High Gain Darlington Performance

* High DC Current Gain: hFE = 1000(Min) @ I. = 25 A
hFE = 400(Min) @ I = 50 A
* Monolithic Construction with Built-in Base-Emitter Shunt Resistor

NPN PNP
MJ11028 MJ11029
MJ11030 MJ11031
MJ11032 MJ11033

50 AMPERE
COMPLEMENTARY
SILICON POWER

DARLINGTON TRANSISTOR

MAXIMUM RATINGS 80-120 VOLTS
- B T 300 WATTS
Characteristic Symbol | MJ11028 | MJ11030 | MJ11032 |  Unit —
MJ11029 | MJ11031 | MJ11033
Collector-Emitter Voltage VIR 60 80 120 | v
COllector-Base Voltage Veaa 60 90 120 | V
- v |
Emitter-Base Voltage Veso 5.0 = v
Collector Current-Continuous g 50 A
-Peak i 100 | :
— - B
Base Current la 20 | A — S
— i G g
=T
Total Power Dissipation @T.= 25°C Pa 300 I w Dj_ _ -F
Derate above 25°C 1.71 Wree .
Operating and Storage Junction pr i : r——
Temperature Range - B5 to +200 | J i/; = -N
1 [] -
i \6 &) I E
THERMAL CHARACTERISTICS \ \1._71_‘ |
S ) i
Characteristic Symbol Max Unit A | :
Thermal Resistance Junclion to Case | Réjc 0.584 "W
S — PIN 1. BASE l}
Z.EMMTTER |
COLLECTOR[CASE)
FIGURE -1 POWER DERATING |
%0 — om |_MILLIMETERS | |
\\ MIN MAX, |
£ 250
L ~J A |37 |moe
H N B |1828 |22
ﬁ 200 I " c 7968 9,28
| D |1t18 [1219 | |
150 - E |»s: |267 | |
0 | F 0g2 | 108
& G 138 182 |
g ™ H |20 |24 | |
;50 - I | 1684 |1730 | |
& g J 388 | 438 |
0 25 50 75 100 125 150 175 200 K_|1067 | 118 | |
|

Te , TEMPERATURE{®C)
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MJ11028, MJ11030, MJ11032 NPN/MJ11029, MJ11031, MJ11033 PNP

ELECTRICAL CHARACTERISTICS ( T, = 25°C unless otherwise noted )

Characteristic Symbol Min Max Unit i
OFF CHARAGTERIST_IFQ_‘ _ S
Collector - Emitter Sustaining Voltage (1) Veeoisus) v
(lce=100mA, Ig=0) MJ11028 MJ11028 60
MJ11030,MJ11031 90
MJ11032,MJ11033 120
Collector Cutoff Current lego mA
(Vg =50V,1,=0) i 20
Collectar-Emitter Leakage Current leen I mA
(Vg =680V, Rye=1k ohm ) MJ11028 MJ11029 20
(Vg =90 V,Ry= 1k ohm ) MJ11030,MJ11031 20
(Vg =120V Ry= 1 kochm ) MJ11032 MJ11033 20
{Veg=60V,R,; =1kohm T.=125°C) MJ11028MJI11029 10
{Vee =90 V,Ry. = 1kohm T =125°C) MJ11030,MJ11031 10
{Vee = 120 V,Ry, = 1 kohm, T, = 125°C ) MJ11032 MJ11033 10
Emitter Cutoff Current lego mA
(Ve =5.0V,1=0) _ 5.0
ON CHARACTERISTICS (1)
DC Current Gain : hFE
{(Ig=25A V=50V) 1000 18000
{I.=50A V=50V) 400
Collector-Emitter Saturation Voltage Vegisat v
(=254, 1,=250mA) 25
(I==5GA,I.=500mA} 3.5
Base-Emitter Saturation Voltage Vuﬂuu v
(l,=25A, 1,=200mA) 3.0
{I;=5S0A, I,=300mA) 45
DYNAMIC CHARACTERISTICS
Small-Signal Current Gain | hy g
(lc=10A V=30V, f =1.0MHz) 1' 4.0
(1) Pulse Test: Pulse width =300 us , Duty Cycle = 2.0%
@t= |hy| f
INTERNAL SCHEMATIC DIAGRAM
ilactur Colleciat
NPN - PNP i
MJ11028 ity - MJ11020 il --
MJ11031 i
MJ11033 &= : |

