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ABSTRACT

This thesis presents the theory and design of walk stimulation system for those
with walking disabilities. For rehabilitation or therapy Help to reduce muscle atrophy.
And the properties of the muscles. In order not to paralyze the muscles that cause a
long time. And designed to supply power for the stimulus used to stimulate the foot.
Attached to the side of the knee. For nerve stimulation To lift the toes in walking pace.
Then study the application and usage of microcontroller programming in order to

change the value of the FSR sensor is digital. And control of walk stimulation system.
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2.1 NQufneliunIsiey

nsiiiu e Wuniswedeulmvesen 2 dreaduiu (Alternating  adradudanay
(Rhythmic) LLazﬁﬂmﬂ?{auimmaaﬁﬂﬁaLﬁﬁ]’[ﬁi}ﬂﬂuédaa (Center of Gravity) 189519018
wasuludremt nsiduezdendings (Cycle) wiodanin "Gait Cycle” ?ﬁamamqmws
A9 D

1. Stance Phase /9 '5“vamwuummuwawuwu

2. Swing Phase e ‘szviivndhaiusnasstuainii

A

STANCE PHASE )+l! SWING PHASE—){

0 K 20 X 40 b, 60 0 80 90 0o
PER CENT QF CYCLE

Heel s Toe- Hee l
Contact Oft Contact

g‘dﬁ g1 ‘ﬁ’umaumnﬁuﬂﬂa’uamqwﬁ (Normal Human Locomotion)
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(Stance Phase) daasiadouludraminlaswindoassusaly diedsndouludramin
Fredsaosfiaviunsiuiieny Suthwinghenignanadussudiiliadouiiludrani
whiesfiazasuainiiu Swing Phase) titeaylupesSumingasoly drsnisiiui
namisiinenisAnuandnslednanils Saasdiuinurenesdl Stance Phase uay Swing Phase
auiuly Lﬁ'a‘mmmﬁu Swing Phase vdnemaalliu Stance Phase aauiuluIainlvinisiau
HulumusssuragedidnuliaziBonudvsiiuing g muuwunlmﬂu‘uuwemmu
2.1.1 Stance Phase UiuﬂﬁﬁlﬂﬂQBﬂUWBUQﬂﬁﬂ 5 Junoudai
1. Heel Strike #@ Fupouiiduinssmuiuiunduiorivhausvesiine
_ ndile Quardriceps il mten
_ ndnanite Gluteu Maximus wthimienasinnlidusinaiuiig
~ ndatie Hamstrings vimhiighemBoaasinnite liduwinnauiu
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2. Foot Flat fuszozansmsipuiiiaeiiy Induidemiioutuizos Heel
Strike Viuuatawiegluvitnszanas 15 o
3. Mid-stance 1Juszozvsamsiiuiiinisieasulmassdidasnsuntien
%uﬁwwﬁ’nﬁaamaa’luumﬂuanawma‘umﬁamamwawaaﬂwmamLLax‘uaLmﬂmmuaw
¥austorl fo
_ néanile ltiopsoas ﬁmﬁﬂﬁlﬁ%’aaxiwmaﬁﬂﬂﬁ Hyperextension
- ﬂﬁﬂﬂJLﬁ@ Gluteus Medius, Gluteus Minimus Wag Tensor Fascia %1
wihilvinszgniBansueglusziuliliBedlusuladunile waglilidendnde
~ néaile Quardriceps vmhitlalfdsertuasn
- néwnilanseanwivhuh il
4. Heel off Lﬂuigasﬁﬁmﬁmnqamnﬁu Sshazieuludrentanniuy
nédienvhalussesd ﬁa
- ﬂmmua lliopsoas mwmwﬂaanulﬂmaaiwn Hyperextension
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néaienvavlussesd Ao
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2.1.2 Swing phase Auauszanas 1/3 va92995nsiiu wiadu 3 szovdail
1. Acceleration Ao syaziviosludramindisauianusadesniise
néaiefivhauszeyl Ae
- nénanile lilopsoas Vimihfiisauazsataasinnludramih
- némnila Quardriceps vwihiitlesiunsearnaiuly
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2. Mid  Swing \ussesiiviiafugnisliassanegliaanduienly
wiilpuszey Acceleration
3. Deceleration Ae szozmaAuiinTignvisdluitmianusandiuiod
ndvan gruzaelidiaaiteling Stance Phase Snaafiunsasnisiulmisoly way Double
Support s FraafiviaesunziunanReiy Tnefividrmileglusswing Heeloff
uazToe-off duw1dndheeglusewing Heel Stike way Foot Flat 349gwutaa Double-
support  ilunaiiiu udarlinulunisis sveznanitléluraenisiiusneg iswaziden
fasaluil
3.1 Stance phase T4L7a1 60 % 19923950151 (Gait Cycle)
3.2 Swing phase l3a1 40 % Y839950151AU



3.3 Double support 14181 20 - 25% V992995N15LHU
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Acceleration Midawing Deceleratior
Subdivisions of Swing Phase

JUN 2.2 YumaunIsiiugng Swing Phase

29 ﬂﬁtLLﬁlWWﬂﬁI‘ﬂuﬂﬁﬁnixﬁ:u (Transcutaneous Electrical Nerve

Stimulation)

iowanmmumineueausiasd mnofs nanseiudulszammonssudlniieiiu
Fovida Fanssudliihvassiaildmanioaimiite Wy assuafanin wasiandunes
wiesisui nszuansadndgs oxlauiin mam vemadannsoldnssdudulssamlnotiums
Aomdaliiedu dududrin TEns 1dgnidendudevesnssudliih Failaueniegluts
nszfuliliiu 500 lulasiuit Gealdlunisaneimaiuuin ndeansedu TENS lullaquiuil
vaugUuuUMaIALd Geluagiuuitvdnan uiaduidesiitinuinoensauitons.
Tlugthsusazsns TafowiunsniauazUsziiunnumduaginnenmindateunisud
SULUUYBINFEIA TENS smtionsdulaza i eg fil

2.2.1 ConvenTional/ Tens #3® High Frequency, Short Pulse Mode
Wunseua TENS Adendsulsiidnnssdudsznnn 20 lulesiundt §a 60
lulasiunit Anudiszana 50 Hz &9 100 Hz nsldnszuaguuuuilunmsnszduitheansin
Anuuswaenseualbigalussiuigiaeiane ivinmunsedueristemildidunaiiueg
vizenszuiliunag daay 30 Junii fe 60 Fundi Tuaw 2 ate Tastuegiuonsiulouay
anufAnaunsiunesing
2.2.2 Low Frequency TENS %38 Acupuncture Like Mode
Wunszua TENS Mdenuiulidsnnseduuszana 150 Sunit &1 250 Fuadl
PwAUsznm 1 i 4 Hz vagldmsdanuusannnduuud 1 uadliidanswaues
nduilesiushe  vidielinszduiduloyszamindianuddnduaiediloysyam
guadn ierhunalnannsuaama Descending Pain Suppression Mechanism 821781
lunsnszAuuszunn 30 wvisedu



