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ABSTRACT

Project of Lime Sorter with Image Processing. The organizing team had the idea
of a lime sorter to be able to sort between green lime and other colored lime by
image processing. This work employs a camera to detect the color of the lime including
sorting the size of green lime by a rail. The size of the lime sorting was divided into 5
sizes according to the diameter, size 1, diameter 4.8 to 5.1 cm, size 2, diameter
between 4.5 to 4.8 cm, size 3, diameter between 4.2 to 4.5 cm, size 4, diameter
between 3.9 to 4.2 cm and size 5, diameter less than 3.9 cm.

The benefit of this project is that it can reduce human labor and more accuracy
in separating the fruit of limes. The lime sorting machine also has a solar cell as an
alternative power source. This makes it more energy-efficient than using a source of
power supply.

The lime sorting machine results were obtained with an accuracy of 96% in the
color separation of the limes. As well as, it can able to sort the size of the limes

according to the specified size and solar cells can produce energy as expected.
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154  B3oufifenfiunsooniuyueassng 9 Wi 2995 Buck converter 2435 Driver circuit

335 Relay 29495 comparator kag3335 ADC
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2.1 wmalulagn1suszunananin (Image processing)
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2.2 OpenCV
OpenCV fie laus3flsntunisideulusinsunmsuaninamenouinosuuuisealn
OpenCV (Open source Computer Vision) td ulaus13 #Hendun1sidsulisunsy
(Library of Programming Functions) Imadauimy'awﬂ'aLﬂwlﬂﬁmmamwaﬁwﬂamﬁama%
wuuiSealnid (Real-Time Computer Vision) Waufikengniiaiuilag Intel win1endslasunis
atuayulag Willow Garage mnsiandag ftseez (Feraugnid1delne Intel) Opencv 1y
Tausisuuuduunannesy (Cross-Platform) uazldamlansnoldavansves BSD wuu
Toliugeosa (Open-Source BSD License)
OpenCV §satiuauuinsuiisnn1sieusidedn (Deep Learning Frameworks) Lok
TensorFlow, Torch/PyTorch kag Caffe
2.2.1 msltuselovu
1. yaiAsesilanudnuaiy 2 Sfuay 3 T (2D and 3D feature toolkits)
2. msUszanaszeyluvnzmdaudl (Esomotion Estimation)
3 izuuiﬁi’ﬂ‘wﬁﬂ (Facial recognition system)
4. M5IRAIMINN (Gesture recognition)
5. Udunusseninauywduazaounatnes (Human-Computer interaction;
HCI)
2.2.2 MwnseulUswn Ty
OpenCV aﬂmﬂ'awﬁ?um”’wmm C++ 111155845V Python, Java uag
MATLAB/OCTAVE — API dmsudumesimamaniannsanulgluenaseaulatd eiinnssay
Timainuansn1uw 1¥u C#, Perl, Ch, Haskell waz Ruby laun1swauiLi oduasunis

a

Wnnldnulaedldnimuiu



2.2.3 53UUd RGB
lunsuanananiaziansdlupouiionesiulaenluissduineiussuy
RGB o una, 1387, Uiy Tuvueh opency azaduasuvesdunsiuiity nanewdu BGR &9

AR Udy, W87, wag

Hex Code  Decimal Code

Color Color Name #RRGGBB RGB
maroon #800000 (128,0,0)
dark red #3B0000  (139,0,0)
brown #A52A2A | (16542,42)
firabrick #B22222  1(178,34.34)
crimson #DC143C  (220,20,60
red WFFO000  (255,0.0)

= tomato #FF634T  (25599,71)
feoral  #FFTFS0 _(256,127.80)
9 indian red #CD5C5C  (205.92,92)
B ot coral. || '#F08080  (240,128,128)
= t) dark salmon #E9967A - (233,150,122)
> salmon #FABOT2 - (250,128.114)
~ ) lightsalmon #FFAOTA | (255,160,122)
orangered | #FF4500 _ |(25569,0)
dark orange #FF8C00 (255,140,0)
SR\ G orange  HFFAB00 | (255165,0)
gold #FFD700  (255215,0)
W cakoidentod - #B8860B  (184.434,11)
L ' golden rod #DAA520  (218,165,32)
pale golden rod | HEEESAA  (238,232,170)

U 2.1 15798 RGB 1

(s - https.//www.rapidtables.com/web/color/RGB_Color.html)

Hex Code | Decimal Code

Color Color Name 4RRGGBB RGB
pale golden rod #EEEBAA  (238,232,170) |
W darkkhaki . |#BDB76B  (189,183,107)
khaki #FOEGBC  (240,230,140)
- olive #808000 ~ (1281128,0)
yellow #FFFFOO  (255,255,0)
yellowgreen | #9ACD32 | (154,205,50)
dark olive green #556B2F | (85,107,47)
olive drab “lueBBE23  (107,142,35)
lawn green #7CFC00 (124,252,0)
chart reuse #TFFFOO (127,255,0)
green yellow #ADFF2F (173,255,47)
dark green #006400 (0,100,0)
green #008000  (0,128,0)
forest green #228B22 (34,139,34)
lime #OOFFOO  (0,255,0)
- ime green #32CD32  (50,205,50)
light green HOOEEQD  (144,238,144)
pale green #98FB98 (152,251,152)
[ darkseagreen |#8FBCSF  (143,188,143)
[ | mediumspring green | #0OFA9A  (0,250,154)

sU# 2.2 715798 RGB 2
(‘17im = https://www.rapidtables.com/web/color/RGB_Color.html)



Hex Code  Decimal Code

Color Color Name “RRGGBB RGB
spring green #O0OFF7F (0,255,127)
= sea green #2E8B57 (46,139,87)
[ medumaguamarine  #66CDAA  (102,205,170)
medium sea green #3CB371 (60,179,113)
light sea green #20B2AA (32,178,170)
dark slate gray #2F4F4F (47,79,79)
teal #008080  (0,128,128)
B cark cyan #008B8B  (0,139,139)
 aqua HOOFFFF  (0,255,255)
=|[ cyan #OOFFFF  (0,255,255)
light eyan HEOFFFF  (224,255,255)
P ok turquoise #00CED1  (0,206,209)
P turquoise #40E0DO (64,224,208)
P medium turquoise #48D1CC  (72,209,204)
pale turquoise #AFEEEE  (175238238) |
agua marine #TFFFD4 (127,255,212) |
powderblue | #BOEOE6  (176,224,230)
cadet blue #5F9EAD (95,158,160)
steelblie 4466284 (70130180)

corn flower blue #6495ED (100,149,237)

U 2.3 957198 RGB 3
(fisn - https://www.rapidtables.com/web/color/RGB_Color.html)

Hex Code = Decimal Code
#RRGGBB R.G,B

deep sky blue #0OBFFF  (0191255)
dodger blue #1EQOFF | (30,144,255)

Color Color Name

light blue #ADDBE6  (173,216.230)
N l sky blue #8TCEEB | (135,206,235)
N inghi skyblue HBTCEFA  (135206.250)
midhight blue #191970 - (25.25112)
navy © 4000080 (00,128)
dark blue #000088  (0,0,139)
mediumblue | #0000CD  (0,0,205)
blue #0000FF  (0,0.255) w
royalblue . ##169E1  (65,105,225)

blue violet #BA2BE2 | (138,43,226)
indigo #4B00B2  (75,0,130) ‘
dark slate blue #483D8B  (72,61,139)

slate blue #BASACD | (106,90,205)
medium slate blue #7BGBEE  (123,104,238)

medium purple #9370DB (147.112,219)

dark magenta #38B008B (139,0,139)
dark violet #9400D3 (148.0,211)
dark orchid #9932CC (153,50,204)

Ul 2.4 15798 RGB 4
(ﬁm - https://www.rapidtables.com/web/color/RGB_Color.html)



Hex Code  Decimal Code

Color Color Name #RRGGBB RGB
medium orchid #BAS5D3  (186,85,211)
= purple |#800080  (128,0,128)
thistle #D8BFD8  (216,191,216)
plum #DDAODD (221,160,221
[ vioet #EE82EE  (238,130,238)
I 2genta / fuchsia |#FFOOFF  (255.0,255)
orchid #DA70D6  (218,112,214)
medium violet red #C71585  (199,21,133)
pale violet red #DB7093  (219,112,147)
deep pink #FF1493  (255,20,147)
-hm pink (#FF69B4  (255,105,180)
Ajghtpjnk WFFBOCA . (255,182,193)
pink #FFCOCB 1 (255,192,203)
antique white (#FAEBDT  (250,235,215)
boige |#F5FSDC - (245,245,220) |
b bisque |#FFE4C4 (255228196) |
i blanched almond | #FFEBCD  (255,235,205)
| wheat ~ #FSDEB3  (245222179)
\comnsilk #FFFBDC - (265,248,220)
"~ lemonchiffon = - #FFFACD _ (255,250,205)

SU#i 2.5 an57198 RGB 5
(i : https://www.rapidtables.com/web/color/RGB Color.html)

Hex/Code |~ Decimal Code ‘

Color. | Color Name #RRGGBE RG.B

light golden rod yellow  #FAFAD2 ;(250,250,210) ‘

" llightyellow ~ #FFFFEQ = (255,255224)
saddle brown | #8B4513  (139,69.19)
sienna | #A0522D | (160,8245)
chocolate ©4D2601E | (210,105.30)
peru HCDBS3F  (205,133.63)
sandy brown | HFAA4B0-  (244,164.96)
burly wood '#DEB8S7  (222,184,135)
fan . #D2B48C  (210,180,140)

#BCBF8F ‘(188,145,123) [

‘moccasin #FFE4B5 — (256.228,181) |
| navajo white . #FFDEAD  (255222,73)
peachpuff  #FFDABS  (255.218,185)
~misty rose 77L#?:E4E177(255,228,225)
lavender blush #FFFOF5  (255,240,245)
linen #FAFOE6  (250,240,230)
old lace #FDFSE6  (253,245,230)
papaya whip #FFEFD5 (255,239,213)
sea shell #FFFSEE  (255.245,238)
mint cream #FSFFFA  (245.255,250)

sU# 2.6 A157198 RGB 6
(‘17im . https://www.rapidtables.com/web/color/RGB_Color.html)



Hex Code  Decimal Code
Color Color Name

#RRGGBB RGB
slate gray #708090  (112,128,144)
= light slate gray #778899  (119,136,153)
light steel blue #BOCADE  (176,196,222)
lavender #EGEGFA (230,230,250
floral white #FFFAFO  (255,250,240)
alice blue #FOFSFF  (240,248,255)
ghost white #FSFBFF  (248,248,255)
honeydew #FOFFFO  (240,255,240)
ivory H#FFFFFO  (255,255,240)
azure #FOFFFF  (240,255,255)
snow #FFFAFA  (255,250,250)
black #000000  (0,0,0)
dim gray / dim grey | #696969 (105,105,105)
 gray / grey | #808080 | (128,128,128)
dark gray / dark grey  #A9A9A9 | (169,169,169)
siver  #C0C0Co (@,192,12;2) !
light gray / lightgrey ~ #D3D3D3  (211211,211)
gainsboro #DCDCDC - (220220,220)
white smoke _#FSF5F5 - (245,245,245)
~ white #FFFFFF - (255,255,255)

sUl 2.7 75198 RGB 7
(ﬁm - https://www.rapidtables.com/web/color/RGB_Color.html)

2.2.4 53UUE HSV
Tunaigfiszuu RGB %36 BGR 14an 3 saunu 3 a7 Judiunay szuud HsvV
wafiusznoulumenn 3 A uilsdldunueanag o usl 3 aduiaanavanedal
H (hue) Anand SAndaus 0-179 Lﬂumﬁuandﬁagﬂw&’mlwu dunaduod
Fendu 60 adudu 120
S (saturation) AAYNBNMA FaATuaRYEaE fAiaus 0-255 Bargedia

512

V (value) A1AHEINY SlFRaus 0-255 Bagadeaing

- (1) H-5 (H: 0-180, S: 0-255, V: 255)

E 100

U 2.8 13798 HSV

(‘17|im : https://stackoverflow.com/questions/10948589/choosing-the-correct-upper-

and-lower-hsv-boundaries-for-color-detection-withcv)



2.3 Viuuay (Webcam)
Fuwas (Webcam) 3o Faidenifia 9 91 Web Camera wiluunsnfeffiauiondy
Video Camera %38 Video Conference fnauaninuidinlausiazau iuwaudugunsaiduns
il awnsofuamiedeulmvessilunngluniaeneiines uarawnsodsnmedoulmil
WuszuuiIetneleliaudnvnuilsannsadiudaisiadeulm Idndeusesovii fedn
HugunseifiiiussleniBnimils uazdudenudnduinniudes 1
2.3.1 Usennuaai3unay
gunsalagendeauualsldhazimiloudunuannda uiazsu uiazdvieas
fignuaruazauaudinuanssiulumuusfnanazAnfunazesnuuanliimnzansunnsly
nuegils Ssamnsauuulsziavoaiunalédsd
1. WURNUFUNSIVRINGRY
Tasunfndoaiunaydrlvgjazfunsanan iesanidusunssunuudivi

Y @ o g v Yo a1 N P M 1o & a v & ]
fusnuuuazivilasliviuiidnifoaunsel uwey wilddnduindesivueudendunsanay

Y = dll

vaualy ws1Eu19Rse ndasdunay Aendufeedsunsed

Y

v
= (YY)

anwaiy Ay nMsidengunsdimunzautu MesAuegiuanuaensldnuvesuinnii

U 9 Welwmadunistdauluuig

2. WU IHLANUBIUIRINE D

Tneanlvgdnumzvsgudindoszndusuuiiudsdnivg Tneuuuusn
Fouvudvrdniunsuuity 919981 3 11 Ve 4 971 ALWMANTODNUUY UAFILLUY 3 97
2gdl Jymmseit Meudadalaiduasin uarldannsonyuiandedldazanida daiu &
Fesmsiiunasfifigiusiunsuazannsanaulide o Adeadonuuugiunsanauvuinlug) 29
wuuilveiidoRnsed Mildtunmardansansuny vesndesldlisndudesendindos
vyulUinlAdenan

3. wuwmnusdnvedues

1% =3

dnsuduseifindoaiuuadldtuaziivin 4 og 2 vlia fle CCD uay CMOS
witfenldfuniigaluneuiide CMOS ilosinmauanats q Usgnisuasduduiges
LU CMOS tesfianunsauvueenldds 2 vliasdefufie CLF Color CMOS Censor fifiaan
aziBavesfinisaud 110,000 finiwa (367 x 291 ) i1y Tuvazdl VGA Color CMOS
Censor TrimnuaziBaiigeniagl 350,000finwa ( 655 x 493 ) fafu Landendondouiu
wenfigldvismmandentiszyly vidorlinues CMOS dwfuiiumesiuu CCD abuifuises
Afoaltlundesidnea mszlimuazidoniiganiuazAil noise linnmieusuiduies

WUy CMOS
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4. wiannusUiuunsiweuse
dwsunsideusevendesIuneanlulagiuding aziludumesivauuy
USB wnuviadulae USB fldhasilunesdu 1.1 dudiuuin winazdinesdu 2.0 Tluuisgu

ndaduwannuulsansazldnseusaluwuy WiFi %38 Wireless lan uladvinlia1uiso

v
o

wndoudhelulimniilaglifiosiilsfisanslyiune uiduueuiiu Wireless nouifidasian
ADUTILNIBDY
2.3.2 madandendeaiuunu
fupouusnisifessasihndonivuay wlfnutueiesreufinnosussny

6V 1<

1o anduldadnideadundanduwalauInanneiinsm Laza1u15aRARIULIDLDATAVDY

]

v '
v A

Tndnld uidldiuinTosnoufiunodinarinoufuugingui fuinsfiduasaunsonnay
Jouailnes

doidengunuuvesndeslsugds Auidonsuaaendinigluveandoaiuuay
Taeidenanaiavesdumesflitunm lneexilmaondu cMOS Tuluy CIF wag VGA 3
wuzdidunuy VeA i andeniigendt wiethdesmsnmazBeaiiuinnind A
Fonuduesuuy CCD asfniudviad safaviingsdu musdevonduiges wagay

ALLIYAVDIFINABILIULAL

JUN 2.9 fegraiuua 1

(i - http://thailandgaming.com/web/aadmallnsiinasatl/3456)



JUN 2.10 siregaiiunay 2

(‘17'|'m - https://bestreview.asia/best-webcams-pc/)

/2 A

/ ’

& €=
Logitech

JUT 2.11 fegniunay 3

(ﬁm - https://bestreview.asia/best-webcams-pc/)

JUN 2.12 fregaiunay 4

(ﬁlm - https://sites.google.com/site/computerserviceno08/home/camera)

11
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2.4 918UasIN1ed (Raspberry Pi 4)

' v
a v =

Juvesanaufiunesvuiniin (Single-Board Computer %38 SBO) figniimutulay
Raspberry Pi Foundation fiaaiasdfiau Ao Ansde wazanuaugunsaididnnsedndls 4
Raspberry Pi 4 fiflunonfinos Raspberry Pi Julvslsunsniisesiuusy (ram) sntuuasd
UsgAnSn1mves CPU GPU Wag /O Aindnguiin 4 fikiuan

2.4.1 ANENUR

1. 8130U3T (Hardware)

— Quad core 64-bit ARM-Cortex A2 et 1.5 Anstdsnd (GHz)
— 12 uaz 4 Anzlua (Gigabyte) LPDDR4 RAM

— fnensiasnsawls H.265 (HEVC) uag H.264

— VideoCore VI 3D Graphics

—  5835UENANITLEAING HOMI
2. Buwmesine (Interfaces)

— ssuudenlel¥ane 802.11 b/g/n/ac

— ugws 5.0 7131 BLE

— SD Card

— %% micro-HDMI

— Wesn USB2 Uaz USB3

— We3n Gigabit Ethernet

—  WO3A camera WAL LANINA

— o356 GPIO
3. gaAKI3 (Software)

—  YaAIEI ARMVS

3

— Linux
4. \Jumeuitunesi danuamnsatunisdoans wazaiuauaunsaldianvseiind
19 1w aansasuianugveaasadddlniilainidwiniuey visli uazdiaunsadsanuld

wiedldlihvhau iengaviedla
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2.4.2 ANUABINITNINAIUY (Power Requirements)
Raspberry Pi 4 finsnsuuasingluyianunsaansl 5 Tad 91 3 woud wse
mnaunsaifideanu Raspberry Pi 4 Tgwdsutiaenit 500 fiadwend anunsaldunasdneln

5 Thad 7 2.5 weut unuld

2.4.3 91 GPIO %984 Raspberry Pi

3v3 power
GPIO 2 (SDA) o

GPI0 3(SCL) o-

GPIO 4 (GPCLKOD) o
Ground

GPIO17 o-

GPIO 27

GPIO22 &

3V3 power o

GPIO 10 (MOSI) o

GPIO 9 (MISO) o

GPIO 11 (SCLK) o

Ground o-

GPIO 0 (ID_SD)

GPIO 13 (PWM1) o
GPIO 19 (PCM_FS) ©
GPIO 26

o GPIO 14 (TXD)

GPIO 15 (RXD)
GPIO 18 (PCM_CLK)

o GPID24

< Ground

o GPIO 25

o GPIO 8 (CED)

© GPID 7 (CE1)

o GPIO 1 (ID_SC)
o Ground

o GPIO 12 (PWMO)
o Ground

s GPIO 16

5 GPIO 20 (PCM_DIN)

Ground o

Gl < GPID 21 (PCM_DOUT)
W

;J‘l.h?ll 2.13 GPIO pins 989 Raspberry Pi
(1'71I3J’l : https://www.makerasia.com/wp-content/uploads/2020/04/GPIO-Pinout-
Diagram-2-1.png)

1. PWM (pulse-width modulation)
191 GPIO12, GPIO13, GPIO18, GPIO19

2. SPI
#1 SPI0 : MOSIH(GPIO10), MISO (GPIO9), SCLK (GPIO11),
CEO (GPIO8), CE1 (GPIOT)
SPI1 : MOSI (GPI020); MISO (GPIO19), SCLK (GPIO21),
CEO (GPIO18), CE1 (GPIO17), CE2 (GPIO16)
3. 12C
#91 Data : (GPI02), Clock (GPIO3)
FEPROM Data : (GPIO0), EEPROM Clock (GPIO1)
4. Serial

91 TX (GPIO14), RX (GPIO15)
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2.4.4 szi'aaqmwgﬁl,tazﬂfa'm%fau (Temperature Range and Thermals)
Frgumgiinishauiiuugii@e 0 s 50 ssruwaldea eanedymadm
%’amﬁ'alﬂﬁwmm?aaq’maiéfl,lmlw Raspberry Pi 4 9gaaA1nuls1d U aduIRnuay
wsatulies CPU TusswiunsTnaadiviindunnuduasussiulrifiosdiatu faiuau
meluazissmnuiinazissfuves CPU nduielsiuladngamaiives CPU lsilfu 85 aarn

ALty

2.5 | waaudsa1iing (Solar Cell)

\Jugunsaifidnnsedndiivianarsisiavdafiay 9 dquauddlunsasy
wruuasefindlidundsauliin Tnenszualiiinfindnlaonleansadduasdulni
nszuanse (Direct Current) as1anansavanldusslondlamud susauisafiulily
wummasifieldunendals

wdsulwifindelfanunsledeasd Sainduundmdsuazeiauazldadg
wanzuidwandeukazliuasefiniounsyan (Co2) douruunaIngIuay 9 1y
sy, Tsslwiafidnssuaunisuanannfinesssuni waganufiu lwawas (Solar Cell) 1y
W Tlud i umaly

2.5.1 ®anN1SY19U

msinumeseaduasefiod Wuruiunmsasus unaadunsualii
Ielaense Inediouasdudund uushvdnluiiuasindsnunsznudvaisieia aziians
fENEANEIUTENIY NERIUINLESIT AN deuTivasnszualndih Bidnnsou)

Fuluansiadindy Jeansasenseualniisandrdluldnuladweandusuin 2.14

Front electrode () e Sunlight
S Sunfight =
Anti-reflection coating\ 5 VA . :
- 55
\‘ £

N-type silicon (P+)—»

P-type silicon (B-) — '

Back electrode (+)

—» Current

3UN 2.14 M3YINUTDUYASHAIDITING

(‘17'1'm : https://sites.coogle.com/site/rebirthgroupen/hlak-kar-thangan)
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n - type Bdmou Feegiuntnveuad fie astsdiihnlanisiauteiieans
Woaresa InuautRdudlididnasoudiofundanuainuaseiing p - type amou foans
Awhildinsiautesiagansiuseu vinbilassasisweseznengadedianaseu (aa) Wesu

WS MNwase1Andasviunmlusisudiannseu Wevddrauia 2 ¥is unusenusaiy

8 p - n junction 3eviliiAadu “waduaseniing” Tuanizndslufiuasan n - type

e

FareuTiegiunthuensad dwlssnovdulvgniouaglididnasou uwindulilsalzUuey

v I3

Unadnieg A1uninved n - type agiuaulangiSenin Front Electrode vinu1filudasu

a

8ldnaseu du p - type FarauTsegiuvdvanas assasisaulvdules usdmadl
a « v 3 v ¥ % aa = a U
SLanaTouUsUuUaNU oY AI1UNEIVDY p - type Tanoulzduaulanzisunin Back

Electrode vhwnthidusiasiusuilaadauandugui 2.15

Al

ACANENBULAY 3
W

=)

prjunchion

ETEAII LI IIPIIEITEIIETIRREY )
fiack elecirods

sUN 2.15 lassadunglunmsiaureseadiaseniing 1

(ﬁu”l . https://sites.google.com/site/rebirthgroupen/hlak-kar-thangan)

a

LWRHLEIDNREANATENU LEIRIANGILAIUWING NI UINUBENANTOULAL LS

a

biiAnnswedeulv Wendsgmensdidnaseusazloasziadmiiiedugiu Bidnnsauas

Y

G n - type waglaavedsluditunananslugun 2.16

o a_
WAL MEE

Front ewcliode y ‘,’ /

) w7
amnfou V% VZA 3
A T s G ) Jn Npe\' A 7 g’\ wooaln
pn junction —- ( Al ¥ / 3
\\ N x 4 f/ ?
D type
? 7z ’/'/”/'.//17'/{’72,. 7

Back electrode

5UN 2.16 lassasunglumsihnuresvaduasending 2

(‘171'm . https://sites.google.com/site/rebirtheroupen/hlak-kar-thangan)
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nTuddnnsauialusiudui Front Electrode wazlaadalusiuiud Back
Flectrode 1319315692995t #191 Front Electrode wag Back Electrode T9iasua9as Aae

Winnsewaknindu Lﬁmmﬂﬁa&ﬁﬂmauuaﬂaa%‘iﬁLﬁ@%’ﬂ@jﬁuﬁmaﬂﬂugﬂﬂ 2.17

WAWNUEETIAE

, . S—

Front eloctiode / / 4

) AL / 7/
frnfou i) I I I /"2
DRI K \. | 1 1 & vaoaw
|

PO UNCION ——— p— % < "

p type V¢ :.'s..l..v

f W ‘
o) P C ’ 4
L ";Z FLE8TIINTLR#E Y7, JYI : 14"t L

Back electrode [ |

UM 2.17 lassasnanelunsiaureseadiaseniing 3

(ﬁm . https://sites.google.com/site/rebirthgroupen/hlak-kar-thangan)

2.5.2 aruantALasAuU N Any

y
Ao o a a

AudsidaAynldruviliiwaduateningivszaninannisvinnuluunay

! A A

Wunpeiu wazdlenudrfglunsiansanhluldlusaz iui sesnaunisdilumuiuszuy

¥
a

N o ° a edy ' A A ao
Wﬁ@ﬂ’]u’)mf\nuﬁuumﬂLLaQ@qwmﬂmm@ﬂiﬂuLLmagwum KNP

1. aAnuduvesuas nssualazidudndiulaenssdua uiduvosuas

al

MU8ANT T oAU UTBINEE NTTLAT LaInigaduateing Aveasty Turmei

w5an Ul ol af Uz llwl s URILAN LT UBILEINNNEN ALUYBILAIN T AT
a v v & |

WMIgIUAe ANuuvasaminuuiulanluanimeinalasaluse Usaanwamtenwas

[
(% [y o

P ] a Y o & = v N o
NNIY UWVI%L@IM?!JH‘W‘VILLmE]Wlmemﬂﬂuqu,aﬂ YFIAINULVH VDILLAIVTUALNIAU 100

a a

fladinddonsnudufiuns nieo 1,000 Tndren1s1uns wazduase1indvigu 60 asriv
lananuduveauas aziimuhduvszanu 75 Sedtadremaudufiuns vie 750 Tadde
M319ns nsdlvesunagaduaseniindiuazlde 1,000 Yadrensauns Wunasgly
N153nUsEANENIMTDIUNS

