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WIRELESS CONTROLLABLE LEVITATING MAGNETIC LAMP
Academic Year 2016

By Advisor
Mr.Jeerapong Taweechanwatchai Assoc. Prof. Vuttipon Tarateeraseth, Ph.D
Abstract

This project studies position control and power transfer of illumination device
by using electromagnetic wave. At the present, wireless energy transfers can decrease
the risk of danger caused by the heat that may melt wire and the animal that can damage
the wire. A former work studies the float of a ping-pong ball under a magnetic field
by using Infrared sensor in detection of the position of the ping-pong ball to control
the magnetic field. The study consists of inductance calculation, floating object weight,
and gate-drive circuit design. The disadvantages of the gate-drive circuit design are that
switching circuit does not have enough speed for controlling the magnetic field that
causes the ping-pong ball falling down and affects the floating time, and also metal-oxide-
semiconductor field-effect transistor (MOSFET) has much heat. This project presents the
float improvement of a heavier object, e.g. light bulb. The gate drive circuit of the
lisht bulb is designed with higher frequency. To protect the MOSFET from too much heat,
we choose the MOSFET that can support higher current. In addition, we include wireless
energy transfer for the light bulb and on-off control from a smartphone into levitating
magnetic lamp. The advantages of this project are the ability to make the light bulb float
with more stability, and the control circuit that is not overheat. In addition, the feature
of the project includes wireless energy transfer that is safe from the animals and

the connection to the smartphone that makes the people convenient for their daily life.

Keywords: Levitation Magnetic Lamp, Wireless Power Transfer, Power Transfer Efficiency,

Resonance Power Converter, Controllable Power Lamp for Smartphone
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e unindnfedyga "anumasn” Audygraifensusuamuniewesiad enmeegau
anhdyaalwihnssuanssdssuiisuiudygrmasasy snagladmanuiad i
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fian: http://introduction-pwm.blogspot.com/2007/09/pwm.html

=

uidasudygradniinssuansadudygrandisuwlamiunagt asvilminninu

nswesiadiuasuwasmuly dagy 2.4

T T T T T T T LN S S S S 2

I~

source signals

~J -
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gﬂﬁ 2.4 dyaaanuwideuiieuiudyaaiuasuniamiung
fiyn: Achieving Stable Magnetic Levitation On The Arduino Platform Michael O. Morken
and Brett R. Haffner Department of Physics, Wheaton College, Wheaton, IL 60187
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flaaunaan (Nikola Tesla) WugynidnvauwiAnnisdmdsnunuulians uwagian
FifumsuunuAaveanilul 1902 sewealuladiteglunaiu fusduingausiuoumn
ogstinineaanifiiendoslunisvesanudaiuarussanaludsuindwiunisddudisln
TuT 2007 7lufi Massachusetts Institute of Technology (MIT) Usgauanudnsalunisanelou
grunauuulsangludisnandlaeldidesavrioulnauslwbnuaasnln 60w Tusses 2 was

2.3.1 mameleunassulninldaedredurnusivan (Inductive Power Tranfer)
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nsanelaundsulninldanemeauiuniindn aunsaldaulasasuwsasuladi
seAumdsssiulniseduas Tasnisaneleundsuliiuwuuiiasldvnainlugunsainings
WAZNIASUVDITEUY BINTITURAIATUIEY IAAANITIMTEIUIVDIAULLLLNEN FatiuRauSen
N3ABYAAIARINATII1 NSLTBURBYEIMLMAN (Magnetic Coupling) n1sanelaundssulai
[ 1 I3 a é’{ ¥ 1 al a a A o a a 4
pruauuian aziindulasg1afiusz@nsSaimiloinaunelanudslanuud (Resonant
Frequency)

L19ADIN1TA18TOUNAIIUINNAAAIUTINIASU TITTLeLWINUADUYIILINTY
anunsalgszuu 2 coils %38 multi-coils uHrginUsEansanlunistauatenadsanuls neg
AN17150UIVARINUNNNANNTENINAIASU WATNIAET FILLSLNVARINRINATIIIN VAAINDIENDA
NAIU

o [ 1 [ o ¥ ] < 5 ayY a A 1

dususzuunisteunendsnininincsauuwiirdniuiden Ao arunsaanelou
wasulnihlugunsalissegresenineosineiiniale wagdguaudldauasus 10 kHz A

10 MHz uanssagy 2.5
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gﬂﬁ 2.5 2asauyavesszuunmsnisloundsnulninlSaeseaunuudvan
fi3n: (Institute of Electrical and Electronic Engineers : IEEE) Mandal, Tanuj Kumar (2006).
Wireless transmission of electricity development and possibility. Proceedings of sixth

international symposium Nikola Tesla. Belgrade, Serbia.
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2.4.1 2993slauUUBUUUBYNTY (Series Resonance)
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295t slasuLduuUaUNTUAIIUN 2.6 Wadsunseualwihlviiussuy wazUSuaiud

Y

a v A

VIUNEIRNY NAulluugAIBURANNTLOALALS ( X, ) 2VNAUAIAIUTTNG Lomwn UG
(X¢) FaraveanstslonuudinliduiiuaudueiasiAtdasiian wasnisiiiesInuduniy

WINUANNN5R5N AN (2.6) wazAudsIswuugazaIunsanilaann (2.7)

Z =R+ j(X,_ - Xc) (2.6)

fo=——— 2.7)
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AT NI woRALAudNAINRTNN IR NDsTELLES wazAyRresduiuaudasduuInuas
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2.4.2 2995:5 i uugnuuauIY (Parallel Resonance)
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Inductive Capacitive
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Y =%:\/Gz + B? (2.8)
1
G== (2.9)
R
1
B =—— 2.10
LoorfL ( )
B. =2z fC (2.11)

D WOVHALAUGVDIINDT

a v A U s

Y

G fio ADUAALALGUDIINAS
B, Ao dudaninduLuaLaud
B

< A9 ANUNTTINGLsaaUE

Wo X, = X, dwaliisasinaeilesa1m U unIuiesALAg g uLfeIiuNas

s ] a ¢ ° Y
LiI"?ILLUU"?ILL‘UUEJR!ﬂi@J LLﬁ%ﬂ']ﬂ']']llﬂLﬂ"?jLLUU%@WNW?O@WU?MWWIW’Nﬂ (2.12)

f=e— (2.12)
27N LC
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+JB; +JB,

Inductive B.=2xfC
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Susceptance /' Total Susceptance
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I
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disdudnadsauiidnunniian Wudsasuneuiuduiioaudivdsunadlufiannuddinis
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naneluuin wazdnlng +90 iflenrwdidnlndaud daufanudgsnitaaiislonuudyuves

s I ¢ a I s o a a = =
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NSRS ULUAINLIININAIUAIAIIUAUN U

3

2.5 99nUsznauvaIAunIn (Q-Factor)
3 < a s & Ao °o o 4 Ao
29AUTENDUYDIAMAMN (Q - Factor) (TumsilwesnilandanudAguinluseidl
AsRgtesiuraaIn (Coil) uaglsasislauuud (Resonance Circuit) lngasAUsznaUAMNN
HazuansuauifivesvnalInnsotsasislanuug 1nzganlinduniuasainlugiennunning
] = i P ¢ f 2 o | i % o ¢
wilavsenanladn ssduszneugunnilidudnsdiuseninandanuiivasanluieasisloiuudg

a0

! Y] = = % A & = Y v
mawawmﬂ‘fﬂﬂiu’awi "Nmaﬂﬂ‘ﬂizﬂaUﬂmmW%uqu‘i LN@’N"\]iUU@Jﬂ’JWQJq@Laﬂwaﬂﬂquuaﬂ

AIANNIS (2.13)

reactive — power
Q - Factor = P (2.13)

real — power

ApskUsENaUAMAIN (Q - Factor) Hduailliimunauismsswesauddld
Tumsslauuudvesunainit aseusgilutisauiuaunienienniiede Fanaiaig
ArmdnauaziiAnasiUsENouAmNIN (Q - Factor) gt Minemuin anaanylntuinunimd e
osdUsEnouAmNIN (Q - Factor) Idurilefmuamiuifissmssasauiildlunisslouund

| a

vesunaInIAsauagulugsAINinaurIanIINiiedle F9unaInNNYIeRUDLAUALEAN

aaAUsENaUAMAIN (Q - Factor) g viHN8ANIN VR IAvlatullnunIWs
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,
==t = 2.14
Q=73 (2.14)
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~ o < 1 I3 Y ) a 1 Y ) =
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2.6.1 AugGL09 (Self-Inductance)
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NFUN 2.14 veaiaiudiuiu N 58U Feuaadadinaniisendt anuwmileidiiiies

wagansamuualildulsadonles (Flux  Linkage) wnalnsralauulsyesnsruaninaniu

LY

UL AIANNTT

A=Ng (2.15)
L:% (2.16)
L-N¢ (2.17)
|
NZ
L=— 2.18
- (2.18)
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2.6.2 Auwig192u (Mutual Inductance)

a 1 [ g = - = a
NNTNATTUINITHULAANUU N TURYULUASUDINTL LA I wlwaluwamﬂguqm
o a a [
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(2.19)
di,
— 2.20
" (2.20)
(2.21)

M, fe anumiyihnuiifinanueainlgugiinssidenfegiimenseua i

wadNuNsEL i, WhluGwaainyfenll vaenunainlgugiiilnems asinaliie

Hunswndn ¢, wazussumieniluvaainnfsgd Inefin1sidenlosdunswimanues

wnaavReniludmaainugugll dwalviliduusaaivin ¢, ainlufwaainivgugll uaz

Nawsaiumieriduluaainugugd

dg,

=Ny

=L,

QLTSI A
dt dt
My, =N, d¢f12

di,

il L, Ao Armnumiethdeslurnainnfeni

di,
dt

di,

(2.22)

(2.23)

dt

(2.24)



18

M, A8 anuwmignhnuiiinanueainyisgisevaainlgugiilaensewd i,

AatiuussiuluraainUgugi Ao

di
k =M, —=2 (2.25)
1 el 12 dt
AR
d d
bos N, a4, (2.26)

M,M,, =N
12Vl 1 di, di,

= ‘:4' < ! a A = £ ! < !
o ¢, =k Taen k 1 Jua1asi 1199100153500 le 90 UL ILILMANTE1INg

v A

ynadnlguniinaznRenll Wuheatu ¢, =k,¢, lneil k, {Wuaiad 1lesainnisiwenleves
Aadl

duusulmanszninuaainiegiuazUgunll wazanunsadeuaunsindle

MM, =kk,LL, (2.27)

dwsuluszuuiBaduduiivuald M, =M, =M lag@l M Asldunssudivan
TduauInRsuaun s len el

Weulgavasunainuguniiuagynfenil Aty

(2.28)

M -k (CE

=Jkk,  fo duuszBvdmafonloswaadunsaudinan
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2.6.3.2 FANTEIUILNUNILEN
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2.7 magnglaundssulnirdrentsmieniusivaniagldnguidgaiu (Coupled

Mode)

