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ABSTRACT

Nowadays, the industry is growing up therefore automatic machine
foundations learning especially should be developed. The main robots function can
help people working in industry because there is some problem that happened from
worker, such as accuracy, speed, human error or safety in human life. The main
purpose for this project wants to increased productivity and delivered quality
uniform. Consequently, the project developers have designed and developed an
Automatic Feeding Machine model for using in industry that consist of 5 of 24 volt
DC motors that used for rotate the joints, move vertically upwards and downwards
and it can move horizontally on rail track. The end of the machine arm can grab
metal objects by using 12 volt electromagnets. This machine can move continuously
and automatically by using microcontroller ATmega328. Machine working operations
are able to pick up and to move objects from one place to another and the hand
can be rotated to turn up the objects. For the functional test, developers have
defined the desired position and write the program to control all motors that related
to movement and pick up the objects. From the variable function, this Automatic
feeding machine can be controlled to move the requiring position and it apply to

others type of industrial machinery.
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w%’aufﬁm3ﬂ§fm7‘|@1m~m'1'iwulﬁ N3N Pulse Width Modulation (PWM) uazmaua

Taen1sdauaInmaulngaaas

e‘d‘a

gunsaifideuldmuaudruuin ldud wihdudaiiad dndeiduesludnuue
HBridge  TianansnpauANATsv-RgavaY wioavanandufiamentsvauld udnasld
wihdudaSiadaglignsamuauanuizeansuiulsd wagseasyidluntsmyunduitani
wuuriudiviule wszeraveifinnudsmaduiinemesla uwitdedvesnislamhdudaiag

= ° o 5 ' f 2 ¥ o
Ao vlnszuanlvarueweshinnuasaiinsadauldiiuiigs

NO NO
u_____o D—-—.‘u—-ﬂ
NC Hawmag NG

= < pu| v o @ A &
3UN 2.6 2993 H-Bridge MinuAslnentiduieiia

TunmsmuauAISuBneiNIsuaEnse (OC Motor) dn15AIVAN 2 LUY AB

1. nMsAruAULUUALles (Linear DC Voltage Control)

13U 27 wudienuiSiwsaneinedazuusiulumusaadevlriihiinnasen
YAANDA8% (Armature  Voltage)  datlumnanunsadiudusandou Ve 1# Avialk
Armature Voltage wWasuutamnuluie uiiieinn Ve sznusiunuusanion Ve lag
nsUSuAdaiumuivusnld dduarannsamuguanudiueinedldlaenisuiudh
Frunu Speed 1 winismuaisilidesfeldifulnsanzuemesifiidmne eswn
wdandnugyidsaglusmaudamesluguvesnnuieuguin Tuvas insudanes

iaueylugi Active



— +12V

Armature
+5V Voltage

SPEED

Vee
Comirol Veltage

d [ | L3
g‘ﬂ‘ﬂ 2.7 NITNIMIUVAULUUALIES

2. NMIAIVAUUUVEMN TN (Switching Control)
Ao nsteulnl Vi w3e Control Voltage  Tinsu@awmesynnuludnueals Cutoff

= ] = 2 s = a o i 7 =t o 2/
WioneAv Uay Saturate ¥3eYRdNda lngagvAniasaniainaniluyis Active Faazvilv
finsaaydenasan

+12V

=r—trey (BT
22

Armature
Voltage

o

Aulse Gen.

A
Varisbia Diry cycie)

Ulrs Fast
Diode

or
Pulze Vidih Modistion
(P

cycle

Duiy cycle

d =Y = )
U 2.8 2993N15A7UALAPI353 DC Motor Wuuainds wia PWM

91n3U7 28 Uszneuludediiladyaraiad diluarvaunisinaures
nidaweiludnuny ON uay OFF yihlsifnszudlvariunemesmyuiutieg Aduiad
vIn Funi1 “Duty Cycle” Tnafidn@awad (Pulse Generator) 9zfiasinwag Cycle 3o
anuilinsfiagailamia Insunfazidenanaiiogszwing 400Hz-2KHz dwiunumue

wowes fdulunng Cycle mniinsuiuldeuriaduan vier1 Duty Cycle Nazilnavinlv
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AnadousuAdou Output  veansudawmesiludunetnesivasuntaseuluaie vinlu
ANUSIRBmesURBuLUaIPNLENNTT (2.3)
Pulse Width
0 a2t WIS
JoDuty cycle Cycle x 100 (2.3)
Duty Cycle agAmdunlosiduves Cycle uayAadevausaungou Output Tulvan

@ naunsi (2.4)
Voutput = %Duty cycle X Vgypply (2.4)

AuELN1S (2.4) wulusauadeu Output Mlazeenluduveimeslvivyuiaiusa
wWarulutiu szuusiulagnseiuan %Duty  Cycle  #3aAunINTaedy naIuay PWM
Yumneanunandnsadaullsunsundadygin PWM udsuai Pulse Width Treanun
muALssTutawmesls feganusanuauAISweweesla

TunsilfeenismauguiimuSaarfianan snyuvesamesiiinnszuanss
Jufudedldarsas HBridge  Lialiausailuainddn-danseualiaivquuainasiny

T R = 2 as o 1 9 v oA
wihdudaSadndmenalddyann PWM asuguanmsluniaudunsauaumMnduiia

o

NNNTNUVDINBINDS

Molor Motor
voltage voltage

| [

Control
input P-channel P-channel
(1of4)®01 MOSFETs 036@ @Q‘ MOSFETs 93

N-channel N-channel
@bm MOSFETs @4 Q2 yosreTs 4

4 k |

= Red lines indicate =
conductive pathways

JUN 2.9 maadeuiinduiimvesuewmesluies H-Bridge imuAwsIy MOSFET



il

23U 2.9 Uszneudeuoana S1uau 4 Favhwihiiuaiadide-Un (Q1-Q4) ule
ﬁ'dé’fgtynmmuaﬂﬁuamwm Q1 waz Q4 YU wazlan15vnuLeweaEns Q2 uay Q3 I
Fnlvnseualnaaniienns Q1 Wi Q4 dwalfuewmesGuvylumann uasdoddyyiu
auaulueame Q3 uay Q2 wazlansviuvasweamn Q1 uaz Q4 vilwnszualnaan
90 Q3 U Q2 dealvivewesrunauiialumaing

2.3 lulasaoulnsataas (Microcontroller)

2.3.1 auauvhuazn1saaldanu Arduino Uno R3

Arduino Uno R3 1Uu Microcontroller Board (MCU) il ATmega328 Wy MCu
winfinusgunsaiatuayumsviiures CPU Thinnine a9 Analog to Digital, SPI,
UART, Timer, Counter way PWM &sgunsaiatuayunisvhenimanivilsl McU amunsa
yheamulaninewng

AnAuUAvasuasalulasaaulnsalae’

vesalulasreulnsataesaviian Digital 14 @1 Buws/iowing (@snsavindu Pwm
1454 6 v7) wogdlen Analog BuwaldBn 6 97, Run firanud 16 Mz & USB Connector way
Power Jack BC

Digital Ground

Digital /0 Pins (2:13)

Serial Oul (TX)
Serialln (RX)

Analog Reférence Pin

Résel Button

In-Circuit
Serial Programmer

s Z” ATmegaiz8
Microcontrolier

Anatog in

3.3Volt Power Pin Pins(0-5)

5 Voit Power Pin
Ground Pins

gﬂ‘v"i 2.10 lassa@s19neuaneed Arduino Uno R3
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1
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3
4
)
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7
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9

ATMEGA328

2B

B R EEHMN

EE

Cerwval inforration.