2. gaung il nszualiozlyuusmugungd i wdsuuasly Tuvaed
wswtlniazanaadionumigatu dddasadowdmn q 1 ssmildiutu asvhliussiuluih
anas 0.5 % warlunsdlvosuswaduaiorindunsguildimunlssansnmyeunaisad

waee17nd Ao a gl 25 ssrmiwaldea Ly MvualiluauradLae1indilusaiului
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712995:0n (Open Circuit Voltage 38 Voo) 71 21 13ad & gl 25 aeAneaided Nag

vneA17n wssdulwing agldnnuaeaduaseniing Wedlilldnorugunsailni a
gaunil 25 asrealBea Aziniu 21 1aad feumgiaindn 25 ssmgalded Wy gungd
30 parwaliod azvinbiussaulni1vesunnaLsaa1finganas 2.5 % (0.5 % x 5 89AN
wadua) Tufe USITUTINILETIRGT Voo avanas 0.525 Taas (21 Taad x 2.5 %) nde
Wes 20.475 Taad
2.5.3 Uszm

wanuaefinglulagiuudseondu 2 Ussiamlvg 9 loun waduaseriing
Fldansiaii@ameu (Silicon Semiconductor) waviaduatorfingildansfefiuwuunay
(Compound Semiconducton) ninUszinniidnaznuiiuiuiilusazdealdtududiulng
Ao waduasenfindildansieinidaneu Juvaduasandindiildansieiaiiddneuideulds
Wame 3 viagal

1. aduanoIfingwuuNanie,

WAAREIRARSLUUNE LR TuluRsddalad nSedanansanalay

4:1' t:l' [N

(Mono Crystalline/Single Crystalline) ddnwariduunudivasudnsanasseiulunuisu

q
'

% & A Y A a o v o o = A & s A & a 4'
Aden1synIzilios lnefldudluvimminssualiin Safenluwaduasonfindyidausni

gnadaty wiszlisawmuanduszdnsnmgenitunavad uaerindviindu

JUN 2.18 Wwaduaseniindwuundniaen

(fian - https://www.jmtpneumatic.com/article/4/vnvaHslgasisas)

2. WARLAIRN NN WUUNANTIY

U a a o

WwasuaeRinduwuunansin Indnsadalall viseanasadalal (Poly

v a

Crystalline/Multi Crystalline) fidnwausiluduniu wieuasadadds uwaduaseniing
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a

anAuseranNwaRLaingwUURANReD ilvlaussanSamasan uazaamsldingau

1

Mono-Silicon a4 AauNaziuFaduLHudNg

UM 2.19 Lsziaél,mmﬁméu,wmﬁm’m

(fin - https://www.jmtpneumatic.com/article/d/%lnvosuuslaasivag)

3. WAALANDIAGLUUNANUNS
LWAALEIDIINILUUNALUISTAADY (Thin film) WsoezNasNaTanau
(Amorphous) Sidnwazidudi e19aziiduse ¢ 1Wunisgunsl Wuwaduaseniindillsides
Iesumnuienwinls damnanagldluvhsusuialvg wislufiluldivgunsalluiivwiaén

AN 9 19U LATDIANLAY WIRND

Ui 2.20 [waduaseinduuuiiduung
(171I3J’1: https://wvvvv.irradiance.co.th/th/newsdetail—18—LLN<11611@"1L%aé%ZOﬁﬁlﬂiﬁﬂ%ZO

fnarfuoeals)

drugaduatoninddildansiefiuuunay ndevianainaisuseneudu q
(Compound Semiconductor) \luigaduaserfingdlirseieould Wosnwaduasending
UssunnilsAnsamaenn egnatiost 25% July Feinlvdneuns azdumsldaundn
Fuduvuenna anaiien wagssuuTnuas Sniieumngfuiuiindounditauasiiian

1599N155095 VLI
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2.5.4 lwa1sianunsainas (Solar Tracker)

Jugunsainenalwihdwmiumaduaseniind Mdhamuuasainaiseniing
Tngldfunuiifiosnisanuwiudigs ielildanudunasgean Weldmnuituuasggnaana
Tgaduatoinduanidslniilagen

lngUseneusmugunIainan 4 7 fie Ligaduasenitng (Photovoltaic Cell)
2.§1%75% (Charger) 3.wumna3 (Battery) wae 4.6aunsawnes (Tracker)

findnmsiaulaoidewaduaseningladfunaseniing uase findazgn
Wasubundsouliih andundsulnihazgndsomdafamsaioilumsandsnuii
wusee’ luvaigifendufmunsanesfiossuiumisvaduasefinditelrlauasduuas

GBI
Y 9

Tracker l \

Ul 2.21 m3auves Solar Tracker
(fan - https://www.researchgate.net/publication/224243299 A microcontroller-

based multi-function solar_tracking system)

2.6 \A309AUANN"TYIT AT T IR ULUALAES (Solar Charger)

Jugunsaliihmihiimuunsudalianuidlsaneadauunined senszudlvhile
usaunummeIedlusyiusinnufiusiasdvodadun wasvhnmsfansienseualiiioluuse
Fauunimeidoussfuvesuumnsiegluseiuiiguuildimunlivdouty edosiunns
yrsaAuadifuun Feagiliuunnediinaudsmeuasyilorgnsldauduas 91fa
wostulivarsuvuiueyg fulssinnuasdnuagnsldnuiuandeiu Tnealuuduad og
muAuMsnsaUszqlwilviuuusmeiazuUsoonidu 2 Uszian fie 1.PWM (Paluse Width
Module) iag 2.MPPT (Max Power Point Tracking)

2.6.1 198191531995UUU PWM (Paluse Width Module)

= (% o

azdivannisvinuide auauaudvesrdulniianuealsaeadlingg

¥

AIgIrUUAINea aliusendandeanu lnefiauiadaia 10 83 60 wedd uazisedy Bunn

Ak 12 D9 96 Than
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PWM

) Solar Charge Controller
o]

sUT 2.22 Tednn3aLaesuuy PWM (Paluse Width Module)

(ﬁlm - https://www.thaisolarsystem.com/product/10/wincong-le&a1-11521983-solar-
charger-30a-12v-24v-auto-switch)

2.6.2 T9@1915919934UU MPPT (Maximum Power Point Tracking)
wannsvinume dsvuululasinswaiges viasdudnyain AosmuANALS
S alwiiilaanuasleaiead wWisusuivnsunssualununnes tazidondygyiu

PgafigranunaiieUszratlununmesiifunasnian

[
: | g, vewon netay
blue selar charger

MPPT 75 1 15

- Lo s ®

3‘1]17; 2.23 lwa19159L3034UU MPPT (Maximum Power Point Tracking)

(ﬁlm : https://www.thaisolarsystem.com/product/202/fungpusan-bluesolar-mppt-100-
30-12-24-volt)

2.7 Wraesgnnae (Power Supply)
Duunasirendsnulwialdsuiigunsaliislden definanmaisussian

fiwuuiivdu linear Power Supply Aifenan Transformer fiu Non-linear Power Supply 38

Switching Power Supply Inglaniy Switching Power Supply Lﬂuqﬂﬂiaﬂﬁﬁhﬁlwﬁ'\iMﬂWﬁW

Wifugunsalliliiieng q lngaziuinudasussdulniinszuaady (AQ) Wuussiului
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nspuanss (DC) Lieaningunsallitiingng 4 dosmsussiuliiinssuansailelviflsdduly
gunsalvieula
2.7.1 awfles LiQLama% (Linear regulator)
Linear regulator 1uuszinnvesunas3nelng swnudin1slduuvaing nns

USuusaiuerdnnluguil 2.24 uansuwnunImudenves Linear fiinsmualngdesdiumean

ls Ry
— A 0
+ Feedback
Vin <_> coe:tm?IZr 5. Vo

sUfl 2.24 Linear regulator diagram

v

(ﬁm . https://www.diva-portal.org/smash/get/diva2:546843/FULLTEXTO1.pdf)

lugui 2.25 drunruaufie VCCS (NsruanuauwsIauliii) 3eliuseiu
LI NALATATUANLNGITIENTLUE SNBILTIAULDIINALALNIAULTIAUD 1984 (Voltage

reference)

VCCS Sense
_ point
Vin __719)
%
Feedback RL ; VO
control circuit
—‘ Vref

gﬂﬁ 2.25 Linear regulator il
(‘17'1'm - https://www.diva-portal.org/smash/get/diva2:546843/FULLTEXTO1.pdf)

Faunneeanlnuaunasagl switching Tuua linear regulator agfinsviisunuuneiiio
wadlUsednSaindouninhuunisaiunu switching wagliadusauuInnI LUy SMPS

Fe819 Ty auuAdwswulniv g wagnsruavas linear regulator AuaAU 5 1Iad Lay
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5 uwenl uazsieanIsusaiueine 2 1384 linear regulator 9¢iin15N5¥ENAIIUAIIY
$ou 3 Tad gau 5 wend Wiy 15 Yad Amnudumuuiumldifiomunuussiuendnmuas
Frewgiiiedoadl heat - sink #llngfoanaudouluises Welpfnuiinuunndresewing
luidunmuaziondnmiidiundu sxfinsadannuouiinnnd uniuazdod heat - sink
stuemnufeuiilvaTunazeziisnaunety

2.7.2 InBawIasdnwane (Switching Power Supply)

'
=3

unasdelwuy Switching 13andneenamnilsdn Switching — mode DC to DC
Converter Aatduunasdngliiiszinvmiaildnsaind @negluguremsuianes) ua
nsgademdsnusilaguszneudie wudimionh dufulssquazdiuniuguusdiu
L@1ANH 2995 SMPS UsenaumiededdiundnAodiun1asanu (Power stage) wagdIunIuAY
(Control stage) aztfumsmivauusesuliinaswaliined luvasiidiwmdanuldldiing
Wasuwlasnning

ffnazld MOSFET Huaisdlylililu SMPS iitesnwiusadulniinlsined adnd
wlivhauwudedonazmaheungliteulsamuiiony fiufsdusslevidmiun
$n13933 annsgadeusyansnmainanuseularannsgadendsnuluieas

Tasaansves SMPS anunsoldlusae s fnisnszd envesusaiudune
uasaelwlnue switching ﬁﬂﬂixﬂa‘ué”wﬁaﬂimé’zyzyﬂmﬂ’smﬁsﬁﬁLm@i‘wmﬁawmmi
adumavinnuves MOSFET agvinliAnussiunssiiten minkifinisnsesusadunmsnsziiten
o1azlisngiondna faussiurieanuasnszua JUA 2.26 uansunuawudenlvun

wasdnglnadu

Switch
L SHL( L
; el .
L JSe
Helu —c REV

gﬂﬁ 2.26 Switching power supply
(ﬁm - https://www.diva-portal.org/smash/get/diva2:546843/FULLTEXTO1.pdf)
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2.7.3 UnRBULIB5AB3 (Buck converter)

Huunasslnlvun Switching lddmsunisanseaunssiuluiinnszuans
(stepping - down) Tmedidau Switch controller block Way power block 2 @URANTOI99T
Bulk converter sfuaunsaviaululnuasaiilas (Continuous Conduction Mode=CCM)
viielulnunnsilniilasedies (Discontinuous Conduction Mode=DCM) ‘?TuagJﬁUEULLUU
299n15U1NIEUE Voltage Mode Control (VMC) tag Current Mode Control (CMC) 2 wuu
F8msudnlunisaruauswitch 119309350 arunsaldld iy imadaPWM (pulse width
modulation) kag wAlAPFM (pulse frequency modulation) PFM fiusyavsnmunntwile
nszualviansinan

Iug"dﬁl 2.27 Ld@n93335 DC/DC converter ﬁli’m switch controller block ,

high side power switch S1, low side power switch S2 , inductor L , output capacitor ,

and load resistance RL

S L

& z 7R TN

I ;
S R S 3 REV,

I

gﬂﬁ 2.27 UL@Av935 Bulk Converter

(ﬁm : https://www.diva-portal.org/smash/get/diva2:546843/FULLTEXTO1.pdf)

¥nfeuld P-channel MOSFET (PMOS) 1t o198 w high side switch wvu
NMOS 518718 NMOS (i high side switch vigeseate wazunasrniniudeusofu
wdseussslnihdniuiiudsennitasducate

lalon @ <14y Bulk converter) sfnazgnunui 428 N channel MOSFET
(NMOS) 184 low side switch LiteUsuUssUszanEnmnsgay dendsauuedsia Converter
esanussiunnasenlu MOSFET wW3suiisuiulaleniiasinga (wid1 Schottky Diode
zilusennnsen forward bias #11) msqzyﬁawﬁwuﬁwmiu DC/DC buck converter 9

anasegauInaINMsUasusUkUY Tuguil 2.28 auisuuudnasunuiaves Bulk converter
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izt L Vsense
LYY YT
g
! H1l +
o ot & 1
in () ~~C RL§V0 lout

Switch controller
Vref

gﬂﬁ 2.28 Buck converter schematic

(‘17'1'm - https://www.diva-portal.org/smash/get/diva2:546843/FULLTEXTO1.pdf)

%u’umau :
\ie high side switch (Q1) 1Tnasdn1simuaduniedinsunsanulnd
Summ DC ilovsadinisauazdouliiiulvaniondnn n1smfaazdidudeluauuseiy
Wi fiAndausstugads (Voltage reference) 9mniuduniuAuazlnaindues high side
switch italrusaiuening Tndfuusedugneds fadudslifidumsiiazlvnsafandeni

b 4‘ o = Q‘ £ dl o d‘ z.JI U
funllenihdausumenseiaesnulaefinioniaviasuwlastsauliiiaznssuala

= o

luiemdluiiamiadeaiu low side switch (Q2) daldnulavduaiugunisyivesaing
udrdiuUszgesinisyhanuninlasnisaeysyasndaenssuanadinionhluginan
W0 WNn FunszLsIFuE R Rt uSeBInTuNTAIUANTETinSUABUMSI e
switch 8nass

nsruauMItansainsgenneensaslagidaudeunduidiauniod
39071 negative feedback 9azilsoumsviumuaung 2.1 Wenuaumaidauazlaves

MOSFET neldiaudiadnd frequency switch (£.,,)

t t
D==—>_=f_ .t (2.1)
. T ' tont toff swrron .
a9l t,, A9YI93819 MOSFET Q1 19711 (On - State) , tur ABYI9L387%

MOSFET Q1 Uan15vinanu (Off - State) , T ABAIUAISYINU WA f,, ABANNRNISEINY

2.8 wuALAas (Battery)
gunsalfvimiidaiundanwiielildsely feidugunsaliiarunsaudaangsanu

wilmdulnilalaenssinenisidwadiainin (galvanic cell) fiusznaumlgdIvINULaY
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Traundeurvarsazaredidnlnslas (electrolyte solution) Luniae3 o19UsznauR Y
waanandniies 1 wagd wseunninla
2.8.1 ®ann15919U
$209n (@node) YeUAAD3 IENANDIENAsaUlUTII9sABUBN T LUALADS

Wousiay vinliiAnAuieAndszninedaliiiviass ndudidnaseuszindeuiiluditaay

'
=

(cathode) &
2.8.2 Usstam

39y leasliinasueas

ausowysumaes wuseenidu 2 Uszian Ao LiwadUgundl was
2 \adnRegil

a A

1. waddgund Ao uummedldudfindeldldadufendominlwinildife
NMaUA suUaswesa el pansiad A suutamualiiif sz nunainuuaiaes
wuamedmaniungdwiulilugUnsalumnanuazaunsand eudelfazann 14lwdes
visoluifinslnaannudenulyiinszuaady

2. \wadniundl Ae wusmmesiannsnusauseg i luailivg nndaen
mundosanarsaddldviuunmedviaiaunsailindulvegluanimanldlnenisese
Usgq it nidsgunsaiilinsauszalwihdidends miaaed vio Sofaaei T
wadnRogitiduddeldlunisvnunnnds SusedvRenifitenldvinnuiieg 4 v fo

avuleoau (Lithium-ion(Li-ion)) GsA akanLid ey (Nickel Cadmium(Ni-Cd)) 1 nuAasuia

lalasd (Nickel-Metal Hydride(Ni-MH)) wagmeia-nIn (Lead-Acid)

400

300

Enangy density (W h F1)

4 b
[ Lead-
'\uEid

Lighter weight  —i»

T T T T T T
o 50 100 150 200 250
Energy density (W h kg™

UM 2.29 ununmilSeuiisundsnuiurnataziintnveseadniegdyiaig 4
(#1311 : https://www.semanticscholar.org/paper/Structured-Silicon-Macropore-as-

Anode-in-Lithium-Sun/1bc542262801335a3c68a60ea7849fdbf36bb795)
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2.9 2995%uUNaLmas (Driver circuit)

2.9.1 21995UUNBLNR5 lWASIRENsNeREINT

s1 : s2.\ s1 szék 513\ J
% % 52
Vs = L = Vs = = = Vst_;__ L =
S3 54 S3 S4 53 v S4
“.1) 4.2) (4.3)

JUN 230 naNN13veRsiutewmes inssAldaing 4 i

(#111 : httpsy/Awww.inventor.in.th/home/nsisurestaineslinsauaznisldam)

LLame\]ﬂugUﬁ 2.30 Usznavlusie @ind 4 ¢ Juffe S1, 52, 53 way Sa
faluguitegnanamesaziadouiifianidla Fusgfunssoaindiia 4 ¢ luaniazidudu Sl
fnmsilnaindidloiae uemesislsiinem

iefeamslineinesvsumuiduiuniin (CW : Clock wise) Iiinssensas
S1 WAy S4 ANgUT 2,30 (4.2) agifiud ussdu +V anunasiisliaggnsodifutauinyes
uoned uardnavvewasiislidedfuiiauroseined vilwAnnszudlvanuuemes
UDIMD IV URIITLUIRNT

fedasnsliueine s unduianianionyuniuiduuiitng (CCW :
Counterclockwise) Tvinisdeaind 52 uag 53 wnu luraizdl S1 wag 4 WAa3 welnes
fagldsuusadundut vilinszualnalufieniwsedan domesiomundufiamstulunou
e

2.9.2 299359UNawaslNAsRE1siEdETad

9meastugUit 230 wWisuaindidudiad 2 ¢ Ae RY1 uay RY2 Tasdauan
(+) vesuawmainefUmTLestiad RY1 uagitau () vesewmeinefunnsiuvestiad RY2
daufivn NO wesis3iad RY1 uaz RY2 doogiudruinveundsdnel +vm Aazdrels
uoAed Uar1 NC 10eiasiad RY1 uay RY2 deatnsnad axldidursastunomosmugui
2.31(5.1)
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[CAD]

.
5.2)
B i D

RY1

5.3)

JUN 2.31 29stunawashinseiildsiad 2 dunuaing 4 i

(fian : https://www.inventor.in.th/home/nsvi1utasueLn o linsawaznslE91/)

dlodrgliifionsziulyifiad RY1 viwu swvilvividudaion NO uag C ved
3iad RY1 dloify tAnnszualniilnaann +vm dhddaun (+) sesmewesiiuluginau (©)
Y9388 RY2 619Uy NC wazaans s Wibinsuiees uewmesdsinauwazuyulufianiudy
wiin ddluguil 2.31 (5.2)

fsngUil 231 (5.3) Wedngliifionszduliiiad RY2 i agsilv
wihduiadinn NO way C vastiad RY2 slaiu imnseudliiinlvasnn +vm idigdhau O ves
uawmasHuluSaunsaa (O vossiad RY1 Jeefuan NC uazaansnd 1hlasulsas ueines
Favhauuagnyuluianuduuning

2.9.3 29959UNBABTWUY H-Bridge

dnwaisronsastunemeiialuzuil 230 uay 231 #9ei3undn 2asdunuy
H-Bridge Lfl0a91ndnuaizvaraasadeiudidnus H lunwidingy uazinasligunsal
PuAu 4 ¢ venntustannseld gunsaliiiendn niudames rwaunuTiad fuang

2995luguN 2.32 Mg nsldnudamesagyinlivunvesnvsianas
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10k

AAAA
vy

L4

UM 2.32 195dustaimesinnsaluu H-Bridge Tinsudawes 4 f vihuunuainduasiiad

(fian : https://www.inventor.in.th/home/n15v19utaueLn o lilnsawazslE91/)

dlodsdyanaasdn “17 iniidunn W azvilinsudames Q1 uay Qa
Vi iRanseudbititlnanuiewes inlinewmeivyulufianianiuiluuing

gy uaedn “1” mﬁﬁuwm CCW agylumsudanes Q2 uaz
Q3 yhauwn Ranszualiihlvasuseinesludniiemands silsemesnulufismanou
WNUIRNT

wanniudsinsldleddvuamoilaeanis dude ladives L2930 4
Meluus5923959UUUY H-Bridge 2 4a Favhlsianmsadunawmeslnasdld 2 ¢ Tugud 233

Hunsasiunowesilaled L2930

3 R4 T
ik iz& il 4
Dl | D2 Y z
K7 K9
Y ﬁ 45V | vm g ol
CONTROL -
= - [=1 L
TusD 16 8 470/16V 470/16V
E— Vo vm
3
o B ]l .
1 |3 FSl -
lotor
e 2 1k & -
L2UTEY £ Vil
Lottor 2 D
ia  [91-o-4
orrss |o[-of s vl (ED1
Lottor
IC1 i
293D ¥
S RS sloe r2
pwmz |1 FOT 1k
lot-tof I
oo 0.1pF
otkaa 4 » Kit
Lol ke MOTOR2
FLE 14 (e
Hgll ! 1528 :
d— XX 6 G 6 G
= aREB 4[5 1 13
K8
Motor2

‘CONTROL =

U 2.33 2995tuneimeslinsslngltled L2930

(7w - https://www.inventor.in.th/home/n15Veus NI 03 lilnTILarN5LEIU)
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nsdusemesusiazildaedyaa 3 16 1osndesns muauiiang
Yosaimasiunden q AunismuauaNSeBInesmedyyIa PWM dmsuemaives
71 1 914Bunn DIR1A way DIR1B lunsimuafiavnanisvsu dudunmivdayaroiie
muauAnuEesdun 1E dneimeddesd 2 148unn DIR2A uay DIR2B dhudunmeuny
AR 2E

nstundeulalunstusemesves L2930 sl

DIRXA = 0, DIRXB = 1 {8LA0 3R umIuduunin

DIRXA = 1, DIRXB = 0 10LA05VYUAIILUIRN

X A9 1 %39 2

Tngled 1293D azamnsavienldiilefdyannaein 17 dunfidunn 1
dwsunoweires 1 uay 2E dmiuueInesves 2

flowwnrensnsiunewmesil LED aesduanstaussiuiinne Ifuvewmes &
LED finiiufiTen mnefinssreusssunssinlviuuewmes drusssudisnglinguda LED
Anldudung

2.9.4 ATUANAIINSIVDINBLADS

Tunstuuawesiagunfaztdounsssulnnsadilnenss UatnosazyinauLAy

'
o o = =

< a v O Y] 2 st § vaa ) 4'
183 ‘N'P]']ﬁ]iJﬂ'J']ﬁJLTJiJ']ﬂLﬂuVLU WQ‘UUﬂqiﬂi‘UﬂfmﬂLi'ﬂ‘UENlI@L(ﬂ@iﬁ]\'ﬂ;“ﬁ'ﬂﬁaVILL?Q@UVLWﬁWV]ﬁ@u

'
& aal a

Trfutawas A5nteude nstsuiadiudunamasiny waalsuaunIneladyisuIn el

v ) =~ % ax & I W ea ¢ s
VL@FI']LL?Q@ULQ@EJGHNW@QW‘I? 0N13ULIYNIT Wﬁﬁ']fﬂﬁlla@l,al;mai (PWM)

UF4AU A UTIAU A
o) o Ynaleda
WAL uesRuLoRe 0%
| - el
4.8V A 4.8v | —
24V Y
(8.1) nm' (8.2) nm’
UTIALA UTAAU A
(4)] Rt o0 Famlmie
| 5% | 2En
WI4ALLRAE WTIAUIDRE
4.8v — 4.8v — —
3.6V 2
L2V !
3 %
(8.3) Ll (8.4) a1

5UN 2.34 mswSeuiiguaussiuiifnvuiield PWM

(7w : https://www.inventor.in.th/home/nsieurssssln o linsinasnslEeu)
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o
a a

SUT 2.34 (8.1) Voudnyaailwnss JUA 2.34 (8.2) PwWM Tindluiia 50%

o
o

5Ul 234 (8.3) PWM Tdafiluifia 75% 5UTl 2.34 (8.4) PWM Saitlada 25%
Tngaruninsiadrisunidlediouiumunirsiadnmundonin falsia
(duty cycle)lngazanamileiadulodifudveAnnuniaiadimun ﬁaaﬂwmﬂgﬂﬁ
8.2 fiddleiAa 50% nuneds AundisvesadgrsuIniiaunirady 50% vesnay
nievtanun Fadunssiuadsdldviit (50 x 4.8) /100 = 2.4V dusuzuil 2.34 (83) uay

'
a

sUil 234 (8.9) \Bunsivuseniailonia 75% uay 25% nudiy
2.9.5 29asilladaygyias PWM drusuaiuaunaaisinanas

29asdmSuadedaaantad PWM tietludunemeslwaswunidndud
fetnauanslugud 2.35, 2.36 uaz 2.37 Tagluguit 2.35 1ussesindadyanasiad PWMA
ireiianldled 555 lngnnudvosdya i PWM aggnivundisa1wesfiLAuusyq Cl
annsald surii-leRavioruniswesiadlanaensusu VR1 daygnas PWM QN
daludamoain Q1 Liteduliueneslninsanyu fen1suiuaIves VR1 viliuseiuilddu
uawmosiininlasunlas ftadiamnuniiann ussduiiddludusemesiazannn deuali
arudaresuameiifinty lumnssdiuiiadinuniisiesas ussuadefiendnaiaz

ARad ANLLSIVDINBLIDSNANAIRNY

Q2 D3
100pF I 1N4001
4 8 L

= Q1
IRFDO24

+6V

IC1
555

.”T
AN

UM 2.35 19sdunamesinnsamedyg i PWM ag1ed1g

(7w : https://www.inventor.in.th/home/ns7euTsseLn o linsInarnLEe)

U7 2.36 WJuravsmivauanimeamesiness deldasasinidaiad
PWM fiasnstuaintedestuend Tne IC1/1 waz IC1/2 siesaufuddiuniuiasiniuusey
wovhawduwisesiilladyauaumasn wardwndssudisuiuusenuilaainnisusuen

VRI 91 1C1/4 Tagusafuain VRI azsuaastied IC1/3 uddsludsdunanduinayes
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IC1/4 druBunalainduialasudyanasUaumdsunnain 1C1/2 dyaia PWM autinain
NMsUTgULguLSUsENI Ny s Uaviguiuusesuinmualagan VR1 tupeady
NIvesdygIunIe AAloiiaszdunsusunsaiudl VR1 dauanudvesdygiaazuiuan
] o 13 | o A o s
YBIRNINUUTE Cl deysyney PWM mewm%gﬂaqiﬂmmmw Q1 Weaduuomostnase
Aol feaeas Tausausuanuiimeswemesldainnsusumanuninwesdyyraiadi

VR1

IC1/1-IC1/4
LM324

R7

100k [

8
VR1 10
100k

RB
68k

JUN 2.36 193smuaNAUEvBwaasinasiltledeeuueud

(M © https://www.inventor.in.th/home/n 157 us st a3 bnsanaznIslgeu)