Foyayreunnalanliia (Electric Signals) LﬂuLLuaﬁ@ﬁugwumaqaumwmé‘ﬂlw% Faauns
dmdsnunardoyald lusunsldruagldndnnisissanaundnnimeiand Tensldoud
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13lu$ed (Non-Radiative) 1intulndfutatenAfiszozaus v99AINUE1IAAY UaZEIL15E
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F185888ANEITMAAY 2 WiNreIAINeTIAEY Lﬁaﬁﬁlﬁmﬁgﬂml,mﬁmiyﬂmﬁuéfuvLU
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wuul¥any vi3e Witricity (Wireless Electricity)  azuansineainn1sdstoys wuulfanedsly
welladlmia Tuasiivsslenilunsdififosmsndanuiuiiviofeinsld ndnuet e ies
wienefiieusetuliavmnidsssunse Wudu msseleundnuayild dosevauangn
T deudunefazareloundsnuldegiumnzan fsnsaneloy wdsnulwiihdueziinduls
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Witricity 1Jusinguvesaunussezlngd FaruduRusiienfiudu Resonant inductive coupling
drunisifeusiariu Magnetic Resonance #inafis n1sseszuun1sieuvenudislowund
(Resonance Frequency) winnsvesisiondenisagiiouty Toguaniudsundssuagied
Usgdnian awnnldiianisasieuiuingasyinliauisaleudiendsnuladesuin seuu
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2.8 mimﬁmﬁ'\'ﬁamawmam@mU (Mutual Inductance of Coupled Coils)
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'
a
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YOINYUOINITUAY AaanInagy 2.16 lngA1ves M anunsombiannidunssusdivan (Magnetic

Flux) Mgeusiafiudmulgunil wazwudlaensewa (1,)

B
I Sense of Positve —
24

Positive sense for right Sense ofpostie

hand convention i‘ E«dl
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SUN 2.17 N50DNLUUNISHTBURAD P8 IMReI11971 (Mutual Inductance)

v

=1

Nu1: Tassnudanssunmsanegunadanisanglaunadsauluidlsane

a @ w dl a = =
N15791509RTWmANAIY 2.17 esanmsivdgunUasanssiantvaluvnaind
(1,) azvlnAnduusawivan (4) Tuvaziidansasiuvnani 2 Inedulsaimvanainan

szduliAaussiurieitilureaind 1 dmsuidunsauiungn ( ¢, ) JuAaTuaInnITHIu

v
v

nsznaklivan vnlraaussumtorilueeaind 2 daiuazaiunsonansaunislasail

v, =t (2.30)
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a

wssRuRzgnasavuludulgugl

Y

dy I
v, =Wa _ 2 (2.31)
S dt

o Y] S a 1% a N o § Y a Y
LSUULWEJ’JﬂUﬂigLLaWLUaEJ'ULLU@Q@']@JL'Ja'ﬂu']ﬂ'ﬁ]i@’]uugmﬁuf\]gLVUEJ’JTJ’]IVLﬂ@ﬂiSLLaaTN

TENTATPRE Pl RN EH

dy I
V, =2\ L (2.32)
2 dt dt

fAiutetunyauled (Mutual  Inductance)  agsinn15UALULUAILAEEDAARBINU

a 4 ~ o v AV Yo a [l < 1 ~ o 1
AU uugLazvaalnmtelinnelateauluilavinmsiansan egnlsisnuAteuwilentins
( M ) 2lasUna1INNISITMBSNINTVIAGN WU ANULNATANUYDIVAAIAVINIAAS LazNIASU
sUTsaznsirua mingdumilenigeuleiiindutduainiland nuineunind e N5
nsznaAndululasuile wazwdertrlvasransssuduludnisasnile druldunsaiiaman
Wenles (Flux Linkages) 31n#ilananuinalin aunuushudniiuasunlasmunatazdaualiiiin

LSIAUMTEILNTY

12
|2

d' A v 6 1 @ ~
W8 B, fAa Wanguivaniesannnseud |,

{Wen My, = My, Waldngued Biot-Savart 1MA13U1LEUNTOTHUANNITULLAY
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2
B,(0,d) =12 _ (2.34)

3

2(a? +b?)?

ey Magnetic Vector Potential Approach LﬁULLawaLﬂﬁu“anqwaﬂmﬂ (Stoke’s

Theorem) HILaAAIAUNITAIN

" [(vxA)ds,

| (2.35)

2

2.9 Buesines

duesmes Aonsuvasdumdslniinszuansudulninssuaaduldlunisaivau
vaweslninssuaadu vieszuutlostulniivingas FsnsldBunedmesiiiedesnisliaiunse
muauldhasuin uagaiud dedunesinesarunsautanisieueendy 2 Ussian fe
dunesinosviaunasdnaussiu (Voltage Source Inverter: VSI) wazdunasinasyfiainasany
nszld (Current Source Inverter: CSI) Ingdutosinosvlalnasansunssiu Snaginunzaud1nsu

NundeanMsldmaslniigs

2.9.1 WUIRANUFIUVIAINT I UUADBULIDIINDS

nsudastiumdslnirannusesulniinsenansadulninnssiaadu anufiunsasy

(%
[

Aueen uagnszualnidiueeniuiesnssnudgieenlUmislanzaud AatuLTIiY
wagnszualniflaazduguled

2.9.2 dUIDsEMasNELAEA

a [

duneswaswadeianunsawuseenlalluasswiln Ao wuussNusad (Half-Bridge)

1 o v w

wazWauiad (Full-Bridge)  Tuwuueninuiad asiliduivuszassdnediduiuagsening

Y <

wnasTneusesiulniinszuanss wagmndmualiddiivuseaesdadiansiniu agvilv
wsanulniinnasonvesiAulsEauAasAnAU 8939958 U masuuuauIndavian
Maslnihaandnasnuiadaeasin Jamaneiazidenldd mivlnanniainudeinisiasluii

[

39U

e
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a

fouluiiddguesdunesivesimafisiuvuaiiuiaduaziauind Ao maiauves
and wazdaslivinunsandulunndiniad widminiaundeauiuasiinn1san9935ening
taunuazdaavlumgauafinainsaindsasnssdimiu udlunisfiRasdosnisdaanan
faindiagliiinszua Ssag3onin wanlngd (Dead  Time)  Tneidutisainoufiaziudsu

anuznsaing antnseiaduluiinssua

2.10 Eddy Current
Eddy Current Aenszualiiiiindulufidluiinnisidsunlasesmdndudindniy
A ' @ A = PN o Y o 6 1 & a1 X a o o A 1
draunudiininisuasuwlasmugui 2.18 agylindndusininenefiuiavesiaunden
laimsfiinnseualnindanteludir annamdy eddy current Wldusleviidiosninanivue
[ a dy a 1 1 [ o Y a & ,&{ Ay
wianuuaiiell agidsuaauinudimaniilmiinnsyualiinfe eddy current Juiifu
AMYUzERINANUAMUNIUYRINIBUEdA T IwThanlag ez RN seuaroutnaas il

Anmaelnihagyideluluguvesanusewilvinvug Soudu

\'\ N""Primaryfield
Transmittin =4
coil ‘ng + Sekundary
i field
Receiving
coil
Field
distribution
- o X Eddy
| Ferromagnetic material | currents

U7l 2.18 n15iAn Eddy current loss

v

=1

N http://www.mdpi.com/1424-8220/11/3/2525/htm
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2.11 2993m3uANl3anglaeld Application W1 Smartphone
2.11.1 uasa Arduino Uno R3

5
S

]

— | 6&MCU.; Atmega328

L e
- 5 | v | 5.wedn ICSP: Atmegad28
10.MCU : Atmegal6U2 : b NI

f

P 7.wefn /O
8.wa3n Power

Ad{12C) SDA
A5412C) SCL [

sUT 2.19 wesn Arduino Uno R3

v

=

NU1: https://www.ioxhop.com/article/2/arduino

1. USBPort: lddmsusiatu Computer wiosnlnanluswnsudn MCU wazdnglu
Tiuuesa

2. Reset Button: 1{utju Reset ldnaiiledesnsli Atmegal6U2 Bunnsvialal

3. ICSP Port: ¥8d Atmegal6U2 Jumesaiilélusunsy Visual Com port uu
Atmegal6U2

4. 1/0 Port: Digital 1/0 Fausi DOndly D13 ueN9INT Ue Pin azﬂ/‘fmﬁﬁﬁluq
WisANGE WuPin 0, 1 w1 Tx, Rx Serial, Pin 3,5,6,9,10 wag 11 {Huw1 PWM

5.1CSP Port: Atmega328 Wunasnildlusunsy Bootloader

6. MCU: Atrega328 Ju MCU #ildunueadn Arduino

7. 1/OPort: wenainazdu Digital 1/0 udy Saldewdu desfudyqraeuiden
Fausivn AO-A5

8.Power Port: lnlidgwesuaiaiiadeimstiglwliiuasesneuen Ussnoudae
TW3e9+3.3V, +5V, GND, V.

9. Power Jack: 3ulyiann Adapter Ineflussduegszming 7-12 V

10. MCU: 989 AtmegaléU2 wdu MCU iy USB to Serial lne

Atmega328 azfnranu Computer N1U Atmegal6U2
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2.11.2 S1a¢ (Relay)

A o Y a o

gunsaiBiannsedindivinntg dasedsasadteduaing lagldudnnisntdula

v

a o § Yo o & v ! DXy A o A v o a ¢ o o q v
ﬂ'ﬁVWSV]']I‘W@JuV]'N']UﬂG]ENQ']EJIWi‘VTﬂJum"IlIVlﬂTV]u@ LWi’]BLN@QWEJlWI‘Wﬂ‘UW'J?LaFJ NUQS‘VI{L‘W

[

nindudafadunatsidursastanazasstudiusiunnldlasnglwliy sTufaznatetduiasides

[

s lddaulituisiadazduliiinnngunsainsiadviinisdeuss sauiuiindes gunsal

4:4' ) o § wa ¢ o
Lsﬁammaﬂﬂgwqiﬁﬁl,aﬂﬂ/ﬂ\‘i']u

sUTl 2.20 Sradiildny
fian: https://www.arduinoall.com/product/422/%E0%B8%A3%E0%B8%B5%E0%B9%
809%E0%B8%A5%E0%B8%A2%E0%B9%8C-12vdc-songle-power-relay-12-volt-10a-250vac

2.11.3 Tasedd19vas3ad
melulasiavediadazdseneulumeunain 1 yn uazvihduda dddumiduda
1 9 azdsenoulufeninduianuuunita (Normally Close wio NO) Bsluanmngund vnil
gfoagiuv1TIn (O wazmidulaunsia (Normally Open 38 NO) iazsodiursm
Q) dlevnaadusssunnasey wianseudlvaiululzinadidisme ludad 1 6 o1ainthdula
wnnt 1 ga Seduogfugiuan
2.11.4 ANNSVINIUVDSIIAY
dlefinszualwilnaduanain sxiiliveaindnauiuwivanlufe wiuninduda

ANNLAZNTNFUREDNOUYIN NS EIka ban T duRal Ul

D)
— 2 o] ] -
- ) ‘\
j /Om: \ /<
ama:uni amo soneluiin
U1 C 9:MaAU NC U1 C 9:/0NU NO

J;o'/o—} e ONo 7?\ -
7 | '< | |
—-O0

NC

sUTl 2.21 annznsvauvesiiad
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2.11.5 Yaatlanen1sigeusagnald

Ao a ¢

v 9w = v a o § wa ¢ o v ! o ay v
LLSQ@U&LEUQ']‘U ﬂ@LLiﬂﬂu‘VWﬂi‘VﬁLaEJ‘VI'N'TUIW‘Vi’]ﬂLs']@‘VlﬁfJiLaﬂsﬂgiz‘Uﬂ']LLi\T@UVlELGU\T]u

]

011 Fadnnldusadunnniviissylivnannisludisiadenaasnald viemnldussiuinann
fiadaglivhan dnlunisdensasiuausasedalafld wsgdidadeslissydadeld uenain
Siad ylladivay

nslinszuanunthduda endiegrutuiiiiadssyll 10A 250VAC Fenthduda
vosiadiiuanunsonu nspuald 10 wouuy$ 7 250 Taad (ilnssuaadv) winslfnuansitagld
ufiseiunszuamniiszyly msednssuaunnmihdudavesiadasdomeld

2.11.6 UAAATIAGLUY 2 a9
vaniiaduunn 2 ves Tesaiednaiifiadidu NO COM NC awnsalddulnanle

Mausarulniinszuanss (DO) uaznszuaadu (AQ) leglddyaralunisaugunisvinanudie

e unsudanes niudanesasin (TTL)