13
B R

1]
A Puyhuenton
e
=

¢ currend dramn

e & Nosletz oot gin 0t
UNOFFICIAL & Absolutema 200mA
% e

ARDUINO o

PINOUT DIAGRAM

A Sk o 100ma

@ Connectad ta the ATW
and wsad for USE program
O 2 commanicatiog weh &

fg‘dﬁ 2.11 funUsr83 vy ATmega328

Wangu ADC

Unilu CPU 984 AVR — ATmega328 iuaziiflsndu ADC atnneludiled dwmiu
Haddu ADC Hanunsadudanaeundeniigga 8 Channel lagsudyarandiuinianesa A
=4 - o cw Ao s & ~ i oA - v
Faanunsndenlifsdduilviinisulasdyaimeunaaniias Channel agsdeiiiod a0y 1N
o o csl 2 s Qs s aa nl & =
ymsuUasdyaniany Channel igeensladunu lnsdyanddnaanudadldazdany
azdun 10 U launasSudygnunazunvaamasm A

Wandy PWM

= ] ) o P 5 a

Wowindn PWM uilsiduntsvicauniislulyaue PWM vas Timer/Counter 108
nulu AVR-ATmega328 feuduferdesfunisvinaiuvesilandu Timer/Counter 984
AVR-ATmega328

Timer/Counter

melu AVR-ATmega328 9alidl Timer/Counter 3 ga nadnidu Timer/Counter
a8 U5 2 4n war Timer/Counter  wu1A 16 Un 1 ya AsllAe Timer/Counter2 uay
Timer/Counter0 Wag Timer/Counterl &4 Timer/Counter2 anuisasudyead Clock 370

meuan #adu Option fAvwii1 Timer/Counter2 wvindu RTC Tagld XTAL fidld1anud



i3

WU 32.768KHz - undugiunian wag Timer/Counter0  wae Timer/Counterl 141433

Prescaling 9u1a 10 Umsuiiu @ Timer/Counter2 192993 Prescaling wWenaanaemin

AN5149U Timer/Counter2 Tulyvium Fast PWM

OCRnx upt Flag Set

_| ocRnx Update ana
TOVn Interrupt Flag Set

TCNTn

OCnx (COMNx1:0 = 2)

OCnx
ot s
U 2.12 Timing Diagram Tulvun Fast PWM

(COMnx1:0 = 3)

Asviheululvsn PWM w83 Timer/Counter2 Instendvsaillsiazaaniian PD (OC2A)
LAz PD (OC28) lumsvhanu Timer/Counter2 assfuiuann 0x00 sufssuviiusnly
SRaned OCR2A w30 OCR/B 9s¥inl#un (OC2AY(0C2B) Waeuanuy LLas%ag’Luamuﬁu
palUaunin TCNTn avtUdzauIuiial OxFF
PReanosaildau

nitldnamuudaluuneuntiin ATmega328 U Arduine” UNO R3 i
Timer/Counter &8N 3 #a Tunsviauasstiasiinigdenldew 8-Bit Timer/Counter2
Prescaling fupneansnaminain Timer/Counter0 wag Timer/Counter1 Tnansldauay
pdueluaaunaly

anTUsunsudeduerdanaldandinng SET - Bit vos TCCR2A  FaUsznavludng
COM2A1, COM2A0, COM2B1, COM2BO, WGM21, WGM20 wag SET bit S22 dmsu
TCCR2B

A1519% 2.1 TCCR2A — Timer/Counter Control Register A

Bi 7 6 5 4 3 3 1 0
(0x80) [comzat | comeap | comzsi | coMzBo | = 1 = ] w TCCRzA
Read'wiite RO W R RV R R "W W
Initial Value 0 0 0 0 0 0 0 0



Bits 7:6 — COM2A1:0: Compare Match Output A Mode

Judadmiuldlunisivueanvusvasdygraminauion  OC2A e Timer/Counter2

\im Compare Match

Bits 5:4 — COM2B1:0: Compare Match Output B Mode

Wudadwiuldlumsmwuednuazeesdyauiiiaiufian OC28 e Timer/Counter2

\Ain Compare Match

Bits 3:2-Res: Reserved Bits

ATmega328 azanudnlunguil’ aziinndueud

Bits 1:0 — WGM21:0: Waveform Generation Mode

Wulsdmsumunudnuae Counting Sequence was Counter 5lufislin WGM22 fiagly

TCCR28 snuss1ad 2.2 slulassnuadaillainnsdonldlvun Fast PWM

a519fl 2.2 Waveform Generation Mode Bit Description

Bit

(OxB1)
Read/Write
Initial Value

Timer/Counter
Mode of Update of TOV Fla
Mode | WGM2 | WGM1 | WGMO | Operation TOP OCRxat | Seton!'™
0 0 0 0 Normal OxFF Immediate MAX
PWM, Phase
1 0 0 1 Cobid OxFF TOP BOTTOM
2 1 0 OhG OCRA | Immediate MAX
3 1 1 Fast PWM OxFF BOTTOM MAX
4 0 0 Reserved - - —
PWM, Phase
5 1 0 1 Comect OCRA TOP BOTTOM
6 1 1 0 Reserved - - -
7 1 1 ) Fast PWM OCRA BOTTOM TOP
fN519% 2.3 TCCR2B - Timer/Counter Control Register B
7 6 5 4 3 2 1 0
[Focea | rocee | = 1 = | WGM22 | cCs22 | cCsa | Cs20 | Tccres
W W R R R R RIW RIW
0 0 0 0 0 0 0 0

Bits 2:0 — C522:0: Clock Select

Hudedlalunsidendgyen Clock Bellsuazldunninnsin 2.4




a15797 2.4 Clock Select Bit Description

Ccs22

cs21

cs20

Description

0

No clock source (Timer/Counter stopped).

clkrog/(No prescaling)

clky,5/8 (From prescaler)

clkrp5/32 (From prescaler)

1
0
1
0

clkr,/64 (From prescaler)

-

clkyo5/128 (From prescaler)

o

clk25/256 (From prescaler)

o I I B == [ == I s Iy o

_m = o|l0o|l=—=|@

clkpe/1024 (From prescaler)

2.3.2 aauUhnaznisaaldenu Arduino Nano 3.0

15

Ju Arduino  AildwtheUsyanana ATmega328  wfieniu Arduino  Uno R3

= oA ) | Ly = > el &
AMUANUITOTILNUNHUNU WALANHNAUATIN Arduino Nzna 3.0 Qﬂ@ﬂﬂLL‘U‘UT‘Vm"UUWQLﬁﬂ

Tnesnai1ueae Socket Ml dusan wazdipdANaNL1SalUNNTRARDNIY USB Port tnilou

Uasn Arduino Milvalld enaazBenladn Arduino Nano 3.0 ¢l Ag Arduino Uno wun

doduawn laesnlddud Slave wialusgesfildlunsmuauseweiusasi Aouazih

Joyausazanuuszarunuiulagsugy Master videfvan

sUf 2.14 AU UBINDINNITAD LTIUTBY Arduino Nano 3.0

DATX. (1) (30) VIN
DORX, (2) (28) GND
RESET (3)|0F . 28 %= (28) RESET
GND. (4) |02 u (27) 45
D2 (5) (26) AT
D3 (6} (25) As
D4 (7) (24) A5
05 (8) (23) A4
D& (9) (22) A3
D7 (10) [Oa (21yA2
D8 (1) (20) A1
D9 (12) (18) AO
D10 (13) (18) AREF
D11(14) (17)3v3
D12 (15) {16)D13
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2.4 msAeasdeyauuvsynsunazivslnnea

nsfeansuuuaynst vide Serial udweya Ingldinedamsidoudeya (shift Bit
deluflavdnuuanedygranduien nanisdedeyauuy Serial  agliiinis Sync Fyayin
wifinnsewinesffunavids uirerfeismemamuiiilunisiudsdyaalivindu vie
Byninnseaeen Baud Rate wazdsdayies Start uae Stop \evenindudusuresteya

(Start Bit) viedinevesdioya (Stop Bit) Aaguil 2.15

PARITY
DATA WORD BIT
START ¢ 4 l STOP
BIT 1 1 u] 1 a 0] 1 i) BIT 1

DATA LINE

JUN 2.15 UkuuM TSy Inaeens

'
=

sUuvues dogevinfidwing Serial 9eiintsiiin Start Bit way Stop Bit LUy

NToyaiy Usenausie

0
=y o

- UniSusi (Start Bit) azflvun 1 On 9x1lusedn LOW

- dadeya (Data Bit) 8 On Jeyatisvds

- Dnameavier (Parity Bit) daun 1 Jn Insreaeutoyn deyaillisuli
auysal dndhagn Check ffu Parity Bit 9zleirnlainseiy

- Javee (Stop Bit) ilunssrutiwweuwaveinsduandeya auiluasin HIGH

2.5 Aadnuntunuuilasudala (Variable Resistor)
=4 ¥ al ot 1 E2 E73 (] 1 Y 1 1 }74 al

Wuddunuiianunsausuarnnudiuniuldagnsaioslutieaianusiuniui
Auuald drudunuiidesnisuiuamanudiuniuuess) Inenisidununyu WUUIumnIL)
vioidounnu (wuvalad) lassarsmeluihunanaisveuesila vienaraineini Janily
o at 2 a :’l’ s U o/ 3/ q} = =Y
manudunuried orvssiluiaaussianideatudiianuaiuniuuuunsi Ao oie
ASURU (Carbon) wiavdaiduain (Wire-Wound) FaudIuein9eaan1sauauuIuames
nsguaduunntosinls ldiuisesfinssuage Yanfildamfunvuduain dldiuaas

s v W 5 ' = v a w_ & A s A4 a o
nszuae agldiuianUszinnaniveu wu Tueesiuing, Insvied heuTuanvisemulbes,