Mmaasidindyan PWM Tusuit 235 uay 2,36 axiifediiniiadiefude
witeie la@unsausurmmmlaialdisuegiu 0 e 100% wathilillEnneanudn 2eastilis
mnusimsthsassenarldldeilifianusidudosumiamenaliiddugn snfogn
2asluguil 2.36 iuesilivumusemeimeslusaafnees dsdumslinuatedian
loiAasann 9 lddanudndudeddd 299slugui 237 Wursasiudadyana PWM 7
ausaUsuAun i sesdyatadvioniaa luialdfug 0 fe 1009% stalandnie
2vsindndgygaiiudesvie Sawtooth generator @51t lediues LM555 dyayinguilu
BosazgnasluilFeuifisufieatusudadneduisaslusui 2.36 semslidyanusuiluibes
Dudaaasnideill aunsauduriianlaiald 0 8 100% anudvesdyaiaildsunis
uuAaINNIsUsUAT VR1 saufuAvessaiulseyy C2 dunmsusurmmilafausuldd vR2

Fryeyas PWM Londnmanansainlusisidnivaeainsvilouduiaslugun 2.35 uag 2.36 vi3e

o 9

| ¥ o

folniuYl EN vesled 1293 ieldiulsastuueinesiuu H-Bridge
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12

T R3
470k

b AAAA

8 +12V W
+12V

VR2 2 _ 2

100k 3 1
ICt 7 I 12 >-+—GD

555

w

IC2
dd TLC272

JUN 2.37 293smuruAnuvewamnaslpsiiiamnsausuadaledaladfugiu 0 -1004

(7w : https://www.inventor.in.th/home/mMs7eussusinoshinsswaznsldeu)

venimiuluasasauausowesassate eyl dlalasneulnaiaeslunis
a¥1sdynnns PWM Lilepaununiiwesiewod uagldvmedndn 1 fe 2 anlunmsmun
firmnansvauveelnes duannasiegislusui 2.38 mensldlulasaeulnsaiaediin
THsasmuaumLivesmewesitund nuazanaududouatasann Viadsauisn

MUUAMINAIILaZANUDYOSE I PWM laagiBununnidu

Motor M-1  INVERT i‘
45V +Vm [+
T T - t 1‘
16| 8 R A :E # |
Vel i 2z T |
¢ ,v_o_%@::'
i il o O\ NI ] w
LED2 |
12En 102 o he DIR. #8 |
12930 =
44 o o l@] "y \
) ] ANz INVERT |
34EN - |
=] s |
0AF -
B[ 5] 4 ¥ |
K2A-K2B_ DIRECT |
= Mator M-2 ‘
J

29999 uuained Innsuuy H-Brdge

5Uf 2.38 wasmivauanuiivesemeslinsefildlulasreulnsaass lunisadedyao

v 9

PWM

(7w : https://www.inventor.in.th/home/nsVieusINeLn o5 linsaLarn5LEw)



33

2.10 2995tU38ULIBu (Comparator circuit)
299USeuisy A Nﬁ]ﬁ%L§ﬂmaﬁﬂé%aLU?HULﬂBUﬁmmﬂmSuwmaaqﬁa IGEGERN
fyanaednm JsAnednnveasIsuiisuazssyindunaladisnnnimietesniniu
Tagagld  eoUuend (op-amp) WulsasiSeuiieu
lunsldausasdeudiisuasiinmsdeuvseanidu 2 Usean Ae 1.29951U58uiiiau
WUUNSULNE (Inverting Comparator) kagz 2.2%95Ussuiisunuulidnduia (Non-Inverting

Comparator)

Vini
] =

\'
® + out

Vin2

U7 2.39 K9asuSeuifiuaisine
(fian - https://electronics.stackexchange.com/questions/158994/replacing-a-tactile-

switch-with-an-ultrasonic-ranger)

2.10.1 29951U5putisusuunauwa (Inverting Comparator)

anuzvenTUSsusunduNadwandlugun 2.40(n) Faduies

v t:{'

Wb eudy aildl 39 ue1989 Ve Uudnisunmiiuln diudaginiiunain

1%

wiaeniia v, Jeuinidunatiay enauufvidyaiaduns uasdaa Ve Ianuaeas

(] q L]

=

JUN 2.40%) A iladaaaermalidnuaedwanduzuil 2.40(p)

NFULILNUIS WU ENATNISUBEUAN TN Vo, WU Vo W30
90 Ve WU Ve, ms9gaiiussiudunn V,, daiivudyananssiu Ve wazifloduns

dyuano1dnnaznudngle Vi, > Vi aglirnednmu Vo, uazidle Vi, < Vi azlidnend

Wy Ve,

q
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(9)

sar+ [

J

7
SAT—

v (")

3UN 2.40 29asiUSeuiigusuuna UL

(ﬁm : http://www.te.kmutnb.ac.th/~msn/trigen.pdf)

2.10.2 29astUspuiisunuulidnautna (Non-Inverting Comparator)

anvaizronasiuTsudisulindua wansddluun 241n) Fuduras

WU ud a1 LT wsaa 181989 (Vi) Uaud i dunndiay diudgiaiunain

A

wrasiila (V) Jeudmdunndauin oauydlvdyainduns wasdaan Ve ddnyus

o
<

] q

faguit 2.41(2) awililadyaanednsddnuasdaandugui 2.41(n)

2

91NFURILNUI IR WIANATINSUEBUENTIZAIN Vo WU Vg, W30
910 Vi, bTU Vip 0599071537 UBUNA V,, TANNINUTYYIURTIAU Vo wazLil ad 300

deyey0u01NmAE NUINTD Vi, > Vi alianesinmlu Ve, wasidle Vi, < V. a8l
el Vo,
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(n)

5UN 2.41 slSeuiisunuulindua

My = http://www.te.kmutnb.ac.th/~msn/trigen.pdf)

2.11 31ad (Relay)

Hugunsalidsundasnulwilidundsnuisingn eldlunisisganthduals
Wasuane lnenisteunszualiiilviduanas weiinisdaniodaninduiandieiu
#Anddidnnsodnd dasarunsmhiadludszondld lunisaiuaiiaaseng 9 Tusudis
didnnsednduinung

2.11.1 Tassadrengly

mely Relay azusznoulumeunainuasitnduna winduna NC (Normally
Close) Wunthdudaunidn Insluannzdniniddatazsedfusn COM (Common)
wararaeeviselidudaty Welinszualihlvaruunain

widuia NO (Normally Open) iuntindudaunile lngluaniizuniay
aowoy laignsaiurn COM (Common) usazideusefuilofinszudlnlnaiuvnain

@

471 COM (Common) {unfignldeusuiusening NC uaz NO Tusgiuin

[
o 3 1

yuztiulinszualihlvarwenainnisly windudalu Relay 1 d1019dlu1nndn 1 4n Tues

(%

UEnAnwazanuazrasnunigninluly
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e
T

sUN 2.42 lassasuneluvesiiad

(‘17'im : https://blog.thaieasyelec.com/example-project-for-control-electrical-device-

using-arduino-and-relay-module/)

2.11.2 %ann1591197u
Tudruresvean Wednszualwitlvakiu sxilfenataianisudei
wazvimthiediouusimanlylit dmalsivn COM MBsusvagfuniinduda NC (uan1izdids
TiAnns wileath) Srenduideusefumihduda NO wiu uazdaselian NC aey Wieuesdi
971 NC U COM tag NO AU COM Ka29giiu31iin1svinauin-audnwaeaagn1svinau

N GRLL]

sUN 2.43 nsyinauedluIag

v

(1‘7@’1 : https://blog.thaieasyelec.com/example-project-for-control-electrical-device-

using-arduino-and-relay-module/)

2.12 2avsuiasdygraueuzdaniuidnea (ADC)
Tunssudyauandingiadu (Sensor) Wuudyguueurdanluguvosusanumie

nszuamUasuLUas W MnTadugaumgiiaauiy was Y87 11UseniananiefiiuseuIang

2 )=

dureasadnea lulaslusiwawes wislulasnounanes azdesdn1siudsudyaion

<) [

wougdenanmnsiaduvariuliudyuiinea lngldr995MiSend1 21935 Analog to
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=

Digital Converter (ADC) @935 n15lunsutasdiuannieusaonidundneainaieis

Aenumuald99sulasdauanteurasniu Counter Ramp ADC, LUV Linear Ramp

(7]

ADC, Uy Dual Slope ADC #3®lLUU Successive Approximation ADC @ 9243590171
9190¢U3U1043995NU52NUANMATIUTUMEULTIIU 1aE99sLd159a viseeasiiusenau
91N7995 WA BUT BULT IR W93 5HU 199siUAsudyaaainfinealuneurdonsiun i
v S0 & de Yo o o < 2 aa &

asnaduleddusaguiilddmsuutasdyanaueusdonluiinealasanz Tunsvaaessias
& o wva o I3 & aa
Junisneasuivensgeuanaudfvedisasulasdygyiuneusdeniduiineauuy Parallel
Comparator ADC wagloddnsagUives ADC0804 § nduledlunisulasdygyiaain

< & aa a o 3 & aa 3 A o v o
wouzdonidufdneavun 8 Un 19asulasdypiauauzdniiufdnoaiduuisasiviniia

Y] < A Y] = o DY) aa
LLanafgigmLLauxaamwagiugﬂmmmmumamsLLamLUa gulas idudyawninea
Wisdsludsdrutszananaiiltnasidnealilasiuswagesnislulasnouiunes

NTUN 2.44 NI1UARANTDSIENIIITUNITLUE suLUasni1an18nIn (Physical

Variable) 1fun1siudeundasuetguvigil, A1uiduvedas, 8n3n1siva, anudy uaz
ANUSd2vnsa sunisivd suudasmisnenimuaiduliidunisiud sundasves
dyradnilusvvesussiuvienssuandudndiulaenssiunisdsuwtamianienin
1 9 gUnsaimsuaRgeiNanusonTITudyaIainaaliui wesliawmas (Thermister),

g

ldlalan (Photo Diode), Inlawwaa (Photo cell), Flow Meter, Pressure Transducer #5

Y

Tachometer muaRy wasanuuIvdsdygralninflaludnsesuvasdyyinneuzden

o

Wudyaaidseaiiiernisulasdygraliiinsnanidudyagiaufidnea uadwmeluds

7] <

¢ =

1 A P aa s a
drupununs odulsearanaNluninsivnealulaslusweaiwes violulasnouiames &

€

gy ivszananadyguAinoafi sunn sudeulvveslusunsud imualy 9 nt
daadnsilennnsuszainanaluguvesdnaaiinealuiledinnd dhasulasdygyin
Anoadunousdoniiviinmsutasdyaafdnoaliiduourdondsluds Actuator Aildmun
nMsLagunUawnanienm wu muaunsilelnendr amuaumsaues Heater 13o

AIUANTIAN1IAILTY niadumiavesamesidusiu
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Digital Input Digital output
v v
Electrical Analg —— Digital ™ Analog Output

= Input S— —

hysical I |

Variable R - System - \ 4 To Control

~»—{_ Transducer —®™ ADC 5 (Microprocessor) | | DAC L actuator

1 ' Physical
‘ (Microcomputter) ' Variable
. e

Ul 2.44 LLamuﬁaﬂlmazLmimaa'ﬁzwﬂ’;ﬁqu%izﬂaw’hmq ADC MIUszUIaNa WAEI9TT
DAC

(fian - http://pws.npru.ac.th/thawatchait/data/files/Chapter%207 ADC%20and%20DA
C%20circuits%2001.pdf)

2.12.1 29vsulasdgygraueuzasniuddneawuu Parallel Comparator

) = & aa A a v |
219shlasduaInausdantdufanaarideianleann 1995UU Parallel

e} q

'
=< 1

Comparator#3atasndntenililn Simultaneous %38 Flash ADC LLa\‘i’N%’ﬁﬁﬂ'gﬂﬁ 2.45

+4\V

+y
i]k'ﬂ
<

Vin o *
Analog 3
Input 23V

+V
1K

+2V

gmu +V

D

Encoding

Digital
Gate

D,_Output

1KY

gll‘ﬁ 2.45 U@n93993 Parallel Comparator ADC
(fian - http://pws.npru.ac.th/thawatchait/data/files/Chapter%207 ADC%20and%20DA
C%20circuits%2001.pdf)
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2.12.2 29asnsulasuauzdenidufdneawuu Ramp
2993n1sulatieuvdenidufineawuu Ramp waneasiiugiuuuia ¢ s
lneMnuaAILSIRUINEAAe 0V 293598lWsiandneasanuInIee1dns 0000 kasksanuy

gegame +3V 29959 lMisiaRTIneasenumMnae e 1111

A/D Analog to Digital

Counter A
OB

Clock ocC
n
AND )—h >CLK

n A ——
o—
— 3" Camparater { ©

+ Ramp signal back

Ul 2.46 LaRasUgIUTLIA 4 §A ADC
(fian : http://pws.npru.ac.th/thawatchait/data/files/Chapter%207_ ADC%20and%20DA
C9%20circuits%2001.pdf)

2.13 ¢uran (Real Time Clock (RTC))
Hlugadudiviiviiluuuidenfivuing Wedmuanateqtuadly naazgniiy
soluBes 9 ansanaildluiFsuiouludsaugunsaling o Tivianumaianld
gUnsaifilsiaaanness eulasmsdudaygiuuninadlsunann Crystal 1o
yhaumunald wisannsadmuanardagtuadivlugunsal santunanaggniusely
ey 9 annsathaildluideuiouluduiugunsaiing g viueisasiidiudiseanli
dielanunsnduiiniadldfdinagldiflmdsanisvedn dildlifesfinalminnadaie

T

Uil 2.47 Tugadiiunan DS3231

(ﬁm - https://www.fabtolab.com/accessories/RTC-modules/rtc-ds3231-module)
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2.14 @2dun1ulaugs (Light Dependent Resistor (LDR))
Jussumudienaudumuazidsulymuanuduvesafinnnssnuasuusa
Frumu veesasendt Ila3dames (Photo Resistor) w3 elnlaneudanes (Photo
Conductor) 1fushgumufivhunainansieianh (Semiconductor) Uszanuandiaudalg
(Cds : Cadmium Sulfide) waauaniiisydauned (CdSe : Cadmium Selenide) Fsaaoeail
Afuansuseinnisdind unawasusskiuesinildduguseadsorainasialy

2ONUMTIY

sUil 2.48 fashunmluas (LOR)

(ﬁan : https://commandronestore.com/products/bo001.php)

£/ ¥y

U7l 2.49 dydnualvassisuniuliua
(fi1 : https:/thiti.dev/blog/6796/)

2.14.1 annNI15N191U

v & ' (%

Wedlwawmnnsznuasuunthdudanazareneandsnuliivansiaived vinlv

Andleanudidnaseudases lnensiiaglaadiudidnaseudassiuiuegfuanuiduve e

Y

annsgnu dnuduiasniagyhiieglgadudidnaseudasyun dwalirnudmuniud
Atlaead
Wewieuiun13vnauees LDR dugunsailiwasussinndu LDR agdaaula

LAIUINNIN
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2.15 wiendhmauigesusoniondfinadng (Proximity Sensor or Proximity Switch)
duwueesyiandsiiannsavinlaslifesdudatuiununietagaeuen oy
é’ﬂwmmqmsﬁwmum%zéw%%’uwé’mugﬂLLUUT@;ULLUWﬁ@éfWi@IUﬁ Ao dunuuvan
aulwil was deos way dyaaay dumaiieueesUssaniluldonuiy dadwejesld
FUIURTITY s 52U wun wazgusis Fdasundudasiunldunuaiingdng (Limit
switch) lessavnvesegmslinuazanuiilunisasaduingdmang vilddnin
gUnsniUssLanainddserdeminduda niana Tnsuvaduvssianldidu 2 Ussian fe
1 iwumeuuuimileni (Inductive Sensor) wag 2 Wwuigaiudiaufiuysgy (Capacitive Senson)
2.15.1 \wuwasuvuwileani (Inductive Sensor)
wldvanninvidenivesauiuuaimanliilunisiie Tnefiuives
auniwdn i duAeanuinudmimeniuees danteluasiivnan (Coil) finoen
wﬁwﬁﬂa’asammLL;Jmé"ﬂiWﬁwmmﬁQasi‘fwmamﬁmﬂm”%’ué’m@ymlwmmmwsﬁuﬁm
Aufl (Oscillator) Hilamaemsaadulavediad sufin i wosdofuaueyluszosd
Wuwesamnsoanaduld agiliiAansdsuulasdimnunidoni GsaviliiAanis
wilgeatalan (Oscillate) 30 '1uuNﬂ%gaawﬁwmﬂ'ﬁmmaaa%aLam TuvazAiAamsming
m?aquﬂaa%mwﬁmwwena (Amplifier) agvimihiiveedaasiieduioluss 1sasnsn
ines (Trigger) SursastiasfinthilwAsuuasmonugronsioinrlifinehaunieves

AU

Output driver Trigger Amplifier Oscillator Cuoil

BTN = | ,

(il

U 2.50 Wwuweswuumilendn (Inductive Sensor)

(ﬁlm . https://mall.factomart.com/inductive-proximity-sensor-working-principle/)

2.15.2 muwa%*uﬁmﬁuﬂszq (Capacitive Sensor)
nann1sviuagdsivauuliinuisulainunui seninadngdumi

< s A A P P 9 & v a I
vouduigesuaziefinsindoufiidmvestngfagldaunluiininnisiasundasves
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aunliy danalisasasluduwessusliin aueddingey

Y 9

Tunmineydslidey

e

¢ a a
L1AWR Un1TtUasULUAIEN U

sUT 2.51 wuwasyiaiuuseq (Capacitive Sensor)

Y 9

(s : https://th.aliexpress.com/i/32864269582.html)

2.16 lalsalauiduivasvselalsiduiwas (Gyroscope sensor or Gyro sensor)
lalswuwesiugunsalfiannsainfiamuazanuiadamuosingle Jevhaulad
UsAnSnnuInnIneATeainanatss wendntdmiunsninaude swagn 13319 ua
voving Tuvagiinsarinanussaunsainnisiedeniidudaduldivintuy
Tnavhenisinsdaduoseseiund wazanusudesde nswisuilaswesyy
NSUYUVBLINADNUILIAT
2.16.1 ®ENN1IWIIU
WUIARTBILTIABI BB (Coriolis force) gnitunldlulalsiwuigesiiodn
1Y a [ < 4 < [ (Y o
gnsudualagdnsinsvyuveduesavgnuUandudayaralidn vdnnsieuvedlals
I 3 v o o < 2
Wuges anansaidilalalrensdunanisduvedlalsduies
Tulalsidueesiuszneulumedudruduasiiiounisludelsznouiietan
AsaRalugUlasasnediafig (double-T-structure) lassasaliuszneumediunngniliegns

na1laedl wrunTRduLazLIuTuIARBUAnBENIERITN

¥
3

lassafeiaiigdanunes Wesnniledaumlnihduasiouwuvadufiniu
NLYUTUAR DUILLANNTAUATUT19DE196 DL DY ATINNTNLIUTULAAD UL AUFUNIASLID
wrudmiadaulunsnedndnawmilsaziasulumerndsinaransduasiisulinunly f9vi

Iidiuvesannes (stator) 8gRTINAN UazuyunTIadudinsile
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Drive .
vibration Sensing arm

JUN 2.52 lasaasresiaiie (double-T-structure) Tuanizdn@laifiusenseyh

(i3 : https:.//www5.epsondevice.com/en/information/technical_info/gyro/)

Wefiusmyuannniguaniiinnsgylukindwenduees nmsduazinlu
wuuduindow Jedrlugnisduaziiiouveasuvuduindeuluiianiuwazauillodnnusvyuy

nseyiuduiveailnsina1e davalitinnisduasiioulunaunsiadu nsdudeiiouiiin

A o

Tunrunsasdvansaialaannisilasuutamessealii mavdeuwdailldinedauss

wyuneuenfldiudueesiiun syl

Sensing arm

\ertical
an .
vibration

Vertigal E
vibration |
|

sU# 2.53 uwsavyuannneueniiinseilulwidweaduies

Y 9

(i3 - https://www5.epsondevice.com/en/information/technical_info/gyro/)
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Sensing motion
o

Sensing arm

** Drive arm

Sensing motion
3UN 2.54 nsduaziionluluLnTIITU

({3 - https://www5.epsondevice.com/en/information/technical_info/gyro/)

2.16.2 Uszan
melulalsiwwosiussUsznaudredeles & nnsansiuanigos
(Piezoelectric Transducers) uae §anauNsIUaRw03 (Silicon transducer) 3 91T ey
Bidnnsnnuaiteesaunsoutsienuitagiafieldidu 2 Ussian fe 1.e3ada (crystal)
2.48373n (Ceramic) waglundazdandsanunsaudsszinvdegldnnlasiasavesiang

a0

1.A5afaa1u15aUInNUsEnnulAsIas1ele 3 wuU Av tAsIasafdia

Y

lassasudoudes uay lassadedeuldsusiLey

5UN 2.55 lasaasiaiaiieg

(i : https://www5.epsondevice.com/en/information/technical info/gyro/)
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U1 2.56 lassas1adeuides

(i3 - https://www5.epsondevice.com/en/information/technical_info/gyro/)

0

N
h

3

=
U 2.57 laseasndeude sgudaiey

(‘17‘1lm https//www5.epsondevice.com/en/information/technical_info/gyro/)

2495708 RUIANNUSTELANIASIES 1910 2 WuU AB LASIas1ansaus Ty

14 < o
waglaseasng LUV UA RN

Y

5UN 2.58 laseasanselsay

(i : https://www5.epsondevice.com/en/information/technical_info/gyro/)



46

UM 2.59 lassasrauwuuiduden

(i - https://www5.epsondevice.com/en/information/technical_info/gyro/)

2.17 a3 (Motor)

vewmed iugunsallylihiinamdsouliinidundanuna mavhauunfveweines
T druluginann19vneus A usEna waulvanve Ll rantufueLAes uay
aumuldniiinannszualuramarilifnousgn wasissmdnvosauuuliviniisans Tu
n1sldaruaege iy Tugpamnssuniseudslfusinesanain tusu uenaintduudn
wawes i saunsarinulansdoauuy laun nsasamasiung wazn1snanna Ul

soweslaigmirluldnuiivannvats Wy Wnaugramnssy wdonth Tu wndesilo
wiadldluniiseu washadlasd weimesluiharnsaduindoulngundsinglinssuanss
(DC) 11 2INLUALADS, LU UANSI9951589n T2 0a S a1NUnasT 8 lWnsEuaaay (AC) Wy
ity Sunedmes niainsestulil vamesruindnersarnuluwRniliin vewnes
ylufluuan uazaudnvuzansgugieslindsnunaiiazandmiulilugaamnssy

wawmes i ingfgalddmiunislidnuainguse wagnistudaviededdiu uazdudgu

9 Y

N o W =

Foiuidudedindeds 100 waeind wamesluihoras s UMETiI e
wdsaulnin viemulassaianiely vionunsldanu niesmunsindeulmusaedng
nazdu 9

gunsal 1y veanasimanlnih wasdinsiudasnssualiinlidunsiedoulm us
lailfasramdanunaildenls azBungnin actuator wag transducer muddy Mimewmes
ity Fodldadrousadadu (linear force) wiausadn (torque) winiFondnagnain v
(rotary) Wity

2.17.1 Taseadreuainas

1. lswa3 (Rotor)

Tuneinoflui diuilindeuil Ae Tsined Jsazmyumaniodiendauna

lswesiinazdl vaadadumiueglneseu Judlefinszualwaniu sufnsunauindniiazluvin



a7

U3 awmwivinannsvesanimnes Jumarliguls egslsinulsimesunsdasnduy

[

WUWENANIT hazawnasaziunalInstaduiu

Ul 2.60 Tsine3 (Rotor)

(ﬁm - https://www.dragonwinch.com/en/rotor,84,465.html)

2. @weas (Stator)

o oAl

At a3 et dudIUT 08 AUTT 198 UTENoUA8TATIVRINILADS WAULVNAN

Y

AALADT LAZUNFIN

Ui 2.61 aaiaes (Staton)

(ﬁm - https://mtp-racing24.com/Stator-Alternator_2)

3. 49937991117 (air-gap)
sgmindlsimed wazamesazidudesineenna Ssazdesiivunidndigaiing
azdulule desinsvunlugasdinansenunisavegrsunnaeUse@ns nnnsvinauves
vowwashui
4. vaa3n (Windings)
wnaanaziulaesouduneed Unfssiusounwnuuiivnseuiiiadouaui

wWolrdutudwandladinsenalninlvanu
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uamaﬂvxlﬁwﬁ%%aumLL@Jmé‘ﬂiuaaagUqu T wuutafiulddou uas
LLUUGﬁg’JﬁLﬁulﬁlﬂ%ﬂwﬂu%ﬁﬁ%’ﬁLﬁ]uaumLL@Jmﬁmaﬁa%gﬂmﬁmimmmmmﬁmammu
Fuans ludhitlddaau viadeniuwuvauuuivdnnszans viewuuseu o lswmes vnan
wnsEwegludasuuunusaulsines sewesuuiulsflunainsoudiunisvestaiionia
wlavesauumEnvestaiulidias

wawmesuadarnaimdulangnuindi wu uiwmseukulanediinasdy

nownd v1siiniduszaiden vawesmallneunfazgnduind eulnenismieniives

waidnldln

gﬂﬁ 2.62 vpain (Windings)
(ﬁu'l . https://sites.eoogle.com/site/suksamxtexrfifa/sara-kar-reiyn-ru-sukhsuksa-laea-

phlsuksa)

2.17.2 Ussanvasuaines
wiseonmumsldvesnszualilinlg 2 wiagad
1. uewaes liW1nsguaaau (Alterating Current Motor) 13 8138n1118.%
1ae3 (A.C. MOTOR) msuusrinvesdawnasiniraduniseanidu 3 vlalaun
1.1 uowesivinszuaaduriia 1 wa wselsennduiamausines
(A.C. Sing Phase) a¢ldfunsssulaniin 220 Taad Fadunszualniildaudiumdowialy &
angll 101 2 ane Jusadlias drlugaudiuisou 1w Split-Phase motor, Capacitor
motor, Repulsion-type motor, Universal motor wag Shaded-pole motor
1.2 yawnaslniaduyia 2 wa visisendtynauanas (ACTwo

phas Motor)
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1.3 waweshwihnszuagdusin 3 wa nisiseniniilanomes (A.C.
Three phase Moton) LHusawosiltlusugnamnssusdoddszuulii 3 wia THusau 380
Tad Fudunszualiilélulssnugnavnssy vuiadn aulufsgaamnssuvinlng
awlvidwemes 3 ae

2. useesbinszanse (Direct Current Motor) #38L38n317.9 weolnes

(D.C. MOTOR) msuusriinvesuawastninsyuansauuseandu 3 vlialaun

2.1 UamRsHUUBUNTUVIBISENTT F3duamas (Series Motor)

2.2 1pWBSIUUBYILIUVTRRENT Furitalmes (Shunt Motor)

2.3 walnasliniuunauialsunin Asdilnuenes (Compound

Motor)



U 3

A5ANUUNISIY

3.1 NTTUIUN TN UVDILATDY

doyeyeu
MMV

eSO

Fwnans

walulag

MSUTEIIARAN N

= | s1aweisned

v
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WRiguiisy  |—»

—>| uwuamess |—>

}—»[ UBLADS ] >

[[ 2995funaInes
( 2995UA \\t ‘

ADUIDS DS

DA Ay

VA AY )
1950A

ADUNOIINDS

—>[ 25348 ] —>{ UBNRS ]"

JUM 3.1 WHUN MM SINNUTBIATES

»| uawes |¥

~
J

WAANS

ANSINNUVDUATBIDLIUYIINULALLSUINNUNN N LHIINNADININSIFFBUINULUIN

AWy vIedaosiumalulagnisussinannan wnanife Aalususni Python agdesa

library OpenCV ivn1suuasd RGB #ldainndes wuawlud HSV andudeyaszgn

v & A sl o a s v ve v Y Y
RLAUNINALUBIINYE LllE]'ﬁ’l’ﬁL‘UE]iﬁ‘W’lEJﬁiﬂi‘U‘?Jaiquaf\]’]ﬂﬂ’]i(ﬂ'iflf\]’i]Uﬂ’]WLLa’J falusunsy

Python 3g¥N158391 GPIO 9895180853 WA 19 TIe g1 UMINAIET wagdeliieasdu

wawasineu lngdnnalmiudidensestunemesazdwemasliyunuduuniing @

el dudnlileddenastonemesazdwewmasiivyumuduwniing antudiusung

2 A | o o o & 2 P v 3
LUUﬁLmﬁnﬁ]%gﬂﬁﬂlﬂﬂﬂiﬁlﬁﬂﬂmuqﬂ Iﬂﬁ]ﬂﬂm‘lﬂﬂlﬂju 59U A YUIAN 1 Laumu@uﬁmm\‘i

521719 4.8 9 5.1 luAlns Yuedl 2 ldusugudnane sening 4.5 9 4.8 lwuRluns uin

1 3 AU UAUINA19TENINN 4.2 D9 4.5 WuRAlnT Yu1a9 4 lduRuaudnaasenig 3.9 i

4.2 WU avaundl 5 ldshugudnaianiosndt 3.9 wuRlins
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Togurasglnlussuuundseandu 2 wuu As 1. 3nlwasiwadiJuwnasangl
1999 Bay 2. wiadaeluidusssu 12 1ad waznszua 5 waud lagldrsasSeuifisu
muaunsglliiuiesdaneunesines 2 M uazirastuueines 1 M

A159191UY992995:US B UL T UT UL ULSIAUNNLUMA B3N ULMA 9978 LN DT 591
12 Thad waznsewa 5 woud lnsdussnulusunmadify 299sWSeuiisvasidonlduusmnes
&, o v v Y 19 an & = a = v
Wuwuasanglwluseuu Tumanduiuanusesuluummnas iy 2995wSeuiisuazidanty

wrasaeln 12 Thad waznsewa 5 woud Wuwvasanglwlussuu

3.2 N1999NLUU code

3.2.1 d9Uv84 Image processing

( ISUAU )

YIUINTINAINNAD

»

aAen ?