SUN 2.22 UBSASLATIUNN 2 U89

e

=1

NU1: http://buaya-instrument.com/module-relay-2-channel-1109000002.html

- AruaNUR (Features)
(1) Swdieanauuuiivihdula 2 yare nihdudawuuunfde (NO) uae widuda
wuuUn®Ua (NC) t38n31 singpole-doublethrow (SPDT)
(2) Haausheszuuussiu 0-5 Taad (TTL)
(3) Fuuseruldgaan 250 Taad (nseuaddu) 10 wonuus w3e 30 Taad (nTeuanse)

10 wauwUs



29

(@) Huoad (LED) Wanan1unsalyinauussladuasuansan Uy 103U sn
(5) AudosdmsuideninazldnsnaTiunisnen
(6) 11 OPTO-ISOLATED wileugnnsmsanesdyanaenuauiulyifdusiadosnandu
- AAdANWY (Specification)
(1) euaulnnszuanselagega 10 Tiad 10 weuuUs uazlinszuaaduasan 250
Ta6 10 wanuwus

[y

(2) sEAUdyINBUNAMIUANKUUNI IUTANBS NTuTameTandn (TTL) iUl
Ayl Uy Active High

(3) vwngdavein 3 Taduns

(4) vum 813 55 Tadmms N9 40 Tadiuns wazed 20 Hadluns

(5) Ve uuarn5ideusie (Pin Definition and Rating)

sUN 2.23 9dayeyed

>

e

=1

NU1: https://www.arduinothai.com/product/44/2-channel-relay-10a-with-optocoupler-

module
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A9199 2.1 VFYYILAZNIITOND

U ANB5U"Y

1 +VCC W 5 Tiadnssuansaanuvasanenguen

2 GND AS19U89UD50

3 GND nS1M9Y9954a8

1

anl
[a5:PY

4 | M YYIUBUNAILS

oy

aNl
[asPN

5 | sy uunnsia

6 | +VCC il 5 Ladnszuansannuesnenioly

7 NC (Normally Closed) Fsvianefainduiauwuuunide

COM (Common) flzdnnsasansasanuumtidudawuuunida (NC) wiewn
° ninduna Undida (NO)
9 NO (Normally Opened) svanefaninduiauuuunfiidn

2.11.7 NodeMCU Devkit 1.0

NodeMCU @8 Usznoulusesiiuadn (Development Kit) Lazgonduisunuaia
(Firmware) Mtdulamiumesa (Open source) @nansadeumenie Lau o vilvmsldemladnetu
wmsauiunegaenie (WIFI ESP8266) daduiladrAglunislditeusiedumesiin duega
ESP8266 Wuilegaigiu viangiuuin daustiesdu ESP-01 laluisess quis ESP-12 uaziileey
11 NodeMCU tia$tunsn dudu ESP-12 welutestu 2 duazidu ESP-12F unu 39n151de1u
Tnesaudlilawnnsneiuuintn NodeMCU  dufidnwazadneesqly (Arduino) assiifinese
a 6 o = v (-7 1 a‘d‘
dune waztedneulud aunsalsulusunsumuaugunsalld laslddesnugunsnidus) uag
P 1 dyd,d CY K.Y a [ 14 . 1 1 o Y= o [
Wi ldwnunndnddnwaunfaiuisea vinly Arduino IDE T991usiuivu NodeMCU  laavinlele
AMw C w59 C++  tun1sleuldsensule vinlvaruisalaanulavainranedadu NodeMCU

annsavinezlslaunnung
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SUTl 2.24 ua$n NodeMCU Devkit 1.0 (ESP-12E) Version 2
fian: https://www.ebay.com/p/2pcs-NodeMCU-Devkit-1-0-WiFi-Network-Development-
Board-Based-Esp8266-Module/15471270097 trksid=p2047675.m4097.19055

DEVKIT

GP[O!GH USER H I“E]
| e |
[ o |

orroe j—f Fuasn |
6PI02 H ™D ]

.

1

GND
=
=3

GPI013 H w2 f—i wost |
GPI015 H TXD2 H HCS

103 fef me |
ero1 |—{ moe |

GND

GROUND

-
BIEIRIEEIBIEE

E

-
-
-

3w

§
0 EHEE

B+ [G(8

DO(GPIO16) can only be used as gpio read/write, no interrupt supported, no pwm/i2c/ow supported.

sUf 2.25 NodeMCU Devkit 1.0 (ESP-12E) Version 2

a

NU1: https://embedded523372.wordpress.com/2016/04/15/nodemcu/

e
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- AMNWAUEUBY NodeMCU Devkit 1.0

(D quﬁ@umﬁﬂisﬂauiﬂﬁama@a ESP8266

(2) § GPIO PWM, 12C, 1-Wire uag ADC 7108 UNUBIAAE?

(3) § USB-TTL anlusalisnfudedeusnimilounsld ESps266 Univhilildamils
d¥AINTY

(@) 1 GPIO 10 1 ynqrawseLdu PWM, 12C uaz 1-Wire 1ol

(5) &I PCB Antenna d@wsvasdeyayaliany

(6) Mmouunwesuuulilasgioal (Micro-USB) dwsudnoussulmass iy +5

Tad wazd1unsuailvansanauls

2.12 yuATeRisadesdmiunisareloundsaldane

Tnssemdanssutl Yimsaeloundsaulnindaenld Tnsthsnsvensussiunas
UsgAvBnmuessyuuiingaunld daldnvaznisrereniasniniu deduumnuAnmainnuise
naavuImnssulniuazimnssudiannsednduiunn® (nstitute  of Electrical and
Electronic Engineers: IEEE) Analysis and Comparison of Secondary Series- and Parallel-
compensated Inductive Power Transfer System Operating for Optimal Efficiency and

Load-Independent Voltage-Transfer Ratio

2.12.1 1vauyavasszuun1saelaundsulniiliane
szuunsaeleunasnulnihliaesmeauiuiaindn (Inductive Wireless Power
Transfer System) tndussuuiildmdnnisanumienivesuaivin (Magnetic  Induction)
U ldnuedrsunsvarsdmsvaunsalliioniena wu ndeudaslily (Transformer) %38

wawesinilent (Induction Motor) Fagunsalmanil azgniawduniiouadlniiunuainie

Y

=

(Loosely Coupled Transformer) lag@11190918992993MAAIIUN 2.26 Fei1995L5100UUS

Y

Neeulguadl wagyfegintdlunisateloundsnuliiisieisnisanlvkuusiy (Mutual

Coupling) vaswarInftviaewny Ingdauansraanudioudaslniiuuuiily Aedinsdaiu

a a

WUUTIMilANTaundn Leakage Inductance ¥@sunainnulgugil iasyiend

Y
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Primary Secondary

Compensation

Compensation

I
I
| I
AC Input | Loosely coupled : Loading
I transformer |

JUT 2.26 wuudnaeswessruuieloundsulninlFanedeusiman

#31: (Institute of Electrical and Electronic Engineers : IEEE) Analysis and Comparison of
Secondary Series- and Parallel-compensated Inductive Power Transfer System Operating

for Optimal Efficiency and Load-Independent Voltage-Transfer Ratio

JUN 2.26 wanswuudiassvesszuuagloundsnulniiliatedieudivan dad
wasedunswulninszuaaduriounasinenssud LagwnuAuiunIUIvanueIsE Uy Way
Juprudunuvesaainvemdiowladliihiulgugluazienl auaidu daduazaunse

ﬁm’;mmﬁ'wé’mﬂizﬁw%ma@mﬂﬁﬁqammi

M
k=——0 (2.36)
L
Lfla LP ’e] 'lﬂ'J']iJWmEJ’JU']“UaﬂLLEJL‘MﬁﬂG]']‘LJUilI

1 a

LS Ao ﬂ'm';’mmusrmfmaaLmeaﬂmummaﬂﬁ

b

M @D mmmmummiau

AduUszansnisgaIvvemdawdadliiiuuunueiniainaziiddesndnan

duusgansvomslaudadlnihiinlunldanueglutagdu
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2.12.2 Yszansaanvasnisatglaunasaulniilianse

A nsuiitetazidunisinuseans nie uAug 1AM LTIIUYIN1ASUT IR B LU

=

BUNTULATTUIU IngasyiNsunuwiaTesuUguall AU 2.26 sre Judunishwin lnvay

a

Hunszuanivaluieasugugll wagieasugugiduazuenasnainiasyiegil

Y

Z = (2.37)

L

G R, »

AC Input @ ~joMi
r— 5, T Ty T I

|
|
|
: joMi, R,
|
|
|

Primary Loop Secoundary Loop

Ul 2.27 1sasauyavesszuunsmeloundanuliinlfanedheaunuusimgn
#ian: (Institute of Electrical and Electronic Engineers : IEEE) Analysis and Comparison of
Secondary Series- and Parallel-compensated Inductive Power Transfer System Operating

for Optimal Efficiency and Load-Independent Voltage-Transfer Ratio

IM51VE8WIINUVBITEUUNSA8 o uNd s Ul S aneduliauduiusfuanud TN
Aanudslouuudaziinszualnaluieasgegn dwalviisnsveguseiuvesszuunisanglay
wasulihlSaneiifniiauddu Geanuduiusdinanauisonanslanegun 227 lagld

I a § v d‘
ANWITIUHBIAIAITINN 2.2
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35

WIIELNDT ATNIIIELADT
AdUUSYANSN1S W aURD 0.2
a ¢

AL LT 200 kHz
BIAUTENBUAMNINYBIUARINAUUTUN WAL 100
VIGERE
q <u
19950UNTY
- AU UY sz UUguOT 19.45 nF
- AnaunuUsEiunRend 20.13 nF
- AAuwmile I uUgugd 31.45 uF
- AAuwmile I unRgnd 3255 uF
1995VUY

[l @ v a
- AANUAUUTEINUUTULH 20.13 nF
- mmmﬁwsz@é’mnaagﬁ 20.13 nF

| a o v a
- AMAINLUULIUIAUUTUA 31.45 uF

- AAnutlgdinun Al

32.55 uF
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5 ‘ —RL =318 ohm
— RL = 7.55 ohm
e RL = 1.79 ohm

|evin]
levad)| 25
|evan|
125
0022,
0 e P & e e
1.5x10° 1.75%10° 210 225x10° 2.5%x10°
150-10° f 250.10°

Ul 2.28 prwidiifusseninedmsnvetenssfulasauivenasoynsy k = 0.2 J9d1eds
Avnsfiwesanauide Fmnsed 2.2

fisn: (Institute of Electrical and Electronic Engineers: IEEE) Analysis and Comparison of

Secondary Series- and Parallel-compensated Inductive Power Transfer System Operating

for Optimal Efficiency and Load-Independent Voltage-Transfer Ratio

(== RL =44.1 ohm

e RL. =195 ohm

e RL = 796 ohm
|Gvpi(h)|
|Gup2(H)|
|Gvp3(H)|
0345

1.6x10° 1.8x10° 210° 22x10° 24x10°
150.10° f 250.10°

Ul 2.29 prwidifusseninednsvetenssiulasauiivenasoynsy k = 0.2 Jed1eds
ANImesanaudde Fenged 2.2

#ian: (Institute of Electrical and Electronic Engineers: IEEE) Analysis and Comparison of

Secondary Series- and Parallel-compensated Inductive Power Transfer System Operating

for Optimal Efficiency and Load-Independent Voltage-Transfer Ratio
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o w

AUUTLANTNINVDINITANETOUNAIUAL RIS UL AIRaNHA1939 (Active Power)