USuanuiaifiuuadluleasusiu



gilnveayanas nizesuInmmAnTzY 1
7

mslduresiranuiumurdadoumld slidnwurnsldaueyg 2 9ila flo
wiin3loada (Rheostat) waralinlnvudladiwes (Potentiometer)

Fadumunuuuasusldd dnldlunisuiuardayanaeudondmivdenlity
lulasroulnsaaed Jsfimnawnsodud Analog Input 1é 5V MseumuUUTasuansg
MnNMseuARIneansd ﬁ%maaﬁuﬁwﬁéﬁﬂﬁ%ﬁag 2 A1 fe “17 uaz “0” WAnISaTuAT
sundenazutsiniisnildilu 1024 sz Tnewfloumudndiuvosussiudieds Ingendiemild
Buain 0 uazfintudesq Waufls 1023 dwduuesa Arduino Nano ussiud1ededie 5
Tavt waranunsawAsunsssuraduduanduld Tasddnuymudsuanildnlgjaed 3 1
Feffensasudauseiuiiuies Sauansiesuil 2.16 Afudlotouuseduaua sv Tifuiaaes
vostF U uUAsuAlE srananstUSunsetullweantdludis 0 - 5V ndnfe Atey

ADC (Analog-to-Digital Converter) Tilsfazdindaud 0-1023 dines

R2
Vout = Vinx ——
R1+R2

+

Vin =5 Volts = 100 Ohm

—

.'|'

Vout = 2.5 Volts

ARAA,

= 100 Ohm

UM 2.16 2995UUIUT 6

r

uina Nana

T
—Jneser . Arduino  prysex f—
— aner Nano  pjamiso f—
(Rev3.0) pymost |—
— 2 D10 fm
— AL D9 e
— 2 oo j—
— o7 f—
— % D6
Y 05 fm
T — 5 04—
» 03—

-
Z 02—
DT o
DORY
oy

JUN 2.17 Asee luseTunIwasualanu Arduino Nano 3.0

144388
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2.6 Robot Kinematics

MR Kinematics tuaglinsngsiiamgsiumis anud uazaanss loy
Lighilsfussidaanmaedouit  lunsfinw Kinematics venjusud azliusazdiues
dusufidu Frame  fadunisfinwnisiadouiivesiuoud Sdwanefulsadeudu Sudu

ANSANY Frame wiae Frame Tidouiisanu 1y nulead 1 Aeduwd (Base) Aulush 2

- YR, a
Waulaanuniun 1

Robot Kinematics aguuaiu 2 Uszian fa

1. Forward Kinematics : Anugmivedudazinules (Links) uagyuvedudasionoas

Lo

nivuANT YlREunTaAUINAILTLNe YeIUaTBRYNNEUALE NYULAZAINYT

e e

4o ¥
Mlgannruauni

=

NISLABUAUNLILAZNITVYY
mstdeusudinsaniunsvyy dadndunsaifevlunsiudiesaming axa 1wy
nsmnsvyuENgAl Fouaz M ulassfideainfisuduiutuaiin dmyu M 1 ¢ seu

nnwesaduR k 204 F aguanslumeurasinalaludifivaduuming axd Rot (¢, k) 1o

11f
Kt G, /v S 8 i NP <3 pe

=y & d’ll o :4 o o L3

198 R () L‘flummﬂszjmﬁwyuwugma']mw k ldunnisdmning ATV U
Dot Product fewuvidndnisagleuiinn Son Rot (¢, k) dnduamindnmnyulsluddlea
d’i’ o w A o = I € o 1 1 Al o &
Huguaaud k sxdansiituaninneseunislunsiaznsddueud

a w a a o a e ° My v o

Aimelaudieadadussloadlumswanemsifousuvueld wu T F wazy M 1lulase
Fima1niiuiuain auulfidougadndevadassidawdous M 1 pk munwinnaes

wilemhemelwmsnd axa Tran(p) u

1 0 0:'pq
Tran(p) = 8 é gigg (2.6)
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Son Tran (p) Mlumvindideusdunidlaludidvanugiu (Fundamental Homo-
geneous Transformation Matrix) zdunauiuldinnnmasdumisu p luvaeiuming

mviyu 3x3 asduavindiendnuel |

dun1swauna (The Arm Equation)
Womuualassidnasvunsulandvinniséelaseing k  lUdalasainm k-1 lagly
o =

wnsndeneloulaseiifaleludidea dinduuvindnlimamiuimue wlauvindiuansnis

frefnaves Tool WeuAufidasiu lnewy3ndflailundn wydngua (Am Matrix)

Wwasnguud (Arm Equation)
nsastaesngnisanelaufidmlaludiiogainiasaing k ludadassfing k-1 9ed 4

Tuneu urazduneudzineiteadu Kinematics Parameter 1 3 lumsfiansanagyinnisvyu

LaZLEoUMLUUIIASINNR k LASNSEINMLTUADUAIRISIN 2.5

l=l 1 ~oa “ @ =l
an519% 2.5 nsanelaulaseiie k ludslasannm k-1

Junay (Operation) fo5u7e (Description)
1 gy Lie_q 500 251 (Susm 8y
2 dou Ly_q Wmnaun 2571 Husees d,
3 dou Li—q Wanuuws X571 Wusses ag
4 vy Liq 50U x®71 Wy oy

nnsanelaulaseiiin (Link-Coordinate Transformation) T {Lg, Ly, ..., Ly} +Uu
wovadlaseida [q]F uag [q]¥ 1 Wuifnlaludiduavesgn g Wsuivlaseiidn Ly uaz
Li_s dw3u 1 <k < n aeldf [q) 1 =T 1 [q]¥ Tneit TE; Ao m3meleulase
W k U k-1

cOy -C(stek S(stek acOy

Tk = SOk coy.cly -sagcfy SOk 2.7

3 SO cot dy,
0 0 0 1
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'
@ Al i ¥ 1

Sefinanaunudain Kinematics Parameter 3 faftusinglu T, Wudasil faf

wievzlluiuusdese Feralugu 0y Ewsudesdenyy) vse dyg dmiudesaibou

2. Inverse Kinematics : mmmwmLwiazﬁfluismuaxﬁ’]Lmﬁuﬂmmmawjuﬂué
gnsualiun vilenusadnnayuusasysldanmundadvnsmaunsluiiuing

VNITUVDWULUA
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AN592NLUUN93S N15LA8UlUTUASY LAaZNISESI9LUUINABY

v o & ) e @ =l ' v ow v o
Tunsinvhlassauiivenanssadanguidedudsilanatunua Saesendelsas
AUANNNSYINIUTaLAsesdnsIfiuszdninim Fnzdwmalduuudiassausariaulanse

= = | o ¥ a o 4w &
authwne Fafleaviduaisesiiiertesiunmsauaunsyinuveaaesdnsdeuliuam

SRR

< ¢ A&
31 'Nﬁlﬁﬂ?vﬂiﬁﬂ"]'\&lLﬁqalaLﬂaiwuﬂ"\u

JUT 3.1 msseasmuauaieaweilagldfmmunmuliualaedisig

TudunoULSNYDINSANINMSATUANNDINSS 213UINASNABBIAIUANAIIUS?
wames Fsamnsanenasegisheldfeguil 3.1 - Ieedfduniusialiudld Jugunsal
Y : . =
vdnitldlunismuauanaiivesewes uarld Arduino Uno R3 tluga Microcontroller

Tluns@eulusunsuauny

TusunsuaduAuAaIaRaen1s LA unuwuudiuald
Snwarveadlusunsutu AesmsdaaaziumaruAmunuInmiuusinusu
Ald Tngarneuunazdudroundenaindinumiudiuald dwzldieiuasiden 10 Oa
=) 1 L = Y 5 P ke 8 g :.'; ¥ = -3
wseAwyiv 1024 Tuszuugudu dshudledesmsivineweianunsonyuisdisuazynia