LASDIARYUIA

gﬂ‘ﬁ 3.2 WNUNNNI919UT94 code Tudiures Image processing



3.2.2 d@9U¥a9 Solar Tracker

LIAAGLLE

52

08.00 -17.00 w.

1 7l

v

WAL UA LU ARLEIDITINE

5UM 3.3 unun1mn1sianures code Tuduves Solar Tracker



3.2.3 @989 Shadow Escaper

A

y

SUAIALATUNIUINAINUNIUIIES 2 AU

418 > U

LRI YAR WEID1TINE

myulunarn

¥ > 918

LELTRA AR 7INE

nyulunisdey

gﬂﬁ 3.4 WNUNINNISYINUTeY code Tugdiuues Shadow Escaper

53



3.3 N1999NLUU Buck converter
19 1C vuas LM2596 1Tu Buck converter

Ger
_| LOCATE THE PROGRAMMING RESISTORS NEAR
THE FEEDBACK PIN USING SHORT LEADS
R1 R2
AN ANN—
ik KEEP FEEDBACK WIRING AWAY
4 | FEEDBACK ~<—"" FROM INDUCTOR FLUX

"] Lm2s596 |ourprur REGULATED QUTPUT

T 7| ApiusTaBLE

2
UNREGULATED
nafit o oy 3 | GND 510»4/0;;

HEAVY LINES MUST BE KEPT SHORT AND USE

+

GROUND PLANE CONSTRUCTION FOR BEST RESULTS Copyright © 2016, Texas Instruments Incorporated

Vour = VﬁEF(' ':—f)
where Vger = 1.23 V

v,
Rz=H1( out 1)

VREF
Select Ry to be approximately 1 kQ, use a 1% resistor for best stability.
Ciy — 470-pF, 50-V, Aluminum Electrolytic Nichicon PL Series
Cout — 220-uF, 35-V Aluminum Electrolytic, Nichicon PL Series
D1 —5-A, 40-V Schottky Rectifier, 1N5825
L1 — 68 pH, L38
R1 —1kQ, 1%

g‘dﬁ 3.5 1939 Buck converter 91A datasheet

3.3.1 LLUUIINVDNN9RT

U1
VIN _ouT
ON/OFF FB
GND

@D

IM2596AD]

| il

[SXS)

_l cin
T470uF

2l
gl

3UM 3.6 WUUT1929393 Buck converter

54
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3.3.2 madenidataunsalluaeas
1. 19 C = 470 lulasvism ﬁ’qLLam"lugUﬁ 3.5

2. 74 Cour = 220 lalasnnsm éfummﬂugﬂﬁ 3.5
v RZ s
3. 14 Ry, R, 910@11015 Vour = VREF(1+R—) 108 Veer = 1.23 Taad
1
4. 1% Diode LUD5 1N5822

5. 19 L = 68 lulasieud sauandluguil 3.5

6. 1% LM358 1u39asafinnseua
3.4 N1599NKUY Driver circuit
19 IC wos L298 Ju Driver circuit

3.4.1 WUUSNUDI9S

vee

sv
Gl

1 VCC 1

ER A A A A Tu
N our i i T To. T
‘ 4 ZAC Mt
Fads) = a z 0 e 15_““’”D .
GND ~033F = 20uF LI g— ’7 {
tasocy \\LEDI 3 F Fearder)
|
skl L W
U
[ 04 )
= = 2 o L 1
D @ i ;
Hearder)
A ]Em ]EDT Zim
D

5UN 3.7 UUU3193933 Driver circuit

3.4.2 madanldaunsalluiay

donld LM7805 Wuumasanelwlsiiu 1C wed 1298 wiesann IC wed L298
TJouldunasangla 5 1ad au datasheet

3.5 N1999NLLUUNIT Relay

1% Relay wwas SRD-12VDC-SL-C 1w19a5 Relay
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3.5.1 LWUUIINVDINAT

Output Buck
v o« -
5 ON
g Relay 1
=
y N8 E o o)
Motor
|O
o
3
Rl
! B | Q1
1 e ) I CI815L
)
controller I1{G1< E

b

U7 3.8 LUUT19993 Relay

3.5.2 madenldaunsalluaas
1. 14 SRD-12VDC-SL-C +¥u Relay ifesnnuusaiulniinle 12 1aad way
nszla 10 woud
2,14 c1815L iuaiad i esnndunsudamesuuu NPN 19nszua
turn on #1 uaziiAn B geeglugag 70 fs 700 Wi
3. 14 1Na007 ulalen emndussiuliianaseudlalond forward

bias M1

3.6 N193anLLUU Comparator circuit

14 1C wes LM358 1Tu Comparator circuit
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3.6.1 LUUIINVDINAT

VBAT

= SYSTEM CIRCUIT
GND

S vaATNg /NG

GND

UM 3.9 WuU3192995 Comparator circuit

3.6.2 nMsiaanldaunsniluneas
1. 19 TLa31 uuseiuineds desniludiuesinlenfidadnanusuniud
RREAELE
2. 14 SRD-12VDC-SL-C 13 Relay v osarnnunsssuliials 12 Thad waz
nazuali 10 woud
3. 19 8C547 Wuadnd Wosanifunsnudamesuuu NPN Tdnseua tumn on
i1 wazdien (@ geoglutas 110 &3 800 i
a. 19 1N4007 ulalen 1osandusssuluiianasousalalend forward
bias #n

3.7 N1599ALUUIAT ADC
14 IC wwes MCP3008 1u2395 ADC
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3.7.1 WUUTNUDINT

u1 33V
ST
: 33V
Hearder 2 = e moin 12 GPIO9
Gy VREF
U2
. _
1 T comr ] SN N B
2 crios. ool f P N L1 | 2
3 choe. Sl g ax 1
* LDR1L cHO Hearder 2
Hearder4  33V_  IDRZ o
3
3 —f om
5 —4 CH3
i—f am
R1 7 —=8 CHS
wok 7 —f cHs
LDR1 8
v LDRI i
o 2 DGND
Hearder 2 =3 YCHD
GND =
GND @I
33V,
R
i 100k
LDR?
1
b
Fearder 2 =
GND

5U#l 3.10 uVUIN99T ADC

3.7.2 msdenldaunsalluleas
W@oanld IC tuas MCP3008 1J12425 ADC 11 9991AF 9IN15TAAIIUM

fndluirnasousitumulivasegeazden T4 1C 15 MCP3008 dauazdanda 10 O

3.8 TA59U99LAI0Y

g‘u’v”i 3.11 1As9.A304 Side view



5Uil 3.13 Tasaedos Top view

3.9 NSAAVUIAUZUNIVBIATO
YU 1 YUIALFURUALINA1TENING 4.8-5.1 L9URLUAT
YT 2 YUIALFURUAUINATENING 4.5-0.8 L9URLUAT
YW 3 YUIALFUHIUAUINANTENING 4.2-0.5 l9URLUIAT
YT 4 YUIALFUEUAUINATENING 3.9-4.2 l9uRlunS

YA 5 YWnduRugudnatsiesndt 3.9 lwuRlung
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UNN 4

N1INNADILLASHANTININE DY

4.1 anauUAvaLATRIARLENNTLINIEBULRLUTIYETS

4.1.1 @a11150n57393UAvesNz UM IR agnauiugn

60

4.1.2 wadwasenfindaunsandand smlninligean ieldiduwrdamdsnudises

4.2 Nan1INnasy

4.2.1 NSNNABINIINTIAIUEALY Image processing

nameaedlaenistduzum 20 gnuuseenidunzuiinadidewazdmass diund

ASTUIUNTDUNTLUSHETS MNTUIAAIAIULUUETIVBILATOS

A19199 4.1 HAN1TVIARBNN1TNTINIUEAIY Image processing

aSadi FlarduaULz U NavDsATLe ATULLAUEN(%)
@n) @n)

1 d13en 10 A13e1 10 100
2 fudeg 10 dndes 10 100
3 A0 2, ddes 8 | @len 3, Awides 7 80
a T8 3, @ndee 7 | @380 4, Andes 6 80
5 g0 4, ndos 6 | AW 4, Budes 6 100
6 A0 5, @ndes 5 A0 5, @ndes 5 100
7 w0 6, Andes 4 | HTen 6, Andes 4 100
8 A0 7, @vdes 3 | Alen 7, Bndes 3 100
9 %80 8, Andes 2 | A0 8, Andes 2 100
10 A7 9, dvdes 1 380 9, Andes 1 100

AU aR8(%) 96
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nANENRESSEMIeAIALLLINET (%) Audwauasilunisneass

100 100 100 100 100 100 100 100
)
AUUIULAY:96

AIuET (%)
P
g

1 2 3 8 9 10

4. 55 6 7
Fuauaselunisnaass

UM 4.1 nymlanuduiiusseninemanuiugl (%) duduuasslunsnaaes

4.2.2 nsnaaasmsuannasnulnigegaveseaduasaniing

nsnaasdlaenisaeltanUsualanukkraanae19ag walvinisusulnanain
v»hgquﬂmai"w MntihnsTeAuseulifiwesnssua Wetilunanswauduiussening
nszuanuwswulnin wagnsmauduiusserinemaalniafuws sl

AT 4.2 HANSNARBINITMIAI G AR TR UATD1AnAITONER 61

usanulai (V) Aszud (A) Araelndl (W)
0 0.286 0.000
1 0.284 0.284
2 0.282 0.564
3 0.280 0.840
4 0.278 1.112
5 0.276 1.380
6 0.274 1.644
7 0.272 1.904
8 0.270 2.160
9 0.268 2.412
10 0.266 2.660




11 0.264 2.904
12 0.262 3.144
13 0.260 3.380
14 0.258 3.612
15 0.256 3.840
16 0.254 4.064
17 0.252 4.284
18 0.250 4.500
19 0.210 0.210
20 0.125 0.125
21 0 0

nsAENRUSszuIranseualWia (A) Auuseuluia (V)

035
03

0.25 | —mm S b B
02
0115
01

nszualnin (A)

0.05

0
o] 5 10 15 20 25

wsanuld (v)

JUN 4.2 nsmiannaduiusseninansea (A) fu wsaduladh (V)

nsmAuFNNUSSTUIramaTlUR (W) Auuseuluia (v)

fasluda (W)

wsanulnin (v)

Ul 4.3 nsmawdiusserinemhdsinih (W) fu usedulain v)
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4.2.3 NINARBINTMIANLUVBIUHATAAUAIBANSTLATULAGegATlaaIeng 9

vi”lmimaaﬂmamsﬂ%’uﬁmmmLl,mwuaéummﬁmsfm’?uwi 0 991 19 180 B3F
Imﬂ%’uﬁmusﬁuﬂ%az 10 947N f\]'lﬂ‘tijuﬁ’]ﬂ']'iijﬂﬂ"lLLiﬂﬁulWﬁﬂIﬂﬂlﬂﬁiaiﬁaﬂﬁguLLG]Iagﬂl'] e
wlunansmanuduiusseninaussnuliihiugy

M990 4.3 HANITVARBINITANYNVDIKATATHAIDI TN TLATULASESEATIIAT 09.00 W.

AL (29A1) wsanului (v)

0 16.0
10 16.2
20 17.5
30 18.6
40 19.2
50 18.8
60 17.7
70 17.2
80 17.3
90 16.5
100 15.7
110 155
120 15.4
130 15.3
140 15.3
150 153
160 15.2
170 15.1
180 15.1




25

20

15

10

wseauluia (v)

5

0

JUN 4.4 newmnuduniussevinausaduliih (V) duga (eea) a1 09.00 w.

nsAMdNRLSsTrIuseaulni (V) fuya (aean)

%+ 2(5.D.)

stor®| | || oerstad Ll ] ]

0 10 20 30 40 50 60 70 80 90 100110120130140150160170 180

X—2(5.D.)

4 (93A1)
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M19199 4.4 HANITNPABINITUIANLNUDIUNATATHAIDINETLASULAAARTILIAT 10.00 W.

A3l (89A1) w3saulnia (V)
0 16.3
10 [mfae)
20 17.7
30 18.6
40 19.0
50 19.5
60 19.2
70 19.1
80 18.4
90 18.0
100 17.5
110 17.2
120 16.7
130 16.2
140 16.0
150 15.7
160 154
170 15.3




180

15.2

25

20

15

10

wsaaulnd (V)

S

0

JUN 4.5 nswlanudiniussevninasaduliii (V) fugy (esa) 11381 10.00 w.

nIHAINENNLS IR Ieuseaulni (V) duyu (A1)

x4 2(S.D.)

M

x—2(5.D.)

0 10 20 30 40 50 60 70 80 90 100110120130 140150160170 180

yu (29A1)
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A19199 4.5 HANISVIARBINITIANLNVD IHATAT AN ETLATULEEIEATLIAT 11.00 .

GRECGRT ) wseaulnia (v)
0 16.4
10 17.2
20 17.8
30 18.5
40 19.4
50 19.7
60 19.9
70 20.1
80 20.0
90 19.5
100 19.2
110 19.0
120 18.6
130 18.4
140 18.4
150 18.0




160 18.0
170 17.8
180 17.6

25

20

15

ussnulnda (v)

5

0

UM 4.6 nelmnuduiusseinasatulnih (V) dugy (e9en) van 11.00 w.

nsALANRUSTERIeus Ul (V) dugy (aee)

X 4 2(S.D.)

W'M

10

0 10 20 30 40 50 6070 80 90 100110120130140150160170180

x—2(5.D.)

yu (29A1)
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M19199 4.6 HANTNAADINITVIANYLVDILHATAT b0 1IN LATULAEAANLIAT 12.00 .

GRECINGNG)) wseaulni (v)
0 16.5
10 159
20 17.3
30 18.5
40 18.8
50 19.3
60 19.7
70 203
80 20.5
90 20.1
100 19.7
110 19.6
120 19.3
130 19.0
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140 18.6
150 18.6
160 18.6
170 18.3
180 17.9

nswAmduRussEndrausedulnia (v) Auaw (asan)

¥ 2(S/D)

" M
-

15 = % — 2(5.D%)

10

wsanulna (v)

5

0
0 10 20-30 40 50 60 70 80 90 100110120130140150160170180

ya (9961)

JUN 4.7 nsweuduiusserinausaiulii (V) duga (sen) ivaa 12.00 w.

M99 4.7 HANTUARDINTVIANYNUDIUHAYATUAID 1IN ENLATULAAAAILIAT 13.00 .

A (396) wseaulnd (v)
0 16.6
10 17.5
20 17.7
30 18.4
40 18.8
50 19.5
60 19.7
70 20.1
80 20.3
90 20.4

100 19.9
110 19.2




120 18.5
130 18.7
140 18.1
150 17.5
160 17.1
170 16.8
180 16.5

nsAudIRUSsEIneuseaulvin (V) Auya (aeen)

25

20

wssaulua (v)

0!

3UN 4.8 psmenuduiusseinsusatulnih (V) fuga (aeen) aan 13.00 w.

v).

| M

x—2(S.D.)

0 10 20 30 40 50 60 70 80 90 100110120130140150160 170180

4y (a361)
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M19199 4.8 HANTNARDINITVIANLU VDK ATAT A TINETLATULAIAAATLIAT 14.00 .
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1 2.5 1.53 LR RERIY
2 3.0 0.92 N 2 anndeuriu
3 35 0.99 An 2 gnnseu
4 4.0 1.02 AN 2 gnnseuiu
5 4.5 1.05 ANULUNIAN
6 5.0 1.07 ANULUNIAN
7 55 0.97 -

8 6.0 1.00 :

9 6.5 1.00 3

10 7.0 1.02 -

11 7.5 1.05 ANIFUIIA
12 8.0 1.05 ANUZUIANS
13 8.5 1.07 ANULUIIA
14 9.0 1.07 ANULUIIA
15 9.5 1.10 ANULUIIA
16 10.0 1.10 ANULUNIAY
17 10.5 1.10 ANULUNIAY
18 11.0 1.10 ANUTUIIAN
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psadi useauld (v) nszudlu (A) VU0

1 2.5 1.50 LR RERIY
2 3.0 0.90 N 2 anndeuriu
3 35 0.97 An 2 gnnseu
4 4.0 1.00 AN 2 gnnseuiu
5 4.5 1.03 ANULUNIAN
6 5.0 1.05 ANULUNIAN
7 55 0.95 -

8 6.0 0.96 .

9 6.5 0.96 3

10 7.0 0.97 -

11 *5 1.00 -

12 8.0 1.00 ANUZUIANS
13 8.5 1.02 ANULUIIA
14 9.0 1.02 ANULUIIA
15 9.5 1.06 ANULUIIA
16 10.0 1.06 ANULUNIAY
17 10.5 1.06 ANULUNIAY
18 11.0 1.06 ANUTUIIAN
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Al useaulnd (v) nszudlu (A) U0

1 2.5 1.47 UBLRBFYINY
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3 35 0.95 AN 2 gnnseuu
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6 5.0 1.00 ANULUTIANS
7 55 0.96 -

8 6.0 0.96 .

9 6.5 0.97 3

10 7.0 0.97 -

11 SA 0.99 -

12 8.0 0.99 -

13 8.5 1.00 ANULUIIAN
14 9.0 1.00 ANULUIIAN
15 9.5 1.01 ANULUIIAN
16 10.0 1.02 ANULUNIAN
17 10.5 1.03 ANULUNIAN
18 11.0 1.03 ANUFUIIANY
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Al useaulnd (v) nszudlu (A) U0

1 2.5 1.45 UBLRBFYINY
2 3.0 0.86 AN 2 gnnseuriu
3 35 0.92 AN 2 gnnseuu
4 4.0 0.99 AN 2 gnnseuriu
5 4.5 1.00 ANULUIANS
6 5.0 1.02 ANULUTIANS
7 55 0.95 -

8 6.0 0.95 .

9 6.5 0.96 3

10 7.0 0.96 -

11 SA 0.99 -

12 8.0 1.00 -

13 8.5 1.00 -

14 9.0 1.01 ANULUIIAN
15 9.5 1.01 ANULUIIAN
16 10.0 1.02 ANULUNIAN
17 10.5 1.02 ANULUNIAN
18 11.0 1.02 ANUFUIIANY
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Al useauld (v) nszudlu (A) U0

1 2.5 1.42 UBLRBFYINY
2 3.0 0.83 AN 2 gnnseuriu
3 35 0.90 AN 2 gnnseuu
4 4.0 0.91 AN 2 gnnseuriu
5 4.5 0.95 ANULUIANS
6 5.0 0.97 ANULUTIANS
7 55 0.92 -

8 6.0 0.92 .

9 6.5 0.92 3

10 7.0 0.92 -

11 SA 0.93 -

12 8.0 0.93 -

13 8.5 0.93 -

14 9.0 0.93 -

15 9.5 0.96 ANULUIIAN
16 10.0 0.99 ANULUNIAN
17 10.5 1.00 ANULUNIAN
18 11.0 1.00 ANUFUIIANY
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import cv2
import numpy as np
import imutils
import time
import RPi.GPIO as GPIO
import board
cap = cv2.VideoCapture(0)
GPIO.setmode(GPIO.BCM)
GPIO.setup(17,GPIO.OUT)
GPIO.setup(27,GPI0.OUT)
GPIO.setup(12,GPI0.0OUT)
GPIO.setup(25,GPIO.IN,pull_up down=GPIO.PUD_DOWN)
GPIO.setup(16,GPIO.OUT)
GPIO.output(12,0)
GPIO.output(16,0)
GPIO.output(17,0)
GPIO.output(27,0)
while True:
_, frame = cap.read()
hsv = cv2.cvtColor(frame, cv2.COLOR _BGR2HSV)
lower_notgreen = np.array([20,70,120])
upper_notgreen = np.array([33,255,255])
lower green = np.array([34,80,100])
upper_green = np.array([70,255,255])
maskl = cv2.inRange(hsv, lower notgreen,upper notgreen)
mask2 = cv2.inRange(hsv, lower green,upper green)
cntsl = cv2.findContours(maskl, cv2.RETR TREE,cv2.CHAIN_APPROX_SIMPLE)
cntsl = imutils.grab_contours(cnts1)
cnts2 = cv2.findContours(mask2, cv2.RETR TREE,cv2.CHAIN_APPROX_SIMPLE)
cnts2 = imutils.grab_contours(cnts2)

GPIO.output(12,0)
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for cin cnts1:
areal = cv2.contourArea(c)
if areal > 6000:
cv2.drawContours(frame,[c],-1,(0,255,0),3)
M = cv2.moments(c)
int(M["m10"//M["m00"])
cy = int(M["m01"]/M['m00"])

X

cv2.circle(frame,(cx,cy),7,(255,255,255),-1)
cv2.putText(frame,"Yellow", (cx-20,cy-20), cv2.FONT_HERSHEY SIMPLEX,2.5,
(255,255,255), 3)
GPIO.output(17,1)
GPIO.output(27,0)
GPIO.output(12,1)
break
for c in cnts2:
areal = cv2.contourArea(c)
if areal > 4000:
cv2.drawContours(frame,[c],-1,(0,255,0),3)
M = cv2.moments(c)
cx = int(M["'m10"1/M["m00"])
cy = int(M["m01"1/M["m00"])
cv2.circle(frame,(cx,cy),7,(255,255,255),-1)
cv2.putText(frame,"Green", (cx-20,cy-20), cv2.FONT HERSHEY SIMPLEX,2.5,
(255,255,255), 3)
cv2.imshow("result” frame)
GPIO.output(17,0)
GPIO.output(27,1)
GPIO.output(12,1)
break
cv2.imshow("result" frame)

k = cv2.waitKey(5)
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if k == 2T7:
break
cap.release()

cv2.destroyAllWindow()
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import time

import RPi.GPIO as GPIO

import board

GPIO.setmode(GPIO.BCM)

GPIO.setup(16,GPIO.OUT)

GPIO.setup(17,GPIO.IN,pull_up down=GPIO.PUD DOWN)
GPIO.setup(27,GPIO.IN,pull_up down=GPIO.PUD DOWN)
GPIO.setup(12,GPIO.IN,pull_up down=GPIO.PUD DOWN)
GPIO.setup(17,GPIO.OUT)

GPIO.setup(27,GPI0.OUT)

GPIO.setup(25,GPIO.IN,pull_up down=GPIO.PUD DOWN)

pwm = GPIO.PWM(16,17)

(
(
(
(
(
(

pwm.start(0)
while True:
if GPIO.input(17)==1:
time.sleep(0.05)
pwm.ChangeDutyCycle(22)
#GPIO.output(16,1)
print("1")
if GPIO.input(25)==0:
pwm.ChangeDutyCycle(0)
GPIO.output(17,0)
GPIO.output(27,0)
"a=1
while a==1:
if GPIO.input(12)==1:
a=0"
#GPIO.output(16,0)
print("2")
if GPIO.input(27)==1:
pwm.ChangeDutyCycle(22)
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time.sleep(0.05)

print("3")

if GPIO.input(25)==0:
pwm.ChangeDutyCycle(0)
GPIO.output(17,0)
GPIO.output(27,0)

f
R e
Q!