[
v a

Inga1N150AUIMNUTEENE N TNBINRTAAdILasN1ASULA Al

R(Z,)
=7 (2.38)
s R +R(Zs)
ER(Zs ) - RS
= 5 (2.39)
Tz,
T =1el]s (2.40)

a a 1

ile  np, fie UsgAnSamnisanelaundainuresinsaulgugil
4

s Ao UsednSAImnisanglounadanuresiansiunfenil

7y A9 UszAnsnmnnsanalounasanuedssuy

2.12.2.1 A1534A518%UTEANTAINVD9299301A5UTssaUUBYNTY (Efficiency

Analysis of Secondary Series Compensation)

LR

1B NA13UNTTAUYAVINIATUTF DU UBYN T JrauIaTigatBuiiuaudves

[

299519 98l

o*M*R,

(2.41)
RZ+ X

SR(Zr—S ) =

e R, = Rg + R tag X, :a)Ls—i
S
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[

warUsEAnEn1muessEuLTwoRshuvaynIuansaAule fall

_1-a(w)
n(w) = 1rb(@) (2.42)
— QL—S
) @ 243
1+ QX @)(2 — 2y
b(@) =——— % @ (2.44)
k? —— QP (a))Qo (o)
Wp W

fausenauAmAIn (Quality Factor) dzlUdguuUaniuaIud Mnaunsvedlaliad
(Dowell’s equation) AAURLIZTANAINSUAIUDTIAININAMNALT DL UUTUDIAINTEIUN

wagiUsEnauAnnIn (Quality Factor) avanunsauansls il

ZQS ,max

Qs (@) = (2.45)

Qs

2QP,m.’;\x

Qp(w) = (2.46)

HE) Q; e MUTENBUAMNINYBIUAAINTBIMLBUUAIUUTUNT

Qp Mg MUTENBUAMAINYBUAMIAYDIMLBLUAIN Y FE N
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Qs (0)Q,_s
Qs (60) + QL—S

L 1
= /—— (2.48)

AFIUTENOUAMAMNYBIURAINYRIMTBWUAILUFINN 2liAaNTign We @ = o,

Qy(w) = (2.47)

WuieanuiuduszneuaunmuenaInvamlowUasiunisgd a minimvualy Qg (@)
uar Q,(w) JumasfiAmils Funume Q, waz Q,

193 ATIEAUSLANTAINAILUUTIADINAMAAIENS FZANUITOLAAIAUAUNUS

se1IUsEANSAM (17) wazAdIUsEnauRuAmvedtvian (Q ) lfssun 2.30 uay 2.31

1 1
0975, T ,-m% 0984,
g 5 | “u_| ey
AT~ 7536
. By ,\
08 : ] HEN 08
o ( J-‘-. ‘ 2
[nS(QL. 1] 0.6 S 0.6 |mH(QL.1)|
[nscQL. 9| \ [wE(QL. 16)|
InscaL. 9l , WL, Inecar.s9)]

@(1)” ‘\
wa £=01 k

02— 1At a 7 s 0.2
2h0ti74 E— A
/ « 1 2 \i
. #,ﬁ!"‘ i \I
o~

— [N R] G M . -3
999x107%, [ il k=08 I IEREEE Ul
0 il 0 T TTTTIT T T 77700 0
11073 0.01 0.1 1 10 100 1x10°
1x1072, QL 1x10°,

Ul 2.30 MsiFpuifisulsyavEnmuensesnasuTseuUUaYNTITaT @, Uas o U
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2.12.2.2 A1531A5129USEANTNINVD92995A1A5UTer auuuvUIY (Efficiency
Analysis of Secondary Parallel Compensation)
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3.1.1 NMINAFaUUILANTNINVD 92935 Magnetic Levitation Lamp
[ L33IF ]
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3.1.2 N1SNAFIUUTEENSNINVD 924935 Wireless transmission and NodeMCU Devkit 1.0
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3.1.3 MSNAEUUTEANSNINUD 9935 1ABSIU Magnetic Levitation Lamp wagz Wireless

transmission NodeMCU Devkit 1.0
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3.2 299301AFY

1w9sAAdsvesszuUieloundanuiuisasdunesinefanuigs neldled pwm
Dusasudannud uagld Pwm  lunistuinm (Gate) veswoaia (MOSFET)  warldieas
H-bridge driver \Justurnainfduiioutamdsnuliindupduwdwmdnlnindamueinie
TUdvnandisu Felunisesnwuuisasnirdivessyuuaieloundaulnildaneasdod
MseenuuUif tielviszuumsmeleundsnululinlianeiiussansnwgaan

3.2.1 299siuiindayga PWM anudgauuudiuanld

Tunisesnuuviasdndadyain PWM  anudgauuuiudnldazldlediues

563524 Faduled PWM fufindaeyias PWM mmﬁlqa Tneenuuulfannsausumudlasous
10 - 60kHz wazausausu Duty Cycle 19 TnsarudvedloTiues SG3524 anunsasuwials

INANATT

13
R.C,

Wl9 f f9 AUl (H2)

=]

R, A9 AIANFIUNIUDDATIALNDS
= a 1
AD AILAUUTEY00TLALNDT

CT

TngArmnuiulszguesiaiuuseginiundedunasinidaauddesdaiegszning

=Y

0.001 f4 0.1 u4F f1 R; flfogsening 1.8 - 100 kQ wagArmnudianuazgean Ae 130 uas
722 kHz enuanau Iesdenldan C; = 1 nF wagddumudiuala 100 kQ Tunisusuan
Duty Cycle agl@amumuisumlavuin 10 kQ
3.2.2 Y9a20NAES
3.2.2.1 NMSIENVUIAYBIVARINNIAES
nsidenvuinvesnannIndiLarnasutuieinfinnusndusgrsnnluns
sonuuusruuasleundsnuuuuliane Tnsazeenuuunindslidandsaulsigsgn 120 Sad 7
usadu 220 Thad dsiulumisidenunaianindsdosAnaindinszuadiunainaiansonuld Tag
=% Aav

liSoumeazidanitunalninunszwale 0.5454 wauwls TUAD UAaIALUDS 24 FITRNANISNU

nseukaloindu 0.817 wauwds warlNuNUTNAAUAaIAMNAY 0.56 ANS19TARLUAT
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3.2.2.2 ANSMIANANUMTEILNUDIUAAIALNAUDINA
(1) NMSUIAIANULATLIUNUBIVARINLNUDINFLUUIITOU
A1SANUIUTIAIANUMAREIUIUBIVAAINNIAGILAZAIASUAINITOAIUI TN

(%

lpannansvesiaaes (Wheeler’s formulas) fadl

2 2
_ 0.8-a“-n (3.2)
6-a+9-1+10-c
a=nth (3.3)
2
c=r—r (3.4)

] N ° ~
ATAIMULAUYIUNVBIVAAIN dmiﬂLaus)

g
5
—
o))
®

Sesineluvesunadn (U7)

g
o))
®

SAlN18UDNYDIUNAIN (17)

>3
o))
©

ANANNYIVIVRAIA (T7)

o))}
©

TIUIUTDUVDIVAAIN

>
o))}
©

ANLRRYSALYRIUAAR (1)

D
o))
®

C AB  AIPNNFAIIUBISATIUAATN

B 0.8x1.89? x140?
(6x1.89) +(9%x3.8) + (10x0.22)

L=1.173mH

PNMIAUIUAIANLNTEINITAAIALAUBINIFLULNNANYDINAdazA1ASUT U

lasanudmnssuil enldarnnuwiieni 1.2mH ieliazaintunsawiawagdnmaunsal



n = Number of turns.

| L

SUN 3.1 NARRYINIVBIVAAIAALLIUNLNUBINA

2

=

fa: lassndmnssunmsanwinaianisarslounasaulninlsane

3.2.3 AaiuUsEanIae

Tunsdenldfmiiulszgnmrdsazdesiniseenwuulildmanuy weliAnnis

(%
Y v A

SlkuugNAND 30 kHz BsanunsamuIuAIANgle fail

T A2

co 1
47°(30%x10%)%(1.2x10°°)

C =23.45nF

NEAUNT (3.5) @saAINILIARILAUYIEY wazvinMsdendaiulszguun

22 nF welviazainlunisiamiaunsal
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Ul 3.2 fufivUszamiadevunn 22nF
fian: https://www.westfloridacomponents.com/J339APF08/0.027uF+800V+Metallized+
Polypropylene+Film+Capacitor+Panasonic+ECWH8273RJT.html

3.3 199501A5U

N15RaNWUVNATNIATUTRITEUUAelaund s ulniwuulians avdesinniseeniuy
fimuaenadosfuauiisluuuudrenasniads uidesiiladniniindshnisdendeoulas
ilo Step up WU IlDAANTTLALAZYLIAYBIUAAIN TefaslidiuuaaIntioBal LAzl
yuIndAulseq udesduiadigaslouuudifertuiieliAnussansnmgsgalunisaisleon
waslwihnaedsldinadu Tnersasnadutszneulusmevaainniaiu fufuusey ddlu
NINARDY NIATULUUBLNTY

3.3.1 2993AIATULUUBYNSY

299501A5URUUBYNsUUTENBUMIBYAaIndIURBaYnsuiURIAUUTEY Tagld

Ypaedidlanaumieni 270 uH wasdufuuszaidaiaug 100 nF andusodiuaens

9

Seanseud wazduNuUTznsousaiy Weuuszdnsnmliaauwssdiun 12 VDC Javhnisee IC

7812 uawiingonudali Load lousgdnsninasan
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100nF
| | Mosfet 7812
| | DI D4
270 IuH in Tz ot
ID2 D3
— 1 LOAD
100nF 100nF

JUN 3.3 2933mATuLUUaUNTY

3.3.1.1 NM9RNLUUUARIANIATULUUBYNTY
lun1sesnwuurnalIaniasuluueynsuazldunaIaneuaIwueIna Ingiu

YAAIANDILAY LUVTOU (Loop) T@NINTAIUIMAIANNLNTYINAYT

YAAINAITULUUTOU (Loop) snansarnnaminruwileniliangums (32)

SUN 3.4 YAaALAUDINIFILUY Loop

u

7u1: Tassnudanssunsanemadanisanelaunasanuluinlsane

B 0.8x1.62° x 482
(6x1.62) +(9%0.8) + (10x0.16)

L=261.19uH
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MnMsfumaImilsthunaakueMALIUNALYeINIAdY wazaaduly

Tassenidemnsud Genldaeunieni 270 uH ifieliaznnlumsdiunm usedamgunsal
3.3.1.2 NILUUANUUITZRNIASULULOYNTY

Tunseenuuuiivszamaduiidenuueynsu ieliAnmssleuuudanunsn

o A d‘ o ! (%
AaAAvUsENIzudeluuayn U laINaNNIT (3.5)

C=——+
4% 2L

1

C=—y - — —104.23nF
477 (30x10°)? x (270x10°)

Tun19999IASINUIAINTSUT LEBNIYANNMTEYY 100nF AAud 30 kHz

o =] ¢ o &
mmaammmmmmwizﬁ;Lﬂemt,uu% PNU

< 4 a
3.4 N159NLLUULYULYDILLHIDUNTUTA

fionsrvaeusunisvaiugn dwdulassnuiaridenfiosldduewouasdumsise
(Phototransistor) $aufU LED dumlsnise Wulmesuasdumnsnsa (Phototransistor) Gazaneli
mstleutoyauuuorundeniisaranusodngunuuiiaiu ADC Arduino vaamsssA1es LED
aedensslununfieaiufu Phototransistor SazvinlAues Phototransistor fiunusumnues

1 =3 [ ¥ o
LL&JLMaﬂa@EJLTJUGUE]JJUaSLUﬂ']ﬁﬂWU'Jm
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Position Measurement