2.2.3 Brief Intense TENS Mode
nyzuailiroudionse Tnousudaanseduliiniiasesnm 150 Jundt e 250
Fundl ArwAinndn 100 Hz udndnmnuusegeanigiivannsniuld Brief TENS fnasie
nalnanudivesanudviin vildnnudwesmsiduiiaasuly fuavilvinmstinssua
Uszamdas uazanainisuiale
2.2.4 Burst TENS %38 Pulse-train Mode
Wunseua TENS Aifiawiigs 70 Hz fs 100 Hz Agnednesnuniuyauszuin
1 an 84 4 gesedunit nssuatilumswanssving High Frequency TENS uaw
Acupuncture-like  TENS  vilgnesdnienisanuiauuuiinernmsvidugaauisng
AARBNY
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2.3.1 #nwnzAdU (Wave Forms)
nszudlniililurdtninasgnudesdnluiadodutisg Fudaziassiiang
finiuiiadiunil Teezuiadundulveq 16 3 nau Ae
2.3.1.1 nszudlWiuwefioa (Monophasic Current)
wneia naznalwihiidimeodluudagiaanaanasiu (Pulse) v1ands
o19ifiFun “Pulsating DC” nszualwihildnazsumatoviinsminaionssduaialmig
#e 19U 1ATBINTEAU High Voltage sinagldngiaviamaiion WaNINTUS UL NNIZEN
Usgmsvoanssualwiaiissinasiimaiontuuinvdeauluiimmmilainiu Ui 2.3 n
2.3.1.2 nszualwiuwan (Biphasic Current)
wnoianszualiihiifiasanalundasiasnianssdu (Pulse) duinay
sulufanszudlwaduiadiugy sine Wave sy nssualwiladioraduuvsiinanng
(Symmetrical Biphasic) @sUsznousnelnaaaavinawiiy wiiifienanssiudiumiesns
Wuuuuwiaguiinliaunns (Asymetrical Biphasic) Saweaisaasiizusianazuualiiviniy
fiilunszuamaguin Typical Symmetrical dnwaizadusinandugudindouvdowuy Sine
Wave usinidunszuaiaguiin Typical Asyrmetrical Biphasic Pulse dinaziduluianis
fin 3Uit 2.1(0) luadnlwmageiilsiaunnns (Wihwihsdn) Duiitenldnssdunduiouas
Wudsgay  ualutegiulisulgliwaguilnauunsimsizazlissmaifosdoioniavaein
NINTEAU
2.3.1.3 nszualWivanews (Polyphasic)
mnefa nszualiihiifivenemalunsdazdianisnsedu Usenoudie 3
i Wounnitueiosnssudnlugliannsoadanauliihuiedld ondu niesnseiu
lvinssualihd g 19y 1ndesnszdu Interferential Current nsvudluvanewiasinidu
nszualw faguit 2.3
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sUT 2.3 uansdnunizoanszudliviiilinsydunangidn
(n) nszualvvuwafen (Monophasic)
(1) nseualnianana (Biophasic)
(n) nszualnimanema (Polyphasic)

23.2 ’Li’JﬁSWﬁNﬂ’lﬁn‘isﬁ:u (Interpulse Interval)
witasnsedunduntesuliig dnazeennuuliadrenssuaiiivanisnseduiidu
1NY  wRariidianuEegaesEnianianssay (nterpulse  Interval) 8n3uuUARTNLil
AUsznes 10 fadtudl B9 900 adiund Tusgiuanusnveaanszdu uaziuIutas

nsnsgAuReIui (AMubveanisnIzau) wu deiesnsesutuaieaaulnihuinvaiowma

fAaglifldnafinszninamsnszau  vsemiindu  wasdnezdndugaeg rsasdszunn 10

fladdunit fa 25 FadTunil dreveamsnaziuivdg udadain 1 99 Gapaulwidnuoeil
UNATIEENT “Burst of Pulse” afiAatiinisnssauvenszualivataia fsgui 2.4
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2.4 wﬁwﬁuﬁﬂwmmsnisﬁu (Basic Unit of Pulse Description)
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2.4.1 anuduRusvaanalazta11IaIn1snIzAU (Phase/Pulse Duration)
Franatveusasivla wnefe sTeEaIINMIEITe AT TR ARt
wseanseduliinfulyg Hanavesaszduinmihedululasiuil nszudliininma
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2.4.2 ANMUAUNUSVRNWELAZADNULTIUDINITNTZAL (Phase/Intensity)

INGIAATIINNINTEAY (Peak Pulse) vizomuusavaanansesumelviings
Tatuniefiaduend  lunssudlivadeadnaz Taniduszunulihludgageanves
dymnadinseiu nstivesliinaguinauumsuazlivaiowa dyaraldihinasiingaan
anaiifm1e msindloniauuy Peak to Peak wndeanszulnihiifnisazamnsouiuaiti
nseAu (Phase/Pulse Duration) AMULSIT8INI9N5EAY (Pulse Intensity) WagdnsIng
ns¥du (Rate) Iilasusazalidudoiu tisliiadosannsnuiunssuatinseiulfmnya
ﬁ'upliﬂ’mmwmmmamé’lunﬁsﬁuﬁé"ﬂwmzﬁaaS] Wintuiazifos uavAen anasiazouogng
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nsvualiihiilsidasnisnssduiunaeg veillugaq Sondn “Burst of Pulse”
finagmnefensuaiignUaesiiiuing 1-10 H883i uazin 10-500 Faduil S1uruves
Burst 91aiiAdaud 1-50 AsaAuit nszudlvivag Aannsausulinduly Burst IHiguiy
nszua Interferential Aifio3nduly Burst vliandauansfaguil 2.7
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JUN 2.7 uananszudliiideseaniutieg ila Burst

LS ERN IS

25 ANUFUNUSVDIAILUTAING  UBIAINTLAU  (Interaction of Pulse

Variable)

Wakaza9n1InNTY muwlﬂﬂanmum umunswmuhﬂmamamsinmmasumvm 61U
gl mumimauuuﬂmmamLLmemmucﬂu L m'}mm‘uaamim“mummn uay
man'ﬁﬂsw;um::aamalw,ﬂmmsuJasJuLnJmmamauauaqmaasswm‘lugﬂw V19ATINa
yasmsanundasiiinuslow uiurerdaiielngle

2.5.1 fRUABATINAZTINTNTERUALT

Sumsmsuaztansnsyuaai Wiinmswasuwladéansanuuseeadag
NINTZAU ijaﬁﬂmﬁumfmmwaaﬂ'ﬁvLLaQVLﬂumsLﬁuﬂivu,amam (Peak Current) luunag
e wazdumsiinuiinaunssuaaie (Average Current) ‘wﬂmﬂﬂmsquﬂimmﬂiuﬂmm
ay LWamawﬂmivLLa“LwﬁfLwnsvmu awmsmnsvmmaumvmma nammamaaaﬂmmu el
nadeiiiaduniae Qgﬂnsx@ua:ummganmemmwu

2.5.2 AMAUAAINITS LLasﬂﬁqamsnﬁzé’jumﬁ

{ﬁﬁmsLﬁuﬁmiww%aﬂuwuﬁmaqm‘smxﬁu‘lmaﬂ%’uﬁﬂmmma wagyan1Inszaul
aafinenlafnile FefindrofunsiudSuiunsruaniediouiu iesensuaugianis
N5y "mwummu’[unmL,mnumalwmwrmaaaq Wilsinduiloinnmsuafituauiinnis
wmﬁumum%aﬁw

2.5.3 MuuARNLTILAZEATINNINSERuliRd

fusuAmuLss  wardmsinisnseduliineiilaeiingianianasiu  axdanali
Usinndluusasila  warUSunmnssuaeasiiviuinlinisnovauesvendulsam  uaz
néuieLinty
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2.6 AMFN9UVBINITITRzAMDatanlusneIlnaly IC NE5SSS .

ovhmsseasiwiiaugui 2.9 Fasniiessinminureaes Inefasa
30Ul Vimceer = VrrkessioLo LLazgﬂﬁ 2.8 mugjﬁulﬁﬁaﬁ .