()
€$< EECELALOPIDD

/ c}.am'/.ww\.{v
N \NMAAN
NN

e R R e — A S »

&z A ¥ o [ v d' = & 1 ¥ o £ ¢ v 1%
nansiiluwenasianulidwsunisldnumenisnvimingu Weygralihluldusslevinunisa
Lidnsdllagsdu Bnvivhuiilvdnulasilent uazdeeedisivedenarsnasaninisualuly
This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



J
[ (%4

A6

AMARNUIN A

lUsunsuleansivaaunsanas

88



from Kalman import KalmanAngle

import smbus

import time

import math

import board

import RPi.GPIO as GPIO

import busio as io

import adafruit ds3231

kalmanX = KalmanAngle()

kalmanY = KalmanAngle()

RestrictPitch = True

radToDeg = 57.2957786

kalAngleX = 0

kalAngleY = 0

PWR MGMT 1 = Ox6B

SMPLRT DIV = 0x19

CONFIG = Ox1A

GYRO_CONFIG = 0x1B

INT_ENABLE = 0x38

ACCEL XOUT H = 0x3B

ACCEL_YOUT_H = 0x3D

ACCEL_ZOUT H = Ox3F

GYRO _XOUT H = 0x43

GYRO YOUT H = 0x45

GYRO ZOUT H = 0x47

def MPU_Init():
bus.write byte data(DeviceAddress, SMPLRT DIV, 7)
bus.write_byte data(DeviceAddress, PWR MGMT 1, 1)
bus.write byte data(DeviceAddress, CONFIG, int('0000110',2))
bus.write byte data(DeviceAddress, GYRO_CONFIG, 24)
bus.write_byte data(DeviceAddress, INT_ENABLE, 1)



def read raw_data(addr):
high = bus.read byte data(DeviceAddress, addr)
low = bus.read_byte data(DeviceAddress, addr+1)
value = ((high << 8) | low)
iftvalue > 32768):
value = value - 65536
return value
bus = smbus.SMBus(1)
DeviceAddress = 0x69
MPU_Init()
time.sleep(1)
accX = read_raw_data(ACCEL XOUT H)
accY = read raw_data(ACCEL YOUT H)
accZ = read_raw data(ACCEL ZOUT H)
if (RestrictPitch):
roll = math.atan2(accY,accZ) * radToDeg
pitch = math.atan(-accX/math.sgrt((@accY**2)+(accZ**2))) * radToDeg
else:
roll = math.atan(accY/math.sqrt((@accX**2)+(accZ**2))) * radToDeg
pitch = math.atan2(-accX,accZ) * radToDeg
print(pitch)
kalmanX.setAngle(roll)
kalmanY.setAngle(pitch)
flag=0
i2c = i0.12C(board.SCL, board.SDA)
rtc = adafruit_ds3231.D53231(i2c)

days = ("Sunday", "Monday", "Tuesday", "Wednesday", "Thursday", "Friday

GPIO.setmode(GPIO.BCM)
GPIO.setup(5,GPIO.OUT)
GPIO.setup(6,GPIO.OUT)
GPIO.setup(13,GPIO.OUT)

non
)

90

Saturday")



GPIO.setup(24,GPIO.IN,pull_up_down=GPIO.PUD_UP)
GPIO.setup(26,GPIO.IN,pull_up_down=GPIO.PUD_UP)
pwm = GPIO.PWM(13,300)
pwm.start(0)
GPIO.output(5,0)
GPIO.output(6,0)
i=2
while True:
t = rtc.datetime
th_hour = t.tm_hour+7
if GPIO.input(24) == 0:
b=1
if GPIO.input(26) == 0:
c=1
if GPIO.input(24) == 1:
b=0
if GPIO.input(26) == 1:
c=0
while i>1:
if(flag >100):
print("There is a problem with the connection")
flag=0
continue
try:
accX = read raw data(ACCEL XOUT H)
accY = read raw_data(ACCEL_YOUT H)
accZ = read raw data(ACCEL ZOUT H)
gyroX = read raw_data(GYRO XOUT H)
gyroY = read raw_data(GYRO_YOUT H)
gyroZ = read raw _data(GYRO_ZOUT H)
if (RestrictPitch):
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roll = math.atan2(accY,accZ) * radToDeg
pitch = math.atan(-accX/math.sqrt((accY**2)+(accZ**2))) * radToDeg
else:
roll = math.atan(accY/math.sgrt((accX**2)+(accZ**2))) * radToDeg
pitch = math.atan2(-accX,accZ) * radToDeg
print("The date is {} {/{}/{}".format(days[int(t.tm_wday)], t.tm_mday,
t.tm_mon, t.tm year))
i=0
time.sleep(0.005)
except Exception as exc:
flag+=1
while i<1:
y = int(kalAngleY)
print("Angle Y: "+ str(y))
print("The time is {}:{:02}:{:02}" format(th_hour, t.tm_min, t.tm sec))
a=0
if th_hour == 9:
if 47 <y <53 and a==0:
pwm.ChangeDutyCycle(0)
if y < 47 and a==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
if y > 53 and a==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
if b==1 and c==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
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print("1")
if y > 55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
if c==1 and b==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
print("2")
if y < -55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
if th_hour == 10:
if 37 <y <43 and a==0:
pwm.ChangeDutyCycle(0)
if y < 37 and a==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
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if y > 43 and a==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
if b==1 and c==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
print("1")
ify > 55
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
if c==1 and b==0:
GPI0.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
print("2")
if y < -55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
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c=0
if th_hour == 11:
if 17 <y < 23 and a==0:
pwm.ChangeDutyCycle(0)
if y < 17 and a==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
if y > 23 and a==0:
GP10.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
if b==1and c==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
print("1")
if y > 55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
if c==1 and b==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
print("2")
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if y < -55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")

b=0

c=0

if th_hour == 12:

if 7<y <13 and a==0:
pwm.ChangeDutyCycle(0)
if y < 7and a==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
if y > 13 and a==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
if b==1 and c==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
print("1")
if y > 55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
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print("stop")
b=0
c=0
if c==1 and b==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
print("2")
if y <-55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0

if th_hour == 13:

if -3 <y < 3anda==0:
pwm.ChangeDutyCycle(0)

if y < -3 and a==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)

if y >3 and a==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)

if b==1 and c==0:
GPIO.output(5,1)
GPIO.output(6,0)
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pwm.ChangeDutyCycle(100)
print("1")
if y > 55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
if c==1 and b==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
print("2")
if y <-55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
if th_hour == 14:
if -13 <y <-7 and a==0:
pwm.ChangeDutyCycle(0)
if y <-13 and a==0:
GPIO.output(5,1)
GPIO.output(6,0)
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pwm.ChangeDutyCycle(100)
if y > -7 and a==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
if b==1 and c==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
print("1")
if y > 55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
if c==1and b==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
print("2")
if y <-55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
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b=0
c=0
if th_hour == 15:
if -33 <y <-27 and a==0:
pwm.ChangeDutyCycle(0)
if y <-33 and a==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
if y > -27 and a==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
if b==1 and c==0:
GPIO.output(5,1)
GPI0.output(6,0)
pwm.ChangeDutyCycle(100)
print("1")
ify > 55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
if c==1 and b==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)



101

print("2")
if y < -55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
if th__hour == 16:
if -43 <y < -37 and a==0:
pwm.ChangeDutyCycle(0)
if y <-43 and a==0:
GPIO.output(5,1)
GPI0.output(6,0)
pwm.ChangeDutyCycle(100)
if y >-37 and a==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
if b==1 and c==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
print("1")
if y > 55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
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c=0
print("stop")
b=0
c=0
if c==1 and b==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
print("2")
if y < -55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
if th_hour >= 17:
if 47 <y <53 and a==0:
pwm.ChangeDutyCycle(0)
if y < 47 and a==0:
GPIO.output(5,1)
GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
if y > 53 and a==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
if b==1 and c==0:
GPIO.output(5,1)



GPIO.output(6,0)
pwm.ChangeDutyCycle(100)
print("1")
if y > 55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
if c==1and b==0:
GPIO.output(5,0)
GPIO.output(6,1)
pwm.ChangeDutyCycle(100)
print("2")
if y < -55:
GPIO.output(5,0)
GPIO.output(6,0)
pwm.ChangeDutyCycle(0)
b=0
c=0
print("stop")
b=0
c=0
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import spidev
import time
import RPi.GPIO as GPIO
import math
GPIO.setmode(GPIO.BCM)
GPIO.setup(24,GPI0.0UT)
GPIO.setup(26,GPI0.OUT)
#GPI0.setup(36,GPIO.OUT)
spi = spidev.SpiDev()
spi.open(0,0)
spi.max_speed hz=1350000
GPIO.output(24,0)
GPIO.output(26,0)
def motor1():
if(data2-datal > 200):
GPIO.output(24,1)
GPIO.output(26,0)
print("Left")
if(data2-datal < -200):
GPIO.output(26,1)
GPIO.output(24,0)
print("Right")
def motor0():
iflabs(data2-datal) <= 200):
GPIO.output(26,0)
GPIO.output(24,0)
print("zero0")
time.sleep(0.001)
while True:
raspl = spixfer2([0x01 , 0x80 , 0])
datal = ((rasp1[1]1&3) << 8 ) + rasp1[2]
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rasp2 = spi.xfer2([0x01 , 0x90 , 0)
data2 = ((rasp2[11&3) << 8 ) + rasp2[2]
print("out1 "+ str(datal))

print("out2 "+ str(data2))

motor0()

motor1()

time.sleep(0)
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LM2596
3A Step-Down Voltage Regulator

GENERAL DESCRIPTION

The LM2596 series of regulators are monolithic integrated
cireuits that provide all the active functions for a step-down
(buck) switching regulator, capable of driving a 3A load with
excellent line and load regulation. These devices are available
in fixed output voltages of 3.3V, 5V, 12V, and an adjustable
output version.

Requiring a minimum number of external components, these
regulators are simple to use and include internal frequency
compensation, and a fixed-frequency oscillator.

The LM2596 series operates at a switching frequency of 150
kHz thus allowing smaller sized filter components than what
would be needed with lower switching 1
Available in a standard 5-lead TO-220 package with several
different lead bend options, and a 5-lead TO-263 surface mount
package.

A standard series of inductors are available from several
different manufacturers optimized for use with the LM2596
series, This feature greatly simplifies the design of switch-mode
power supplies.

Other features include a guaranteed 4% tolerance on output
voltage under specified input voltage and output load
conditions, and +£15% on the oscillator frequency. External
shutdown is included, featuring typically 80 pA standby
current. Self protection features include a two stage frequency
redueing current limit for the output switch and an over
temperature shutdown for complete protection under fault
conditions.

TYPICAL APPLICATION (Fixed Output Voltage Versions)

W 4 Feedback
12V 2 LM2596 [0yt LT

FEATURES

.
.
.
.
0
.
.
.
.
.
.
.
.
.

3.3V, 5V, 12V, and adjustable output versions
Adjustable version output voltage range, 1.2V to 37V
4% max over line and load conditions
Available in TO-220 and TO-263 packages
Guaranteed 3A output load current

Input voltage range up to 40V

Requires only 4 external components

Excellent line and load regulation specifications
150 kHz fixed frequency internal oscillator
TTL shutdown capability

Low power standby mode, I typically 80 nA
High efficiency

Uses readily available standard inductors
Thermal shutdown and current limit protection

APPLICATIONS

Simple high-efficiency step-down (buck) regulator
On-card switching regulators
Positive to negative converter

5.0V
Unregulated 1 5.0
% e %C.N T I 83 Lec - Regulated
=ps0uF = VO Fanp LD T osour - Output
= IN5824 3A Load
BLOCK DIAGRAM
ON/OFF
{1

[CURRENT '——-]1235\/ rlqw rLSTAF'T REN
SOURCE "|REFERENCE[ |REGULATO up_] 8 ES

200mV

BIAS

: Iy

FEEDBACK
[ !

A2 2
>

R1=25k%
3

A’
3.3V,R2=4.2k
5V, R2=7.6k

R1=0PEN

3A
SWITCH

EEREREFERAHE 1

BEIING ESTEK ELECTRONICS CO.LTD
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LM2596
3A Step-Down Voltage Regulator

PIN FUNCTIONS

+Vy - This is the positive input supply for the IC switching
regulator. A suitable input bypass capacitor must be present at
this pin to minimize voltage transients and to supply the
switching currents needed by the regulator.

Ground - Circuit ground.

Qutput - Internal switch. The voltage at this pin switches
between (+Vx - Vgar ) and approximately -0.5V, with a duty
cycle of approximately Vour /Vin. To minimize coupling to
sensitive circuitry, the PC board copper area connected to this
pin should be kept to a minimum.

Feedback —Senses the lated output voltage to complete
the feedback loop.

ON/OFF - Allows the switching regulator circuit to be shut
down using logic level signals thus dropping the total input
supply current to approximately 80 pA. Pulling this pin below a
threshold voltage of approximately 1.3V turns the regulator on,
and pulling this pin above 1.3V (up to a maximum of 25V)
shuts the regulator down. If this shutdown feature is not needed.
the ON /OFF pin can be wired to the ground pin or it can be left
open, in either case the regulator will be in the ON condition.

LM2596-3.3
ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Note 1)
Maximum Supply Voltage 45V
ON /OFF Pin Input Voltage -0.3 <V <425V

Feedback Pin Voltage 0.3<V£+25V
Output Voltage to Ground
(Steady State) -1V

Power Dissipation Internally limited
Storage Temperature Range  -65°C to +150°C
ESD Susceptibility

Human Body Model (Note 2) 2KV
Lead Temperature

S Package

Vapor Phase (60 sec.) +215°C
Infrared (10 sec.) +245°C

T Package (Soldering, 10 sec.) +260°C
Maximum Junction Temperature +150°C

OPERATING CONDITIONS

Temperature Range
Supply Voltage

-40°C<T<+125°C
4.5V 10 40V

Specifications with standard type face are for T; = 25%C, and those with boldface type apply over full Operating Temperature

Range
LM2596-3.3 <
Symbol Parameter Conditions Typ \‘ Limit (Ig::i’iﬂ
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5)Test Circuit Figure 1
Vour  [Output Voltage 4.TV5SV <40V, 0.2A<], on<3A 3.3 v
I 3.168/3.135 V(min)
3.432/3.465 V(max)
n Efficiency V=12V, Iioap=3A 73 %

LM2596-5.0
ELECTRICAL CHARACTERISTICS

Specifications with standard type face are for T = 25°C, and those with boldface type apply over full Operating Temperature

Range
LM2596-5.0 2
1] o Units
Symbol Parameter Conditions Typ Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5)Test Circuit Figure 1
Vour |Output Voltage TVEVNAOV, 0.2A<] o4p<3A 5.0 A4
4.800/4.750 V(min)
5.200/5.250 V(max)
n Efficiency V=12V, I oap=3A 80 G
LM2596-12

ELECTRICAL CHARACTERISTICS

Specifications with standard type face are for Ty =25"C, and those with boldface type apply over full Operating Temperature

Range
LM2596-12 Units
Symbol Parameter Conditions Typ Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5)Test Circuit Figure |

Vour Output Voltage 15VEV <40V, 0.2A<] op<3A 12.0 v
11.52/11.40 V(min)
12.48/12.60 V(max)

Efficiency Vin=12V, I pap=3A 90 %

n
LM2596-ADJ
ELECTRICAL CHARACTERISTICS

ERPERETHRLA 2
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LM2596

3A Step-Down Voltage Regulator

Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating
Temperature Range

LM2596-ADJ Units
Symbol Parameter Conditions Typ Limit (Limits)
(Note 3) (Note 4) 3
SYSTEM PARAMETERS (Note 5)Test Circuit Figure 1
Vour  |Output Voltage 4.5VEV NS0V, 0.2A<] 0ap<3A 1.230 v
Vour programmed for 3V. Circuit of 1.193/1.180 V(min)
Figure 1. 1.267/1.280 V(max)
n Efficiency V=12V, Vour=3V. j pap=3A 73 %

ALL OUTPUT VOLTAGE VERSIONS
ELECTRICAL CHARACTERISTICS
Specifications with standard type face are for T; = 25°C, and those with boldface type apply over full Operating Temperature
Range. Unless otherwise specified, Vpy= 12V for the 3.3V, 5V, and Adjustable version and Vi =24V for the 12V version. L ozp

=500 mA
LM2596-XX +
Sy P Units
Symbol Parameter Conditions Typ Limit PN
(Note 3) (Note 4) b i
DEVICE PARAMETERS
Iy Feedback Bias Current Adjustable Version Only, Vig=1.3V 10 nA
50/100 nA (max)
fo Oscillator Frequency (Note 6) 150 kHz
127/110 kHz (min)
173/173 kHz (max)
Vsar Saturation Voltage Igy=3A (Notes 7, 8) L.16 v
1.4/1.5 V (max)
DC Max Duty Cyele (ON) (Note 8) 100 %
Min Duty Cycle (OFF) (Note 9) 0
IRS Current Limit Peak Current (Notes 7. 8) 4.5 A
3.6/3.4 A (min)
6.9/7.5 A (max)
I Output Leakage Current -~ |Output=0V (Notes 7, 9) 50 MA (max)
Output=-0.9V (Note 10) 10 mA
30 mA (max)
Iy Quiescent Current (Note 9) 5 mA
10 mA (max)
Isray Standby Quiescent ON/OFF pin=5V (OFF) (Note 10) 80 HA
Current 200/250 A (max)
B5c Thermal Resistance TO-220 or TO-263 Package, Junction to Case 2 u
04 TO-220 Package, Junction to Ambient (Note 11) 50 ‘crw
[ TO-263 Package, Junction to Ambient (Note 12) 50 ‘crw
[: 9 TO-263 Package, Junction to Ambient (Note 13) 30 ‘crw
B4 TO-263 Package, Junction to Ambient (Note 14) 20 ‘crw
ON/OFF CONTROL Test Circuit Figure 1
ON/OFF Pin Logic Input 1.3 v
Vi ‘Threshold Voltage Low (Regulator ON) 0.6 V (max)
Vi High (Regulator OFF) 2.0 V (min)
Iy ON/OFF Pin Input Current |Vpo61c=2.5V (Regulator OFF) 5 HA
15 UA (max)
I Vioaic=0.5V (Regulator ON) 0.02 HA
5 WA (max)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate
conditions for which the device is intended to be functional, but do not guarantee specific performance limits. For guaranteed

specifications and test conditions, see the Electrical Characteristics.
Note 2: The human body model is a 100 pF capacitor discharged through a 1.5k resistor into each pin.
Note 3: Typical numbers are at 25°C and represent the most likely norm.
Note 4: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All room

temperature limits are 100% production tested. All limits at temperature extremes are guaranteed via correlation using standard
Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

Note 5: External components such as the catch diode, inductor, input and output capacitors, and voltage programming resistors can
affect switching regulator system performance. When the LM2596 is used as shown in the Figure 1 test circuit, system performance
will be as shown in system parameters section of Electrical Characteristics.

PR FHIRAE 3
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@ STEK LM2596
3A Step-Down Voltage Regulator

Note 6: The switching frequency is reduced when the second stage current limit is activated. The amount of reduction is
determined by the severity of current over-load.

Note 7: No diode, inductor or capacitor connected to output pin.

Note 8: Feedback pin removed from output and connected to OV to force the output transistor switch ON.

Note 9: Feedback pin removed from output and connected to 12V for the 3.3V, 5V, and the AD]J. version, and 15V for the 12V
version, to force the output transistor switch OFF.

Note 10: Vi =40V.

Note 11: Junction to ambient thermal resistance (no external heat sink) for the TO-220 package mounted vertically, with the leads
soldered 1o a printed circuit board with (1 0z.) copper area of approximately 1 in’

Note 12: Junction to ambient thermal resistance with the TO-263 package tab soldered to a single printed circuit board with 0.5 in®
of (1 0z.) copper area.

Note 13: Junction to ambient thermal resistance with the TO-263 package tab soldered to a single sided printed circuit board with
2.5 in” of (1 0z.) copper area.

Note 14: Junction to ambient thermal resistance with the TO-263 package tab soldered to a double sided printed circuit board with
3 in® of (1 0z.) copper area on the LM2596S side of the board, and approximately 16 in® of copper on the other side of the p-¢
board.

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 1)

Normalized Output Voltage Line Regulation Efficiency
g ® Vo2l 3 24 Vo5V BT 4 |20V
2 =3A w 0.3 M. s 3A Loas
g0 Normalzeda]” | & T.00=100A 90 o

s Z 0.2 T=25C < 1o2v~]

E =25°C = >
5 05 1 S o4 585
8 o 4B g J
= = 11 2 1= o8 >
<] 5o-01 E 5V A
905 <] - |
= = -0.2 75—
[ =0
E -1.0 g 03 70 3.3/
° 3 -04 65

-50-25 0 25 50 75 100 125

gy, ) "0 510 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Switc{:{:;z;t;:ation Switch Current Limit Dropout Voltage
-y e [ £ SN i
Z1.3 " = V=5V S » R,,=0.040
&1z = 250 @ N Vo =Viee-50mV
] T=-40"C| 474 g Bio . —
%10 > £45 5 L Ty
-4 g 1 b
S0 L~ // = E 1.0 -
€os v 5a.0 G oz Lo 1Al T
£o.7]25C s g
(7, 0, 7] E
o6 [125C 3.5 To6
0 1 2 3 4 -50.-25 0 25 50 75 100125 =50 -25 0 25 50 75 100 125
SWITCH CURRENT (A) JUNGTION TEMPERATURE (°C) JUNCTION TEMPERATURE (C)
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& sTEK LM2596
3A Step-Down Voltage Regulator

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 1) (Continued)

Operating Shutdown Minimum Operating
Quiescent Current Quiescent Current Supply Voltage
4 4.5V2V,,<40V 1= T Tt °
z . N Vawor=5V
E201 ™ >~ e e e B —— S 4l
= < = —_—-_‘_,—
Z 16 ' e = “(é 5 L
T o Sfich ON 8 ool [T [T—40'cAND 125°C z ~—~
o [ Q
> s 2
> 8 - C 40 -
2 Switch OFF Z 4
7 4 — 20 T [Vor=1.23V
0 | | 0 D | low=120mA
-50 -25 0 25 50 75 100 125 0 10 20 30 40 -50 -25 0 25 50 75 100 125
JUNGTION TEMPERATURE (°C) SUPFLY VOLTAGE (V) JUNCTION TEMPERATURE (°C)
TON/OFF Threshold ‘ON/OFF Pin ), !
Voltage Current (Sinking) Switching Frequency
2.5 8 160
s l 7 V=40V
§2.0 : -40°C<T£125°C 155
2 OFF 6 L 50 -
g1s <t Ts L= S A
= [
3 T =TT 117
91‘0 v T 3140
w
$() 5 N 5 T
'E!I_: . o 4 135
130
-50 -25 0 25 50 75 100125 GO = 10 15 20 25 -60.-25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C} X7 JUNCTION TEMPERATURE (°C)
ON/OF PIN VOLTAGE (V)
Feedback Pin
Bias Current
z 10
£
E 75 T 1\
=
£ 5.00=] | \
a ADJUSTABLE VERSICN ONLY \
o 2.5
: \
o 0
X
225
@
E -5.0

-60.-25 0 25 50 75 100125
JUNGTION TEMPERATURE ('C)

IRPREBFARRE 3 BEIJING ESTEK ELECTRONICS CO..LTD



113

& sTEK LM2596
3A Step-Down Voltage Regulator

TYPICAL PERFORMANCE CHARACTERISTICS

Continuous Mode Switching Waveforms Discontinuous Mode Switching Waveforms
Vin=20V, Vour=5V, Lioan=2A Vin=20V, Vour=5V, loap=500mA
L=32pH, Cq+=220pF, Co1ESR=50mQ L=10pH, Cq1=330pF, CoESR=45mQ
20V 20V | |—
A 10V A {10V
ov ov
2A /I ] // 1A
B4 1A ™ B § 0.5A / \ ﬁ\
0A 0A /
50mv 100mV
C 4§ AC/ - ~] CHY AT/ s
div ~NA TN div AN
A: Output Pin Voltage, 10V/div A: Output Pin Voltage, 10V/div
B: Inductor Current 1A/div B: Inductor Current 1A/div
C: Output Ripple Voltage, 50mV/ div C: Output Ripple Voltage, 100mV/div
Horizontal Time Base: 2us/div Horizontal Time Base: 2us/div
Load Transient Response for Continnous Mode Load Transient Response for Discontinuous Mode
V=20V, Vour=5V, I1oap=500mA to 2A Vin=20V, Vour=5V, LLoap=500mA to 2A
L=32pH, Cqyy=220pF, CoyrESR=50mQ L=10pH, Cour=330pF, CoyrESR=45mQ
100mY] 100V, | l | |
AC Aq Ac
W] j—— 17
oA 2A
B¢ 1A B¢ 1A
0A 0A
A: Output Voltage, 100mV/div.(AC) A: Output Voltage,100mV/div. (AC)
B: 500mA to 2A Load Pulse B: 500mA fo 2A Load Pulse
Horizontal Time Base: 100us/div Horizontal Time Base: 200pus/ div

TerpgERrFHIRAE 6 BEIJING ESTEK ELECTRONICS CO.,LTD
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3A Step-Down Voltage Regulator

TEST CIRCUIT AND LAYOUT GUIDELINES

Fixed Output Voltage Versions
KEEP FEEDBACK WIRING AWAY o

v 4| Feedback _L—FROM INDUCTOR FLUX
g VN Lm2sos Real
FIXED OUTPUT Quinix Rgulaed Quipue

Unregulated R 5
DC Ii\put 'l' Cin SNDON o
!

HEAVY LINES MUST BE KEPT SHOF;T AND USE
GROUND PLANE CONSTRUCTION FOR BEST RESULTS

Cn - 470pF, 50V, Aluminum Electrolytic Nichicon “PL Series”

LOW ESR
SHORT LEADS

Cpyr - 220uF, 25V, Aluminum Electrolytic Nichicon “PL Series” OPTICNAL POST RIPPLE FILTER
D1 - 5A,40V Schottky Rectifer, IN5825
L1 - 68uH,L38

Adjustable Oug:ut Voltage Versions
FF

—

LOCATE THE PROGRAMMING RESISTORS NEAR

R1 THE FEEDBACK PIN USING SHORT LEADS
KEEP FEEDBACK WIRING AWAY
4| Feedback e~ FROMINDUCTOR FLUX
+ Vil mases R
" egulated Ouij
ADJUSTABLE Puti '\G“ 9 i
Unregulated - 2 i *6
DCigput | TG o 3 ot T Cour |5
11 N0 5
HEAVY LINES MUST BE KEPT SHORT AND USE

GROUND PLANE CONSTRUCTION FOR BEST RESULTS

V= Voo 148
,
where V=123V
Vo,
Ri= R (o -1
=R 1)

Select R1 to be approximately k{2, use a1% resistor for best stability.
Gy - 470uF,50V, Aluminum Electrolytic Nichicon “PL Series”

Cgr - 220uF; 35V, Aluminum Hectralytic Nichicon "PL Series”

D1 - 5A,40V Schottky Rectifer, IN5825

L1 - 68uH,L38

Rt - 1kQ,1%

C,. - see Application Information Section

Figure 1. Standard Test Circuits and Layout Guides

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance can generate
voltage transients which can cause problems. For minimal inductance and ground loops, the wires indicated by heavy lines should
be wide printed circuit traces and

should be kept as short as possible. For best results, external components should be located as close to the switcher IC as possible
using ground plane construction or single point grounding.

If open core inductors are used, special care must be taken as to the location and positioning of this type of inductor. Allowing
the inductor flux to intersect sensitive feedback, IC groundpath and Cg,y wiring can cause problems.

‘When using the adjustable version, special care must be taken as to the location of the feedback resistors and the associated wiring.
Physically locate both resistors near the IC, and route the wiring away from the inductor, especially an open core type of inductor.
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LM2596 SERIES BUCK REGULATOR DESIGN PROCEDURE (FIXED OUTPUT)

PROCEDURE (Fixed Output Voltage Version)

EXAMPLE (Fixed Output Voltage Version)

Given:

Vour = Regulated Output Voltage (3.3V, 5V or 12V)
Vi (max) = Maximum DC Input Voltage

I pap (max) = Maximum Load Current

1. Inductor Selection (L1)

A. Select the correct inductor value selection guide from Figures
Figure 4, Figure 5,or Figure 6. (Output voltages of 3.3V, 5V, or
12V respectively.) For all other voltages, see the design procedure
for the adjustable version.