Phototransistor — LED
D =

Magnet /

o a o s s o o v o 1 1 13 14
SUM 3.5 NSAARIESALISAMSUNTIRAIWUITeIutanase

v

=

NU1: Achieving Stable Magnetic Levitation On The Arduino Platform Michael O. Morken
and Brett R. Haffner Department of Physics, Wheaton College, Wheaton, IL 60187

NUN 3.4 WeuwdwdnanTulufivnadn dnalunisudenuasunnTunaz iuifuvewas

[

ilW LED azdweonlumnitenig fedu Phototransistor as5udnyaalatasidient LED usain
WU LEDIIAMuai19ties F9n1svnansuneegiaiufnanslmiuinninuainauadaPhototransistor

ADAAADINUMLNUIYDIIIEN AanTlanazdaaiin1sadunisinelfudugeniifroIn1shnaadl

o [y

Aen1sNdey1adues Phototransistor Mg duaziosnseiu LED dunsusadues welinisin

Phototransistor #lun1stufinussdulninfigedu Wewaswgnuden eliuimanaumaauluh

a1 aa o

Tidyaraniivvu fesdinuduiusivsunanniuluvaain dluneufidfdviaveseuidengn

derinuludarunawisnisniuau Aeseariu CODE
int raw = 1023 - analogRead(sensorPin);

fludimhaulanssiduweszeu 1023 Wegnuienegisauysal Ay 1023-1023

[ [y

= 0 Fadudygrauadnundelnimungnuisnuasdyaaiivuinlnguin (1023) Wouas

I s v =~ 1 v o A Y= . 1 v
Guiwesidianue Jedglidunianazgnduiinlilag Arduino  eg19gndes wagaiunsaldly

danesfiunismuauiazyhnisaasiielesiunsassivosudindnagisliuag

int readAmbient()

{
digitalWrite(irPin, LOW);

// allow time for LED and phototransistor to settle
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delayMicroseconds(100);

int ambient = 1024 - analogRead(sensorPin);
digitalWrite(irPin, HIGH);

return ambient;

}

3.5 N1598NKUY PID Control Algorithm T#lun1saruauaunuwiman
szuumuauislfiiteusunssualiilifuusimanlnd  1Jusaiuu PID
(Proportional Integral Derivative) szuuatuau PID THlusigaiidaly dauduaniusiidesnisves

szuuudimadeianaialasnsisuiieussuuanusdagtuidisutumiidaliifiovhns

Waguwlasimunzauienazdessuuludgassa danessunlddmsusaaunu PID fie
t d
u(t) = K,e(t) + K, j e(r)dz+K, ae(t) (3.7)
0

Wi u(t) = dryeunad output NnAIUAL
L U 9
e(t) = ARananfiJuileidumetian

Kp K, K, = Adulssansamsudndiunaanduiinda wavdiulsenauayiusvess

AIUAY

dwsulassnudcmnssulaziuaardulsednslu Aduino K, =2, K, =20, K, =60

A
1

TunsdlAdesnsfedumiafisdesnisiiluwingn levitating ludsmstisey A
1ign Tnenissruduosuu Arduino Weinuasuwnisiisesns adlasunismeasseudeya
UU Arduino KUIBLAANHAKUUBUNTY STTalanzagldliAasunie int = analogRead

(sensorPin); seezIadaRana1AgNiIrUAlAgNITAUMLILEBNINTBRANATA:

int error = position - setPoint;
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NaN1SALHUIY

lun1naasauszaninmvesssuuilavinissevasali lnsvasnvasalasyeguu
91n7A shendsauuulmanidnuaainneaslududmana1sniasu ddunisveass e
Uszaninmueswasnln Yazasgag uNaINIATLALATIAaRUNTITIATUMUMLveding ield

Uszanatugendwisiuuesa Arduino @azdstoyaludwnainnimdsliassauuudvan

4.1 gunsaluazinlasilaluntmaaas

4.1.1 gunsaluaziedesilefildlunismaass Magnetic Levitation Lamp
- ARUWILABS, Ammeter, Voltmeter, Oscilloscope
- YAUARINNAEN
- Magnet 100 g 2 Nau
- DC Power Supply 911 12 Taa 2 ueui
- vigoalW vua 12 Tad 5 0
- YARITUNANDENA (UBsA Arduino UNO R3)
- IYUDIATINTURILNRUIAITU-2
- Udws FQP 33N15
- Diode 1N4004 , Resistor 100 Q uag 3 kQ

4.1.2 gunsaluaziadasiiefldlunismaaas Wireless transmission
- DC Power Supply 9119 12 1aad 10 woul
- Ammeter, Voltmeter, Oscilloscope
- High Frequency inverter
- pieuUas 12 - 0 - 12 10u 220 v
- YAAIANIAEN VU 1.2 TAPUT Way vaaInn1ATu aum 270 lulasieus
- fuiudszaniegs awn 22 wilunidn way fuuszanIasu 100 uiluniie
- ?;G]L%Emﬂizl,mmmﬁiq& (High Frequency Rectifier)

- yaealn wuie 12 1aa 5 Y08
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4.1.3 gunsniuazinsaciiailélunisvaass Wireless transmission wag NodeMCU
- DC Power Supply 9119 12 1aad 10 woud
- Ammeter, Voltmeter, Oscilloscope
- High Frequency inverter
- nefouvas 12 - 0 — 12 18u 220 v
- YPAINNIAAT YU 1.2 FALTUT uay vnaInn1Asu wun 270 IlAsieus
- ffiudszanimds awe 22 uiluniin wag dulszaniasu 100 uiluniin
- %;G]L%Bﬂﬂﬁzt,mmmﬁgﬂ (High Frequency Rectifier)
- viaealn au1a 12 1aad 5 e
- Relay 2 Channel 10A 30VDC
- NodeMCU Devkit 1.0
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4.2 35M1N15NAABI
4.2.1 33n5MINTAABY Magnetic Levitation Lamp
- flogunsalmuguRl 4.1 uaz 4.2
- Y a@sulusinIuaInAsNNme st Uasa Arduino UNO R3
- 9 DC Power Supply 10830 Arduino
- ¥1N155U Serial monitor Tagdiuw “m” lusunss Arduino
- hvaealildngnn1snaaes
- Ynsmaaenasiildainniseeniuy
- 9AUUTINA9IN Serial monitor ,Voltmeter,AmpmetertlazOscilloscope
- USusausedngnn veaseuu
- thudanssuiildaanussgndlfludinussdr iliiAnysslemigean
4.2.2 35n15911n1591Aaa9 Wireless Transmission and NodeMCU Devkit 1.0
- fiogunsalmugUR 4.3 - 4.6
- yAs@eulusinsy 11U NodeMCU Devkit 1.0
- dhsaandeuduiiszesifisatuiumisingaoe
- 519 DC Power Supply 12V 111y qu‘immzl,mmmﬁqq
_ynsuSuaud was Duty cycle
- 3aUUInA19n Voltmeter, Ampmeter wag Oscilloscope
- USuUgeUseananmuesssuu

- NseulUsHkNSY 1W1AU NodeMCU Devkit 1.0
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4.3 @3UnNan1IvAag

4.3.1 a3Unan1snnaasangd 4.1 uaz 4.2

64

A15199 4.1 FWNUINLYULLDINIIIIU (Position) Nwandlu Serial monitor wiawal (Time)

dl dl ! = 1 = U U
WA ULUAINTEEZIE 2 cm WgUINNIAAINNIAEINIFITU Magnet

t(s) | Position | t(s) | Position | t(s) | Position | t(s) | Position | t(s) | Position
0.1 441 2.1 453 4.1 453 6.1 452 8.1 453
0.2 445 2.2 453 4.2 453 6.2 452 8.2 453
0.3 449 2.3 453 4.3 453 6.3 453 8.3 453
0.4 451 2.4 453 4.4 453 6.4 452 8.4 453
0.5 452 2.5 453 4.5 453 6.5 453 8.5 453
0.6 453 2.6 453 4.6 453 6.6 453 8.6 453
0.7 453 2.7 453 4.7 453 6.7 453 8.7 453
0.8 453 2.8 453 4.8 453 6.8 453 8.8 452
0.9 453 2.9 453 4.9 453 6.9 453 8.9 453
1.0 453 3.0 453 5.0 453 7.0 453 9.0 453
1.1 453 3.1 453 5.1 453 7.1 453 9.1 453
1.2 453 3.2 453 5.2 453 7.2 453 9.2 453
1.3 453 3.3 453 5.3 453 7.3 453 9.3 453
1.4 453 3.4 453 5.4 453 7.4 453 9.4 453
1.5 453 3.5 453 5.5 453 7.5 453 9.5 453
1.6 453 3.6 453 5.6 453 7.6 453 9.6 453
1.7 453 3.7 453 5.7 453 7.7 452 9.7 453
1.8 453 3.8 453 5.8 453 7.8 452 9.8 453
1.9 453 3.9 453 5.9 453 7.9 453 9.9 453
2.0 453 4.0 453 6.0 453 8.0 452 10.0 453
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455 ; ; : :
| ——Position [l 38
I U
ll 50
450+ ]
5 (40
2 130
(W
445 . 20
10
440 > 4 6 8 10
Timer(s)

JUN 4.7 nsmliumbafiwuieesnsiadu (Position) Wiguiunian (Time) Nsveenng 2 cm gy

MNVAAINNIAAIDIFISUMagnet

rea |1 1

NNTMFUN 4.7 Weananvdsuwlasiumuvisvamasnlidinni winfldiuos
Minvisvemanlidinsesnty tnsdunnainnsinnud Wevaealiidezan a1 Position g

(- & 1 Ay o o P 1 ' & a 4 [y .«.:4' a &
Wi 452 Faandlaazilumwauiemetaunuudvaniiaglivasalvinduiniianimaunadnas
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1519 4.2 A1 DC Power Supply fiwandly Serial monitor lewan (Time) WaesuuwUasil

SLYLUN 2 cm —UINUARINNIAENDIFISU Magnet

t(s) Power t(s) Power t(s) Power t(s) Power t(s) Power
0.1 255 2.1 246 4.1 246 6.1 186 8.1 246
0.2 255 2.2 246 4.2 246 6.2 246 8.2 246
0.3 255 2.3 246 4.3 246 6.3 255 8.3 246
0.4 255 2.4 246 4.4 246 6.4 186 8.4 246
0.5 255 2.5 246 4.5 246 6.5 255 8.5 255
0.6 255 2.6 246 4.6 246 6.6 246 8.6 246
0.7 246 2.7 246 a.7 246 6.7 246 8.7 246
0.8 246 2.8 246 4.8 246 6.8 246 8.8 186
0.9 246 2.9 246 4.9 246 6.9 246 8.9 255
1.0 246 3.0 246 5.0 246 7.0 246 9.0 246
1.1 246 3.1 246 5.1 246 7.1 246 9.1 246
1.2 246 3.2 246 5.2 246 7.2 246 9.2 246
1.3 246 3.3 246 53 246 7.3 246 9.3 246
1.4 246 3.4 246 5.4 246 7.4 246 9.4 246
1.5 246 3.5 246 5.5 246 7.5 246 9.5 246
1.6 246 3.6 246 5.6 246 7.6 246 9.6 246
1.7 246 3.7 246 5.7 246 1.7 186 9.7 246
1.8 246 3.8 246 5.8 246 7.8 255 9.8 246
1.9 246 3.9 246 5.9 246 7.9 246 9.9 246
2.0 246 4.0 246 6.0 246 8.0 186 10.0 246
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A15197 4.3 A1 Velocity uanslu Serial monitor iotaan (Time) Wagsullasiszagnig 2 cm