AU umud UM uvdasinans devulunuduuning sewmesiaguyuy
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= = o a ¥ = & 4 { - [ '
Tluhrmandsfeanuififintusesq unseigagaing Wenyusmfmunuuiueily

i 8 d‘{ 1 o
Prmnansaiudy sewmesfasmyuluiiemanduiumeanundiutuguiy

d @ = { & s
Ul 3.2 Hsrulisunsy (Flow Chart) veamstioulusunsuemunua i iuewnesiiin

FumuUsualA

ad = & a v ¥ ¥ = a =
dfefnwifiugruvesnisiBeultsunsuldfivuemasiiuas Jasuiauoenkuuash
1lunistuusieed (Drive Motor Circuit) fahdenasnanell

3.2 MI9ANLUUNITTUNBLADS (Drive Motor Circuit)
3.2.1 MIAMUIINDTTVNBLNDS
o w o < saly v v v L vy a o o o
dmsuestunewmeimunguiiilinaniundiesuii ndenldueamndiu 4 @
W 5 - a ¢ 1 .
adeiuuUUI99s H-Bridge ioldlumamuauiismsvesuaimas @ Microcontroller 4

Juvafa Arduino Uno R3 Bail ATmega328 18y MCU udnlunisaiunu
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=

o3

- hede IN?LA Diade INPI4
=i k.u: B3
2 o

(c1 < i
| MOSFETN Txf

—I
:31 FResl
ode INYISK

QB ]
NPy RS B O EMISDR
NET W
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Diads INS14
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4
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ra

aficF

e = B
- 1k a1 tres
= 2 @ WK
3
isio ive)

RE R7 WR10

A e ey
il

5

JUA 3.3 136192933 H-Bridge

9NFUT 3.3 Wumseanuuuaesiuan 1 9199892985 H-Bidge Inggunsaindn
3 -2 d”d - L |3 L %
Fm$ur195iife Op-Amp Fudenliues LM324 9 wiu 2 3 wazlalnain Power Supply

F1BUIAILYUIR 20V

Tsunsun1saauaNALiikuuY Pl lagaaulnsalaas

¢ o Al

mseanwuulumsiwsntuaziinasidaeulnsataasdindu Arduino laeflgamisnuniu
@t 1 oo o & d‘ & al o ] 1 1 L3 -
R wuudSuald Aefudarsveewes Wolonosnyulundumieng danuaiuniuiag
fnsasunlas 9z liAna Rana e (Error)  SEMINSAILMUSAARUALAE ALLINAY
Frunusuld fieraRanain (Eror) - Pldlulglunsauauuuy PL Taemsaunuiles

’ s &l v @ =l
AuANlnewenyiLs uandeianlusunsu (Flow Chart) Tugui 3.4
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AAUAAIUAL
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Input Qutput
IN+ > IN- HEN DIS ALO AHO BLO BHO
X X 1 0 0 0 0
1 1 0 0 1 1 0
0 1 0 i 0 0 1
1 0 0 0 0 1 0
0 0 0 1 0 0 0

NNSVNUDE1 Y g12995ln5ueneleduiing ave19dwmum1ss Truth Table 91
Datasheet woslod HIP4080 lununuanafinisnd 31 Taseduneldinanguil 3.6 14
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3, LLaJu”Lﬁa'm'ﬁaq%fuﬁwﬁﬁgUamm?iﬂu U 2 WY
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6. @y 4 an

7. uwidwiuideuyadude d1um 2 Fu
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12. udlwanlndh vun 12 vDC
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14, shgmuvmudsuenluuum 25 seu S1uu 2 6

15. shfuuiasuailduuvdlad 1 6

16. lnaindauIu 4 M
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3.4 Inverse Kinematic

Y p Desired position
{xy)

AUTDILUU

2

e

A ——————

gﬂﬁ 3.19 Inverse Kinematic

fMuwua
8 Dugawauay
X FUMAYRILATOIVEINA LNV
(x,y) poulnsalansaylasuainda Master
R ANV
WY 0 ;
91N sin@ = % (3.1)
AN (g
o =sin* (¥) (3.2)
wWsvey X ;
X = Rleos (@) ; 6= sin? (%) (3.3)
ety X' ;

X+X =X (3.4)
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s zRzty MU WA mIeINAUENA1INITINY A

R

X' = X+R|cos (sin—1 (X))] (3.5)

Wiesnmsvhanuvewaimesudasi reulvsameiavihvuueniuldezldiudoya

FUNLYRLREUTIRBIAUINAT Desired Position 9896104

A13AUI0 Desired Position UaIRLRUIALATDY

AnvazEuevasTwvdLeulfmmasieseau

DP = . s x X' (3.6)
yeviiadouilidesaumsu
1440 ,,
DP =——X (3.7)
800TT
e
X’ AshusisassviunAualdangunsa (3.5)
DP Ardwmanled@msunisaIua Pl Control
ANMUAZIEYATRIMLLEUlARLAD A BTOU
ANUAYLDEATDWINALIRESEU = PPR X 4 (3.8)
e
PPR Fnuiaduaseulinmasnoseu

wuldanesniinmsldauiimuaziBenil 360 PPR (Wadsasau) widennisldeui
ATIaBEn 4X Tumnenuin mavyuwiiseuszansaliauasdenvoswhumiai 4

] = =3 1% 5 4 o 1,
LVI’]’UENF’}’J']NE%LE)EJﬂL@uIﬂﬁLfﬂai A9 1440 ANLLALNRBNT TV U 1 99u
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srggnnanTondounlafeTeuNIUYY
L=mnD (3.9)
laed

JEeYN AN UNLARETEUNTVYY

D LHURNAUENaN9aD

A13A 1IN Desired Angle Y IuWIU

R= (H) (8 = Brmin) + Runin (3.10)

Taedi

Ry ftyguned ADC mmﬁqm

Rod, fayqynau ADC Taniian

R AryudmiuA Pl Control

T AysnnTiae

By ANYBsTEn

6 AsuAwaadld a7 (3.2)

A ] 1 ar 3 TC 1
Lummﬂmsumam‘umzag”Lumq 0<0<m UUOBLin=20, Opax = - Tudu

999 Ryyaxs Ry d¥@N5005 U690 I0N 90U Tutigu

nmsusuiouls Rmax = 510, Ry, = 470
Fathy
_ (510-470
R= (32 ) (8) +470 (3.11)
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3.5 M lgulusunsualuaNuazNsHosItoya

Arduino Maga
(Master) l 1 l 1
Artluino Nano Arduino Nano
¢ G L ( 2 Arduino Nano .} Arduinc Nano
P (RIUANRLWEY — AIUAN Aved —
" ) b (naunuyularala) runumsiuag
#a) ury) g
\ 4 L h 3
Drive Circuit Drive Circuit Drive Circuit Drive Circut

Encoder I Variable Resister | Variable Resister

a .
U7 3.20 szuuiildlunisaiugy

Variable Resister

mspruAumMsYa eritlasstheresanlysataeiviinusiniy deensiiluguuuy
yoen1sAeansounTy (Serial Communication) lasfifannainesazdeiuvidaosiun
(XY) vaudming (Fundwatsnaw) Iifureulvsaiaesyndaiiauguueines
roulnsalaasuAaziaziinsA1uIM Inverse Kinematic siuviavasiines waziinisaius

mstaundunuy Pl vl v siianuusdugunnau

Rx
Arduino MEGA T
(MASTER) X
Rx | Tx Rx | Tx Rx | Tx Rx Tx
Arduinc Nano 3.0 Arduino Nanc 3.0 Arduing Nano 3.0 Arduino Nano 3.0
[Arm centrel} [Hand control) [UP-DCWN conwrel) (Wheel control)
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Flow Chart Lanan15vinuYed Controller 7 Master
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ne

Mode=9921
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ne
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i
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NTBUADTINN (Interrupt) Laan

ISR(__vector_13)
{
TCNT1=64908;
t++;
T2z
}

Aefsugasdmsunismeu

void armCW({
currentX=0;
currentY=0;
(F ol
while(currentY<=armlLongk
if{T2==1}
currentY=\*t*0.01;
iftcurrentY>=armLong)
currentY=armbLong;
intX=8888;
retum;
1
sendDatal);
}
T2=0;

e

A a 9] & @ o a ° L oa v - o oA @
wiasinisSenldfandunisidrndu dundasudurasvaiswaude durdsndiantn