MJ11030 i R
MJ11032  suse 60— i :
|
|
I

pmm——-
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PS2501L-1

CEL PHOTOCOUPLER

PS2501-1,-2,-4, PS2501L-1,-2,-4

HIGH ISOLATION VOLTAGE
SINGLE TRANSISTOR TYPE -NEPQOC Series—
MULTI PHOTOCOUPLER SERIES

DESCRIPTION

The PS2501-1, -2, -4 and PS2501L-1, -2, -4 are optically coupled isolators containing a GaAs light emitting diode
and an NPN silicon phototransistor,

The P82501-1, -2, -4 are in a plastic DIP (Dual In-line Package) and the PS2501L-1, -2, -4 are lead bending type
(Gull-wing) for surface mount.

FEATURES
+ High isolation voltage (B = 5 000 ¥r.m:s.) B E‘:ngt!iEeSTON
= High collector to emitter voltage (Vceo = 80 V) ' o

= High-speed switching {tr=3 s TYP., 4 =5 s TYP.) ‘

= Ordering number of tape product: PS2501L-1-E3, E4, F3. F4, PS2501L-2-E3. E4 |

PS2501-1, P$2501L-1

t. Anocde

+  Safety standards . Cathode
. Emitie

- UL approved: File No. E72422 | . Collector
APPLICATIONS | pszsot2, pszsorL
« Power supply Bodob
+ Telephona/FAX, ‘ T b
« FA/OA equipment % % | 5.7 Emitter

e |—"—| [ G, §. Collecior

+ Programmable logic controller

The information in this documant is subjed 1o change without notice. Be‘ora using this documant, pleasa confirm
that this i the lalest version.

Document No. PN10225E102%008 (2nd edition) The mark * shows major revised points.
Oiate Pubdished Apeil 2005 CP{K)



MC14016B

MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad Analog Switch/Quad
Multiplexer

The MC14016B quad bilateral switch is constructed with MOS P—channel
and N—channel enhancement mode devices in a single monolithic structure
Each MC14016B consists of four independent switches capable of
controlling either digital or analog signals. The quad hilateral switch is used
in signal gating, chopper, modulator, demodulator and CMOS logic
implementation.

Diode Frotection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc

Linearized Transfer Characteristics

Low Noise — 12 nV/Cycle, f = 1.0 kHz typical

Pin—for-Fin Replacemenis for CD4016B, CD40668 (Note improved

transfer characterisfic design causes more parasitic coupling

capacitance than CD4016)

= For Lower Rgp, Use The HC4016 High—Speed CMOS Device or The
MC140668

+ This Device Has Inputs and Cutputs Which Do Mot Have ESD
Protection. Antistatic Precautions Must Be Taken

MAXIMUM RATINGS* (voltages Referenced fo

*® ® ® ¥ @

MC14016B

- L SUFFIX
i CERAMIC
b casE 632

P SUFFIX

?.l PLASTIC
CASE 646

ﬁ D SUFFIX
: SQIC
N CASE 7514

ORDERING INFORMATION

MC 1422 xBCP Plastic
MC 14X X ¥BCL Ceramic
MC 14324BD S0IC

Tg, = —55"to 125°C for all packages.