1. Lﬁaml,mﬁuﬁmnﬁmﬁuﬂﬁzq C, N1 (1/3) Ve 30 Vrneeen < (1/3We0) 9evinlet
Tuanameenvesaslioudisudd 2 (CoMp 2) Wuladn “1” dAudyInTIanves
2935UFBULTIBURIT 1 (COMP 1) 8uladn “0” (Vimesnow < (2/3Ve0) Yilidaanauesn
vpvsansieandurasy Q Wuladn “0” ﬁﬁlﬁmm%aw]a%ﬁﬁwﬁ"mﬁaua%ﬁwQﬂv'i“mu
AanuUsEy C; Jagnunsaiiu R, waz R, vitliissdunnasensnfiulsey ¢ gja%u

7 Lﬁaﬁi’nmﬁuﬁmnﬁuﬁuﬂszq C, WAU (1/3Wee W30 (Vrpgeer = (1/3Weo) agvinla
é““mwm‘umaﬂﬁum?aﬁmﬂ%wLﬁauéhﬁ 2 (COMP 2) 1uladn “0” (Vrumesrown < (2/3Wee)
dudyanuvieanveneasiisuiiioudad 1 (COMP 1) 18uladn “0” lwdyyaviesn
vonnsoiieanduasy Q lilianswdsulasihlianugninihaunnedadinafu

3. Lﬁaﬁmsaﬁuﬁmﬁatﬁuﬂizq Cy WA (2/3WVee K38 (Vimcarr > (1/3WVcc) agvinli
”ﬁgmwmmﬂaanmaaaqaiLﬂ%fEmLﬁﬂuﬁﬁ 2 (COMP 2) \Uuladn “0” (Vrumesnowo =(2/3Wcc)
dudaumeenveanasioudousini 1 (Comp 1) Wuladn “0” ilwdyamwieen
raa99seseandurasy Q liinnsiudouudas

4_'Lﬁaﬁi’]LL‘Nﬁuﬁﬁﬂﬁ’JLﬁUU‘wﬁ C, 4NN (23 Y98 Vireeer > (2/3Vec) a8vinli
fuuueenvennslisuiiisudi 2 (CoMp 2) Juladn 07 dudymimuieenves
anisuiieusi 1 (CoMP 1) Wuladin “17 Vimesion > (2/3Ved) Wlidyaunesn
gaasorsteandurasy 0 Wuladn 17 vhlinsudanesivindaiiouaindisuviiau &
\fiuuseq C, fignundaivdszqunienoysegesn

THRESHOLD jmm DISCHARGE
CONTROL VOLTAGE
(2:3Vec

1S
. L FLIP-FLOH
f

i 5kQ Q

TRIGGER ———3
{(L3)WVee L INHIBI

I
!
|
|

i

5Ul 2.8 uans Block Diagram w84 IC 555
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V¢
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lc 555
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tLloc I
4 o]

fg‘dﬁ 2.9 LanINas Astable Multivibator

2.7 gUnsaidianmseiing Bipolar Junction Transistor (BJT Transistor)

lulwandatunswdames (BIT Transistor) Agunsaididnnseiindivivainaisfisia
2 ¥tnfA P-Type waz N-Type lmaiiniltaudiuiu 3 97ke 27 E, 91 B waza C lassadna
294 Bipolar Junction Iransistor i 2 lAssas19Ae BJI [ransistor 2iila PNP ﬁ’dgﬂ‘ﬁ 2.10 (n)
way (v) mudriu drudnlaseadiefe BIT Transistor wiie NPN faguil 2.11 (n) uaz (v)
pwddu  aunsniBidnnseindviaimniinssuaifsndndasivnua sxilinszualuan
aalaAneslvaringuddinmes tumnernuitlulwadadunsudamesifiusiveodyno
uazaIngnsuTane

Collector (C)

O
o— o Ll _ o——l
Emiteer (E) l ! Collecter (C) Base (B)
o
Base (B) Eminer ()

(n) (v)
U 2.10 wanslasaa3raves BIT Transistor wiin PNP
(n) wanalAT9a319909 BJT Transistor 4iin PNP
(v) wandydnualuad BJT Transistor 4iin PNP
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Collector {C)

Base (B)

Emitter (£) § Collecter (O}

Eapitter (12}

Base (B)
n ()
5U# 2.11 uamagunsal BIT Transistor wfin NPN
(n) ueanalAs9a319u83 BJT Transistor vila NPN
(v) uansdrydnwaluny BJT Transistor ¥ila NPN

2.8 Arduino UNO SMD

gﬂ“?i 2.12 wamsguUnsal Arduino UNO SMD

Arduino Uno 1luuesalulasaeulnsaaes il 14 :adnoaidn / disen (1 6 anunsn
T una PWM), 6 Uadsnsuanounaenasana 16 MHz, nsiieusa USB, wialws ICSP
wartifidniipnogeidniulunsaduayulilasnoulnsamedifsuadonroiunouiinmes
shumeiala MioivssuaUmasvdauunaed ACDC  Nefiegisuduldauyszainanalu
Funoussly fuiugunsaifiioadestieg Ssannsausnsenausuaeu msvenld 4 dau
Gk

1. gunsaitloudygyrauuidn (Input Device)

2. gunsalusvananadyayias (Signal Processing Device)

3. gunsaldmiudmnudeya (Data Storage Device)

4. gunsaldsdnyyrouuteen (Output Device)

Tuthgtu gunsaiiililumsussmanavdsnniuamangunsaitleudyyimvndn uay
vhuldlusudeufduiusiuogiunswans Ae vasnorinelu (Arduino Controller) #sih
grianastusniuasdesienlasmsteuldnanyaiannlusunsuetinelu  (ntegrated
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Development Environment %38 IDE) Tagldnmwnlusunsueninelu Snvisdsanunsaidoude
LLazﬁaaW'aﬁwdawﬁm%shm oty uaw (Flash), Wsiwada (Processing), uiindg Bunoad
(Max/MsP) sty el donduafausndldonsniuasdesiigunnifueoluil

1. o USB dwmsuiieusevainoninelufunoniiines

2. gaimunlusunsuendnelu Fegldamnsanmniinanlsi
http://arduino.cc/en/Main/Software \ilenilnanuasfnsslusunsuBouiooudn el
Jeasiduuany USB wrnuueiaoninelula

3. Waldsunsuendnel udwhnisidenguuesuadadildainimy Tools -> Board

4. Gonmesnildlunsideusoainuy Tools -> Serial Port -> /dev/tty.usbmodern
visownniduueiaiuiin a1ty sugeiianlurionesmidleusoasiiiu /dev/tty.usbserial

5. vinnsonlnanldnlufavasaendaelu - Iddunnandyninvasnl  LED i
Yoadtynyinneantesil 13 wiefiunineiar 13 axnszvduillosnlnanldmaiaudn

2.8.1 AnwuznenenwYeivasaasnal

upinasinelulaouinsgiuazivesdyuinaineauaztosdyyinundinuy

aunfionvasananu Yosdmsudynaln 9 hav uaz 5 Tavi Junaiidnnisyinuresuein
ﬁ'@ﬁmmmmﬁha'lufﬂ1nié'mﬁ'aLﬁaﬂiwmmw‘f’muﬁuammﬁmmwmﬁ%maatﬁaﬁaﬂhﬂmm
Wmseueanle