WBUNUARINNIAENDIFITU Magnet

t(s) | Velocity | t(s) | Velocity | t(s) | Velocity | t(s) | Velocity | t(s) | Velocity
0.1 8 2.1 0 4.1 0 6.1 -1 8.1 0
0.2 5 2.2 0 4.2 0 6.2 0 8.2 0
0.3 3 2.3 0 4.3 0 6.3 1 8.3 0
0.4 2 2.4 0 4.4 0 6.4 -1 8.4 0
0.5 1 2.5 0 4.5 0 6.5 1 8.5 1
0.6 1 2.6 0 4.6 0 6.6 0 8.6 0
0.7 0 2.7 0 a.7 0 6.7 0 8.7 0
0.8 0 2.8 0 4.8 0 6.8 0 8.8 -1
0.9 0 2.9 0 4.9 0 6.9 0 8.9 1
1.0 0 3.0 0 5.0 0 7.0 0 9.0 0
1.1 0 3.1 0 5.1 0 7.1 0 9.1 0
1.2 0 3.2 0 5.2 0 7.2 0 9.2 0
1.3 0 3.3 0 53 0 7.3 0 9.3 0
1.4 0 3.4 0 54 0 7.4 0 9.4 0
1.5 0 3.5 0 5.5 0 7.5 0 9.5 0
1.6 0 3.6 0 5.6 0 7.6 0 9.6 0
1.7 0 3.7 0 5.7 0 1.7 -1 9.7 0
1.8 0 3.8 0 5.8 0 7.8 1 9.8 0
1.9 0 3.9 0 5.9 0 7.9 0 9.9 0
2.0 0 4.0 0 6.0 0 8.0 -1 10.0 0
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35U 4.9 n51 Velocity Muanslu Serial monitor Wakan (Time) WaguwUasnszeyying 2 cm

WgUNUARINNIAENEIFISUMagnet

9N3MFUT 4.9 Wenanddsuwdadli wuin newdmaenlididszuuauian
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voaszkandagluy 1 kay -1 aua1du widler ulufivian 7.7 Jundl wuda fiAindu -1
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715199 4.4 A9lAa1n Serial monitor Wakian (time) WasuulasluNseaenng 2 cm Wiguann

YAAINNIAENEIAITU Magnet

t(s) Power | Velocity | Position t(s) Power | Velocity | Position
0.1 255 8 441 2.6 246 0 453
0.2 255 5 445 2.7 246 0 453
0.3 255 3 449 2.8 246 0 453
0.4 255 2 451 2.9 246 0 453
0.5 255 1 452 3.0 246 0 453
0.6 255 1 453 3.1 246 0 453
0.7 246 0 453 3.2 246 0 453
0.8 246 0 453 3.3 246 0 453
0.9 246 0 453 3.4 246 0 453
1.0 246 0 453 3.5 246 0 453
1.1 246 0 453 3.6 246 0 453
1.2 246 0 453 3.7 246 0 453
1.3 246 0 453 3.8 246 0 453
1.4 246 0 453 3.9 246 0 453
1.5 246 0 453 4.0 246 0 453
1.6 246 0 453 4.1 246 0 453
1.7 246 0 453 4.2 246 0 453
1.8 246 0 453 4.3 246 0 453
1.9 246 0 453 4.4 246 0 453
2.0 246 0 453 4.5 246 0 453
2.1 246 0 453 4.6 246 0 453
2.2 246 0 453 4.7 246 0 453
2.3 246 0 453 4.8 246 0 453
2.4 246 0 453 4.9 246 0 453
2.5 246 0 453 5.0 246 0 453
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AN519% 4.4 A7lRann Serial monitor wiakan (time) WasuwUadlufssesiing 2 cm

WIBUNUARINNAENDIFISU Magnet (#19)

t(s) Power | Velocity | Position t(s) Power | Velocity | Position
5.1 246 0 453 7.6 246 0 453
5.2 246 0 453 1.7 186 -1 452
5.3 246 0 453 7.8 255 1 452
5.4 246 0 453 7.9 246 0 453
5.5 246 0 453 8.0 186 -1 452
5.6 246 0 453 8.1 246 0 453
5.7 246 0 453 8.2 246 0 453
5.8 246 0 453 8.3 246 0 453
5.9 246 0 453 8.4 246 0 453
6.0 246 0 453 8.5 255 1 453
6.1 186 -1 452 8.6 246 0 453
6.2 246 0 452 8.7 246 0 453
6.3 255 1 453 8.8 186 -1 452
6.4 186 -1 452 8.9 255 1 453
6.5 255 1 453 9.0 246 0 453
6.6 246 0 453 9.1 246 0 453
6.7 246 0 453 9.2 246 0 453
6.8 246 0 453 9.3 246 0 453
6.9 246 0 453 9.4 246 0 453
7.0 246 0 453 9.5 246 0 453
7.1 246 0 453 9.6 246 0 453
7.2 246 0 453 9.7 246 0 453
7.3 246 0 453 9.8 246 0 453
7.4 246 0 453 9.9 246 0 453
7.5 246 0 453 10.0 246 0 453
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4.3.2 a3Unan1snnaasangyd 4.3 - 4.6

A1519% 4.5 9n31EBLaUTEANSATNYD9TEUU Magnetic Levitation Lamp 9adzfivasninasy

AgUUDINA
f (kHZ) Vin Vout GV Iin Iout GI I:)in Pout 77
293.1 12.0 11.8 0.9833 | 1.0 0.5 0.5 12 5.9 49.1667

10M1518 4.5 UsedN5A1MU9958UU Magnetic  levitation  Lamp  A9U914l
dosnnlunisiaussansnamludnsdrudufivsnisendiegiafinszua a gaguilaliosnin

N = (2 1 [ PN v I v X @ 1%
nsed | ﬁ]%LUaEJULL‘Uﬁ\W]ﬁ@@?Ju@Qﬂ‘UW]LLVTUQ‘?JEN’JG]QVI@@EJ satunsIndadululaein

out

A519% 4.6 9NT1VL18LATUTTANTNINUBITZUU Wireless transmission and NodeMCU Devkit 1.0

fiaudivaeuulas
f(kHz) | Vi, | Vau | G Lo | G, P Pout n
10 12 3.7 0.3083 | 4.13 0.05 0.0121 49.6 0.185 | 0.3729
20 12 5.6 0.4667 | 5.01 0.10 0.0199 60.1 0.56 | 0.9318
30 12 7.1 0.5917 | 9.18 0.40 | 0.04356 | 110.2 2.84 | 2.5771
40 12 5.8 0.4833 | 8.18 0.30 0.0367 98.2 1.74 1.7719
50 12 3.2 0.2667 | 4.93 0.10 0.0203 59.2 0.32 | 0.5405
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9n3U7 4.11 asuldndnsivensussiungaslenuudoziisnsinisvenegs e

\Wiguiugedueazdidnanisvensnswumas losinnavesaduiivaud TA1gey Wunauiain

' . = a wva i al P =] 4{' < b4
A1 Inductor Wag Capacitor "U\‘ISLUVI’NUQ‘UG] NUITANUALSIBUUUTLANAAIALARB UL NTBE

F9NSPNUUUINAT Inverter fiaansausuANdLag Duty cycle 14
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A1997 4.7 9nT1818LarUIEansAmUeTEUULnTI YuzlUa199s Magnetic Levitation Lamp

waz Wireless transmission and NodeMCU Devkit 1.0 finnuaiuasunlas

f (kHz) Vi, Vo G, L, lout G, P. P n
10 12 3.2 0.2667 | 5.32 0.56 | 0.1053 | 63.84 | 1.792 | 2.8070
20 12 52 0.4333 | 6.93 0.63 | 0.0909 | 83.16 | 3.276 | 3.9394
30 12 7.24 | 0.6033 | 9.80 1.00 | 0.1020 | 117.60 | 7.240 | 6.1565
40 12 4.8 0.4000 | 8.75 0.87 | 0.0994 | 105.00 | 4.176 | 3.9771
50 12 2.7 0.2250 | 6.78 0.56 | 0.0826 | 81.36 | 1.512 | 1.8584
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AANALAGDUANTDETIINTERALUUINRS Inverter anunsauSuauduag Duty cycle 16
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a3Una uazdalauanue

5.1 d3Una

91NN1TNAABINUIUTEANTAIMVBITEUUAENIAEDY 2 d1u Ao 1iadesninlunisany
voslaulrluuaumuimin Tngauilunsaindeesgunsaididnnsednduagnisdednyaa
yodusisafesimufiliimerensuszinanaliingugails 2.n1sesloundsanulianglu
2995A1ATULATAAATISTEzvnaTes R iiusEANS AmAnIIssEEvneNIN e ERIVTCSIA BREIOR
wnanniinareUszansan venanidsuiuwnainninduarniasufiinadeussansnnnnsds
wasauliang

Tngannsneaesianumdiennaeulssansn meeseas Magnetic Levitation Lamp
wudn dledneusedu 12 Taad Wituunalauazuese Arduino Insuasaagyuifiussananasnn
MsfuAviuvtsvesdumlsn iieaiuan Gate drive IAunoamnlumsaIuANNIEA WAz
wsauiidnglvifuenain lnedadeiifinaderauuutminfosiviusevlunsiurnain way
Anszuaiinglivaan duramnazdomunsenageaniitiglifuanainld dsdluniseaniuy

£

vaaanazsoslilivnainiouiuluTeeenuuulrunaindauinlngau
TngannisvnassimusilenaaoulsEansnmuoeas Wireless transmission WU
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LLUﬁx‘ilWﬂ’]ﬂizLLﬁGﬁﬂL‘f]L!IWﬁWﬂS%LLﬁﬁﬁUﬁﬁﬂ’J’]@Jﬁ@ﬂ uway Step Up Transformer fiusedu 220
Taduazdeiueimalldiniasu Aevaenllsane Tngrsasninsuvemasnlnliaedunisse
293MATULUVEYNTH mzdanadumulnan fe wasalu Seilmaadumuliosimangdu
LUUBYNIULINNIINITABIATAIASUL UYL warnszwam I unugildunaindny eswn
au1sadnemadliilaiieans @rsUnITeRNLUUTLIATRIUARINNIASULALAIAES AELEBNaN
fiAv9INTERAV N 1LAZTI90N FI9INNITNAGDL NUF nIghavIdAIABUYIgINIINTELE
goen faulunseenuuuidduunvesnainnindeiiinginivnainninsusitedesiulalles

o w

ypaInsou wazlvll Fwgaumagiileesiuiinaseuszavnmueszuuiadndusemdebaduddy
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v
5.2 UBLEUBLUY
5.2.1 RINNsnaaevingasuAatissn nveINsaseiia1des esangunsalnldly

=

msnsnduingilszeyites sufmaveinsainddsidueamnlageenuuuisastuinalainain
vasn Arduino  fetuilevhnimmaaemuit aruitlunsdsanadeddunivesngun
Uszanauddshsastunariauluieliiureams udinszuavesunainfdsundasluviily
AauLwindniuasunlag

5.2.2 Tunsnaassinaudeu esnuavesnszualvaiu (Eddy Current Loss) 4l
wasedaasuniuluszuuld fuudafivvusvewaaianirdiliiiauialngtu Swnaindes
nunszualdlisniinsswaiiannlisulvan

5.2.3 Uszansnmnisaneloundsnuluiinldaefieenuuudsfivszaniamiesiiuly
Hesndyaraduinaidyyiasuniu 3ddledtuindeunaveseamnunundioudastuing
fioandayanasuniy

5.2.4 ayseenuuuiasiundeu Tngldledlunsiumdounavesueanaununisldnie
uwasduinm (Gate Drive Transformer) Iloandyaauazannsgadondanuyeiszuy uaziite
anwawas Skin Effect msldvnainniadaduwuu Litz Wire