Symbaol Parameter Value Unit ELOCK DIAGRAM
¥pp__| DC Supply Voltage 054 +130 v 1
= — CONTROL1 o— a
Input or Output Voliage (DC or Transient) |-05tVpo+0.5)] W =
in- Yout q o : D I ouT 1
lin Input Current (O or Transient), +10 mé W1 o
per Contral Fin 5
CONTROL 2
aw Switch Through Current +25 mA, D o 3
e - P l—o OuT2
Fo Power Dizsipation, per Packaget 500 i N -
Tstg Storage Temperaiure — 5510+ 130 RC i
~ e 0 _Car o : - & CONTROL 2 o 9
TL Lead Temperaturs (8-Second Soldering) 260 i . ouT3
*Maximum Ratings are those values beyond which damage to the devics may occur. N3 o
TTemperaturs Derating: o 12
Plastic “P and DVDW" Packages: — 7.0 mW°C From 65°C To 125°C CONTROL 4 o— 0
Ceramic “L” Packages: — 12 mWW/*C From 100°C To 125°C 1" l—o OUT4
Héd o—
This device contains protection circuitry to guard against damage
due to high static voltages or electric fields. However, precautions must Vpp=PIN 1_4
be taken to avoid applications of any voltage higher than maximum rated Wgs =PINT
voltages to this high-impedance circuit. For proper operation, Vi, and
Vout should be constrained to the range Vs = (Vip or Vout) = VDD
Unused inputs must always be tied to an appropriate logic voltage Control Switch
level (e.g., either Vgg or Vpp). Unused outputs must be left open. D-Vsg of
=Vpo on
LOGIC DIAGRAM

(1/4 OF DEVICE SHOWN)

CONTROL

LOGIC DIAGRAM RESTRICTIONS IN
Vs5=¥in=\op
Vss £ Vout £VoD

REV 3

134

1@ Motorola, Inc. 1205

@ MOTOROLA
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ELECTRICAL CHARACTERISTICS (\oltages Referenced to Veg)

VDD —565"C 25°C 125°C
Characteristic Figure | Symbol | Vdc | Min Max Min Typ # Max Min Max Unit
Input ioltage 1 WiL a0 — — — 15 08 — — Ve
Conftrel Input 10 — — — 1.5 0.9 — —
15 — — — 15 09 — —
WIH 5.0 — — 3.0 24 — — — Vde
10 — — 80 6.0 — — —
15 — — 13 1 — — —
Input Current Control — lin 15 — 0.1 — | £0.00001 | £0.1 — +1.0 | pAde
Input Capacitance — Cin pF
Contral — — — — 5.0 — — —
Switch Input — — — — 5.0 — — —
Switch Cutput — — — — 50 — — —
Feed Through — — — — 02 — — —
Quiescent Current 23 DD 50 — 025 — 023 — 75 | wade
{Per Package) 10 — 0.5 — 0.5 — 15
15 — 10 — 0 — 30
ON° Resmmv 4,58 Ran — — Ohms
— B00 — 300 — 840
— 600 — 300 — 840
5.0 — 600 — 280 — 840
— 360 — 240 — 520
— 360 — 240 — 520
7.5 — — 180 — 520
L — 260 — 840
— — 310 — 840
10 — — 310 — 840
— — 260 — 520
— — 260 — 520
15 — — 300 — 520
ASON" Resistance — AR Chms
Between any 2 circuits in a comman
5.0 — — — 5 — — —
7.5 — — — 1] — — —
- ’ 4 wAde
7.5 — | 01 — 00015 | £0.1 — +10
7.5 — +0.1 — +0.0015 | £01 — +10

MNOTE: All unused inputs must be retumed to Vpp or Vg5 as appropriate for the circuit application.
#Data labelled “Typ" is not to be used for Cﬂ3|gn purposes ut is intended as an indication of the 1C's paten tnl performance.
**For voltage drops across the switch (A wm:H" §00 m¥ { = 300 m* st high temperature), excessive Vg curment may be drawn; ie, the
current out of the switch may contain Voo and switch input components. The reliability of the device will be unaffected unless the Maximum
Ratings ars exceeded. {See first page of this data sheel.) Reference Figure 14.