2.8.2 anwglanIziaznanmMsineuvadldnnwaisauli

anuvagvasmwiainolutulaiiadieadiuniwlunszngs - OOP  (Object-

Oriented Programming) mmwidwé’nwmxﬁugmmaﬂﬁmfu%ﬂ33naulﬂé’wﬂaﬁ%’wé’ﬂasj 2
suuuy Foflaridu Setup () uawilaidu Loop () Midurisassguuuuilasirnumugi
Humousn Setup () dewiduenimindnvosilaidu Setup () @8 NMIANUAAIRILUS
Inavuea (Global Variable), mMsmmualuunnisviusasiusieg wasnissenldlaussidu
#u duilnidu Loop () asvihmthiSenltdeulansvhomeddnludess
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2.9 1 WU IIULTE FSR (Force Sensing Resistor) |
FSR A dumuiemudumuvesivaziuasunlasiuaunsainseyindaanndu

o et

WU Falaeialundrauaiuniuyas FSR azanailo Load (Force) 1nniu

Farce Sensing Resistor (FSR)

&
i
8 ! S EH O VOUT
E inkh, Z ; "
T S . R
Q 1 41 2
i
4 i *‘;‘{313 L
01 ‘ “ i
10 100 1000 10000
FORCE {g)

5Uil 2.14 n Wl Force Curve
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2.10 5188 (Relay)

3106 (Relay) dadugunsnididnvsedindiivhminiisa-sesesiuihadne fuaindiialy
Tnensdsanilifiagiaudusoseliussiulimnzaumumnaiignimualiuugunsal
Tnssadrwesmeluressiadozusznaulushounatn 1 ga uaswihduia dlunthduia 1 4n
Faagusenaulufmenthdudauuuun@dn (Normally Close wia NC) @sluanmzunivnies
seadiuvsi (O waznihdudauuudnide (Normally Open u3e NO) iazsod iU
$3 (Q) ilevaanaiuseiunnasey wienszudlvariu (QuuSinaiitewme) Wuiad 1 @
prafwiduiannndt 1 e Gatuoejiuguan

v
L4

2.10.1 ¥aNN1SNN9IUVDIILAY
Stadavyihnusmumdnmsudwanini Eethioweasiuseunnumanany

souudteunszualwitidlusnaetuunumanaznaneiduwsingn (Tunimdnuuuiaasn
wihthy) uaziilelsnilwihesnunumanznasliuunumsnsssum Lﬁa‘%’Laéﬂ;ﬂuamaxﬂn&
gelifinstnonszudliSiaduiiduda NC AU C szdofiaiunanafaguil 2.15 wagguit 2.16
audity vlinseudliinlvan NC sluds C 16 wasidodionszualiihlifiad vinliiya
gaadaiaduniwudn  sunsudwmanagiainduda ¢ wwedunihduda NO vl
nszudlnihlvannn NO WUd C Tfuanasaguil 217 (1) uae (1) muddu uasdlewsien
nszualiheenanTadwiduia C axgnauIefsluTifaduminduda NC Auf

I

w—<oNO
"46
NC

sUN 2.16 wansdydnuaivnendudanu NC

e i ——
g ey e
-
£ s P s,
SR — e~ dend NO
— =
LTS T [ S
[ e e— — C
e | Wi
b — ] 4 R
[ 2 '
-
U1l [ Se—_.
R o — LSRN M R

(n) (V)
JUN 2.17 wansSiaganuswinduda NO A C
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3.1 NTATUIUTINIAIVBINN

UNN 3

SN5ZAUAY IC NES55

| 180K

‘RV1

[ 1000F

5UN 3.1 299583 9dyeund Pulse Aanuden

1M9ATFUN 3.1 annsnesnuuutiaanvasnisnseauliihlaonisrnnudyyin

famolull

1. ranatumsuaninaiduladn “1” Ao

ton = 0.693(Ry + Ry)C,

2. ganalunsuanina

tor; = 0.693(R,)C,

3. YHANUIVDIA YN

T =

4. AMUDUYOIAYIU D

f_

Q1R H2RE IS

Wuladn “0” A

=

W A

. Lorr

1.44

{3.1)

(3.2)

(3.3)

(3.4)
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oadenld C; = 100nF uaz 1 = 16.5 mA (Judsuunszualwvhindudausin
ngnnszualnihgnazifinnsueii) wasmn Ry was R,
e
Vee
Ry + R, = —<<
1 2 2F
9

= 3(165)
= 181.8 k0

uazldonu1An R dossiisiueniy udale 181.8 kQ
fau 9218 Ry = 180 kQ uay R, = 1.8k

NAUNTT (3.1) = 0.693CR 3 BNG
= 0.693(180k + 1.8k)100n

= 12.6 msec

PNAUNITN (3.2) tors = 0.693(R;)C,

= 0.693(1.8k)100n

= (0.125 msec

MNAUNSH (3.3) T = tomt 7P

=<¢2 .25 msSeeE

1.44

MNauNsi (3.9) f RETNETRY
: & 2w

B 1.44
~ (180k + 3.6k)100n

= 78.43 H,
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3.2 N1511197UY9TEE Yy Pulse

r—-‘ = ] P L3 ~ 1 1
1N5UN 3.1 %umimmulmm‘mmn"LuTmmauTmmaa'ﬁ (Microcontroller) @391

U

UAIRea 5V 1WmMsiTawmes (Transistor Qs) Tistad (Relay) vieu Fs3iad (Relay) A

4 A U e‘!’ ¥ as 1 @t L3
ivthsildedliiuiees IC 555 Taeeas IC 555 sxdnedgarmaumsion (Squar Wave)
o

2

b

b

]

Awdueulditunsiwdames Q, Seilwiwvenedygyinfieanain IC 555 Fuiheuadluge
duf1 (Saturation) uwaryAfRAnszua (Cut-off) Felldanwuziluwmiloudvaindlaia uaz
a & : & o o = o 2 v = v .
B3 (Transistor Q,) \udfwvuauSinanszuanivainioudas Fenrvauiibnig

Usuonsdiuans RV,
3.3 N1seankuu9asiulasaaulnsatans

washilasasulnsaiaed Wuasasiieanuuuuiialiiudayasnn FSR (Force Sensing
Resistor)  waztludrdinsivdnsasadedunia Puse  anudan  Tulasssnuily

lulasmaulnsatansaas Arduino UNO
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4.1 wan1seasslouunasine lasldunasdneainieg wazia Input, Output

A 1 U v U U l L] L2
A15197 4.1 wanisneassdeunnasing laslduvasineanieg uazidn Input, Output

wsedudumn | ussiuendanadeuwiumdie | audl | useduendwandsinunde
(han) wdas (1aav) (Hz) udae (aan)
5 & 62 46
6 6 76 50
7 7 83 62
8 8 90 70
9 2 100 78

4.1.1 nsmnanealadalaainnisnaass

I s T A g

umilauluad = 6V LSIRUMAEUMIDLUAY

L = S

LSIAUNDULN



WSIRUNaUNIUIBLUAY = 7 V

wSIRuUnauEUMIaLUad

1l

9V

LSIAUNRINI UL aRUAY

LSIRUMaE I unaLUas

LSIAURAIEI LN
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4.2 Han15NNaa9lneUusuAINIATUNIURAAZAT TaatauLsIAuUA 9 V
A15197 4.2 nansvaaedlasuiuadiiumunsaze Tnetlouusaiundi o v

21

AU (kQ) | usesiuweAnanewiy | usswerdwands | Adwd (Hz)
wiaudas (V.) Humdoutas (V.)
1 2.2 20 56
2 4 30 68
3 5 48 I
a 7 61 87
a.7 2 78 100