=

(X,Y) vastaneila Ao (0,0) MNTLILEMSALMLML®DS Y TuiTooq Mmeanusined V 3

finmsiwnazdsdoyannd 10 ms



Handugosdinsunisann

void armCCW{{
t=0;
currentX=0;
currentY=armLong;
while(currentY>=0}4

if(T2==1}

currentY=armLong-(V*)*0.01);

iflcurrentY<=0}
currentY=0;
intX=8888;
return;
}
sendData();
}
"=
}
i

39

A o ~ & ° Ay a ° o
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void sendData(){
String string = String("#");
string += String{"A";
string += String{currentX);
string += String("B");
string += String(currentY);
string += String("C");
string += String{C);
string += String("D";
string += String("4");
string += String("™");
Serial.println{string);

No

A 4

O v,
% ""llﬁll".ﬁqiic'll“”: i

Yes

Inverse Kinematic

Y

Pl Control

g‘lJ‘ﬁ 3.23 Flow Chart Lanan159191uv89 Controller 77 Slave
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U 4.5 N15092993 H-Bridge Tneld HIP 4080
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5 0 12 40 432
6 0 6 40 46.4
7 0 12 40 42.7
8 0 12 40 11.2
g 0 14 40 40.8
10 0 8 40 39.5
11 0 12 40 39.8
12 0 13 40 36.6
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Nan1sNAFaU
L3 1 n;.v 1 al 1 =}
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400mm SevhliiriauaaRdeufiietuTL Heluaies X TngiinvemiuiniazAaudy

o -
LEAMNAIRTIINN 4.2
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Asan - — L, Wangass | whwened
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aula

1 508 507 (0,0) (0,400) (0.00,400)
2 508 507 (0,0) (0,400) (-4.66,400)
3 508 507 (0,0) (0,400) (4.03,400)
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8 508 507 (0,0) (0,400} (-1.94,400)
9 508 507 (0,0) (0,400) (2.74,400)
10 508 507 (0,0) (0,400) (-1.94,400)
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1. NARBIAIUANAIING?

int left;
int right;
int pulseWidth;

void setup() {

// put your setup code here, to run once:

Serial.begin(9600);
pinMode(3, OUTPUT);
pinMode(11, QUTPUT);

TCCR2A = _BV(COM2A1) | BV(COM28B1) | _BVIWGM21) | _BVIWGMZ20);
TCCR2B = - BV((S22);

OCR2A = 255;

OCR2B = 255 ;

void loop() {

// put your main code here, to run repeatedly:
pulseWidth=analogRead(AQ);
Serial.print(" pulseWidth :");
Serial.print(pulseWidth);
Serial.print(" ";

if(pulseWidth<511)

{
OCR2B=255;



right=511-pulseWidth;
Serial.print("Right :");
Serial.println{right);

OCR2A=map(right,510,0,0,255),

}

else if(pulseWidth>511)

{
OCRZA=255;
left=pulseWidth-512;
Serial.print("left :");
Serial.printin(left);
OCR2B=map(left,511,0,0,255);

2. naassvyulunguy (PID Control)

int left;

int right;

int pulseWidth;

int mapH=>509;//udngs

int mapL:O;//LLmeé‘ﬁ

int p_control=A0;//analegRead pin
int p_moter=Al;

int gapH=513;//ANg4v09U YA
int gapl.=510;//?’iﬂﬁ’1"1‘uaa°ti'awqﬂ
int Lc=514,

int Rc=509;

int cH=255;

int cL=0;

int Ke=25;
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int Ki=0.6;

int R_control;
int R_motor,
int E;

int 1=0;

void setup( {
Serial.begin(19200);
pinMode(3, OUTPUT);// RotateRight
pinMode(11, OUTPUT),//Rotateleft
pinMode(4,0UTPUT);// RotateRight
pinMode(12,0UTPUT);//RotateLeft
TCCR2A = _BV(COM2A1) | BV(COM2A0)| BV(COM2B1)| _ BV(COM280) |
_BVIWGM21) | _BV(WGM20);
TCCR2B = _BV(CS22);

void loop() {
R_control=analogRead(p_control);
R_motor=analegRead(p_moter);
E=R_control-R_motor;
|=I+E;
pulseWidth=(Ke*E)+(Ki*|)+512;
// Serial.print(" pulseWidth :");
// Serial.printn(pulseWidth);
// Serial.print(" ");
if(pulseWidth<=Rc)
{
digitalWrite(12,LOWY),
digitalWrite(4,HIGH),
right=Rc-pulseWidth;
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QOCR2B=cH;

// Serial.print("Right :"};

// Serial.printin{right);
OCR2A=map(right,mapH,mapL,0,255);

}

else if(pulseWidth>gaplL&&pulseWidth<gapH)

{

}

// Serial.println("stop";
digitalWrite(12,LOW);
digitalWrite(4,LOW);
QOCR2B=255;
OCR2A=255;

else if(pulseWidth>=Lc)

{

digitalWrite(4,LOW);
digitalWrite(12,HIGH);
left=pulseWidth-Lc;

OCR2A=cH;

//Serial.print("left :");

//Serial println(left);
OCR2B=map(left,mapH,mapL,0,255);
}
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Datasheet

ak, High Frequency
Full Bridge FET Driver

The HIP4080 is a high frequency, medium voltage Full Bridge
N-Channel FET driver IC, available in 20 lead plastic SOIC and
DIP packages. The HIP4080 includes an input comparator,
used to facilitate the "hysteresis” and PVWM modes of operation.
Its HEN (high enable) lead can foroe current to freewheel in the
bottom two external power MOSFETs, maintaining the upper
power MOSFETs off. Since it can switch at frequencies up to
1MHz, the HIP4080 is well suited for driving Voice Coil Motors,
switching power amplifiers and power supplies.

HIP4080 can also drive medium voltage brush motoers, and two
HIP4080s can be used to drive high performance stepper
motors, since the short minimum “on-time” can provide fine
micro-stepping capability.

Short propagation delays of approximately 55ns maximizes
control loop crossover frequencies and dead-times which can
be adjusted to near zero to minimize distortion, resulting in
precise control of the driven load.

The similar HIP4081 IC allows independent control of all 4
FETs in an Full Bridge configuration.

See also, Application Note ANS324 for the HIP4080.

Similar part, HIP4080A, includes under voltage circuitry
which doesn't require the circuitry shown in Figure 30 of this
data sheet.

HIP4080

February, 2003 FN3178.11

Features

= Drives N-Channel FET Full Bridge Including High Side
Chop Capability

Bootstrap Supply Max Voltage to 95Vpe

« Drives 1000pF Load at 1MHz in Free Air at 50°C with Rise
and Fall Times of 10ns (Typ)

.

User-Programmable Dead Time

* Charge-Pump and Bootstrap Maintain Upper Bias
Supplies

DIS (Disable) Pin Pulls Gates Low

Input Logic Thresholds Compatible with 5V to 15V Logic
Levels

Very Low Power Consumption

Applications

« Medium/Large Voice Coil Motors
Full Bridge Power Supplies
Switching Power Amplifiers

High Performance Motor Controls

Noise Cancellation Systems

PART |TEMP.RANGE PKG. = Peripherals
NUMBER (°c) PACKAGE NO. . UPS
HIP4080IP -40to 85 |20 Lead PDIP E203 1
HPiwE | A0toss |20 Lesdsolc (w3 Riony
HIP4080
(20-LEAD PDIP, SOIC)
TOP VIEW
BHB E 20| BHO
HEN [2] [19] BHS
ois [3] 18] BLO
vss [4] BLS
ouT I_?_ 6] Voo
i+ [g] [15] vec
i [7] [13] ALS
HDEL [g] [13] ALO
LDEL [9] l12] AHs
AHE [ig] [17] AHO
1 CAUTION: These devices are sensiiive l
1-BBE-INTERSL or 321-724-7143 | Int

All olher trade:
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HIP4080
Application Block Diagram
av
| l L
2y =8 W=
|

BHO _I—"

BHS
T < LOAD ]
-t DIS —|

HIP4080
=% _:ﬂl—]

—1 IN+ ALO
— N AHS

AHO

GHD gF

GND
Functional Block Diagram (112 HIP4080)
e AHB [ HIGH VOLTAGE BUS = 80Vpe
I
CHARGE LEVEL SHIFT L
PUMP l AND LATCH 7T Ces
voo 8] l
HEN - TURN-ON
DELAY

TO Vpp (PIN 16)
& Oss e
DIS ’ @ Veo

DRIVER

ALO L *12Voc




HIP4080

Typical Application (Hysteresis Mode Switching)

=
T|sHB ~ BHO [20}
12v Z|HEN  BHs [19]
ois 3|os  BLo [1§)
— T|vss  BLS [17}
Wy S| OUT  wpp [T6}
6V MW 6| IN+ Vee E_'
7| IN- ALs [19]
N —Ar—e 8| HDEL  ALO [73]
LDEL  ans [12}
0| AHB  AHO [T1}—
X1 %