525  lunsvaaesdayminulunisdsdrendsnuliarsuasanvasalinseniu
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Product Sample & Technical 2 Tools & Support &
Folder -g Buy i ke W ‘o\ Software Community
- -{NE}ST(‘ > IMENTS $G2524, 5G3524
SLVS077E —APRIL 1977 -REVISED JANUARY 2015
SGx524 Regulating Pulse-Width Modulators
1 Features 3 Description
+ Complete Pulse-Width Modulation (PWM) Power- The 8G2524 and SG3524 devices incorporate all the

functions required in the construction of a regulating

Control Circuit
e power supply, inverter, or switching regulator on a

* Uncommitted Outputs for Single-Ended or Push- single chip. They also can be used as the control
Pull Applications element for high-power-output applications. The

+ 8 mA (TYP) Standby Current SG2524 and SG3524 were designed for switching
regulators of either polarity, transformer-coupled dc-

2 Applications to-gc clonverters, tlgansforr?erltess voltagl;e dou?lerg,
and polarity-converter applications employing fixed-

« Transformer-coupled DC/DC convertors frequency, pulse-width modulation (PWM)
« Switching-regulators of any polarity techniques. The complementary output allows either

single-ended or push-pull application. Each device
includes an on-chip regulator, error amplifier,
programmable oscillator, pulse-steering flip-flop, two
uncommitted pass transistors, a  high-gain
comparator, and current-limiting and shutdown

circuitry.
Device Information!"
PART NUMBER PACKAGE (PIN) BODY SIZE (NOM)
SOIC (16) 9.90 mm x 3.91 mm
SGx524 PDIP (16) 9.90 mm x 6.35 mm
NS (16) 10.30 mm x 5.30 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

4 Pinout Drawing

$G2524 ... D OR N PACKAGE
$G3524 ...D, N, OR NS PACKAGE

(TOP VIEW)
IN-] 1 = 16[] REF OUT
IN+ [ 2 15] VCC
oscouT[]3 14[] EMIT 2
CURR LIM+ [ 4 13]] coL 2
CURRLIM-[] 5 12[] coL 1
RT[] & 11[] EMIT 1
cT[]7 10[] SHUTDOWN
GND [| 8 9[] COMP
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1 FeatUreS .........ccccoooeeeeeeeeeeeeeeeee e 1 9.2 Functional Block Diagram............ccccccevrveiiiivnenennnns 9
2 Applications «..annnnsnannnannannnnasnian 1 9.3 Feature Description.............ounmeisiesmensusonsrnessosessees 10
I o e (11 o T — 1 9.4 Device Functional Modes.............cccoeeeiieeeeiiiieeeenn. 11
4  Pinout DroWIg) e miwmiorss 1 10 Application and Implementation................ 12
5 Revision History 2 10.1  Application Information.............cccceceviiiniiciiinnene 12
6 Pin Configurations and Functions ...................... 3 192 Lyplcal Applicstion
7  Specifications 4 10.3 Examples of Other Output Stages ...................... 16
71 AbSolute Maximum RENGS —................... 4 11 Power Supply Recommendations.................. 18
7.2 ESD Ratings 4 12 Layout . 18
7.3 Recommended Operating Conditions.................... 4 12.1 Layout Guidelines 18
7.4 Thermal INformation................ccoueiioieverersinersinnnens 4 12.2 Layout EXample ... 19
7.5 Electrical Characteristics 13 Device and Documentation Support................. 20
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7.7 Typical Charactenistics ............cccoerioniiveiveierineesrennas 7 13.2 Trademark.s.“.. ...................... e
8 Parameter Measurement Information . .8 13.3 Electrostatic Discharge Caution
9 Detailed Description ......................... 9 134 Glcfssary ............. B RGO R RN
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5 Revision History

Changes from Revision | {February 2003) to Revision J Page
+ Added Applications, Device Information table, Pin Functions table, ESD Ratings table, Thermal Information table,
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6 Pin Configurations and Functions

$G2524 ... D OR N PACKAGE
$§G3524...D, N, OR NS PACKAGE

(TOP VIEW)
IN-[] 1 J 16]] REF OUT
IN+ [] 2 15[] Ve
0OScCouT[] 3 14[] EMIT 2
CURR LIM+ [] 4 13[]] coL 2
CURRLIM-[] 5 12]] coL1
RT[] 6 11[] EMIT 1
CcT[]7 10[] SHUTDOWN
GND [| 8 9[] comMP

Pin Functions

Ell TYPE DESCRIPTION
NAME NO.
COL 1 12 (0] Collector terminal of BJT output 1
COL 2 13 (0] Collector terminal of BJT output 2
COMP 9 110 Error amplifier compensation pin
CcT 7 — Capacitor terminal used to set oscillator frequency
CURR LIM+ 4 | Positive current limiting amplifier input
CURR LIM- 5 | Negative current limiting amplifier input
EMIT 1 11 (0] Emitter terminal of BJT output 1
EMIT 2 14 (0] Emitter terminal of BJT output 2
GND 8 — Ground
IN+ 2 | Positive error amplifier input
IN- 1 | Positive error amplifier input
OSC OUT 3 (0] Oscillator Output
REF OUT 16 (0] Reference regulator output
RT 6 — Resistor terminal used to set oscillator frequency
SHUTDOWN 10 | Device shutdown
Vee 15 — Positive supply
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)("
MIN MAX| UNIT
Vec  Supply voltage@®) 40 \Y
Icc Collector output current 100 mA
logery  Reference output current 50 mA
Current through CT terminal -5 mA
Ty Maximum junction temperature 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C.
Tetg Storage temperature range -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings table may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions table are not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.
(2) All voltage values are with respect to network ground terminal.

(3) The reference regulator may be bypassed for operation from a fixed 5-V supply by connecting the VCC and reference output (REF

OUT) pin both to the supply voltage. In this configuration, the maximum supply voltage is 6 V.

7.2 ESD Ratings

VALUE UNIT
Hum(?)n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all 1000
ins
Vespy | Electrostatic discharge P - — v
Charged device model (CDM), per JEDEC specification JESD22- 1000
ins@
C101, all pins
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vee Supply Voltage 8 40 Y
Reference output current 0 50 mA
Current through CT terminal -0.03 -2 mA
Rt Timing resistor 1.8 100 kQ
Cr Timing capacitor 0.001 0.1 uF
i ) S$G2524 -25 85
Ta Operating free-air temperature °C
SG3524 0 70
7.4 Thermal Information
SGx524
THERMAL METRIC(") D | N | Ns UNIT
16 PINS
Rasa Junction-to-ambient thermal resistance 23 73 I 67 | 64 °C/W

(1) For more information about traditional and new thermal metrics, see the /C Package Thermal Metrics application report, SPRA953.

(2) Maximum power dissipation is a function of T (max), 6JA, and T4. The maximum allowable power dissipation at any allowable ambient
temperature is PD = (TJ(max) — TA)/8JA. Operation at the absolute maximum TJ of 150°C can impact reliability.

(3) The package thermal impedance is calculated in accordance with JESD 51-7.
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7.5 Electrical Characteristics
over operating free-air temperature range, V¢c = 20 V, f = 20 kHz (unless otherwise noted)

$G2524 SG3524
PARAMETER TEST CONDITIONS (" UNIT
MIN  TYP® MAX MIN  TYP®@ MAX
Reference section
Output voltage 4.8 5 52 4.6 5 54 v
Input Regulation Vec=8Viod40V 10 20 10 30 mV
Ripple rejection f=120 Hz 66 66 dB
Output regulation lo =0 mA to 20 mA 20 50 20 50 mV
Output voltage change with temperature | T = MIN to MAX 0.3% 1% 0.3% 1%
Short-circuit output current® V=18 100 100 mA
Error Amplifier section
Vio Input offset voltage Vieg=25V 0.5 5 2 10 myV
s Input bias current Vig=25V 2 10 2 10 A
Open-loop voltage amplification 72 80 60 80 dB
Vicr Common-monde input voltage range Ta=25°C 1'8;: 1'831‘?' \4
CMMR  Common-mode rejection ratio 70 70 dB
B4 Unity-gain bandwidth 3 3 MHz
Output swing Ta=25°C 05 38 0.5 3.8 \

(1) For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

(2) All typical values, except for temperature coefficients, are at Ty = 25°C.

{3) Standard deviation is a measure of the statistical distribution about the mean, as derived from the formula:
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7.6 Electrical Characteristics — Continued, Both Parts
over operating free-air temperature range, Vqc = 20 V, f = 20 kHz (unless otherwise noted)
PARAMETER | TEST CONDITIONS® | MN|  TYP® max| UNIT
Oscillator section
fosc Oscillator frequency Cr=0.001 yF, Ry =2kQ 450 kHz
Standard deviation of frequency® f\e"sivsetl;unise?;:gltéaag’;é;:;%irigg:fant 5 —
Frequency chance with voltage Vec =8V 1040V, Ty =25°C 1%
o Freguency change with temperature Ta =MIN to MAX 2% -
Output amplitude at OSC OUT Ta=25°C 35 v
tyy Output pulse duration (width) at 0SC OUT Cr=0.01 uF, TA=25°C 05 us
Output section
Vierice Collector-emitter breakdown voltage 40 v
Collector off-state current Vee =40V 0.01 50 HA
Veat Collector-emitter saturation voltage lc =50 mA 1 2 A"
Vo Emitter output voltage Ve =20V, | =-250 pA 17 18 A"
tr Turn-off voltage rise time Re =2kQ 02 us
t Turn-on voltage fall time Re =2kQ 01 Hs
Comparator section
Maximum duty cycle, each output 45%
Zero duty cycle 1
Vir Input threshold voltage at COMP - A"
Maximum duty cycle 35
lig Input bias current -1 WA
Current limiting section
Vi Input voltage range -1 1 Vv
V/(sensE Sense voltage at T, = 25°C 175 200 225 mv
( ) Temperature coefficient of sense voltage ViV = 50 mV Vicowr) 2V 02 mv/°C
Total Device
Vee =40V, IN-, CURR LIM+, Cr,
st Standby current grgl?r‘ldig,wlllz;ivlz-r\;. IAEHN:JIt-It-\le inputs 8 - mA
and outputs open

(1) For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

(2) All typical values, except for temperature coefficients, are at To = 25°C.
(3) Standard deviation is a measure of the statistical distribution about the mean, as derived from the formula:
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7.7 Typical Characteristics

Open-Loop Voltage Amplification of Error Amplifier — dB

90T

R 1T
| = @

TTT

80
70

[T 1T
Vec=20V
Ta=25°C

60| R

=1MQ

Ll

N

50| RL=300kO

40

R =100 kQ

30

RL

=30 kQ

f N

20

10

0

-10

Ry is resistance from COMP to ground \

100

1k

10k 100 k

Frequency — Hz

1M 1M0M

Figure 1. Open-Loop Voltage Amplification of Error
Amplifier vs Frequency

fosc — Oscillator Frequency — Hz

1M
——
- ‘]V’
400 k ™ Ct=0
o] ™ Cr = 0.091 p.I|F ‘
\._ ™S Ct=0.003 uF
00k S C7=0.01 JF =
40k - TN
) o ‘\
NN
10k S
4k ) A
LA \
B B \ N
- cr P.03:uF TN _ LT
= CT=0.1yF —
40 — T
| Vec=20V N
Ta =25°C ™NN
10 |
1 2 4 7 10 20 40 70 100
Rt - Timing Resistance - kQ
Figure 2. Oscillator Frequency vs Timing Resistance
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8 Parameter Measurement Information
VREF Vee =8Vtod0V
15
Vee
2kQ< 10kQ < 2kQ SG2524 or SG3524
10
O0——{ SHUTDOWN
5 SRS oscourt |2 (Open}) fﬁl 12";5’
10kQ ¢ IN+ 16
b i e REF OUT VREF
[ 0.1 uF
9 1 comp I
1kQ 2¢ 4 1 CURR LIM+ coL2 |13
T 12 Outputs
. 5 1 CURR LIM- LA
emiT 2 14
2ka § 1
cr EMIT 1
\l 7
i ér
ANV € 1Ry GND
RT 3
Figure 3. General Test Circuit
Vee
I
Circuit Under Test 2 kQ N—N—I tf l'(—),— tr
\ | [
|| =V,
Output 90% | ; I 90% e
|
{ Output | :
= l 10% 10%
= o of ~0V
TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 4. Switching Times
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9 Detailed Description

9.1 Overview

SGx524 is a fixed-frequency pulse-width-modulation (PWM) voltage-regulator control circuit. The regulator
operates at a fixed frequency that is programmed by one timing resistor, Ry, and one timing capacitor, Ct. Rt
establishes a constant charging current for Ct. This results in a linear voltage ramp at C, which is fed to the
comparator, providing linear control of the output pulse duration (width) by the error amplifier.