MC14016B MOTOROLA CMOS LOGIC DATA



ELECTRICAL CHARACTERISTICS* (Cy =50pF, Ty =25°C)
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Voo
Characteristic Figure | Symbaol Vde Min Typ # Max Unit
Progagation Delay Time (Vg5 = 0 YVde) 7 tpLH. 20 — 15 45 ns
Win 1o Vaut tpHL 10 — 70 15
(Vo =Vpo, R = 10 kL) 15 — B.0 12
Contrel to Output 8 tpHz, ns
Vip = 10Vde, R = 10 k) tp =, a0 — 34 ap
tPZFH, 10 — 20 45
tpzL 15 — 15 35
Crosstalk, Control to Cutput (Vg = 0 Vdc) 9 —_ 5.0 —_ 30 — mY
(Ve =Voo. Rin = 10kl Ryt = 10 ki, 10 — 50 —
f=1.0 kHz) 15 — 100 —
Crosstalk betwesen any two switches (Vgg = 0 Vdc) — — 5.0 — - 80 — dB
(RL=1.0k2 f= 1.0 MHz
crosstalk = 20lagqg 2]
MNoise Voltage (Vag = 0 Vde) 10,11 — 2.0 — 24 — n'iCycle
(Vg =Vpp. f=100Hz) 10 — 25 —
15 — 30 —
Ve =Vpop, f= 100 kHz 5.0 — 12 —
10 — 12 —
15 — 15 —
Second Harmonic Distortion — — 30 — 0.16 — %
(Vin = 1.77 Wde, RMS ¢
Ry =10k f= 1.0 kHz)
Insertion Los: =VpDo, Vin = 1.77 Vdc 12 — 50 dB
Vgg =-5.0"dc, RMS centered = 0.0 Vidc, = 1.0 MHz)
lloes = 20/ogqg s _ 23 _
(R = 1.0 ki) — 0.2 —
(R =10 k) — 0.1 —
(RL = 100 kL2) — 0.05 —
(R = 1.0 ML)
Bandwidth {— 3.0 dB) 12,13 BW 50 MHz
(Vo =VpD, Vin = 1.77 Vde, Vgg == 5.0 Vde,
RMS centered @ 0.0 Vdc)
(RL=1.0 ki) Ay 54 —
(R =10 kLX) — 40 —
(R = 100 kL2) £ 35 _
(RL = 1.0 M0} — 37 —
OFF Channel Fesdthrough Attenuation — — a0 kH=z
(Vgg=-50Vde)
(Ve =Vas, 20 logqg ~280 = _s00E
58 & n _ 1250 —
(RL = 1.0 k1) _ 140 _
(Rp=10 ksz:_ _ 13 _
(R = 100 k) — "E‘ —
(RL = 1.0 M2) -

#Data labelled “T,

CONTROL 2 []
CONTROL3 []

PIN ASSIGNMENT

W1 1 4 [Tvpp
ouT1 [ 2 13 [] CONTROL 1
out2[ 3 12 [] CONTROL 4
N2 [ 4 11 ] IN4
5 10 [Jour4
B gjours
vsg [ 7 B[1IN3

for design purposes but is intended as an indication of the IC's potential performance.

MOTOROLA CMOS LOGIC DATA

MC14016B
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LMS555/NES55/SA555

Single Timer

Features

» High Cusrent Drive Capability (200mA)
» Adjustable Duty Cycle

* Temperature Stability of 0.005%°C

* Timing From pSec to Hours
v Turn off Time Less Than 2USec

Applications

* Precision Timing
+ Pulse Generation

* Time Delay Generation

* Sequential Tuming

Internal Block Diagram

Description

The LMS3535/NE353/SA535 is a highly stable controller
capable of producing  accurate timing pulses. With a
monostable operation. the fume delav 1s controlled by one
external resistor and one capaciter. With an astable
operation, the frequency and duty cycle are accurately
controlled by two external resistors and one capacitor.
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SN74LS04

SN74LS04

Hex Inverter

V)
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u] [1s] [12] [n] [1o] [o] [s]

ol Lo

ON Semiconductor
Formerly a Drvision of Molorol
http:/fonsemi.com

LOW
POWER
LT T BT T T 6] [ SCHOTTKY
GND
GUARANTEED OPERATING RANGES
Symbol Parameter Min Tyvp Max Unit #
I
Vee Supply Voltage 47: 50 525 v 14 f‘
Ta, Operating Ambient 0 P o L& g
Temperature Range
PLASTIC
loH Quitput Current —High —-n4 mé N SUFFIX
loL Qutput Current — Low 8.0 ma CASE 646

@ Semicontucler Componends Indusiries, LLE, 1393
December, 1999 — Rev. 6

soIC
D SUFFIX
CASE 751A

ORDERING INFORMATION

Device Package Shipping
SMT4LS04N 14 Pin DIP 2000 Units/Box
SNT4LS4D 14 Pin 2500/Tape & Resl
1 Pubfication Crder Number:

SNT4LS04/D
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SN74L504

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Gi teed Input HIGH Voitage fo
ViH Input HIGH Violtage 20 v Lﬁﬁ:ﬁs neu otage for
\LTRY
Vi Input LOW Valtags LR ] Vv GL;T:'?:;?; Input LOW Yoltage for
VIK Input Clamg Diode Voltage -0.85 -15 vV Voo =MIN, Iy ==18 ma
, 27 5 W Voo =MIN, [gy = MAX, Vi =V
VoH Output HIGH Voltage %?VIL oo 'Igr)mh Tabie IN = ¥IH
0.25 0.4 loL=4.0ma Voo =veo MIN,
VoL Crutput LOWY oitage Vi = ViL of ViH
0.35 0.5 oL = 8.0 méa per Truth Table
20 LA Voo = MAK, Vi =2TV
I Input HIGH Current ! = N
0.1 m Voo =MAK, VN =T0V
I Input LOWV Current -04 mA, WViop = MAX, My =04V
los Short Circuit Current (Mote 1) —20 —100 md Voo = MAX
Power Supply Current
lec Total, Cutput HIGH 24 s Wi = MAX
Total, Cutput LOW 6.6
Mote 1: Mot more than one cutput should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS {Tg = 25°C)
Limits
Symibol Parameter Min Typ Max Unit Test Conditions
tpPLH Turn—Off Delay, Input fo Output 990 15 ns Voo =50V
tpHL Turn—COn Delay, Input to Cutput 10 15 ns CL=15pF

http://onsemi.com
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DM74LS08
| August 1256
FAIRCHILD Revised Marzh 2000

SEMICOMNDOIICTTOR ™

DM74LS08
Quad 2-Input AND Gates

General Description
This device contains four independent gates each of which
performis the logic AMD function.

Ordering Code:

Order Mumber |Package Mumber Package Description
DMT4LEDEM M144 14-Lead Small Outline Integrated Circuit (S0IC), JEDEC ME-120, 0.150 Narrow
OMT4LEDES] M40 14-Lead Small Dutline Package (20F), EIAJ TYFE I, 5.3mm Wids
OMT4LEDEN e 14-Lead Flaste Dual-ln-Ling Package (FDIF), JECEC MS-001, 0.300 Wide
Davices alzo avaliabie In Taps and Sesx| IpecHy by appending S suy efer %" 1o the crd=rdng code.
Connection Diagram Function Table
Y =AB
Vi 1 K v 21 az V3
I"‘ N | . . I h |-. \ Inputs Cutput
A B Y
L I L
L H L
H L L
H H H

H = HIGH Logk L=wel
L = LOW Logic Leye

af

& 2000 Fairchild Semiconductor Corporation CE008347 www fairchildsemi.com

&1

sajes) gNY Induj-z penp g0S1¥LING



DM74L.S32
| June 18E6
FAIRCHILD Revised Marzh 2000

SEMICOMNOIICTTOR T

DM74LS32
Quad 2-Input OR Gate

General Description
This device contains four independent gates each of which
performs the logic OR function.

Ordering Code:

Order Mumber |Package Mumber Package Description

DMT4LEZZM M144 14-Lead Small Oufline Integrated Circuit (S0IC), JEDEC ME-120, 0.150 Narrow

OMT4LE225] M40 14-Lead Small Dutline Package (50F), EIAJ TYFE 1, 5.3mm Wids

OMT4LE2IN e 14-Lead Plastz Dual-in-Line Package (FDVP), JEDEC MS-001, 0,300 Wide

Devices also avallabie in Tape and Re=| 3pecHy by appendng T su*lx kefer X" io the ordering code.

Connection Diagram Function Table

Voo B4 A4 ¥4 BI A Y3 > + B
{14 1 iz fu o |o e Inpuis Output
A B Y
L [E L
_CD- L H -

£ L H

f H
;:: H = HIGH Logl: Level

L = LN Logic Level

i 2 3 4 5 s /|7
A1 Bl ¥l Az B2  ¥Z GND

& 2000 Fairchild Semiconductor Corporation CE008361 www farchildsemi.com
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