4.3 ansINNTVBHIMNTR LAY

sUN 4.1 dnsinsvenedygiuvemiioulag

Input AlA 30 V. Peak to Peak
Output I0la 4 V. Peak to Peak

ANIIN1SVLNY 35/4 = 9
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5.1 d@sunan1imnagy

as

A Vet 124 lﬂl :’: 3 1 s o
PMNMSNLRANYII995AS 198 e eU Pulse A11u0@1 waruassnszualirluiudwiy

v

a ade o v & 4 ) ] @ ' ) s
o Pulse ANUAANTIES1AUNANSIAU OV Udesnszualudaunu Electrode 19 2 Wiy

wdnhludatusienieisy vsualairtedmds wasusnadumiuddndnszanmiiuga
nuinaieanseiunnAul biawsonszduldade lnafianvniedonsedunisiiuly
ansanszduldaiuinnd mszdauiumuaniunisugedsiues iesind,
AwdunuanseneuyedTinAuly Tagasiiaszann 10,000 F1 50,000 Teviu Bnvs

uyudiiaanuiumuluwdarauwananiuesnludnieg

5.2 Ugywinu
1. wsas 9V LiitieawesenisnserunsiY

2. 1M TNAB4939 TlaunTansEAuuTIAILAIE INT18319n10uYBdilA1A1Y

ANUNIULIN

5.3 YlAUBLUZLAZLUININUNITALATIN AL

1. sruwadnain 9V Lianansansyaule amswasunldundandsnuniinninl Tag

laitAu 15V

2. msiimafRLazfeyensruuAIBINsERUNIALIED Wusaly
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HANUIN

12 %)

aUunsaiNAEIUBsiuN199aALUY

AilaN3l99U Force Sensing Resistor (FSR)

Force Sensing Resistor (FSR) fa fsnuvufienaudumusessiuaziudouwlas
TUmuuseiinssvirdeanniuiiuin aslmeialuudnusuniures FSR avanaile
load(Force) snniu Tnefisngazidonnmsldo fat

Force Sensing Resistors
An Overview of the Technology

Force Sensing Resistors (FSR) are a
polymer thick film (PTF) device which
exhibits a decrease n resistance with an
increase m the force applied to the FLEXISLE SUSSTRATE WITH
active surface. Its force sensitivity is iy v P
optimized for use n human touch &
control of electrome devices. FSRs are N et
not a load cell or stram gauge, though =
they have sumilar properties. FSRs are

1 T SPACER ADHESIVE P
not suitable for precision measurements.

Force vs. Resistance

FLEXIBLE SUBSTRATE WITH PRINTED
The force vs. resistance characteristic BUEROERMSSSLECTREON
shown m Figure 2 provides an overview
of FSR typical response behavior. For
nterpretational convenience, the force
vs. resistance data 1s plotted on a log/log Figure 1: FSR Construction
format. These data are representative of
our typical devices, with this particular
force-resistance characteristic being the response of evaluation part # 402 (0.5 [12.7 mm)] diameter circular
active area). A stainless steel actuator with a 0.4” [10.0 mm] diameter henuspherical tip of 60 durometer
polyurethane rubber was used to actuate the FSR device. In general, FSR response approximately follows an
wmverse power-law characteristic (roughly 1/R).




100 % = et
[,
g " Y
W
2
< I
o =
D
uj il
& NS
0.1
10 100 1000 10000
FORCE (g)

Figure 2: Resistance vs. Force

At the lugh force end of the dynanue
range, the response deviates from the
power-law behavior, and eventually
saturates to a point where increases in
force yield little or no decrease in
resist-ance. Under these conditions of
Figure 2, this saturation force is
beyond 10 kg. The saturation point is
more a function of pressure than force.
The saturation pressure of a typical
FSR 15 on the order of 100 to 200 psi.
For the data shown in Figures 2, 3 and
4, the actual measuréd pressure range
15 0 to 175 ps1 (0 to 22 1bs applied
over 0.125 n*). Forces higher than
the saturation force can be measured
by spreading the force over a greater
area; the overall pressure 1s then kept
below the saturation point, and

0,05

CONDUCTANCE (1/kQ)
bt b e e
o o o o
e N (8] F

=
o
<
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Referning to Figure 2, at the low force end of
the force-resistancé characteristic, a switch-
like response 15 evident. This turn-on
threshold, or ‘break force”, that swings the
resistance from greater than 100 k€2 to about
10 k€2 (the beginmng of the dynamic range
that follows a power-law) is deternuned by
the substrate and overlay thickness and
flexibality, size and shape of the actuator, and
spacer-adhesive thickness (the gap between
the facing conductive elements). Break force
mncreases with mncreasing substrate and
overlay ngidity, actuator size, and spacer-
adhesive thickness. Eliminating the adhesive,
or keeping it well away from the area where
the force 1s being applied, such as the center
of a large FSR device, will give it a lower rest
resistance (e.g. stand-off resistance).

"’, 0,20
-""
"‘r il 0.25 _
",' » f "’,.— g
s Cr s 0.33
¥ o ""‘ O
P i s =" 3
». -l 0.50 =
’ - 2]
L‘P - 7]
¥ g w
o 1.00 &
i
0 2000 4000 6000 8000 10000
FORCE {(g)
Figure 3:

Conductance vs. Force (0-10Kg)

dynamuc response 1s maintained. However, the converse of thus effect is also true, smaller actuators will
saturate FSRs earlier in the dynamuc range, since the saturation point is reached at a lower force.



27

Force vs. Conductance

0.010 —1.00
4 f In Figure 3, the conductance is
g 0.008 T 125 . plotted vs. force (the inverse of
= e oA $  resistance: 1/r). This format allows
w 0.006 7> o 167 interpretation on a linear scale, For
% = :;L 4: ff-' e’ g ref;rgnce, the corresponding
5 0.004 AT 250 resistance values are also included on
2 s @ the right vertical axis. A simple
3 o.002 #1e2” s.00 & circuit called a current-to-voltage
© . ' converter (see page 21) gives a
?é : voltage output directly proportional
0,00 -'ga e A N "y to FSR conductance and can be
1000 useful where response linearity is
FORCE (g) desired. Figure 3 also includes a
typical part-to-part repeatability
Figure 4: ~ envelope. This error band determines
Conductance vs. Force (0-1Kg) Low Force Range the maximum accuracy of any

general force measurement. The

spread or width of the band 15
strongly dependent on the repeatability of any actuating and measuring system, as well as the repeatability
tolerance held by Interlink Electronies during FSR production. Typically, the part-to-part repeatability
tolerance held duning manufactuning ranges from + 15% to & 25% of an established nonunal resistance.

Figure 4 highlights the 0-1 kg (0-2.2 Ibs) range of the conductance-force characteristic. Asin Figure 3, the
* corresponding resistance values are included for reference. This range is common to human interface
apphications. Since the conductance response in this range 1s fairly linear, the force resolution will be
uniform and data interpretation sumplified. The typical part-to-part error band is also shown for this touch
range. In most hwman touch control applications this error 1s insignificant, since human touch is fairly
inaccurate. Human factors studies have shown that i this force range repeatability errors of less than + 50%
are difficult to discern by touch alone.
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Atlan51497u Microcontroller (Arduino UNO SMD)

ARDUINO @a lulasmaulnsaiassagviminnluniséasiuim Suaiainsyuuiana
23 ’ zdl' u'z d' € 2 4‘ c!! as a o
mMyuanidunUszanana liednsneuauateenlungunsaldeonduy dsduesazvhesls

luleunluninnisda

Tneldnitlalu Microcontroller Sesil

int fsrPin = 0; // the FSR and 10K pulldown are connected to a0
int fsrReading; // the analog reading from the FSR resistor divider .
void setup(void) {

/7 We'll send debugging information via the Serial monitor

Serial.begin(9600);

void loop(void) {

fsrReading = analogRead(0);