The SGx524 contains an onboard 5-V regulator that serves as a reference, as well as supplying the SGx524
internal regulator control circuitry. The internal reference voltage is divided externally by a resistor ladder network
to provide a reference within the common-mode range of the error amplifier as shown in Figure 11, or an external
reference can be used.

The output is sensed by a second resistor divider network and the error signal is amplified. This voltage is then
compared to the linear voltage ramp at Cy. The resulting modulated pulse out of the high-gain comparator then is
steered to the appropriate output pass transistor (Q1 or Q2) by the pulse-steering flip-flop, which is
synchronously toggled by the oscillator output. The oscillator output pulse also serves as a blanking pulse to
ensure both outputs are never on simultaneously during the transition times. The duration of the blanking pulse is
controlled by the value of Cy.

The outputs may be applied in a push-pull configuration in which their frequency is one-half that of the base
oscillator, or paralleled for single-ended applications in which the frequency is equal to that of the oscillator. The
output of the error amplifier shares a common input to the comparator with the current-limiting and shut-down
circuitry and can be overridden by signals from either of these inputs. This common point is pinned out externally
via the COMP pin, which can be employed to either control the gain of the error amplifier or to compensate it. In
addition, the COMP pin can be used to provide additional control to the regulator.

9.2 Functional Block Diagram

15 Reference 16
v 8-
cc Gl $ REF OUT
i Vref
Vret | /J coL1
g % EMIT 1
Vref T - ’D P A COL 2
| : )
P
Rt -6 JULL m A1 evir2
g Oscillator ® 3 oscout
e mooam
N~ _\J\ e
IN+ 2 %& Comparator
COMP 9—0\ Error Amplifier
4 Vref
CURR LIM+ ——4 !
CURR LIM- L

10
SHUTDOWN
1kQ

10 kQ
8
GND

A. Resistor values shown are nominal.
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9.3 Feature Description

9.3.1 Blanking

The output pulse of the oscillator is used as a blanking pulse at the output. This pulse duration is controlled by
the value of Ct as shown in Figure 2. If small values of Ct are required, the oscillator output pulse duration can
be maintained by applying a shunt capacitance from OSC OUT to ground.

9.3.2 Error Amplifier

The error amplifier is a differential-input transconductance amplifier. The output is available for DC gain control or
AC phase compensation. The compensation node (COMP) is a high-impedance node (R, = 5 MQ). The gain of
the amplifier is AV = (0.002 Q-1)R_ and easily can be reduced from a nominal 10,000 by an external shunt
resistance from COMP to ground. Refer to Figure 1 for data.

9.3.3 Compensation

COMP, as previously discussed, is made available for compensation. Since most output filters introduce one or
more additional poles at frequencies below 200 Hz, which is the pole of the uncompensated amplifier,
introduction of a zero to cancel one of the output filter poles is desirable. This can be accomplished best with a
series RC circuit from COMP to ground in the range of 50 kQ and 0.001 pF. Other frequencies can be canceled
by use of the formula f = 1/RC.

9.3.4 Output Circuitry

SGx524 contains two identical npn transistors, the collectors and emitters of which are uncommitted. Each
transistor has antisaturation circuitry that limits the current through that transistor to a maximum of 100 mA for
fast response.

9.3.5 Current Limiting

A current-limiting sense amplifier is provided in the SGx524 device. The current-limiting sense amplifier exhibits a
threshold of 200 mV +25 mV and must be applied in the ground line since the voltage range of the inputs is
limited to 1 V to —1 V. Caution should be taken to ensure the —1-V limit is not exceeded by either input,
otherwise, damage to the device may result.

Foldback current limiting can be provided with the network shown in Figure 5. The current-limit schematic is
shown in Figure 6.

et 111 " —e — Vo
s
$G2524 | Py
R2 os T o5
CURR LIM- |2 b Rs
CURR LM+ 4

Figure 5. Foldback Current Limiting for Shorted Output Conditions
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Feature Description (continued)

comp Cr
Comparator
Error Amplifier Constant-Current Source
0—{
CURR LIM- CURR LIM+

Figure 6. Current-Limit Schematic

9.4 Device Functional Modes

9.4.1 Synchronous Operation

When an external clock is desired, a clock pulse of approximately 3 V can be applied directly to the oscillator
output terminal. The impedance to ground at this point is approximately 2 kQ. In this configuration, RtCt must be
selected for a clock period slightly greater than that of the external clock.

If two or more SGx524 regulators are operated synchronously, all oscillator output terminals must be tied
together. The oscillator programmed for the minimum clock period is the master from which all the other
SGx524s operate. In this application, the C{Ry values of the slaved regulators must be set for a period
approximately 10% longer than that of the master regulator. In addition, CT (master) = 2 C (slave) to ensure that
the master output pulse, which occurs first, has a longer pulse duration and, subsequently, resets the slave
regulators.

9.4.2 Shutdown Circuitry

COMP also can be employed to introduce external control of the SGx524. Any circuit that can sink 200 pA can
pull the compensation terminal to ground and, thus, disable the SGx524.

In addition to constant-current limiting, CURR LIM+ and CURR LIM- also can be used in transformer-coupled
circuits to sense primary current and shorten an output pulse should transformer saturation occur. CURR LIM—
also can be grounded to convert CURR LIM+ into an additional shutdown terminal.
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10 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

10.1 Application Information

There are a wide variety of output configurations possible when considering the application of the SG2524 as a
voltage-regulator control circuit. They can be segregated into three basic categories:

+ Capacitor-diode-coupled voltage multipliers

+ Inductor-capacitor-implemented single-ended circuits

* Transformer-coupled circuits

Examples of these categories are shown in Figure 7, Figure 8, and Figure 9, respectively. Typical Application
demonstrates how to set up the SG2524 for a capacitor-diode output design. The same techniques for setting up

the internal circuitry of the IC may also be used for the other two output stage examples shown Examples of
Other Qutput Stages.

D1
Vi
Vi 9
ﬂ
—4 %‘ Vo
Vi
T Vi<Vo
D1
_Vo
Vi
[+Vil>[-Vol

Figure 7. Capacitor-Diode-Coupled Voltage-Multiplier Output Stages
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Application Information (continued)

\'/
V| o
T Vi>Vo
Vo
Vi
T Vi<Vo

-vVO

[+Vi|<|-Vol

1

Figure 8. Single-Ended Inductor Circuit

e

Push-Pull Flyback

Figure 9. Transformer-Coupled Outputs
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10.2 Typical Application
10.2.1 Capacitor-Diode Output
Vec=15V
15kQ % 15
5kQ 1] Vee " AR e -5V
~ seas24 SN[ 20mA
5kQ 52 .
coL1
01 pF <5 "QL—’WV 21 N+ 20 uF 1N916
o | o o o 18] REF OUT coL2 |13 — S
AN 61Rr EmIT 2 |14
"%I Her CURR LM+ |2
10 5
0.01 uF ——|SHUTDOWN CURR LIM-
Not6 Lo o
3 9 i DU
——=1osc out COMP |——
GND
8

Figure 10. Capacitor-Diode Output Circuit Schematic

10.2.1.1 Design Requirements

+ 15-V supply voltage

+ -5-V output voltage

10.2.1.2 Detailed Design Procedure

10.2.1.21 Oscillator

The oscillator controls the frequency of the SG2524 and is programmed by RT and CT as shown in Figure 12.
1.30
f~
R,R;

where

+ RyisinkQ

+ CrisinpF

« fisinkHz ')
Practical values of CT fall between 0.001 uF and 0.1 pF. Practical values of RT fall between 1.8 kQ and 100 kQ.
This results in a frequency range typically from 130 Hz to 722 kHz.

10.2.1.2.2 Voltage Reference

The 5-V internal reference can be employed by use of an external resistor divider network to establish a
reference common-mode voltage range (1.8 V to 3.4 V) within the error amplifiers (see Figure 11), or an external
reference can be applied directly to the error amplifier. For operation from a fixed 5-V supply, the internal
reference can be bypassed by applying the input voltage to both the Vg and Vggr terminals. In this
configuration, however, the input voltage is limited to a maximum of 6 V.
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Typical Application (continued)

To Positive

REF OUT Output Voltage

5kQ

R11 R2

V,=25V

R1

REF OUT

5kQ

5kQ

To Negative
Output Voltage

. R2
V,=25V|1-—
n=25v(1- 1)

Figure 11. Error-Amplifier Bias Circuits
10.2.1.3 Application Curves
10
4
g_ /]
I A
g
= //
°
s 1 -
a
5
Q.
5
o 0.4
0.1
0.001 0.004 0.01 0.04 0.1
Ct - Timing Capacitance — yF
Figure 12. Output Dead Time vs Timing Capacitance
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10.3 Examples of Other Output Stages

10.3.1 Flyback Converter

Vee=5V
1N916
L * l . . >_I 15V
* +
s WOE o 5k0§ 15 300 Q 2000 @ SoE
4 Vee - 207 20 mA
——"\N\N\ L — EMIT 1
5 kO $G2524 =
[ S—r 2] N+ coL 1 1 MQ§ T 0.1 uF sy
5kQ | 16} 13 L -
REF OUT COL 2 1N916
2k 6| g 14 .
T EMIT 2 TIP29A
4
o ler CURR LIM+ [~
10 5
0.02 yF —SHUTDOWN CURRLIM-|—9 620 Q
" § 1N916 2N2222
—|oscourt COMP l P 5100
GND T 0.001 pF
8
£ 10
4.7 yF /I\
Input
¥ Return
Figure 13. Flyback Converter Circuit Schematic
10.3.2 Single-Ended LC
Vcc=28V TIP115 0.9 mH
SNV L
5kQ 15 I I
— 35V
5kQ 1 Vee 1 1A
® IN- EMIT 1 | |
) 5kQ 2 se2524 |12
IN+ l b J _:
0.1 uF 5kQ i is _— == 500 pF
o ¢ REFOUT  COL2 A 1N3880
3kQ 6 14 3kQ
b Rt EMIT 2
T 4
o | CT  CURRLIM+
0.02 yF _ 10} sHuT 5
4| pown CURR LIM-
—oscout  compl®
GND
0.001 uF
8
50 kQ
/% 010Q
Input Return ——&—" \\—

Figure 14. Single-Ended LC Circuit Schematic
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Examples of Other Output Stages (continued)

10.3.3 Push-Pull Transformer-Coupled

5kQ

5kQ

|

Vec=28V

15

1kQ

1kQ

NN—@

1w

IN-
2N+

Rt
Cr
SHUT

DOWN
0OSC ouUT

Vee
EMIT 1

5G2524
coL1

COL 2

REF OUT

EMIT 2

CURR LIM+

CURR LIM-

COMP
GND

TIP31A

20T

20T

4
TIP31A
5

010Q

)
0.001 pF

8

20 kQ

TIR101A

p—""" Q@
57| | 1500 PE 7=

1mH *— +

5T|

: R

Figure 15. Push-Pull Transformer-Coupled Circuit Schematic
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