B. From the inductor value selection guide, identify the inductance
region intersected by the Maximum Input Voltage line and the
Maximum Load Current line. Each region is identified by an
inductance value and an inductor code (LXX).

C, Select an appropriate inductor from the four manufacturer’s part
numbers listed in Figure 8.

2. Output Capacitor Selection (Cqyy)

A, In the majority of applications, low ESR (Equivalent Series
Resistance) electrolytic capacitors between 82 pF and 820 pF and
low ESR solid tantalum capacitors between 10 uF and 470 pF
provide the best results. This capacitor should be located close to
the IC using short capacitor leads and short copper traces. Do not
use capacitors larger than 820 pF.

B. To simplify the capacitor selection procedure, refer to the quick
design component selection table shown in Figure 2. This table
contains different input voltages, output voltages, and load
currents, and lists various inductors and output capacitors that will
provide the best design solutions.

C. The capacitor voltage rating for electrolytic capacitors should be
at least 1.5 times greater than the output voltage, and often much
higher voltage ratings are needed to satisfy the low ESR
requirements for low output ripple voltage.

3. Catch Diode Selection (D1)

A. The catch diode current rating must be at least 1.3 times greater than the
maximum load current. Also, if the power supply design must withstand a
continuous output short, the diode should have a current rating equal to the
maximum current limit of the LM2596. The most stressful condition for
this diode is an overload or shorted output condition.

Given:

Vour =5V

Vi (max) = 12V
Iioap (max) = 3A

1. Inductor Selection (L1)
A. Use the inductor selection guide for the 5V version shown in Figure 5.

B. From the inductor value selection guide shown in Figure 5, the
inductance region intersected by the 12V horizontal line and the 3A
vertical line is 33 pH, and the inductor code is LAO.

C. The inductance wluc required is 33 uH. From the table in Figure 8, 20 to lhe
140 line and choose imber from any of the four man
shown. (In most in-stance, bolh lhmunh hole and surface mount inductors are
available.)

2. Output Capacitor Selection (Cqyry)
A. See section on output capacitors in application information section.

B. From the quick design component selection table shown in Figure 2, locate the
5V output voltage section. In the load current column, choose the load current line
that is closest to the current needed in your application, for this example, use the 3A
line. Tn the maximum input voltage column, select the line that covers the input
voltage needed in your application, in this example, use the 15V line. Continuing
on this line are recommended inductors and capacitors that will provide the best
overall performance.

The capacitor list contains both through hole electrolytic and surface mount
tantalum capacitors from four different capacitor manufacturers. Itis recommended
that both the manufacturers and the manufacturer’s series that are listed in the table
be used.

In this example aluminum electrolytic capacitors from several different
manufacturers are available with the range of ESR numbers needed.

330 uF 35V Panasonic HFQ Series

330 uF 35V Nichicon PL Series

C. Fora 5V output, a capacitor voltage rating at least 7.5V ormore is needed. But
even a low ESR, switching grade, 220pF 10V aluminum electrolytic capacitor
'would exhibit approximately 225 mW of ESR (see the curve in Figure 14 for the
ESR vs voltage rating). This amount of ESR would result in relatively high output
ripple voltage. To reduce the ripple to 1% of the output voltage, or less, a capacitor
with a higher value or with a higher voltage rating (lower ESR) should be selected.
A 16V or 25V capacitor will reduce the ripple volt-age by approximately half.

3. Catch Diode Selection (D1)

A. Refer tothe table shown in Figure 11. In this example, a 5A, 20V, IN5823
Schottky diode will provide the best performance, and will not be overstressed even
for a shorted output.

B. The reverse voltage rating of the diode should be at least 1.25 times the
maximum input voltage.

C. This diode must be fast (short reverse recovery time) and must be
located close to the LM2596 using short leads and short printed circuit
traces. Because of their fast switching speed and low forward voltage drop,
Schottky diodes provide the best performance and efficiency, and should
be the first choice, especially in low output voltage applications.

Ultra-fast recovery, or High-Efficiency rectifiers also provide good results.
Ultra-fast recovery diodes typically have reverse recovery times of 50 ns or
less. Rectifiers such as the IN5400 series are much too slow and should
not be used.
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PROCEDURE (Fixed Output Voltage Version)

EXAMPLE (Fixed Output Voltage Version)

4. Input Capacitor (Cpy)

A low ESR aluminum or tantalum bypass capacitor is needed between the
input pin and ground pin to prevent large volt-age transients from
appearing at the input. This capacitor should be located close to the IC
using short leads. In addition, the RMS current rating of the input capacitor
should be selected to be at least 1/2 the DC load current. The capacitor
|manufacturers data sheet must be checked to assure that this current rating
is not exceeded. The curve shown in Figure 9 shows typical RMS current
ratings for several different aluminum electrolytic capacitor values.

For an aluminum electrolytic, the capacitor voltage rating should be
approximately 1.5 times the maximum input voltage.

The tantalum capacitor voltage rating should be 2 times the maximum
input voltage and it is recommended that they be surge current tested by
the manufacturer.

Use caution when using ceramic capacitors for input bypassing, because it
may cause severe ringing at the Vi pin.

4. Input Capacitor (C)

The important parameters for the Input capacitor are the input voltage rating and the

RMS current rating. With a nominal
input voltage of 12V, an aluminum electrolytic capacitor with a voltage rating

greater than 18V (1.5 x Vi ) would be needed. The next higher capacitor voltage

rating is 25V.
The RMS current rating requirement for the input capacitor in

a buck regulator is approximately 1/2 the DC load current. In this example, with a

3A load, a capacitor with a RMS cumrent rating of at least 1.5A is needed. The
curves shown in Figure 9 can be used to select an appropriate input capacitor.

From the curves, locate the 35V line and note which capacitor values have RMS

current ratings greater than 1.5A. A 680uF/35V capacitor could be used.

For a through hole design, a 680uF/35V electrolytic capacitor (Panasonic HFQ
series or Nichicon PL series or equivalent) would be adequate. other types or other
manufacturers capacitors can be used provided the RMS ripple current ratings are

adequate.

For surface mount designs, solid tantalum capacitors can be used, but caution must

be exercised with regard to the capacitor surge current rating. The TPS series
available from AVX, and the 593D series from Sprague are both surge cumrent
tested.

LM2596 SERIES BUCK REGULATOR DESIGN

PROCEDURE (FIXED OUTPUT) (Continued)

S - OQutput Capacitor
Conditiors Through Hole Electrolytic Surface Mount T
%:”g; C{;::nt MaxInput | Inductance | Inductor m& Nichicon PL A::‘dg’s Sprague 595D Series

) @) | Vol ) ® @iy | SIS Gy L)
33 3 5 2 Al 47025 560116 330/6.3 390163
7 2 Al 560035 560035 330/6.3 390/6.3
10 7 (V1) 680735 63035 33006.3 300/6.3
0 33 40 560035 470735 330/6.3 39%0/6.3
2 6 2 133 470/25 47035 330/6.3 300/6.3
10 33 132 33035 330135 330/6.3 390/6.3

0 17 139 3035 270/50 20110 330710

5 3 8 2 T4 470/25 560/16 20/10 3010
10 2 141 56025 56025 2010 BWI0

15 EX) 40 33035 33035 2010 3010

20 47 39 33035 27035 20110 B0

2 9 2 33 47025 560/16 20/10 330/10

20 68 138 180735 180735 100/10 20710

20 68 38 180735 180735 T00/10 010

12 3 15 2 L4l 770025 470725 100/16 180/16
18 3 40 33025 33025 100/16 180/16

30 68 L4 18025 18025 100/16 120720

20 68 2] 180735 180735 10016 12020

2 15 33 132 33025 330125 100/16 180/16

20 68 L38 180725 180725 100/16 12020

10 150 2 83735 82/25 68120 6825

Figure 2. LM2596 Fixed Voltage Quick Design Component Selection Table

LM2596 SERIES BUCK REGULATOR DESIGN

PROCEDURE (ADJUSTABLE OUTPUT)

PROCEDURE (Adjustable Output Voltage Version)

EXAMPLE (Adjustable Qutput Voltage Version)

Given:

Vour = Regulated Output Voltage

Vin(max) = Maximum Input Voltage

I} pap(max) = Maximum Load Current

F=Switching Frequency (Fixed at a nominal 150 kHz).

Figure 1)
Use the following formula to select the appropriate resistor values.

R2
Vour = Vrer(1 + R—) where  Vrer=1.23V
1
Select a value for R, between 240Q and 1.5kQ. The lower resistor

lowest temperature coefficient and the best stability with time, use
metal film resistors.)

1. Programming Output Voltage (Selecting R and R, as shown in

values minimize noise pickup in the sensitive feedback pin. (For the

Given:

Vour = 20V

Vin(max) = 28V

I gap(max) = 3A

F=Switching Frequency (Fixed at a nominal 150 kHz).

in Figure 1)
Select R, to be 1 kQ, 1%. Solve for R,.

\Y% 20V
Rz=Rifo 2 1) =1k _—1)

VREF 1.23V
Ro=1k (16.26-1)=15.26k, closest 1% value is 15.4kQ

1% IR, = 15.4 kQ.

1. Programming Qutput Voltage (Selecting R and R,, as shown

AFEEREETHRAR
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PROCEDURE (Adj ble Output Voltage Version) EXAMPLE (Adj ble Output Voltage Version)
Vour

R2=R( -1)
VREF

2. Inductor Selection (L1)
A. Calculate the inductor Volt » microsecond constant EoT (Veps), from
the following formula:

Vour-Vi
Eo T=(Mx— Vour-Vsap ® o Yo

Vin— Vst Vo

1000
20
T

where Vgar = internal switch saturation voltage = 1.16V
and Vp = diode forward voltage drop = 0.5V

B. Use the E*T value from the previous formula and match it with the
EoT number on the vertical axis of the Inductor Value Selection Guide
shown in Figure 7.

C. on the horizontal axis, select the maximum load current.

D. Identify the inductance region intersected by the EoT value and the
Maximum Load Current value. Each region is identified by an
inductance value and an inductor code (LXX).

E. Select an appropriate inductor from the four manufacturer’s part
numbers listed in Figure 8.

3. Output Capacitor Selection (Coyr)

A. In the majority of applications, low ESR electrolytic or solid tantalum
capacitors between 82 pF and 820 uF provide the best results. This capacitor
should be located close to the IC using short capacitor leads and short copper
traces, Do not use capacitors larger than 820 pl.

B. To simplify the capacitor selection procedure, refer to the quick
design table shown in Figure 3. This table contains different output
voltages, and lists various output capacitors that will provide the best
design solutions.

2. Inductor Selection (L1)
A. Calculate the inductor Volt ® microsecond constant
(EeT),

20405 1000
EeT=(28-20-1.1)¢ ——— e — (Ve s
¢ O s ii6r05 150 " A
EeT =(6.84). 205 0667(V .,UJ)=342(V.‘US)
2734

B. EeT=34.2 (Veus)

C. Ipoap (max) =3A

D. From the inductor value selection guide shown in Figure 7, the
inductance region intersected by the 34 (V eus) horizontal line and
the 3A vertical line is 47 pH, and the inductor code is L39.
E. From the table in Figure 8, locate line L39, and select an
inductor part number from the list of manufacturers part numbers.

3. Output Capacitor Selection (Coyr)

B. From the quick design table shown in Figure 3, locate the output
voltage column. From that column, locate the output voltage closest to the
output voltage in your application. In this example, select the 24V line.
Under the output capacitorsection, select a capacitor from the list of
through hole electrolytic or surface mount tantalum types from four
different capacitor manufacturers. It is recommended that both the

facturers and the 1 s series that are listed in the table be

used.

In this example, through hole aluminum electrolytic capacitors from
several different manufacturers are available.

220 pF/35V Panasonic HFQ Series

150 uF/35V Nichicon PL Series

C. The capacitor voltage rating should be at least 1.5 times greater than
the output voltage, and often much higher voltage ratings are needed to
satisfy the low ESR requirements needed for low output ripple voltage.

4. Feedforward Capacitor (Cyy: ) (See Figure 1)

For output voltages greater than approximately 10V, an additional
capacitor is required. The compensation capacitor is typically between
100 pF and 33 nF, and is wired in parallel with the output voltage
setting resistor, R2. It provides additional stability for high output
voltages, low input-output voltages, and/or very low ESR output
capacitors, such as solid tantalum capacitors.

— 1
TT3IXI0 xR

This capacitor type can be ceramic, plastic, silver mica, etc. (Because of
the unstable characteristics of ceramic capacitors made with ZSU
material, they are not recommended.)

C. For a 20V output, a capacitor rating of at least 30V or more is
needed. In this example, either a 35V or 50V capacitor would
work. A 35V rating was chosen, although a 50V rating could also
be used if a lower output ripple voltage is needed.

Other manufacturers or other types of capacitors may also be used,
provided the capacitor specifications (especially the 100 kHz
ESR) closely match the types listed in the table. Refer to the
capacitor manufacturers data sheet for this information.

4, Feedforward Capacitor (Cyy )

The table shown in Figure 3 contains feed forward capacitor
values for various output voltages. In this example, a 560 pF
[capacitor is needed.

ERPEEATHRELF
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LM2596 SERIES BUCK REGULATOR DESING PROCEDURE (ADJUSTABLE OUTPUT)

Through Hole Output C: it Surface Mount Output Capacit
Qutput Panasonic HFQ |Nichicon PL Series AVX TPS Series Sprague 595D
Voltage (V) Series (WE/V) Fizlg:c?::: d (HF/V) ' Sgcrics F%e:;gzi\:::d
(UEIV) (UE/V)

2 820/35 820/35 33 nF 330/6.3 47014 33nF
4 560/35 470/35 10 nF 330/6.3 390/6.3 10 nF
6 470/25 470425 3.3 nF 220/10 330/10 3.3 nF
9 330125 330725 1.5 nF 100/16 180716 1.5 nF
12 330125 330/25 1 nF 100/16 180/16 1 nF
15 220/35 220/35 680 pF 68/20 120/20 680 pF
24 220/35 150/35 360 pF 33125 33/25 220 pF
28 100/50 100/50 390 pF 10735 15/50 220 pF

Figure 3. Qutput Capacitor and Feedforward Capacitor Selection Table

LM2596 SERIES BUCK REGULATOR DESIGN PROCEDURE
Inductor Value Selection Guides (For Continuous Mode Operation)

< 40VF2g 30 T < 40VF 27
> AL &l
= 20VIA A%VLﬁ—bf1 L20 o 30V
% 15VP G’ [ & 25v
L21
< Ko V.. B} L4 <
5 10\/4 > v H 2ov|28-
O 8v[TL 133 EXTONEE S
> & 2 1sv[lae
5 7 2 5 17viEAy
o

g L & i S tevbizi]

L24 n
= AA S 15vf 3
= > = 1
2 L5 125 2
S svlAue s 1avl |4

0.6 0.8 1.0 1.5 202580 0.6 0.8 1.0 15 20 2530
MAXIMUM LOAD CURRENT (A) MAXIMUM LOAD CURRENT (A)
Figure 4. LM2596-3.3 Figure 6. LM2596-12
R RELTHRAF BEIJING ESTEK ELECTRONICS CO.LTD
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4 — 70 i 10505 AD]
= 2ov R BN e as e weans i ooy
%15V > g S0 R Py 28 137 IZ N\
5 L31 L40 40 "
§12V/-| gy \ a0l 129 |~ 138_A4
g tova @ L3z Al 41 2 25 g L30—Ls
1 p.d L0 o T40
£ SVPRE D 3 = [ D
3 y V\ &> LS;.)/ o 15 L=p AT L32 41
o w e L33
Y (7 L34 10| 22 Z
= ] > /! e (T
2 [ = 5 Erat=ci=s
)
5 ¥ g L5/ A 1 n:‘aﬁ—
T v L35 4 =
06 0.8 1.0 15 20 2530 06 08 10 15 20 2.53.0
MAXIMUM LOAD CURRENT (A) MAXIMUM LOAD CURRENT (A)

Figure 5. LM2596-5.0

LM2596 SERIES BUCK REGULATOR DESIGN PROCEDURE (Continued)

Inductance Cur- Schott Renco Pulse Engineering Coilcraft
(LH) rent | Through Surface | Through Hole | Surface Through Surface Surface Mount
(A) Hole Mount Mount Hole Mount

L15 |22 0.99 67148350 | 67148460 | RL-1284-2243 | RL1500-22 [PE-53815 PE-53815-S D03308-223
L21 |68 0.99 67144070 | 67144450 RL-5471-5 RL1500-68 |PE-53821 PE-53821-S DO3316-683
L22 |47 1.17 67144080 | 67144460 RL-5471-6 - PE-53822 PE-53822-S DO3316-473
12333 1.40 67144090 | 67144470 RL-5471-7 - PE-53823 PE-53823-S DO3316-333
124 (22 1.70 67148370 | 67148480 RL-1283-22-43 - PE-53824 | PE-53825-S DO3316-223
125 |15 2.10 67148380 | 67148490 | RL-1283-1543 - PE-53825 PE-53824-S DO3316-153
L26 (330 0.80 67144100 | 67144480 RL-5471-1 - PE-53826 PE-53826-S DO5022P-334
L27 1220 1.00 67144110 | 67144490 RL-5471-2 - PE-53827 PE-53827-S DOS022P-224
L28 {150 1.20 67144120 | 67144500 RL-5471-3 - PE-53828 PE-53828-S DOS022P-154
129 [100 1.47 67144130 | 67144510 RL-5471-4 - PE-53829 PE-53829-S DOS022P-104
L30 |68 1.78 67144140 | 67144520 RL-5471-5 - PE-53830 PE-53830-S DO5022P-683
L31 |47 2.20 67144150 | 67144530 RL-5471-6 - PE-53831 PE-53831-S DO5022P473
L32 (33 2.50 67144160 | 67144540 RL-5471-7 = PE-53932 PE-53932-S DOS5022P-333
L33 (22 3.10 67148390 | 67148500 | RL-1283-2243 - PE-53933 PE-53933-S DO5022P-223
L34 [15 3.40 67148400 | 67148790 | RL-1283-1543 - PE-53934 PE-53934-S DOS022P-153
L35 1220 1.70 67144170 - RL-5473-1 = PE-53935 PE-53935-S -
L36 [150 2.10 67144180 - RL-5473-4 - PE-54036 PE-54036-S -
L37 (100 2.50 67144190 - RL-5472-1 - PE-54037 PE-54037-S -
138 |68 3.10 67144200 - RL-5472-2 - PE-54038 PE-54038-S -
L39 |47 3.50 67144210 - RL-5472-3 - PE-54039 PE-54039-S -
40 [33 3.50 67144220 | 67148290 RL-5472-4 - PE-54040 PE-54040-S -
L41 [22 3.50 67144230 | 67148300 RL-5472-5 - PE-54041 PE-54041-§ -
[42 150 2.70 67148410 - RL-5473-4 - PE-54042 PE-54042-S -
143 (100 3.40 67144240 - RL-5473-2 - PE-54043 -
L44 |68 3.40 67144250 - RL-5473-3 - PE-54044 -

N Figure 8. Inductor Manufacturers Part Numbers

=

g
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LM358, LM258, LM2904,
LM2904A, LM2904V,
NCV2904

Single Supply Dual
Operational Amplifiers

Utilizing the circuit designs perfected for Quad Operational
Amplifiers, these dual operational amplifiers feature low power drain,
a common mode input voltage range extending to ground/Vgg, and
single supply or split supply operation. The LM358 series is
equivalent to one-half of an LM324.

These amplifiers have several distinct advantages over standard
operational amplifier types in single supply applications. They can
operate at supply voltages as low as 3.0 V or as high as 32 V, with
quiescent currents about one—fifth of those associated with the
MC1741 (on a per amplifier basis). The common mode input range
includes the negative supply, thereby eliminating the necessity for
external biasing components in many applications. The output voltage
range also includes the negative power supply voltage.
® Short Circuit Protected Outputs
® True Differential Input Stage
Single Supply Operation: 3.0V to 32 V (LM258/L.LM358)

3.0 Vo 26V (LM2904, A, V)

Low Input Bias Currents

Internally Compensated

Common Mode Range Extends to Negative Supply

Single and Split Supply Operation

ESD Clamps on the Inputs Increase Ruggedness of the Device
without Affecting Operation

© Semiconductor Gomponents Industries, LLG, 2002 1

August, 2002 — Rev. 11

ON Semiconductor”

http://onsemi.com

PDIP-8
N, AN, VN SUFFIX
8 CASE 626

$0-8
s@ D, VD SUFFIX

CASE 751

Micro8™
DMR2 SUFFIX
CASE 846A

PIN CONNECTIONS

(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 10 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 11 of this data sheet.

Publication Order Number:
LM358/D
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904
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Figure 1.
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Figure 2. Representative Schematic Diagram

(One—Half of Circuit Shown)
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

MAXIMUM RATINGS (T, = +25°C, unless otherwise noted.)

LM258 LM2904, LM2904A
Rating Symbol LM358 LM2904V, NCV2904 Unit

Power Supply Voltages Vde

Single Supply Vee 32 26

Split Supplies Vee: Ve 16 13
Input Differential Voltage Range (Note 1) Vipr 132 126 Vde
Input Common Mode Voltage Range (Note 2) Vicr —0.3t0 32 —0.31t0 26 Vde
Qutput Short Circuit Duration tsc Continuous
Junction Temperature Ty 150 °C
Thermal Resistance, Junction—to—Air (Note 3) Raua 238 °C/W
Storage Temperature Range Tetg —55to +125 °C
ESD Tolerance — Human Body Model (Note 4) = 2000 \
Operating Ambient Temperature Range Ta °C

LM258 —2510 +85 =

LM358 Oto +70 -

LM2904/LM2904A > —4010 +105

LM2904V, NCV2804 (Note 5) - —40 to +125

=

[Ny

. Split Power Supplies.
. For Supply Voltages less than 32 V for the LM258/358 and 26 V for the LM2904, A, V, the absolute maximum input voltage is equal to the

supply voltage.

. Rgya for Case 846A.
. ESD data available upon request.
. NCV2304 is qualified for automotive use.

http://onsemi.com
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

ELECTRICAL CHARACTERISTICS (V¢g=5.0V, Vgg = Gnd, Ta = 25°C, unless otherwise noted.)

LM258 LM358
Characteristic Symbol | Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio my
Ve =5.0 V1030V (26 V for LM2904, V),
Vic=0VtoVec-1.7V,Vo=14V,Rg=00
Ta =25°C = 2.0 5.0 - 20 7.0
Ta = Thign (Note 6) - - 7.0 - - 9.0
Ta = Tiow (Note 6) - - 7.0 - - 9.0
Average Temperature Coefficient of Input Offset AVig/AT = 7.0 Et = 7.0 = uvreG
Voltage
Ta = Thign 10 Tiow (Note 6)
Input Offset Current o - 3.0 30 - 5.0 50 nA
Ta = Thigh 10 Tigw (Note 6) - - 100 - - 150
Input Bias Current lig - =45 -150 - -45 -250
Ta = Thigh 10 Tiow (Note 6) = -50 -300 - -50 -500
Average Temperature Goefficient of Input Offset Alig/AT - 10 - - 10 - pA/rC
Current
Ta = Thigh 1o Tiow (Note 6)
Input Common Mode Voltage Range (Note 7), Vicr 0 — 28.3 0 - 28.3 v
Voo =30V
(26 V for LM2904, V)
Vec =30V (26 V for LM2904, V), 0 - 28 0 - 28
Ta = Thigh 10 Tiow
Differential Input Voltage Range Vibr - - Ve - - Vee vV
Large Signal Open Loop Voltage Gain AvoL Vimv
RL=2.0kQ, Ve = 15V, For Large Vo Swing, 50 100 = 25 100 —
Ta = Thigh 10 Tiow (Note 6) 25 - 3 15 - —
Channel Separation CS - -120 - - -120 - dB
1.0 kHz < f £ 20 kHz, Input Referenced
Common Mode Rejection CMR 70 85 - 65 70 - dB
Rg < 10kQ
Power Supply Rejection PSR 65 100 e 65 100 - dB
Output Voltage—High Limit Von "
Ta = Thign to Tiow (Note 6)
Vgo=5.0V, R = 2.0k, Ty = 25°C 33 35 = 33 35 -
Voo =30V (26 V for LM2904, V), R = 2.0 kQ 26 - _ 26 - -
Vee = 30 V (26 V for LM2904, V), R = 10 kQ 27 28 . 27 28 .
Output Voltage—Low Limit VoL - 5.0 20 - 5.0 20 mv
Vec=5.0V, Rp=10kQ,
Ta = Thigh 10 Tiow (Nole 6)
Qutput Source Current lo . 20 40 = 20 40 - mA
Vip=+1.0V,Veo=15V
Output Sink Current lo-
1.0V, Vgc =15V 10 20 - 10 20 - mA
=200 mV 12 50 = 12 50 = pA
Qutput Short Circuit to Ground (Note 8) Isc - 40 60 - 40 60 mA
Power Supply Current (Total Device) Ice mA
Ta = Thigh 10 Tiow (Note 6)
Vee=30V (26 V for LM2904, V), Vg =0V, R = = 15 3.0 p= 15 3.0
Vee=5V, Vo =0V, Rl == = 0.7 1.2 > 0.7 1.2

6

® o~

. LM258: T, = —25°C, Trign = +B85°C
LM2904/LM2904A: Tygy = —40°C, Thigh = +105°C
NCV2904 s qualified for automotive tse.

. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of

the common mode voltage range is Vgg =1.7 V.

. Short circuits from the output to Vg can cause excessive heating and eventual destruction. Destructive dissipation can result from

simultaneous shorts on all amplifiers.

LM358: T = 0°C, Thign = +70°C
LM2904V & NCV2904: Tigy, = —40°C, Trign = +125°C

http://onsemi.com
4

123



LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

ELECTRICAL CHARACTERISTICS (Ve = 5.0V, Veg = Gnd, Ta = 25°C, unless otherwise noted.)