Serial.print("FSR1 = ");

Serial.print(fsrReading); // the raw analog reading

// We'll have a few threshholds, qualitatively determined
if (fsrReading < 100) {

Serial.println(" - Sensor On");

digitalWrite(12,HIGH);

else {
Serial.printin(" - Sensor Off ");

digitalWrite(12,LOW);
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o}
delay(300);
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Allan131Y¥e1u Integrated Circuits (ICs ) NE555

3

Integrated Circuits ( ICs ) A® 2995520 w39 1995.0AE5 vanets 29asiidenlalen

, NIUFaAes, Aeuny, FRAuUIEy uaroeRUsEneuNRTAIeg 1IUTENBUTILAUUY

Il [ = =l = 7 = = 2 s ra”
WHWIRTIUIALEN URienasen 3U (Chip) laviisiazideanislday sail

= LOW TURN OFF TIME

= MAXIMUM OPERATING FREQUENCY

GREATER THAN 500kHz

TIMING FRCM MICROSECONDS TO HOURS

= OPERATES IN BOTH ASTABLE AND
MONOSTABLE MODES

= HIGH OUTPUT CURRENT CAN SOURCE OR
SINK 200mA

= ADJUSTABLE DUTY CYCLE

= TTL COMPATIBLE

= TEMPERATURE STABILITY OF 0.005%
PER°C

DESCRIPTION

The NE555monolithictiming circuitis a highly stable
controller capable of producing accuratetime delays
or oscillation. In the time delay mode of operation,
the time is precisely controlled by one external re-
sistorand capacitor. Forastableoperation asanos-
cillator, the free running frequency and the duty cy-
cle are both accurately controlled with two external

N
DiP8
(Plastic Package)

D
S08
(Plastic Micropackage)

ORDER CODES

resistors and one capacitor. The circuit may be trig- Part Tem"wmmw  Package
gered and reset on falling waveforms, and the out- Number Range N D
put struqure can source or _smk up to 20€_!mA: The NEGES 0°C. 70°C § 7
NES55 is available in plastic and ceramic minidip EAlEh G e |
packageand in a 8-lead micropackage and in metal o P Ay 3
can package version. 35555 —56°C 126°C | - ol
PIN CONNECTIONS (top view)
HE 8] 1-GND
2 - Tngger
3 - Output
E 2 7 ] 4 - Reset
5 - Control voltage
6 - Threshold
E 3 6 ] 7 - Discharge
8 - Vee
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SCHEMATIC DIAGRAM

THRESHOID
CONPARATOR

Ve 04

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Supply Voltage 18 v
Teper | Operating Free Air Temperature Range for NE5S55 0to70 °C
for SASE5 40 to 105
for SE&55 —5510 125
T; Junction Temperature 150 °%C
Tay | Storage Temperature Range —65to 150 °C
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OPERATING CONDITIONS

Symbol Parameter SE555 NE555 - SA555 Unit
Vee Supply Voltage 45t0 18 4510 18 v
Vin, Vidg, Vo, Vieset | Maximum Input Voltage ) Vee Voo v
ELECTRICAL CHARACTERISTICS
Tamp = +25°C, Vee = +5V to +15V (unless otherwise specified)
SE555 MES555 - SA555
Symbol Parameter e - i Unit
Min_ Typ- Max. Min. Typ. Max.
Iea Supply Cument {R; ==} {- nci= 1) mA
Low State Vg = +5V 3 5 3 8
Voo =+15V 10 12 10 15
High State Voo =5V 2 2
Timing Ermor {monostabiz)
(R - 2k to 100K, C = 0.1pF) :
Initial Accuracy - {note 2) { b5 2 1 3 %
Drift with Temperature | 20 100 50 ppm?°C
Drift with Supply Voltage : 005 | 0.2 - 0.1 | B5 | %WV
Timing Ermor {astable
[Ra, Fs = 1kid to 100K, ©'= 0L1pF,
Vipo = +15V)
Initial Aceuracy - (note 2) 1.5 225 %
Drift with Temperature i o) 150 ppmi”C
Drift with Supply Violtage ; 0.15 0.3 Wy
VoL | Contrel Voltage level i Y
Voo = +15V S K : 10 1c.4 a8 10 1
Vge = +5V | 2.8 333 3.8 28 3.33 4
Vie | Threshold Voltage ! o Y
Voo = +15V [ 10 0.8 2.9 e | 112
. Voo = +5W EART 333 4 24 333 | 42 |
bt Thrashaold Current - (note 3) i 0.3 025 01 | 025 | pA
Vi | Trigger Voltage v
Ve = +15V [ 48 5 52 45 5 56
e BN Yeo Einy AL SR |\ AL LN IR 2R
lenig Trgger Current (Wi = OV} 0.5 0.9 0.5 20 A
Vrezet | Resat Voltage - (nole 4) I 04 07 | 04 0.7 1 W
lracet Resat Current mA
Vieser = +0.4% 0.1 0.4 0.1 0.4
Vrezer = OV 04 1 0.4 sy |
Voo | Low Level Output Voltage : Y
Voo = H15V, lgumg = 10mA | 0.t | 015 | 0. p25
lovmmy = S0mA | (] 0.5 i 04 1 D75
logziny = 100mA i 2 22 & 1) 25
Ioveinyg = 200mA ! 2.5 25
Voo = 48V, lomng = 8mA D.1 0.25 0.3 0.4
lovsiny = SmA ! 0.05 02 0.25 0.35
Ven | High Level Output Violtage | i
l¢zourre) = 100mMA S 133 1275 13.3
Voo = +5V,  losouce) = 100mA i a 3.3 275 a3

Notes © 1. Supgly cument when output is high s typlcally 1ma iess.
2. Tesled 31 Vige = 45V and Ve = +15V,
3. Tnis will 2etermine tha maximum vaue of Ra + Rg Tor +15V aperation e max total Is R = 20M12 and for 5V operation
the max total R = 3.5M0Q.
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter - SEa s n Unit
Min. | Typ. | Max Min. Typ. | Max.
lsisiom | Discharge Pin Leakage Current 20 100 20 100 nA
{output high) (Vgs = 10V)
Visisaty | Discharge pin Saturation Voltage my
{output low) - (note 5
Vee = +18Y, Iy = 15mA 180 480 180 480
Voo = +5V, lgis = 4.5mA 80 200 80 200
i Output Rise Time 100 200 100 300 ns
t Output Fall Time 100 200 100 300
tost Turn off Time - {note 6) {Vreset = Voc) 0.5 05 us

Hotes: 5. No protection against excessive Pin 7 current is necessary, providing the package dissipation rating will notbe excesded.
6. Time mesaured from a positive going input pulse-from 0 to 0.8x Veg into the threshold to the drop from high to low of the
output trigger is tied to treshold.

Figure 1 : Minimum Pulse Width Required for Figure 2: Supply Cument versus Supply Voltage
Tngering
B.navs L=l
W T i &
insl o {
150 13
-
s ~55°C 4
”» R ifa ,__,_31
S Lt T sc
e L1 [—] 2
I e
25 L. 70°c
125°C
b |
Q o a2 2y ¥y iv) 5 W 18 '5”’
Figure 3 : Delay Time versus Temperature Figure 4 : Low Output Voliage versus Qutput
Sink Current
3216 B -t41T
1y 3 T i | [ Yo
H i N Ve 5¥
| S—
| et
100 : ' e [ o] f s
. Fi
1008
S T
. 421 Wi
[P { "“"-l---.....}__ LV ) "4’
0.585) - et )
| i
Q80| ‘ 4
s * S E oo
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Figure 5: Low Output Voltage versus Qutput Figure 6 : Low Output Voltage versus Qutput
Sink Current ' Sink Current
G048 G-5499
,:’, Yg=10¥ I ] ] !::; Vg #15¥
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T e A —
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¥ ]
. e
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1 2 5 0 m Yok (mad 3 2 5 L] 0 Lo ypfmald
Figure 7 : High Output Voltage Drop versus Figure 8 : Delay Time versus Supply Voltage
Qutput
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Figure 9 : Propagation Delay versus Voltage
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APPLICATION INFORMATION
MONOSTABLE OPERATION

In the monostable mode, the timer functions as a
one-shot. Referring to figure 10 the external capaci-
toris initially held discharged by a transistorinside

the timer.