*

=

|

B

LOAD

p 12V

=

=2

AAA

WV G

AAAJ

% GND
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HIP4080

Absolute Maximum Ratings

Thermal Information

Supply Voltage, VppandVee - vvovvveean ..-0.3Vto 16V Thermal Resistance (Typical, Note 1)............... 04 (CCMY)
Logic IO Voltages . . .- e Wio Vpp +0.3V SO CIPACKROE, s 1s 15h S e i T T SV ey e e BN 85
Voltage on AHS, BHS . .. -6.0V (Transient) to 80V (25°C to 125°C) (o) [ = o IR PN NS R S S /.
Voltage on AHS, BHS . . . -6.0V (Transient) to 70V (-55°C to 125°C Maximum Power Dissipation at 85°C

Voltage on ALS, BLS. .. ... -2.0V (Transient) to +2.0V (Transient) NG PO o0 s i vacioass i oot S o s i o0 2 AR 470mwW
Voltage on AHB, BHBVAHS, BHS -0.3V to Vas, BHs +16VVeitage on DI PACKAOE. ..y srisvbdivdisaviaa i sy e 530mwW
Voltage on ALO, BLO . ........... VaLs. BLs -0.3Vto Vg 0.3V Storage Temperature Range ................. -65°C to 150°C
Voltage on AHO, BHO. . .. .. VAHS, BHS 0.3V toVapg, gHE +0.3V Operating Max. Junction Temperature . ... ... .. .125%
Input Current, HDEL and LDEL . ... .............. -5mA to OmA Lead Temperature (Scldering 10s). . .. .................300°C
PhaseSIOW:Rate . o i i 5 B Da ok FE A el B 20Vins (SOIC - Lead Tips Cnly)

All Voltages relative to pin 4, Vss, unless otherwise specified.

Operating Conditions

Supply Voltage, Vpp and Ve - . . . .. +8V 10 +15V
Voltage on:ALS, BLE. .. .. cvnv wnasnvrenassaees -1.0Vto +1.0V
Voltage on AHB, BHB . VAHS BHS +5V to Vays, pHS *15V
Input Current, HDEL and LDEL ..... . .-500pA to-50uA

Operating Ambient Temperature Range .......... -40°C to 85°C

CAUTION: Stresses above those listed in “Absolufe Maxlmum Ratings” msy cause parmanent d.lmage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indit i in the op I of this specii is not implied.
NOTE:

1. Byp is measured with the component mounted on an evaluation PC beard in free air,

Electrical Speclflcailons Vpp = Vee = VaHe = VBHE = 12V, Vss = VaLs = VBLS = VaHS = VBHS = OV, RypEL = R pgL = 100K, and
Tp = 25°C, Unless Otherwise Specified

Ty=- 40°C ‘
| Ty=25% TO 125°%C
PARAMETERS SYMBOL TEST CONDITIONS MIN | TYP I MAX | MIN | MAX . UNITS
SUPPLY GURRENTS AND CHARGE PUMPS
Vpp Quiescent Current Ipp IN- = 2.5V, Cther Inputs = 0V J 8 105 13 7 14 ! mA
Vpp Operating Current lopo Qutputs switching f = 500kHz 2 11 14 8 15 | mA
Ve Quiescent Current Icc IN- = 2.5V, Other Inputs = 0V, P or 25 80 - 100 A
laLo = lgLo =9 |
Ve Operating Current lcco f = 500kHz; No Load | 1 1.5 20 oBN|N 3 mA
AHB, BHB Quiescent Current - 1aHB. lpHe |IN-=2.5V, Other Inputs =0V, lapo = | 50| -30 | <15 | -60 | -10 A
Qpump Cutput Current IsHo =0, Vpp =Vee = VaHe =
VgHe = 10V

AHE, BHE Operating Current laHBO: f = 500kHz, No Lead ] 05 0.9 13 0.4 17 mA

lsHEO
AHS, BHS, AHB, BHB Leakage Current IHLK VAHS =VBHS =VAHB = VBHB =95V | - 002 | 1.0 - 10 | pA
AHB-AHS, BHE-BHS Qpump VaHE- | laHB =laHB =0, No Load 115 | 126 | 140 | 105 | 145 | Vv
QOutput Voltage VAHS |

VBHE- ! |

Vaus | i
INPUT COMPARATOR PINS: IN+, IN-, OUT
Offset Voltage Vos Over Common Mode Voltage Range -10 Q +10 -15 +15 | mv
Input Bias Current g 0 0.5 2 0 4 nA
Input Offset Current los -1 0 +1 -2 +2 pA
Input Common Mode Voltage Range CMVR 1 B Voo 1 Vpp v

| -15 1.5
Voitage Gain AVOL | 10 | 25 | - 10 | - | vmv
4 intersil



HIP4080

Electrical Specifications Vpp =Veg = Vane = Vane = 12V, Vs = Vais = VeLs = VaHs = VeHs = 9V, RypeL = RipeL = 100K, and
Ta = 25°C, Unless Otherwise Specified (Continued)
BN i S i e r G e S O L O W .‘_ 'I'J=40°c
Ty =25°C TO 125°C
PARAMETERS SYMBOL TEST CONDITIONS MIN | TYP | MAX | MIN | MAX | UNITS
OUT High Level Output Voltage VoH IN+ > IN-, loy = -300pA Voo - - Vpp - WV
-0.4 -05
OUT Low Level Output Voltage VoL IN+ < IN-, Ig| = 300pA - - 03 - 0.4 v
High Level Output Current lon Vout = 8V -9 -7 -4 -1 -2 mA
Low Level Output Current loL Vout = 8V 8 10 12 & 14 mA
INPUT PINS: DIS
Low Level Input Voltage Vi Full Operating Conditions = 1.0 - 0.8 v
High Level Input Voltage ViH Full Operating Cenditions 25 - - 2F - Vv
Input Voltage Hysteresis - 35 - - - my
Low Level Input Current TN Vi =0V, Full Operating Conditions -130 | -100 | -75 | -135 | -85 nA
High Level Input Current liH Vi = 5V, Full Operating Conditions -1 - +1 -10 +10 WA
INPUT PINS: HEN
Low Level Input Voltage ViL Full Operating Conditions - 1.0 - 0.8 A%
High Level Input Veoitage Vi Full Cperating Condilions 2.5, - - 2. % +
Input Voltage Hysteresis 35 - - - myv
T.; I:éalnpul Cumar;l = i ._?ﬁ_=-6vtfz]0pemﬁng Condilions_ =260 | -200 _-150 -Z‘Tﬂ- I -1 30 ! ';UT |
High Level Input Current | I Vi = 5V, Full Operating Conditions -1 - +1 -10 +10 A
TURN-ON DELAY PINS: LDEL AND HDEL
LDEL, HDEL Voltage VADELY. | HDEL = |LDEL =-1000A |49 ] 511 83 [48 [ 54 [ v
GATE DRIVER OUTPUT PINS: ALO, BLO. AHO, AND BHO
Low Level Output Voltage VoL |louT=100mA 70 085 | 1.0 [-05 | 11 v
High Level Output Voltage Vee - Vol | lout =-100mA 08 [ 085 | 11 05 12 Vv
Peak Pull-up Cument Ig+ Vour =0V 1% 26 3.8 1.4 4.1 A
Peak Pull-down Current lo- Vour=12Vv 10 2.4 33 13 36 A
Switching Specifications Vpp = Vee = Vane = VBHE = 12V, Vss = VALS = VBLS = VaHS = VeHs = 0V, RHDEL = RLDEL = 10K,
C| = 1000pF, and Ta = 25°C, Unless Otherwise Specified
Ty=-40°C
Ty =25°C TO 125°C
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | MIN | MAX | UNITS
Lower Tum-off Propagation Delay (IN+iN- to ALO/BLO) TLPHL - 4 70 - 90 ns
Upper Tum-off Propagation Delay (IN+/N- to AHO/BHO) THPHL - | 50 80 - 110 ns
Lower Turn-on Propagation Delay (IN+/IN- to ALO/BLO) TiLptH RupeL = RipeL = 10K | - | a5 70 - 20 ns
Upper Turn-on Propagation Delay (IN+AN- to AHO/BHO) THPLH RHDEL = RLpEL = 10K | - | 70 | 110 - 140 ns
E}Se}lme - T - 10 25 - 35 ns |
Fall Time T - 10 25 - 35 ns
Turn-on Input Pulse Width ) TpwiNn-oN | RHDEL = RLpeL = 10K | 50 - = | = “ ns
Turn-off Input Pulse Width TpwiN-OFF | RHDEL = RLpeL = 10K | 40 - - 40 - ns
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Switching Specifications Vpp = Vee = Vane = Venpg = 12V, Vss = Vars = VeLs = Vads = Vens = OV, RypeL = RLpEL = 10K,