LM2904 LM2904A LM2904V, NCV2904
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage Vio my
Vee =5.0V1030V (26 V for LM2904, V),
Vic=0VtoVec—1.7V, Vo =1.4V,Rg =00
Ta=25C - 120170 B 20 | 70 = 2 7.0
Ta = Thign (Note 9) - - |10 - - |10 | - - 13
Ta = Tiow (Note 9) - - 10 | - - 10 | - - 10
Average Temperature Goefficient of Input Offset AVig/AT | — 7.0 - - 7.0 - - 7.0 e I
Voltage
Ta = Thigh 10 Tiow (Note 9)
Input Offset Current o - 5.0 50 - 5.0 50 - 5.0 50 nA
Ta = Thigh 10 Tiow (Note 9) - 45 | 200 | - 45 | 200 | - 45 | 200
Input Bias Current (I3 - =45 | =250 - =45 | =100 - =45 | =250
Ta = Thigh 10 Tiow (Note 9) - | 50 |-s00 | - | -50 |-250 | - | -50 |-500
Average Temperature Coefficient of Input Offset Alig/aT = 10 = b 10 e = 10 - | pASC
Current
Ta = Thigh 10 Tiow (Note 9)
Input Common Mode Voltage Range (Note 10), Vicr 0 - 243 0 - 2431 0 - 24.3 v
Ve =80 V (26 V for LM2804, V)
Ve =30V (26 V for LM2904, V), 0 < 24 0 - 24 0 = 24
Ta = Thigh 10 Tiow
Differential Input Voltage Range VioR - - | Vec | - - | Vee | - - | vee v
Large Signal Open Loop Voltage Gain AvoL VimV
RL =2.0kQ, Ve = 15V, For Large Vo Swing, 25 | 100 | - | 25 | 100 | - 25 | 100 | =
Th = Thigh t0 Tiow (Note 9) 15 /NG n ISR - |15 - 2
Channel Separation cs = -120 = - |-120 = — =120 Y dB
1.0 kHz < f< 20 kHz, Input Referenced
Common Mode Rejection CMR 50 70 = 50 70 - 50 70 - dB
Rg < 10 k2
Power Supply Rejection PSR 50 100 - 50 100 - 50 100 = dB
Output Voltage—High Limit Vou v
Ta = Thigh 10 Tiow (Note 9)
Veg=50V, R =2.0KkQ, Ty = 25°C 33.).35 - 33 | 35 - 33 | 35 N
Vec =30V (26 V for LM2904, V), R = 2.0 kQ 224y, = e - 2 | - X
Vg =30V (26 V for LM2904, V), R, = 10 kO 23 |24 | - |23 )24 | - |23 |24 | -
Output Voltage—Low Limit VoL = 5.0 20 - 5.0 20 2 5.0 20 myv
Voo =50V, R = 10kQ,
Ta = Thigh t0 Tiow (Note 9)
Output Source Current o 20 40 - 20 40 - 20 40 - mA
Vip=+1.0V, Ve =15V
Output Sink Current lo-
Vip=-1.0V, Vgc= 16V 10 | 20 o 10 | 20 = 10 | 20 4 mA
Vip=-1.0V, Vg = 200 mV - < = - = - - - - uA
Output Short Circuit to Ground (Note 11) Isc - 40 60 - 40 60 - 40 60 mA
Power Supply Current (Total Device) Icc mA
Ta = Thigh t0 Tiow (Note 9)
Vg =30V (26 V for LM2904, V), Vg =0V, ~ }rs 30| - |15 |80 - |15]30
Ry =
Veg=5V,Vo=0V, R == - o7 |12} - o7z |12]| - |o7 |12

9. LM258: T, = ~25°C, Trign = +85°C
LM2904/LM2904A: Ty, = —40°C, Trigp = +
NCV2904 is qualified for automotive use.

10.The input common made voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of

the common mode voltage range is Ve —1.7 V.

11. Short circuits from the output to Ve can cause excessive heating and eventual destruction. Destructive dissipation can result from

simultaneous shorts on all amplifiers.

5°C

http://onsemi.com
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LMB358: Tigue = 0°C, Thign = +70°C
LM2904V & NCV2904: Tiy,, = —40°C, Thigh = +125°C
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

CIRCUIT DESCRIPTION

The LM358 series is made using two internally
compensated, two—stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

Each amplifier is biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving each amplifier good temperature characteristics as
well as excellent power supply rejection.

1.0 VIDIV

I Vg = 15 Vde
T RL=2.0kQ
I Th=25°C

L~
™~

™~

\

5.0 us/DIV

Figure 3. Large Signal Voltage
Follower Response

& .Y T T TTITT
18 s oo Vee= 16V
E . Vee=Gnd T
2o\ ¢ e 3 T Th=25°C
o 14 1 v @ 80
é 12 ’/// g 0 ™
g s
= VS’ a ™~
2 Negatve [~} S .
T o A g
- // Positive o ™
= 60 /// g 20 J
40 o N
// 2 0
20 {>
0 -20
0 20 40 60 80 10 12 14 16 18 20 10 100 10k 10k 100k 10M

VecVee, POWER SUPPLY VOLTAGES (V)
Figure 4. Input Voltage Range
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VOR, OUTPUT VOLTAGE RANGE (Vpp)

Igg: POWER SUPPLY CURRENT (mA)

LM358, LM258, LM2904,

14
Y
L = e {1
2 Veo=15V ]
- \ Vee = Gnd
L Gain=-100  [T]
N\ Ry =1.0kQ
8.0 Re=100kQ 1T
6.0
N
40 AN
N
2.0 q
0
1.0 10 100 1000
1, FREQUENCY (kHz)
Figure 6. Large-Signal Frequency Response
24 =
21 Ta= 2;°c
1.8
15
et
1.2
09
06
03
0
0 50 10 15 20 2% 30 35

Vg, POWER SUPPLY VOLTAGE (V)

Figure 8. Power Supply Current versus
Power Supply Voltage

Vg, OUTPUT VOLTAGE (mV)

Ijg, INPUT BIAS CURRENT (nA)
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LM2904A, LM2904V, NCV2904

550
‘ Voo =30V
500 | Vee=Gnd —
Input Tp=25°C
450 CL=50pF
g Output Ir\
350 \’/
300 A
\ —

250 L4
200
0

0 10 20 30 40 50 60 70 80

. TIME (ms)
Figure 7. Small Signal Voltage Follower
Pulse Response (Noninverting)
90
«
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70

0 20 40 60 80 10 12 14 16 18 20
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

50k

Vit ®

1
Vier =3 Voo
- R1
Vo =25V {1+ )

Figure 10. Voltage Reference

g §
& o, ch
LM3sg
—0— -
v,
R aRt el
Vin
bR 3
o ol R
17
LM358
0 + n

Y

e=C(1+a+b)(es-e)

Figure 12. High Impedance Differential Amplifier

C=001 uF

Figure 11. Wien Bridge Oscillator

Hysteresis
Von
Vo
|
Vo |
Vo
Vinl | Vi
Ri
Vil = gy yme VoL = Vietht Vier Vet
R1

Viohi = Ry 4 pa (Vor= Veet) + Vet

R
H=Riire Von-Vou

Figure 13. Comparator with Hysteresis

3 oy
i R D lo= 2 mRC
e | R1= QR 4
Vo O R2 ¢ c oo AL V=3 Voo
1 R Tep
112 L8
LM 35| i 100k R3=Tnme
s c1=10C
Vies 1 fy =1.0kHz
4o Bandpass Rs ‘o) 4
Viet Output Tgp =1
™ =1
o £ (7~ |
c

b——{(————e Notch Outpit R =160kQ

C =0.001 uF
R1 = 1.6 MQ
Where: Tgp = Center Frequency Gain R2 =16MQ
Tw = Passband Notch Gain R3 =1.6MQ

Figure 14. Bi—-Quad Filter
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

1
V=2V Triangle Wave R2
L Qutput
300k
Yoo 2 R3
o 75k B
R1 100k Square
It v Wave
c ref Output
Ry
Ri+Rg R2Ri
: 4 CRR1 B = m

Figure 15. Function Generator

c
Ri
——e Vo
Cco
i 010G
= - 1
Viet= 5 Vo
Given: 1, = center frequency
Alfy) = gain at center frequency
Choose value f, C
| __Q
Then: R3= 1.
R3
R1= 2A()
» Ri1R3
4Q%R1-A3
For less than 10% error from operational amplifier. %\I\ff <01

Where f, and BW are expressed in Hz.

If source impedance varies, filter may be preceded with voltage
follower buffer to stabilize filler parameters.

Figure 16. Multiple Feedback Bandpass Filter
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

ORDERING INFORMATION

Device Package Operating Temperature Range Shipping
LM358D S0-8 98 Units/Rail
LM358DR2 S0-8 2500 Tape & Reel
0°to +70°C
LM358DMR2 Micro8 4000 Tape & Reel
LM358N PDIP-8 50 Units/Rail
LM258D 80-8 98 Units/Rail
LM258DR2 S0-8 2500 Tape & Reel
—25° to +85°C
LM258DMR2 Micro8 4000 Tape & Reel
LM258N PDIP-8 50 Units/Rail
LM2904D S0-8 98 Units/Rail
LM2904DR2 50-8 2500 Tape & Reel
LM2304DMR2 Micro8 2500 Tape & Reel
-40°to +105°C
LM2904N PDIP-8 50 Units/Rail
LM2804ADMR2 Micro8 4000 Tape & Reel
LM2804AN PDIP-8 50 Units/Rail
LM2904VD S0-8 98 Units/Rail
LM2904VDR2 S0-8 2500 Tape & Reel
LM2804VDMR2 Micro8 —40° to +125°C 4000 Tape & Reel
LM2904VN PDIP-8 50 Units/Rail
NCV2904DR2* SO0-8 2500 Tape & Reel

*NCV2904 is qualified for automotive use.

http://onsemi.com
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

MARKING DIAGRAMS

PDIP-8 PDIP-8 PDIP-8
N SUFFIX AN SUFFIX VN SUFFIX

CASE 626 CASE 626 CASE 626
bl L A N O P P R P
LMx58N LM2904N LM2904AN LM2904VN
D AWL AWL AWL AWL
o Yyww o Yyww o Yvww o Yyww

YT Py vT vy v

S0-8 S0-8
D SUFFIX VD SUFFIX
CASE 751 CASE 751

SHA AR SAA AR SAAAA

LMx58 2904 2904V
ALYW ALYW ALYW
9 ] Q
1 HEHH LR JHEHE
Micro8
DMR2 SUFFIX
CASE 846A
8 8 8 8
x58 2904 904A 904V
AYW AYW AYw AYW
() Q O O
1 1 1 1
X =20r3
A = Assembly Location
WL, L = Wafer Lot
YY. 28 = Year

WW, W = Work Week

*This marking diagram also applies to NCV2904DR2.

http://onsemi.com
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

PACKAGE DIMENSIONS
PDIP-8
N, AN, VN SUFFIX
CASE 626-05
ISSUE L
NOTES:
I]_| 1"1 |ﬂ1 ']] 1. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.
8 5 2. PACKAGE CONTOUR OPTIONAL (ROUND OR
SQUARE CORNERS).
D 3. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1882.
OI 4 MILLIMETERS INCHES
lr||.u_||.u.||.|| | oA [N | mAX | WIN | MAX
940 | 1016 | 0370 | 0400
F B [ 610 | 660 | 0240 | 0260
3 445 | 0155 | 0475
& Al ) 051 | 0015 | 0020
NS =A-] i 1.78 | 0.040 | 0070
54 BSC 0.100 BSC
076 | 127 | 0030 | 0.050
J | 020 | 0 [o008 [ 0012
K| 292 | 343 [ o415 [ 0135
\_I J c L 162BSC 0.300BSC
" «--{ 10° ---l[ 107
—A— N 076 | 101 | 0030 [ 000
&N-, _*
SEATING N
PLANE
ko Lk
H—

G
[$]2 0130005 @[T[A @[ D)

SO-8
D, VD SUFFIX
CASE 751-07
ISSUE AA

NOTE:

Yid.5M, 1982,
— A

s

PROTRUSION.

‘SIDE.

S (€3] 0.25 (0.010)@| ¥ @

fe— [ —a

MATERIAL CONDITION.

O' I}
CEa

STANDAARD IS 751-07

52
. DIMENSIONING AND TOLERANCING PER ANSI

'CONTROLLING DIMENSION: MILLIMETER.
DIMENSION A AND B DO NOT INCLUDE MOLD

MAXIMUM MOLD PROTRUSION 0.15 (0.008) PER
5. DMENSION D DOES NOT INGLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 {0.005) TOTALIN
EXCESS OF THE D DIMENSION AT MAXIMUM

751-01 THRU 751-06 ARE OBSOLETE. NEW

—f gl

[Cwumeres |
| oma | N | max
c N x45°—f A | 480 | 500
B | 380 | 400
| — A c |13 [ 15
74 == j 0 | 0as [ st

(] 1.27 BSC
[ /010 (0.004) ot W 010 ] 025
H- —»le—p M J 0.9 [ 025
040 127
ay O JOED

025 050
[@]ezs80010®@ [2] YO xB) 5o | 620

http://onsemi.com
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

]

PACKAGE DIMENSIONS

Micro8
DMR2 SUFFIX
CASE 846A-02

ISSUEF

[&] oo @][T[B O[AE]

SEATING
PLANE

}
¢ § =N
YW

et

http://onsemi.com
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NOTES:

1. DMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1882,
'CONTROLLING DIMENSION: MILLIMETER.

PROTRUSIONS OR GATE BURRS. MOLD FLASH,
PROTRUSIONS OR GATE BURRS SHALL NOT
EXCEED 0.15 (0.00) PER SIDE

DIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED 0.25(0.010)
PER SIDE.

5. 816A-01 OBSOLETE, NEW STANDARD 846A-02.

MILLIMETERS INCHES
{ D | MAX | MIN | MAX
310 | 0014 | 0.122
310 [ o11a [ o122
110 | --- | 0043
040 | 0010 | 0016
BSC X

DIMENSION A DOES NOT INCLUDE MOLD FLASH,
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

ON Semiconductor and \.:' are registered trademarks of Semicond G 1ts Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages. “Typical" parameters which may be provided in SCILLC data sheets and/or
spedifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals" must be
validated for each customer application by customer's technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is-an Equal Opportunity/Affirative Action Employer.
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L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGE UP TO 46 V

= TOTAL DC CURRENT UP TO'4 A

= LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 15 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high valtage, high current dual full-bridge driver de-
signedto acceptstandard TTL logiclevels anddrive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enableinputs are provided to
enableordisablethe deviceindependentlyofthein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

PowerS020

Muiltiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionof an externalsensing resistor. An additional
supply inputis provided so that the logic works at a
lower voltage.

T ouTz ”5 ours ouTs
o) ,._’ WOnF j
2 3 3 3
+¥%s | »
? l A B
ooni ] |
1 & 3 4
W Is] ul W
1
In2 ¥ in3
1 o
%A s " EnB
. 3
SENSE AO—4 ) J: p—oOsenses
Rsa Rsp

Jenuary 2000
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L298
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 \
Vss Logic Supply Voltage 7 Vv
Vi, Ven Input and Enable Voltage -0.3t07 v
lo Peak Output Current (each Channel
— Non Repetitive (t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 2.5 A
—DC Operation 2 A
Vsens Sensing Voltage -1102.3 \
Prot Total Power Dissipation (Tcase = 75°C) 25 w
Top Junction Operating Temperature —25t0 130 °C
Tetg, Tj Storage and Junction Temperature —40to 150 Lo
PIN CONNECTIONS (top view)
- I. i ) s === CURRENT SENSING B
14 f——— 3 OUTPUT4
'$' (o OUTPUT 3
(Y e——T L )
G ra . ENABLEB
10— INPUT3
s———> LOGIG SUPPLY VOLTAGE Vgg
Multiwatt1s ——— oo
7 - INPUT 2
8 "> ENABLEA
| m—— INPUT1
4 Ty SUPPLY VOLTAGE Vg
$ ] ——— OUTPUT 2
22— — = outeur:
< = p T E CURRENT SENSING A
Z TAE CONNECTEDTOPIN G DISINZI0A
GND 1 GND
Sense A [ SenseB
NC. 1 NG
Qut 1 [ outs
oute PowerS020 [ outs
Vg [ Input4
Inpuit 1 :l Enable B
Enable A 1 Input3
Input 2 —1 vss
GND 1 cND
DE5IN239
THERMAL DATA
Symbol Parameter Power$020 Multiwatt15 | Unit
Rihjcase | Thermal Resistance Junction-case Max. - 3 °C/W
Rinjamo | Thermal Resistance Junction-ambient Max. 13 (%) 35 °C/IW

(*) Mourted on aluminum substrate

213
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L298

PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
1;15 2,19 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
2.3 45 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vg Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
87 7.9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6:11 8:14 Enable A; Enable B |TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11.20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pinand ground.
10;12 13,15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16:17 Out 3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
= 318 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss = 5V, T; =25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vg Supply Valtage (pin 4) Operative Condition Viy+2.5 46 V
Vss |Logic Supply Voltage (pin 9) 4.5 5 7 i

ls Quiescent Supply Current (pind)  |Ven=H: IL=0 Vi=L 13 22 mA

Vi=H 50 70 mA

Ven =L Vi=X 4 mA

Iss Quiescent Current from Vgg (pin9) |Ven=H; IL=0 Vi=L 24 36 mA

Vi=H 7 12 mA

Von = L Vi=X 6 mA

Vi Input Low Voltage 03 1.5 \
(pins 5,7, 10,12)

Vi Input High Voltage 23 Vss \
(pins 5,7, 10,12)

I Low Voltage Input Gurrent Vi =l -=10 pA
(pins 5,7, 10,12)

lip High Voltage Input Current Vi=Hzg< Vss 0.6V 30 100 HA
(pins 5, 7, 10, 12)

Ven = L |Enable Low Voltage (pins 6, 11) —0.3 1.5 \

Ven= H |Enable High Voltage (pins 6, 11) 2.3 Vss 3

len =L |Low Voltage Enable Gurrent Ven'=L -10 pA

(pins 6, 11)
len=H |High Voltage Enable Current Ven = H < Vgg —0.6V 30 100 HA
(pins 6, 11)

Veesayny [Source Saturation Voltage IL=1A 0.95 1.35 1.7 '

I, =2A 2 2.7 \)

Veesar(y |Sink Saturation Valtage IL=1A (5) 0.85 1.2 1.8 \'

IL=2A (5) 1.7 2.3 v

Vgesa | Total Drop IL=1A (5) 1.80 3.2 \

IL=2A (5) 49 v

Vsens  |Sensing Voltage (pins 1, 15) -1 (1) 2 Vv

1S7] 313
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L298
ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Ty (V) |Source Current Turn-off Delay 05Vito0.91L  (2);(4) 1.5 us
T2 (V) |Source Current Fall Time 091 to0.11.  (2):(4) 0.2 us
Tz (V) |Source Current Turn-on Delay 05Vito0.11L  (2);(4) 2 us
T4 (V) |Source Current Rise Time 011, 0091  (2);(4) 0.7 us
Ts (V) |Sink Current Turn-off Delay 05Vito0.91.  (3);(4) 0.7 us
Ts (V) |Sink Current Fall Time 091 t00.11L  (3):(4) 0.25 us
T7 (V) |Sink Current Turn-on Delay 05Vito 09I (3);(4) 1.6 us
Tg (V) |Sink Gurrent Rise Time 011 10091 (3):(4) 0.2 us
fe (Vi) |Commutation Frequency I =2A 25 40 KHz

T1(Ven) |Source Current Turn-off Delay. 0.5Vento 091 (2);(4) 3 us

Tz (Ven) |Source Current Fall Time 091 to0.1 1L (2):(4) 1 us

T3 (Ven) |Source Current Turn-an Delay 0.5Veato 011~ (2);(4) 0.3 us

T4 (Ven) |Source Current Rise Time 011 0091 (2);(4) 0.4 us

Ts (Ven) |Sink Current Turn-off Delay 0.5Vento 091 (3);(4) 2.2 us

Tg (Ven) [Sink Cument Fall Time 0.91 t00.1 1 (3)i(4) 0.35 us

Tz {Ver) |Sink Current Turn-on Delay 0.5Vent0 091 (3):(4) 0.25 us

Tg (Ven) |Sink Cument Rise Time 0.1l 0091 (3):(4) 0.1 us

1) 1)Sensing voltage canbe -1 V fort < 50 psec; insteady state Veers min > <0.5 V.

2) Seefig.2.
3) Seefig. 4

4) The load must be a pureresistor.

Figure 1 : Typical Saturation Voltage vs. Output

Vsar
1)

24

0.4

0

413

Figure 2 : Switching Times Test Gircuits.

Current.
G- 6418
VggatV  ¥gaA2¥
Va=h2V
Vgg =5V H
L
//,/
//
>
5-58521
04 0B 12 16 20 24 lo(A). Note : For INPUT Switching, set EN = H

For ENABLE Switching, setIN =H

137



L298

Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

I

Imax({2A)
90% ~-= = -

N

Ven; (113]
50% TR~ -=srmsmemme———— t

5-5853/2

Figure 4 : Switching Times Test Circuits.

Vgg.gv  Vgma2V
0 O

5.5854/1

Note: For INPUT Switching, set EN =H
For ENABLE Switching, setIN= L

m 513
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.

L
Iman(2A)
90% ~t——~ -) --------------- "4
10% -
Vp (&V)
0% 1
1max(ZA)
90% -|
0% -
4V}
0%
S-10667
Figure 6 : Bidirectional DC Motor Control.
s,
Inputs Function
Ven=H C=H;D=L Forward
C=L;D=H Reverse
2 Ouigg Cc=D Fast Motor Stop
Ven=L C=X,D=X Free Running
L g Motor Stop
112 L298N L=Low H =High X=Don'tcare
T Oven
G CONYROL 13 e !
'(‘Jlu.lll -L —J_O
DI 10 D& : 1A FAST RECOVERY DIODE (1, €200ns)
s-sammez
6/13 ﬁ
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Figure 7 : Forhigher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.

Vs Vas
|n0nF||_? i_lrgo:n:
oEMABE b 2 L2s8
A D e A
il
oM? 1 R EI
n
] J\j\ 12]
[’} | 3\ "
gl
58872 1 ! !

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWERQUTPUT STAGE

The L298integratestwopoweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
monor differenzialmode, dependingon the state of
the inputs. The current that flows through the load
comes out frem the bridge at the sense output : an
externalresistor (Rsa ; Rse.) allows todetectthe in-
tensity of this current.

1.2. INPUT STAGE

Eachbridge is driven by means of four gatesthe in-
putof whichare Int; In2; EnAand In3; In4 ; EnB.
The Ininputs set the bridge state when The Eninput
is high ;a lowstate ofthe Eninputinhibits the bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as nearas possible to GND pin. Whenthe large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be groundednear the negative pole of Vs that must
be nearthe GND pin of the I.C.

&7

Each input must be connected to the source of the
driving signals by means of a very shortpath.
Turn-On and Turn-Off : Before to Turn-ONthe Sup-
ply Voltageand beforeto Turnit OFF, the Enablein-
put mustbe driven to the Low state.

3. APPLICATIONS

Fig 6 showsa bidirectional DC motor control Sche-
matic Diagram forwhich only one bridge is needed.
The external bridge of diedes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoltage canbe usedtocontrolthe
currentamplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low theen-
ableinput.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
neverbe overcome.

When the repetitive peak current needed from the
loadis higherthan 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
ICare chopped: Shottkydiodeswould bepreferred.

713
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This solution candrive until3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled
OnFig 8itis shownthedriving ofa twophasebipolar DY the I.C.LES06.

stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designedfor the

application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

¥s,
sv oK%Y
& i £ ’_l 100nF
o | R | S 1
e T =< l e
GND I o | o2 03] o4
056G F 9 W W
cwiltw {2 % a 8 o
L] S 2
Eiek o [2 ) l
HaLF/FULL . e " oz
STEPPER
TS Lz87 L208N TOR
RESEY | o2 &
Enseie | 5 N e }1
gret i3 Pf CLESSE ",
LA T ) 1 ! os! ps| o7 ool
I Esl b ][ 4 45
SENSEL B o
CONTROL HOME
SYNC.
"sv-lu-"sz
S-58467L
Rsy = Rep= 0.50Q
/ VE<12V@I1=2A
D10 D8 =2 A Fastdiodes { trr< 200 ns
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L298
Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
&h3 ¥ O 03 T 04 V55 GHD
Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506.
180nF
L~
w4y
1
.
Rg and Rgense depend from the load current
‘7[ 913
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DM L e OUTLINE AND
" [min. [ Tvp. [mMAX. | MIN. [ TYP. [MAX.
MECHANICAL DATA
A 5 0197
B 2.65 0.104
c 16 0.063
D 1 0.039
E | 049 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 1.02 | 1.27 | 152 | 0.040 | 0.050 | 0.060
G1 17.53 | 17.78 | 18.08 | 0.690 | 0.700 | 0.710
H1 | 19.6 0.772
He 20.2 0.795
L | 219 | 222 | 225 |0.862 |0.874 | 0.886
1 | 217 | 22.1 | 225 | 0.854 | 0.870 | 0.836
2 |17.65 18.1 | 0.695 0.713
3 |17.25 | 17.5 | 17.75 | 0.679 | 0.689 | 0.699
4 | 103 | 107 | 10.9 | 0406|0421 | 0429
7 | 265 29 |0.104 0114
M | 4.25 | 4.55 | 4.85 | 0.167 |0.479 | 0191
M1 | 4.63 | 508 | 553 |0.182 |0.200 |0.218
s | 19 2.6 | 0075 0102
st | 19 26 |0.075 0.102 Multiwatt15 V
Dial | 3.65 3.85 | 0.144 0.152
H
A
S
C ~ ",
7/ /] N |5
] D W
1
b | <
= O O y
P=y -
H2
<t |
B + U i
E |
| F G
m =

1013
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L298
oim = & OUTLINE AND
" v, T Tve [max. [ min. | Tve. [max.
MECHANICAL DATA
A 5 0.197
B 2,65 0.104
C 16 0.063
E | 049 0.55 | 0.019 0.022
F | 0.66 0.75 | 0.026 0.030
G | 114 | 127 | 1.4 | 0045 | 0.050 | 0.055
G1 |17.57 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705
H | 196 0.772
H2 20.2 0.795
L 2057 0810
B 18.03 0.710
L2 2.54 0.100
L3 1725 | 175 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 [ 107 | 109 [0.406 | 0421 | 0420
L5 5.28 0208
Ls 2138 0094
L7 | 265 29 |0.104 0.114
s | 1o 26 |0.075 0.102 i
s1 | 19 2.6 | 0.075 0.102 Multiwatti5 H
Dia1 3.65 3.85 | 0.144 0.152
H1
L s
T mt X1/
at
W Shur] -
O O y
B
i
H2
\ [ —
o
—
R ,
G
L‘ G‘I -
Ls

113
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L298
DIM. mm inch
MIN. | TYP. [MAX. | MIN. [ TYP. [MAX. OUTLINE AND

A 36 0.142 MECHANICAL DATA
al | o1 0.3 |0.004 0.012
a2 3.3 0.130
a3 0 0.1 |o0.000 0.004
b 0.4 0.53 | 0.016 0.021
c | o023 0.32 | 0.008 0.013

D(1) | 15.8 16| 0.622 0.630
D1 | 94 9.8 |0.370 0.386

13.9 14.5 [0.547 0.570

e 1.27 0.050
e3 11.43 0.450

E1 ()] 109 111 [ 0.429 0.437
E2 2.9 0.114
E3 | 58 6.2 |0.228 0.244
G 0 0.1_[o0.000 0.004
H | 155 15.9 |0.610 0.626
h ER| 0.043 JEDEC MO-166
L 0.8 11 [0.031 0.043
N 10°(max.)
S 8° (max.)
I [0 ] - ] _Joss4] PowerS020

(1) "D and F" do not include mold fiash or profrusions.