Figure 10

Vo = 510 15V
o

The circuit tnggers on a negative-going input signal
when the level reaches 1/3 Vce. Once tiggered, the
circuit remains in this state until the set time has
elapsed, even if it is triggered again during this in-
terval The duration of the output HIGH stateis given
by t=1.1R4C4 and is easily determined by

figure 12.

Notice that since the charge rate and the threshold
levelofthe comparator are both directly proportional
to supply voltage, the timing intervalis independent
of supply. Applying a negative pulse simultaneously
to the reset terminal (pin 4) and the trigger terminal
(pin 2) during the timing cycle discharges the exter-
nalcapaciorand causes the cycle to start over. The
timing cycle now starts on the positive edge of the
reset pulse. During the time the reset pulse in ap-
plied, the outputis driven to its LOW state.

When a negativetrigger pulseis appliedto pin 2, the
flip-flop is set, releasing the short circuit across the
extemal capacitor and driving the output HIGH. The
voltage across the capacitor increases exponen-
tially with the time constantt = R1C1. When the volt-
age across the capacitor equals 2/3 Ve, the compa-
ratorresets the flip-flop which thendischarge the ca-
pacitor rapidly and drivers the output to its LOW
state.

Figure 11 shows the actual waveforms generatedin
this mode of operation.

When Reset s not used, it should be tied high to
avoid any possibly or false triggerning.
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Figure 11
t=01ms/dv
i I |
INPUT = 2.0v/div

OUTPUT VOLTAGE = 5.0V/div

LA LA L
| | |

CAPACITOR VOLTAGE = 2 OV/div
R1=91kQ, C1 = 0.01uF, R.= 1kQ

Figure 12
C I L v
(wF) 2V
10 i
"} ’ 4 4
Q, H
D .4\4/ //
' L SV e G d
A A4 7 A
0.1 > e 1
: S g
[ >
A5
0.01 ,/,éw/{/:'
0.001 /
10 100 10 10 100 10 {tg)
S 1S ms ms ms S

ASTABLE OPERATION

When the arcuit is connected as shown in figure 13
{pin 2and 6 connected)ittriggersitseif andfree runs
as a multivibrator. The external capacitor charges
through R1 and Rz and discharges through Rz only.
Thus the duty cycle may be precisely set by the ratio
of these two resistors.

In the astable mode of operation, C4 charges and
discharges between 1/3 Vec and 2/3 Vee. Asin the
triggered mode, the charge and discharge times and
therefore frequency are independent of the supply
voltage.



Figure 13

LR TS TS

Figure 14 shows actualwaveforms generated in this
mods of operation.

The charge time {output HIGH} is given by -

1 =0.683 (Ri +R2) Cy

and the discharge time {output LOW) by :

2 =0.693 (R2) Cy

Thus the total period T is given by :

T=11 +t2=0.893{R1 +2R7) Cy

The frequency ofpscilladon is them:

£ X 1.44

T T TRy +2Rg) Ty

and rmay be easily found by figure 15
The duty cycle is given by -

Rz
D=al b
Figure 14
‘i=D5msfdly

\ Fol Sl N

| CUTBUT VOLTAGE - 5 aviaw

|CAPACITOR VOLTAGE - 1.0/t

. .

R1=R2 =48k, C1=D.1aF, R = 1k}
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Figure 15 : Free Running Frequency versus R1,
Rz andC1
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PULSE WIDTH MODULATOR

When the timer is connected in the monostable
mode and triggered with a continuous pulse train,
the output puise width can be modulated by a signal
applied to pin 5. Figure 18 shows the circuit.

Figure 16 : Pulse Widih Modulator,

§

i §
e

Mocistion
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{ZA—— e W—




LINEAR RAMP

When the pullup resistor, Ra, in the monostable cir-
cuitis eplacedlyy a constantcument source, alinear
ramp is generated. Figure 17 shows a circuit con-
figuration that will perform this funclion.

Figure 17.

Figure 18 shows waveforms generatorby the linear
ramp.
Thetime interval is given by :
28VecRe (R Ry C
T== Veg = 06V
Ri Vee — Vee (Ris Ry OF

Figure 18 : Linear Ramp.

"
I
i " N
../ : //

Viee = 5V Top trace : input 3VIDN
Time = 20p=0IV Middle trace : output SWIDIV
R1 = 47k} Bottom trace : output SV/ DIV
R2 = 100k Bottom trace : capacitor voltage
Rg = 2.7ki2 WDV

C = 0.01pF
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50% DUTY CYCLE OSCILLATOR
Fora 50% duty cycle the resistors Ra and Re may
be connectedas in figure 19. Thetime preriod forthe
output high is the same as previous,
th=0893RaC. .
Forthe outputlowitist =

R, . Peil | g~ 2R,y
[{RaRs}(Ra + Ra)] CE.n{ e R

Thus the frequency of oscilation is T =ﬁ
Note that this circuit will not osdillate if Rg is greater

Figure 19 : 50% Duty Cycle Oscillator.

& Mol

R
5¥s0

than 1/2 Ra because the junction of Ra and Rs can-
notbrng pin 2 down o 1/3 Ve andtriggerthe lower
comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to
protect associated circuitry.  Minimum  recom:
mended is 0.1uF in parallel with 1pF electrolytic.
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8 PINS - PLASTIC DIP

o4
\ | .
] [ = | —
L
= o | vl
BB ||
Lb e E
& I
Z
F4
D
| 0 00 I OO O OO
] 5
L
1 4
L sl
; g Millimeters Inches
Dimensions e . >
Min. Typ. |+ Max. Min. Typ. Max.
A G482 0.131
al 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 ) 0.430
B 785 SNl 0.313 0.384
e 2.54 0.100
el 7.62 0.300
ed 7.62 0.300
R 6.6 0260
i 5.08 4 A 0.200
L 3.18 3.81 0.125 0.150
zZ 1.52 0.060

PM-DIPBEPS

OPATHL
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PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SO)

L
e
of <0 3
L
e,
- 5
E
L]

. N Millimeters Inches
Stenslogs g1 Min. Typ. Max_ Min. Typ. Max.
A 1.75 0.080
al ; 0.1 | 0.5 0.004 0.010
a2z 1.85 0.085
) 0.65 0.85 - 0.028 0.033
b 0.35 D48 0.014 D.019
b1 0@ 0.25 0.007 0.010
0 0.25 A 05 0oI0 U 0.020

c1 45° (typ.)
D 48 5.0 0.180 0.197
E 58 8.2 0.228 D.244
e s B2 } - S

23 ' 381 ' 0.150
F a8 40 o150 0157
L 0.4 ‘ 127 0016 0.050
NS rana G HET . » e

NN S Y

Information furnished la bellaved to be accurate and rellable. Howsver, STMIcroslectronics assumea no rezponsibiitty for the
ConseqUENCes of use of such Information ner for any Infringemant of patents or other fgnts of tnird partiss which may result
from Its ues. No licenss is granted by Implication or otharwias under any patent or patent rghts of S5TMicrosiscironica. Spacifi-
catiens manttoned In this publication are subject to changs without notice. This publication supsrsadas and replaces all Infer-
matlon proviously suppiled. STMicroslactronics products are not authorized for uss as crifical componanta In Iife support
devices or aystama without sxpress written approval of STMicroalsctronics.