Cy =1000pF, and Tp = 25°C, Unless Otherwise Specified (Continued)

Ty=-40°C
Ty =25 TO 125°%C
PARAMETERS SYMBOL TEST CONDITIONS | MIN TYP | MAX | MIN | MAX | UNITS
Disable Tum-off Propagation Delay ToisLow - a5 |75 - [9e5 | ns
(DIS - Lower Outputs) I
Disable Tum-off Propagation Delay TDISHIGH - | 55|85 | - [105] ns
{DIS - Upper Outputs) |
Disable to Lower Turn-on Propagation Delay TDLPLH - Tas | 7 - 90 ns
(DIS - ALO and BLO)
Refresh Pulse Width (ALO and BLO) TREF-PW 160 | 260 | 380 | 140 | 420 ns
Disable to Upper Enable (DIS - AHO and BHO) TUEN - | 335 | 500 - 550 ns
HEN-AHO, BHO Turn-off, Propagation Delay THEN-PHL |RHDEL =RLpEL=10K| - | 35 70 - g0 ns
HEN-AHO, BHO Turn-on, Propagation Delay THEN-PLH |RHDEL =RipeL = 10K} - | 60 80 - 110 ns
TRUTH TABLE
INPUT OUTPUT
IN+ > IN- HEN Dis ALO AHO BLO BHO
X X i Q "] 0 V]
1 1 0 0 1 1 1]
0 1 0 1 0 ] 1
1 0 ' 0 0 0 1 0
0 0 0 1 0 { 0 0
Pin Descriptions
PIN
NUMBER SYMBOL DESCRIPTION

1 BHB B High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of boolstrap
diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 30j.A out of this pin to
maintain bootstrap supply. Internal circuitry clamps the bootstrap supply to approximately 12.8V. |

2 HEN High-side Enable input. Logic level input that when low overrides IN+/IN- (Pins 6 and 7) to put AHO and BHO drivers |
{Pins 11 and 20) in low outpul stale. When HEN is high AHO and BHO are contralled by IN+/IN- inputs. The pin can
be driven by signal levels of 0V {o 15V (no grealer than Vipp).

3 DIS DiSable input. Logic level input that when taken high sets all four cutputs low. DIS high overrides all other inputs.
When DIS is taken low the outputs are controlled by the other inputs. The pin can be driven by signal levels of 0V to |
15V (no greater than \Vpp). |

4 Vss Chip negative supply, generally will be ground

5 auT OUTput of the input control comparator. This output can be used for feedback and hysteresis.

6 IN+ Non-inverting input of control comparator. If IN+ is greater than IN- (Pin 7) then ALO and BHO are low level outputs '
and BLO and AHO are high level outputs. If IN+ is less than IN- then ALO and BHO are high level cutputs and BLO
and AHO are low level ocutputs, DIS (Pin 3) high level will override IN+/N- control for all outputs. HEN (Pin 2) low level |
will override IN+/IN- control of AHO and BHO. When switching in four quadrant mode, dead time in & half bridge leg
is controlled by HDEL and LDEL (Pins & and 9) J

7 IN- Inverting input of control comparator. See IN+ (Pin 6) description.

8 HDEL High-side turn-on DELay. Connect resistor from this pin to Vgg lo set timing current that defines the turn-on delay of |
both high-side drivers. The low-side drivers turn-off with no adjustable delay, so the HDEL resistor guarantees no |
shoot-through by delaying the turn-on of the high-side drivers. HDEL reference voltage is approximately 5.1V. |

6 | _imbersil
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Pin Descriptions (continued)

CoeN |

[ NUMBER | SYMBOL DESCRIPTION

| 9 LDEL Low-side tum-on DELay. Connect resistor from this pin o Vgg to set timing current that defines the turn-on delay of
both low-side drivers. The high-side drivers turn-off with no adjustable delay. so the LDEL resistor guarantees no
shoot-through by delaying the turn-on of the low-side drivers. LDEL reference voltage is approximately 5.1V.

10 AHB A High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of bootstrap
diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 30pA out of this pin to
maintain bootstrap supply. Internal circuitry clamps the bootstrap supply to approximately 12.8V,

11 AHO A High-side Output. Connect to gate of A High-side power MOSFET.

I 12 AHS A High-side Source connection. Connect to source of A High-side power MOSFET. Connect negative side of
| bootsirap capacitor to this pin.
| 13 ALO A Low-side Output. Connect to gate of A Low-side power MOSFET.

14 ALS A Low-side Source connection. Connect to source of A Low-side power MOSFET.

15 Vee Positive supply to gate drivers. Must be same potential as Vpp (Fin 16). Connect to anodes of two bootstrap dicdes.

16 Vpp Positive supply to lower gate drivers, Must be same potential as Ve (Pin 15). De-couple this pin to Vgg (Pin 4).

17 BLS B Low-side Source connection. Connect to source of B Low-side power MOSFET.

18 BLO B Low-side Output. Connect to gate of B Low-side power MOSFET.

19 BHS B High-side Source connection. Connect to source of B High-side power MOSFET. Connect negative side of

| bootstrap capacitor te this pin.
: 20 BHO B High-side Output. Connect to gate of B High-side power MOSFET,

7 inbergil
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DM74LS73A

General Description

This device contains two independent negative-edge-irig-
gered J-K flip-flops with complementary oulputs. The J and
K data is processed by the flip-flops on the falling edge of
the clock pulse. The clock triggering occurs at a vollage
level and is not directly related to the transition time of the
negative going edge of the clock pulse. The data on the J
and K inputs is allowed fo change while the clock is HIGH
or LOW without affecting the outputs as long as setup and
hold times are not violated. A low legic level on the clear
input will reset the outputs regardless of the levels of the
other inputs.

Dual Negative-Edge-Triggered Master-Slave
J-K Flip-Flops with Clear and Complementary Outputs

August 1986
Revised March 2000

Ordering Code:

Order Number |Package Number Package Description
DMT74LS73AM M14A 14-Lead Small Qutline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
DMT74LS73AN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Connection Diagram

4 a1 o1 GND K2 [v7] az.
14 13 12 I‘H ltD 9 B

O f——j
ol

_I
1 2 ,3 I4 5 [ 7
CLK1 CLR1 K1 vee Clk2 CLR2 42

Devices also available in Tape and Reel. Specfy by appending the suffix letier “X™ to the ordering code

Function Table

Inputs Qutputs

CLR | CLK J K Q Q

L X X X B H

H 1 L L Q Q

H 1 H L H L

H 1 L H L H

H 1 H H Toggle

H H X X Q Q

H = HIGH Logic Level

L= LOW Logic Level

X = Either LOW or HIGH Logic Level

~ = Negative going edge of pulse.

Qq = The output logic level before the indicated input conditions were
established

Toggle = Each output changes to the complement of its previous level on
each falling edge of the clock pulse

© 2000 Fairchild Semiconductor Corporation DS006372

www.fairchildsemi.com
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Absolute Maximum Ratingsote 1)

Supply Voltage v
Input Voltage ™
Operating Free Air Temperature Range 0°C to +70°C
Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

MNote 1: The “Absolute Maximurn Ratings” sre those values beyond which
the safety of the device cannot be guaranteed. The device should not be
operated at these fimits. The parametric vaiues defined in the Electrical
Characteristics tables are not guzranteed at the absolute maximurn ratings
The *Recommended Operating Conditions” table will define the conditions
for actuzl device operation

Symbol Parameter Min Nom Max ~Units
Vee Supply Voltage 4.75 5 5.25 1%
Viy HIGH Level Input Voltage 2 v
ViL LOW Level Input Voltage 08 Vv
loy HIGH Level Output Current -04 mA
lor LOW Level Output Current 8 mA
foux Clock Frequency (Note 2) 0 30 MHz
fork Clock Frequency (Note 3) 0 25 MHz
t Pulse Width Clock HIGH 20
(Note 2) Preset LOW 25 ns

Clear LOW 25

tyy Pulse Width Clock HIGH 25
(Note 3) Preset LOW 30 ns

Clear LOW 30
tsy Setup Time (Note 2)(Note 4} 20l ns
tsy Setup Time (Note 3)(Note 4) 250 ns
t Hold Time (Note 2)(Note 4) ol ns
T Hold Time (Note 3)(Note 4) 51 ns
Ta Free Air Operating Temperature 0 70 G

Notc 2: CL= 16 pe, R_=2 ki3, Ta = 25°C and Vo = 6v.
Nots 3: Cy =50 pF, R, =2 kO, Ty = 25°C and Voo = 5V.