i The 5T logo 12 3 frademark of STMlcrostectronics

i 1958 STMicroslecironics — Printad In Haly — All Rights Ressryed
STMICroslecironics GROUP OF COMPAMIES
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Alan151deu Transistor BC327

NSIUTALRDT ( Transistor)

a va v o v o a P a ] ) v d
dianaseuls Tivhwming vvedyaralii, Wa/Aadyanalih, amusuuseiulwinliaeg

wsanadeyunlivl (Modulate) Tneiisieazidoanisideu fail

Amplifier Transistors

Jugunsalansfadniiainsanvaunsinaves

PNP Silicon 50327,'16,"25
Bcazs,"’ 1 6!-25
COLEECTOR
1
s 1
BASE
e
3 /4
EMITTER
MAXIMUM RATINGS 1 /
Rating Symbol | BC327 | BC328 Unit
Colector— Emitter Voltags Veeg | 45 | 25 | vee CASE 23-04, STYLE 17
T0-92 {TO-22RAA)

Cobector—Base Voltage Vego | 60 | —30 | WVde

Frritter—Base Veitage VERO 50 Ve

Coliector Curment — Confinuous ic —500 mAdc

Total Devioa Dissipation @ Ty = 25°C Pp 825 mWy
Derate above 26°C 5.0 mWRC

Total Dewice Dissipation @ T =25°C Pp 1.8 Wait
Derate above 25°C 12 mWC

Operating and Sterage Junction Ty Tstg -55 to +150 *C
Temperature Rangs

THERMAL CHARACTERISTICS
Characteristic Symbol . Max Umit
Thermal Resistance, Junction to Ambient R ua 200 =G
Thermal Resistance, Junction to Case Raic B33 oCiY
ELECTRICAL CHARACTERISTICS (T, = 25°C unless oferwise noted)
| Characteristic | Symbol [ Min Typ I Max | Unit I
OFF CHARACTERISTICS

Collector— Emitter Breakdovm Vokags V{BRJCED Vdc

o=-10mA Ig=0) B8C327 —45 =E =
BC3azs =25 —_ —

Coliector— Emitter Breakdown Vbltags ViBR)CES Vdo

{ic==100uA, =0} BC327 ' 50 - —
BC328 -30 — —

Emitter— Base Breakdown Voitags V{BRIEBO -5.0 — - Vde
fp=—10pA 1c=0)

Cobector Cutof Current lcan nAdc
MNca=-30V, Ig=0) BC327 = = -100
{VcB=-20V, I =0} BCI28 - e —100

Cobector Cutoff Curmrent Ices nade
{VCE=—45V, Vpe = 0} BC327 - == —100
{VCE =25V, Vg = 0} BCaz2B — — ~100

Ervitter Cutoff Current Ieso — — —100 nAdc
MEg=—4DV Ic=0)




ELECTRICAL CHARACTERISTICS (TA = 25°C uniless ciherwise noted) {Continuad)
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| Characteristic - | Symbol | Min Typ | Max | Unit
ON CHARACTERISTICS
D€ Current Gain hee —
Alg=-100mA, Vog =-10V) BC2RIT/BC32E 100 — 830
BC227-1R/BC328-15 100 — 250
BC327-25BC328-25 160 — 400
{ic =300 mA, Ve =-1.0V) 40 — —
Base—Emitter On Voltage VBE(Dn) — —_— -12 Vdc
{ic =-300mA, Ve =-1.0V)
Cobector—Emitter Saturation Voltage VCE{sa) — — 0.7 Vdc
{ic =500 mA, Ig=-50 mA)
SMALL-SIGNAL CHARACTERISTICS
Dutput Capaciance Ceb — " — pF
{Veg=-10V, Ig=0,=1.0 MHz)
Current—Gain — Bandwidth Preduct T — 260 — Mz
{ic=-10mA, Vg =-5.0V, f= 100 MHz) .
g = I
A — =
w03 02 —= s e
$5 T e | LEF
= o1 TR HT - —
] g 57 “',,..Aw*“”?'ﬂf RS — aycf=lajg
e O ?II’L = # == P"P”I [ l 8)C = DTN MAX
oF oo ENGLEFULSE o= —— agali=ntagp
B oos - ¥l % }4— 04 = I7F5CIW MAX
o P T 1 - ”
4 oM =TT D CURVES APPLY FOR POWER
3 oo LA SINGLE PULSE 2 PULSE TRAIN SHOWN
B | S DUTY CYCLE D=tstn READ TIME AT 4
¥ A Tiipk)=To = Py euctt)
Gl
0001 0002 0 001 o 005 Kt 42 &5/ 1LGph 0 0 M & 10n
t, TME (SECONDS)
Figure 1. Thermal Response
=100 = e T r 000 - FA—T—
3 = 10 s‘S;:—_\ 10ms X :T]‘izim‘c + Veg =10V
7 ~ . = Ta=26°C
}'f_ W = i \\\ \\ 00 711 2 p
EJ ™~ M Tr=250 N, \ 3 L M
[ -~ it kIR = ~
5 &1 | N £ .
i Ta = 5C R = 100
t) [l . b3/
¢ | T 8
g gl S N il
3 —— = —— CURRENT L3WT P, s ¥
L ———— THERMAL LIMIT ~L
————— SECOND BREAKDOWN LMIT | 1]
1 {APPLIES BELOW RATED Vpgp) ™ "
-10 T -1 T -1 0.1 -0 10 -1 -1000
YgE, COLLECTCR-EMITTER VOLTAGE i, COLLECTOR CURRENT (mA)

Figure 2. Active Region — Safe Operating Area Figure 3. DC Current Gain
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VeE. COLLECTOR-EMITTER VOLTAGE (VOLTS

" Ig=-10mA
0

i ¢ =300 ma

X
N 1c = -100 ma
N, NI

061

=01 -10

-10 -100

g, BASE CURRENT (mA}

Figure 4. Saturation Region

+10F

By for VeE(sat)

g for VBE

6y, TEMPERATURE COEFFICIENTS (mWC)

-10

-100 ~1080

lg, COLLECTOR CURRENT

Figure 6. Temperature

Coefficients

PACKAGE DIMENSIONS

V, VOLTAGE (VOLTS})

C. CAPBCITANCE (pF)
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I
-
(=]

:

L Ta=25°C

3
W |
h Y

&
@

b
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-02

Veg(sah @ I = 1011 1L

111

111

-10 -100
le;, COLLECTCR CURRENT {ma)

Figure 5. “On” Voltages

100

1.0 -10
VR. REVERSE VOLTAGE (VOLTS)

=100

Figure 7. Capacitances
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SECTION X-X

CASE 029-04
(TO-226AA)

ISSUE AD

NOTES:

. DIMENSIONING AND TOLERANCING PER ANSI
Y1450 1952

2, CONTROLLING DIMENSICN ™NCH.

3 CONTOUR OF PACKAGE BEYOND DIMENSICN R
15 UNCONTROLLED,

4. DIMENSION F APPUES BETWEENP AND L
DIMENSION D AND JAPPLY BETWEEN L ANDI K
MINIMUM. LEAD DIMENSION 1S UNCONTRCLLED
IN P AND BEYOND DIMENSION K MINIWLM.
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