Note 4: The symbol (1) indicates the falling edge of the clock pulse is used for reference.

wwy.fairchildsemi.com 2
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Electrical Characteristics

over recommended operating free air temparature range (Unless ofhenwise noted)

Symbol Parameter Conditions Min e Max Units
(Note 5)
A1 Input Clamp Voltage Vee = Min, || =-18 mA 135 W
Vou HIGH Level Vee = Min, Igy =Max s i i
Output Volage Vi = Max, Vig=Min
VoL LOW Level Ve =Min, lgp = Max s b
Oulput Voltage Vi =Max, Viy=Min v
ToL =4 MA, Vog = Min 025 04
Iy Input Current @ Max Vee = Max 4K 01
Input Voltage V=7V Clear 03 mA
Clock 04
liH HIGH Level Veo =Max Jo K 20
Input Current V=27V Clear 50 WA
Clock 80
e LOW Level Veg=Max J K -04
Input Current V=04V Clear 08 ma
Clock 08
log Short Circuit Output Current Ve = Max (Nole ) 20 -100 mA
lee Supply Current Ver = Max (Note 7) 4 6 ma

Note 5: All typicals are atVes =8V, Ty = 25°C.

Note 6: Not more than one output should be shorted at a time, and the duration should not exceed one second, For devices, with feedback from the outputs,
where shorting the outputs to ground may. cause the outputs to change logic state, an eguivalent test may be perfarmed where Vo = 2,125V with the mini-
murr and maximum limits reduced by one half fram their stated vaiues. This is very useful when using autormalic test equipment

Note 7: With all outputs OPEN, |gg is measured with the Q and @ putputs HIGH in turn. At the time of measurement, the clock is grounded

Switching Characteristics

at Ve = 5V and Ta = 25°C

From (Input RL=2k0
Symbol Parameter To (Qutput) C =15 pF C_ =50 pF Units
Min Max Min Max
sy Maximum Clock Frequency 30 25 MHz
Propagation Delay Ti Clear
tpg pagation Delay Time ol S e
HIGH-to-LOWY Level Output to@
Propagetion Delay Time Clear
teLi W ¥ s 20 24 ns
LOW-o-HIGH Lavel Cutput to Q
Propageation Delay Tim Clockto
[T rag yoAime < 20 24 ns
LOWHe-HIGH Level Output QorQ
tpL Propagetion Delay Time Clock to
i 20 28 ns
HIGH-to-LOWY Level Qutput QorQ

www. fairchildsemi.com
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LM311

Single Comparator

Features

Low input bias current : 250nA (Max)

Low input offset current : 50nA (Max)

Differential Input Voltage : £30V

Power supply voltage : single 5.0V supply to £15V.
Offset voltage null capability.

Strobe capability.

Internal Block Diagram

Description

The LM311 series is a monolithic, low input current voltage
comparator. The device is also designed to operate from dual
or single supply voltage.

8-DIP

1

3-S0P

@ij.

E’ Veo

17| OQUTPUT

EI BALANCE/STROBE

5| BALANGE

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation
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Schematic Diagram
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Absolute Maximum Ratings
Parameter Symbol Value Unit
Total Supply Voltage \"/e’e 36 \"
Qutput to Negative Supply Voltage LM311 Vo -VEE 40 v
Ground to Negative voltage VEE -30 v
Differential Input Voltage VI(DIFF) 30 \
Input Voltage Vi 15 A"
Qutput Short Circuit Duration - 10 sec
Power Dissipation PD 500 mw
Operating Temperature Range TOPR 0~+70 °C
Storage Temperature Range TSTG -65~+150 °©C
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LM311
Electrical Characteristics
(Vce = 15V, Ta = 25°C, unless otherwise specified)
Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Rs < 50KQ - 10:| %5
Input Offset Voltage Vio | — - . 0 my
- 6 50
Input Offset Current lo I et 7 - = = nA
100 | 250
Input Bias Current IBIAS | ele T 3 300 nA
Voltage Gain Gy - 40 200 - | V/mV
Response Time TRES | Note 2 - 200 - ns
lo =50mA, V1 <-10mV - 075 | 15
Saturation Voltage VSAT Voo 2 4.5V, VEE =0V gl | o A%
o =8mA, V| <-10mV, | Note 1 3 ; ;
Strobe "ON" Current ISTR(ON) = . 3 = mA
ISTR =2mA, V| = 10mV
Qutput Leakage Current ISINK Vo =15V, Voo=+15V. 0.2 50 nA
-14.5 | -14.7
Input Voltage Range VI(R) Note 1 to to - vV
13.0 [ 13.8
Paositive Supply Current Icc - - 3.0 7.5 mA
Negative Supply Current IEE - - -2.2 | 5.0 | mA
Strobe Current IsTR = - g - mA

Notes :
1. 0<TA =+470°C

2. The response time specified is fora 100mV input step with 5mV over drive.
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SEMICONDUCTOR ™

DM74LS08
Quad 2-Input AND Gates

General Description

This device contains four independent gates each of which
performs the logic AND function.

Ordering Code:
Order Number | Package Number Package Description
DM74LS08M M14A 14-Lead Small Outline Integrated Circuil (SOIC), JEDEC MS-120, 0.150 Narrow
DM74LS085J M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
DM74LS08N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Devices also available in Tape and Reel. Specify by appending the suffix letler “X” fo the ordering code. :
Connection Diagram Function Table
Y =AB
Vee B ad ¥4 B3 Al ¥
11 13 IIF " 1] 9§ a lnputs OUtPUt

BT A B
I OV Ly |
Tt T | -

H

H = HIGH Logic Level
L = LOW Logic Level

. PR
=

i
=3
—
=

Al

© 2000 Fairchild Semiconductor Corporation DS006347 wwwi.fairchildsemi.com



Absolute Maximum Ratingsuete 1)

Supply Voltage
Input Voltage
Operating Free Air Temperature Range

Storage Temperature Range

-65°C to+150°C

Note 1: The "Ahsnlute Max<imum Ratings® are those values beyond which
™ the safety of the device cannot be guaranteed. The device should not be
7V operated at these limits. The parametric values defined in the Electrical

Charzcteristics tables are not guaranteed =t the absolute maximum ratings.

0°C to +70°C The "Recommended Operating Conditions” table wall define the conditions
for actuzl device operation

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units
Voo Supply Voltage 4.75 5 5.25 vV
Vin HIGH Level Input Voltage 2 v
Vi LOW Level Input Voltage 0e v
lan HIGH Level Output Current -04 mA
loL LOW Level Output Current 8 mA
Ts Free Air Operating Temperature 0 70 °C

Electrical Characieristics

over recommended aperating free alr temperature range (unless otherwise noted)

Symbol Parameter Conditions Min o Max Units
(Note 2)
v Input Clamp Voltage Voo =Min,lj==18 mA -15 v
Vor HIGH Level Voo =Min, gy = Max " [ 5 y
Qutput Voltage ViH=Min
VoL LOW Level Ve =Min, gy = Max, 035 05
Output Voltage V) =Max i
loL =4 mA; Ve =Min 035 04
Iy Input Current @ Max Input Voltage Voo =Max, V=TV 01 mA
Iy HIGH Level Input Current Voe=Max, V= 2.7V 20 IS
[T LOW Level Input Current Vg =Max, V=04V -0.36 mA
log Short Circuit Output Curmrent Vg = Max (Note 3) =20 -100 mA
lecH Supply Currsnt with Outputs HIGH Vo =Max 24 48 mA
lecL Supply Current with Outputs LOW Veg =Max 4.4 8.8 mA
Switching Characteristics
at Voo =5V and T =25°C
RL=2kQ
Symbol Parameter C =15pF €L =50 pF Units
Min Max Min Max
tPLH Propagation Delay Time 1 1A o £ Fi
LOWto-HIGH Level Qutput
tpHL Prcpagalmn Delay Time 4 i 5 5 a
HIGH-te-LOW Level Output

Note 2: All typicals are at Ve =5V, Ty =25°C

Note 3: Not more than one output should be shorted at a time, and the duration should not exceed one second

www. fairchildsemi.com