- Moldflash or protrusions shall not exceed0.15 mm (0.006").
Iong B G g age

- Criticaldimensions "E", "G

DETAIL A

I €3

! H

EZI:WF\ ﬁr E1
J L

aooounooot

DETAIL B E
| ["~—~— DETALA
lead
o T
a'S slug

SEATING PLANE

BOTTOM VIEW (COPLANARITY)

e

U IR
D1

PSORMES

12113
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no_responsibility for the conse-
quences of use of such information nor for any infingement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
croelectronics products are not authorized for use as critical components in life support devices or systems without express written
approval of STMicroelectronics.
The ST logo is a registered trademark of STMicroelectronics
© 2000 STMicroelectronics — Printed in ltaly — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - ltaly - Japan - Malaysia - Malta - Morocco -
Singapore - Spain - Sweden - Switzerland - United Kingdom - U.S.A.
http://www.st.com
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SRD Series

SUBMINATURE HIGH POWER RELAY  7A/10A/15A

T s

E167996

R50056114
R50137084

CQC08002027667

x
<
=
=
w

Compliant

Features

* Miniature volume, PCB usage
« Contact rating: 7A/10A/15A
+ Temperature range: +85°C/+105°C

Ordering Information

SRD-12VDC-§ L-

Cc

AlBIC

/Contact Rating

NN\

Contact a rrangment

1A(spstno)/1B(Spstnc)/1C(Spdt

Contact resistance

100mQ (1A 6VDC)

(Charateristies "1 /) <

gment | Contact materia Silver alloy: AgCdO . AgSnO2. AgNi
L0 36W/ DO, 45W Contact rating 7AI250VAC 10A/250VAC 15A/250VAC
Coil Power
Max switching voltage 250VAC
S sealed / F dustproof
L 2 c Max swiching current 15A
5V BV /OV 12V
18V// 24V 136V / 48V - (Mo pwiing pRet ARSAVA
L —————— " CoilVoltage
B e anct) 1x10°0ps / 1x10"ops
Part. number Mechanical endurance

(frequency: 18000 cps/h)

1x1070ps

Goil Datar [l ) e a0

Insulation system Class B /GlassF Power | \sitage | Current Pick-up | Drop-out |  Max
Insulation resistance 100MQ(500VDC) w VDC mA | Q1 10%| voltage voltage | allowable
Dielectric B"”;’:g o“‘;nl“" 1500VAC 1minute 05 71.4 70
Leakage current | Befween open | 1000VAC 1minute gg 23 ;gg
o] te ti nominal votiage) 10ms
W2 Sl ol B 0.36W |—12 go 200_{ 7eymax | 10%Min | 130%
Release time(Under nominal voliage) | <10ms L 18 0 900
(L) 24 [ 15 [ 1600
Humidity 85% RH (20C) 35 | 10 | 2600
Ambient Temperature -40°C~+85'C/~40C~+105C 48 7.5 | 6400
= 05 89.3 55
Shock Functional 98m/s 06 75 80
resistance | b ostuctive | 980m/s? 09 | 50 | 180
Vibrat t 12 37.5 | 320
(Double ampitude) ToHZ g1 gmm 046W [ 1g | 25 | 720 | 75%Max| 10%Min | 130%
Weight Approx 99 (D) 24 | 18.7 | 1280
Construction Sealed 36 12.5 | 2880
48 10 4500
Remark:1)All above data is initial value
This product only for your . we will not notify you if

— e EUER

> ® SONGLE RELAY

we do any improvement. We reserve all the right for the final explanation

Web: www.songle.com www.songlerelay.com
Add.: CW?7, ZoneA, Far East Industrial Park, Yuyao City, Zhefiang, China ~ Zip Code: 315400




SRD Series

Safety Approval Ratings

SUBMINATURE HIGH POWER RELAY

TA/10A/15A

CQC08002027667

R50056114

M E167996

R50137084
7 o 7, 0
10A 250VAC

15A 250VAC NO

15A 125VAC NO

OUTLINE DIMENSIONS ,WIRING DIAGRAM AND PC BOARD LAYOUT

Physical installation diagram

18.2 Nex 15.8 Mex
& K|
& 4
‘ L 5 =
=
|4 6naai 6 JEN Y e
| 2-006 0.4 & e
O] ] ;
P !
O e (ST 47
| e 1Q
= 7

Tolerance: £0. 1Tmm

—— ﬁ{-fg x ¥ Web: www.songlecom www.songlerelay.com
Add.: GW?,Zone A, Far East Industrial Park, Yuyao Gity, Zhejiang, China  Zip Code: 315400

> ® SONGLE RELAY

Unit:mm

PCB board diagram
(bottom view diagram)

Z

ormally openAtype

/&

Normally closed B type

This product

ion only for your

. we will not notify you if

we do any improvement. We reserve all the right for the final explanation
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FAIRCHILD

SEMICONDUCTOR®

Audio Frequency Amplifier & High

Frequency OSC
« Complement to KSA1015
« Collector-Base Voltage : Vo= 50V

KSC1815

NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 1.-25°C unless otherwise noted

| e T0-92
1. Emitter 2. Collector 3. Base

Symbol Parameter Value Units
Veeo Collector-Base Voltage 60 v
Vceo Collector-Emitter Voltage 50 v
Vego Emitter-Base Voltage 5 v
Ic Gollector Gurrent 150 mA
Ig Base Current 50 mA
Pc Collector Power Dissipation 400 mw
T, Junction Temperature 125 °C
Tsr1a Storage Temperature -565 ~ 150 °C

Electrical Characteristics 1,-25:C unless otherwise noted

Symbol Parameter Test Condition Min. Typ- Max. Units
lcso Collector Gut-off Current Vg=60V, Ig=0 0.1 pA
leso Emitter Cut-off Gurrent Veg=5Y, I5=0 0.1 uA
hrgq DC Current Gain Vigg=6V, Ig=2mA 70 700
heen Vge=6YV, Ig=150mA 25
Vge (sat) | Collector-Emitter Saturation Voltage lc=100mA, |g=10mA 0.1 0.25 v
Vge (sat) | Base-Emitter Saturation Voltage lc=100mA, Ig=10mA 1.0 \J
fr Gurrent Gain Bandwidth Product V=10V, lg=1mA 80 MHz
Cob Output Capacitance V=10V, Ig=0, f=1MHz 2.0 3.0 pF
NF Noise Figure Vge=6V, Ig=0.1mA 1.0 1.0 dB
Rg=10ke, f=1Hz
hgg Classification
Classification | [S) " GR | L
) | 70 ~ 140 | 120 ~ 240 | 200 ~ 400 | 350~700

©2002 Fairchild Semiconducter Corporation

Rov. A2, Soplomber 2002

S1810SH
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Typical Characteristics

Vea[V]. COLLECTOR-BASE VOLTAGE

Figure 5. Output Capacitance
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Figure 1. Static Characteristic
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Figure 2. Transfer Characteristic
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Figure 4. Base-Emitter Saturation Voltage
Collector-Emitter Saturation Voltage
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Figure 6. Current Gain Bandwidth Product

©2002 Fairchild Semiconducter Corporation

Rov. A2, Soplomber 2002
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Package Dimensions

TO-92
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g
B
3
=
I
M|
bbbt
1.27TYP 1.27TYP
[1.27 +0.20] [1.27 +0.20)
}
l_fi;_s_‘)i_‘l%
=¥
% = /I_l o \ -
g p>
! s

\ (R2.29)

038332

1.0220.10

S181I3SH

0.

on

0.38 7

Dimensions in Millimeters

©2002 Fairchild Semiconducter Corporation
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TRADEMARKS

intended to be an exhaustive list of all such trademarks.

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is not

ACEx™ FACT™ ImpliedDisconnect™ PACMAN™ SPM™
ActiveArray™ FACT Quiet series™ ISOPLANAR™ POP™ Stealth™
Bottomless™ FAS LittleFET™ Power247™ SuperSOT™-3
CoolFET™ FASTr™ MicroFET™ PowerTrench® SuperSOT™-6
CROSSVOLT™ FRFET™ MicroPak ™ QFET™ SuperSOT™-8
DOME™ GlobalOptoisolator™  MICROWIRE™ Qs™ SyncFET™
EcoSPARK™ GTO™ MSX™™ QT Optoelectronics™  TinyLogic™
E2CMOS™ HiSeC™ MSXPro™ Quiet Series™ TruTranslation™
EnSigna™ 12g™ OCX™ RapidConfigure™ UHC™

Across the board. Around the world.™  OCXPro™ RapidConnect™ UltraFET®
The Power Franchise™ OPTOLOGIC® SILENT SWITCHER® VCX™
Programmable Active Droop™ OPTOPLANAR™ SMART START™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LIGENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS

LIFE SUPPORT POLICY

CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Formative or In
Design

Advance Information

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

©2002 Fairchild Semiconducter Corporation

Rev. 1t
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1N4001-1N4007

GENERAL PURPOSE SILICON RECTIFIER

FEATURES T
« Low cost construction
« Low forward voltage drop 009 DO-41
« Low reverse leakage N | =
= High forward surge current capability -
« High temperature soldering guaranteed: MIN
260°C/10 seconds/0.375(9.5mm)lead length
at 5 Ibs (2,3kg) tension
=T
MECHANICAL DATA 165(4.2)
s Case:Transfer molded plastic | - "
« Epoxy:UL94V-0rate flame retardant e ‘——m(g,u, i
« Polarity:Color band denotes cathode end ‘%ﬁ-‘“
«Lead:Plated axial lead ,solderable per MIL-STD-202E
method 208C
* Mounting position:Any
+«Weight:0.012 ounce.0.33 gram Dimensions in inches and (millimeters)
MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Ratings at 25°C ambient temperature unless otherwise specified.
Single phase, half wave,60Hz resistive or inductive load.
For capacitive load derate current by 20%.
SYMBOLS| 4001 |4002]4003]4004/s005s0a8ls007| NI TS
Maximum Repetitive Peak Reverse Valtage Viaru 50 | 100 | 200 | 400 | 600 | 800-|1000] Voits
Maximum RMS Voltage Vaus 35 70 | 140 | 280 | 420 | 560 [ 700 | Volts
Maximum DC Blocking Voltage Ve 50 100 | 200 | 400 [ 600 | 800 [1000] Volts
Maximum Average Forward Rectified Current
0.375” (9.5mm) lead length at Ta=75°C lwa 1.0 e
Peak Forward Surge Gurrent
8.3ms single half sine-wave superimposed an - 30 Amps
rated load (JEDEC Method)
Maximum Instantaneous Forward Voltage at 1.0A Ve 1.1 Volts
Maximum DC Reverse Current Ta=25°C In 5.0 s
at rated DC blocking voltage Ta=100°C 50
Maximum Full Load Reverse Current fullcycle
55 o Treavy 30 uAmps
average 0.375” (9.5mm) lead length at T.=75C
Typical Junction Capacitance(NOTE1) Cy 15 pF
Typical Thermal Resistance(NOTE2) Reun 50 ‘c/wW
Operating and Storage Temperature Range Ty, Tete -65t0 +175 6

NOTES:

(5.0X5.0mm)copper pads.

1.Measured at 1.0 MHz and applied reverse voltage of 4.0 Volts.
2.Thermal Resistance from Junction to Ambient at 0.375" (9.56mm) lead length,P.C.board mounted with 0.2”X0.2"

WEJ ELECTRONIC CO. Http:// www.wej.cn

E-mail:wej@yongerjia.com
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UNISONIC TECHNOLOGIES CO.,LTD

TL431

PROGRAMMABLE PRECISION
REFERENCE

LINEAR INTEGRATED CIRCUIT

3 3
% 1 Lé 1
2 2
S0T-23-3

(JEDEC TO-235]

3

TSOT-23
. DESCRIPTION

The UTC TLA431 is a three-terminal adjustable regulator with a
guaranteed thermal stability over applicable temperature ranges.
15}
(8 1

4
5
The output voltage may be set to any value between Vger .3
2 2

(approximately 2.5V) and 36V with two external resistors. It provides 1

very wide applications, including shunt regulator, series regulator, ERT'E SOT-25
switching reguiator, voitage reference and others. o
<~fif/
®  FEATURES \1@1 @\@
* Programmable output Voltage to 36V.
SOT-89 SOP-8

* Low dynamic output impedance 0.2Q.

* Sink current capability of 1.0 to 100mA.

* Equivalent full-range temperature coefficient of 50ppm/°C
typical for operation over full rated operating temperature range.

TO-92 SIP-3
® ORDERING INFORMATION
Ordering Number Pin Assignment .
Lead Free Halogen Free Package [ Ta2lalals]e[7]a] F2ne
TL431K-AB3-R TL431G-AB3-R SOT-89 RIA|K}|-|-]1-]-|-] TapeReel
TL431K-AE2-R TL431G-AE2-R SOT-23-3 K|R|A|-|-|-]-]-]| Tape Reel
TL431K-AE3-R TL431G-AE3-R SOT-23 K|{R|JA|-|-]-]-|-] TapeReel
TL431NSL-AE3-R TL431NSG-AE3-R SOT-23 RIK|A|=-|-]-]-1|-] TapeReel
TL431NSL-AE2-R TL431NSG-AE2-R SOT-23-3 RIK|A|=-|-]-]1-]-/| TapeReel
TL431NSL-AH3-R TL431INSG-AH3-R TSOT-23 RIK|A|-T]- - | Tape Reel
TL431K-AF5-R TL431G-AF5-R SOT-25 X|X|K|RJA - | Tape Reel
TL431K-AF5-B-R TL431G-AF5-B-R SOT-25 X|A|X|K|R - | Tape Reel
TL431K-AF5-C-R TL431G-AF5-C-R SOT-25 RIAJKIX|X - | Tape Reel
TL431K-S08-R TL431G-S08-R SOP-8 KIA[A[X|X R | Tape Reel
TL431K-KO3-K TL431G-G03-K SIP-3 RIA|K]| - - Bulk
TL431K-T92-B TL431G-T92-B TO-92 RIA|K|-|- - | Tape Box
TL431K-T92-K TL4A31G-T92-K T0-92 RIAIK|-|- - Bulk
Note: Pin Code: K: Cathode A:Anode R: Reference X: No Connection
TL431G-AF5.B.R (1) B: Tape Box, K: Bulk, R: Tape Reel, T: Tube
T (1)Packing Type (2) refer to Pin Assignment
(2)Pin Assignment (3) AB3: SOT-88, AE2: SOT-23-3, AE3: SOT-23,
AH3: TSOT-23, AFS: SOT-25, 508: SOP-8,
(3)Package Typs ©03: SIP-3, T92: TO-92
(4)Green Package (4) G: Halogen Free and Lead Free, K: Lead Free
L: Lead Free (For TL431NS)

10f6
QW-R103-003.AP

www.unisonic.com.tw
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TL431

LINEAR INTEGRATED CIRCUIT

®  MARKING
PACKAGE MARKING PACKAGE MARKING
SOT-23-3 Date Code
SOT-23 K: Lead Free SOP-8 K: Lead Free
G: Halogen Fres G: Halogen Free
(TLa31) ¢ Lot Code
SOT-23-3 4310
X K: Lead Free
SeLe L: Lead Free SIP-3 OOCLT ™ G: Halogen Free
TSOT-23 G: Halogen Free —T——pDate Cede
(TL431NS) ] L !
2 1
5 4
n 0
z Pin Code
SOT-25 K: Lead Free (52{32{5;) R Free
ENJalcgen ey ' G: Halogen Free
uTc
%1. Date Code TL4310 K: Lead Free
SOT-89 TL4310O |y K: Lead Free TO-92 DDDT—'* G: Halogen Free
] G: Halogen Free —T——% Date Code
1

®  PIN CONFIGURATION (For SOP-8)

Cathode ]I O
Anode E
Anode E

No Connection E

E Reference
j Anode
E‘ Anode

E No Connection

W BLOCK DIAGRAM

| CATHODE
REFERENCE O
O

CATHODE (K)

REFERENCE (R)

ANODE(A)

UY" UNISONIC TECHNOLOGIES CO.,LTD
www.unisonic.com.tw
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TL431

LINEAR INTEGRATED CIRCUIT

®  ABSOLUTE MAXIMUM RATINGS (Operating temperature range applies, unless otherwise specified)

PARAMETER SYMBOL RATINGS UNIT
Cathode Voltage Via 37 V
Cathode Current Range(Continuous) Ika -100 ~ +150 mA
Reference Input Current Range IREF -0.05 ~ +10 mA
TO-92 770 mwW
SOT-89 800 mw
- SOT-23/SOT-23-3
Power Dissipation 1SOT-23/S0T-25 Po 300 mw
SIP-3 400 mwW
SOP-8 600 mwW
Operating Junction Ty +150 °Cc
Operating Ambient (Note 2) Torr -40 ~+125 26
Storage Temperature Tste -65 ~ +150 o]

Notes: 1. Absolute maximum ratings are those values beyond which the device could be permanently damaged.
Absolute maximum ratings are stress ratings only and functional device operation is not implied.
2. It is guarantee by design, not 100% be tested.

m RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL MIN TYP MAX UNIT
Cathode Voltage Via Vrer 36 v
Cathode Current Ika 1 100 mA

B ELECTRICAL CHARACTERISTICS (Tc=25°C, unless otherwise specified.)

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX [UNIT
TL431-A (£0.5%) |2.483|2.495|2.607|_V
Vin=Veer,  [TL431-1(£1%) _|2.470(2.495]2.520] v
Ref Input Vot V.
S - R Na=10mA  [TL4st2(+2%)  |2.520] - |2.545] v
TL431-3(2%)  |2445] - |2.470] V
Deviation of reference Input Voltage Over | AVREF - Vi, =Vger lia=10mA,

45 | 17 [ mV

temperature AT 0°C <Ta<70°C

Ratio of Change in Reference Input AVREF L= 10mA [AVia=10V~Vier -1.0 | -2.7 |mVIV
\Voltage to the Change in Cathode Voltage| AVka |Avm=36v~1ov 0.5 | -2.0 [mV/V
Reference Input Current lger  |lka=10mA, R1=10kQ, R2=c0 1.5 4 pA
Deviation of Reference Input Current Over| AIREF  |lxa=10mA, R1=10kQ, R2=00, 04| 12 uA
Full Temperature Range AT |Ta =full Temperature i )
Minimum Cathode Current for Regulation | lkamny  [Vka=Vrer 03 | 05 | mA
Off-State Cathode Current Ikatorr) [Vka=36V, Vrer=0 005] 1.0 [ pA
Dynamic Impedance Zea  |Via=Vger, lka=1~ 100mA.f<1.0kHz 0.15| 0.5 Q

QW-R103-003.AP

UY" UNISONIC TECHNOLOGIES CO.,LTD 30of6
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TL431

LINEAR INTEGRATED CIRCUIT

®  TEST CIRCUIT

INPUT Via INPUT Vi
o—A_J3——4+—0 o———0
™ ] e
[ UTC TL431 T UTC TL431

Veer

i

Via=Vrer*(1+R1/R2)+Hrer<R1

For Vka=Vrer For Vka= Vrer

Vour=(1+R1/R2)*Vrer
Minimum Vour=Vrer+5V
Qutput Control of a Three
-Terminal Fixed Regulator

Vour=(1+R1/R2)*Vrer

Shutdown Regulator

Vin Vour

Oﬁ] lour

Vin

INPUT Vies
o—tr—3F—9—0
| e
[T uTC TL431
For Iaorr)

Vour=(1+R1/Rz)*VRer

Higher-current Shunt Regulator

ot o oy

uTc
TL431

lour=Vrer/Rs
Constant-current Sink

<

uTC
TL431

lour =Vrer/ReL

Current Limiting or Current Source

W UNISONIC TECHNOLOGIES CO.,LTD
www.unisonic.com.tw
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TL431

LINEAR INTEGRATED CIRCUIT

B TYPICAL CHARACTERISTICS

Cathode Current vs. Cathode Voltage
Ta=25°C
Via=Vrer
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TL431 LINEAR INTEGRATED CIRCUIT

UTC assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or other
parameters) listed in products specifications of any and all UTC products described or contained herein.
UTC products are not designed for use in life support appliances, devices or systems where malfunction
of these products can be reasonably expected to result in personal injury. Reproduction in whole orin
part is prohibited without the prior written consent of the copyright owner. UTC reserves the right to
make changes to information published in this document, including without limitation specifications and
product descriptions, at any time and without notice. This document supersedes and replaces all
information supplied prior to the publication hereof.

W UNISONIC TECHNOLOGIES CO.,LTD 6 0of 6
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KE E TECHNICAL DATA EPITAXIAL PLANAR NPN TRANSISTOR
GENERAL PURPOSE APPLICATION.
SWITCHING APPLICATION .
B o)
FEATURES &
» High Voltage : BC546 Vpo=65V. ' |
. i - N [DIM] MILLIMETERS
For Complementary With PNP Type BC556/557/558. Ka‘! | _ig T .
N B | 4s0MAX
D il [ c 370 MAX
e D 045
E 100
F 127
MAXIMUM RATING (Ta=25°C) G 085
[ 045
CHARACTERISTIC SYMBOL RATING UNIT .~ e a0
F T._._ F 3 Mi MAX
L .30
— BC546 80 ; R YT
ollector-Base T, Vens 3 S (e gl | N 100
Voltage s =
BC548 30 1. COLLECTOR
2. BASE
BC546 65 3. EMITTER
Collector-Emitter
BC547 Vceo 45 v
Voltage —_— A W
BC548 30 TO-92
BC546 6
Emitter-Base
BC547 Vino 6 v
Voltage
BC548 5
BC546 100
Collector Current BC547 Ie 100 mA
BC548 100
BC546 20
Base Current BC547 Iy 20 mA
BC548 20
BC546 -100
Emitter Current BC547 Ig -100 mA
BC548 -100
625
Collector Power Dissipation *Po mW
400
Junction Temperature Ty 150 ki
Storage Temperature Range Tag -55~150 €

*Cu Lead-Frame : 625mW
Fe Lead-Frame : 400mW

2013.7.08 Revision No: 5 KEeL 13
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ELECTRICAL CHARACTERISTICS (Ta=25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. | MAX. | UNIT
Collector Cut-off Current Icso V=30V, =0 < . 15 nA
BC546 110 - 450
DC Current Gain (Note) BC547 hye V=5V, Ic=2mA 110 . 800
BC548 110 - 800
Collector-Emitter Saturation Voltage VCEGan 1=100mA, Iz=SmA - - 0.6 Vv
Basc-Emitter Saturation Voltage Vi Te=100mA; l=SmA - 0.9 11 \Y
Varom! V=5V, Ic=2mA 0.58 - 0.7 v
Base-Emitter Voltage
Vagon?2 ||| Vies=5V, I=10mA = - 0.75 \
Transition Frequency fr V=3V, [¢=10mA, =100MHz - 150 - MHz
Collector Output Capacitance Co Ver=10V, f=1IMHz, Iz=0 b & 45 pF
V=6V, I=0.ImA
Noise Figure NF - 1.0 10 dB
R,=10kQ, f=IkHz

NOTE : According to the value of hy; the BC546, BC547, BC548 are classified as follows.

CLASSIFICATION none A B C
BC546 i10~450 110+~ 220 200~ 450 1
hyg BC547 110~ 800 110~220 200~ 450 420~ 800
BC548 110 ~ 800 110~220 200~ 450 420~ 800

2013.7.08 Revision No : 5 KEeL 23
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MCP300X 10-Bit Analog-to-Digital Converters

Product Information

The Microchip MCP300X family of 10-bit analog-to-digital
converters (ADCs) combines high performance and low
power consumption in a small package — making it ideal
for embedded control applications.

Consisting of the MCP3001, MCP3002, MCP3004 and
MCP3008, the MCP300X family features a successive
approximation register (SAR) architecture and an industry-
standard SPI™ serial interface. Devices are available with
1, 2, 4 or 8 input channels and in PDIP SOIC and TSSOP
packages.

The MCP300X family offers existing Microchip customers
added flexibility when incorporating analog inputs into
their designs. The industry standard SPI interface allows
10-bit ADC capability to be added to any PICmicro®
microcontroller. In addition, new customers will find the
performance and price of the MCP300X family very

attractive. Features:

Applications for the MCP300X family include data 200k samples/second

acquisition, instrumentation and measurement, multi- 1,2, 4 or 8 channels

channel data loggers, industrial PCs, motor control, Low Power: 5 nA typical standby, 425 pA typical
robotics, industrial automation, smart sensors, portable active

instrumentation and home medical appliances. +1 LSB INL, +1 LSB DNL

No missing codes

Industrial temperature range: -40°C to +85°C
Single supply operation: 2.7V to 5.5V

SPI serial interface

PDIP and SOIC packages

Related Application Notes:

ANB79 Temperature Sensing Technologies

ANB84 Single Supply Temperature Sensing with
Thermocouples

ANG685 Thermistors in Single Supply Temperature
Sensing Circuits

ANB87 Precision Temperature Sensing with RTD
Circuits

ANB99 Anti-Aliasing Analog Filters for Data
Acquisition Systems

Microchip Technology Inc. « The Embedded Control Solutions Company®
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MCP300X 10-Bit Analog-to-Digital Converters

Additional Information:
Microchip's web site:
Microchip's Technical Library CD-ROM, Order No. DS00161
More than 112 Application Notes available:
— Embedded Control Handbook, Order No. DSO0092
— Embedded Control Handbook, Volume 2, Math Library, Order No. DSO0167
Microchip's Overview, Quality Systems and Customer Interface System, Order No. DS00169
Third party software and hardware support:
- Emulators
— Programmers
— Gang Programmers
- Software Tools
— Development Boards and Accessories
— Design Consultants
— Third Party Guide, Order No. DS00104

Resolution No.of  Sampling Rate INL DNL Supply Temperature  Standby Current Operating Current
Product (Bits)  Channels (ksps) (£LSB) (tLSB) Voltage Range @ 5V (typical, pA) @ 5V (typlcal, pA) Packages
MCP3001 10 1 200 1 i 2i7-56.8 -40° to +85°C 0.005 400 8 850, 8TSSOP
MCP3002 10 2 200 1 1 27-55  -40°to +85°C 0.005 525 8F 850, 8TSSOP
MCP3004 10 4 200 1 b 27.55 -40° to +85°C 0,005 425 14R 14S0, 14TSSOP
MCP3008 10 8 200 1 ik 27-55 -40° to +85°C 0.005 425 16R 1650

Microchip is offering a comprehensive set of support tools including application notes and the Analog Evaluation System.
The evaluation system consists of the analog evaluation driver board, incorporating a PICmicro microcontroller, coupled with
an MCP300X device-specific evaluation board. Windows® -based software features powerful data collection and analysis

Americas Asia/Pacific Europe

Atlanta (770) 640-0034 Australia 61 2 9868 6733 Denmark 45 4420 9895
Austin-Analog (512) 345-2030 China-Beijing 86 1085282100  France 33169536320
Boston (978) 692-3848 China-Shanghai 86 21 6275 5700  Germany 4989 627 144 0
Boston-Analog (978) 371-6400 Hong Kong 852 2401 1200 Germany-Analog 49 89 895650 0
Chicago (630) 285-0071 India 91 80 2290061 Italy 39039657911
Dallas (972) 8187423 Japan 81 45 471 6166 United Kingdom 44 118 921 5869
Dayton (937) 291-1654 Korea 82 2 554 7200

Detroit (248) 5382250 Singapore 65 334 8870

Los Angeles (949) 263-1888 Taiwan 88622717 7175 As of 02/01/01
Mountain View-Analog ~ (650) 968-9241 "

New York (631) 273-56305

San Jose (408) 436-7950

Toronto (905) 673-0699

MicRocHR.

Microchip Technology Inc. - 2355 W. Chandler Blvd. - Chandler, AZ 85224-6199 - (480) 792-7200 - Fax (480) 792-9210

The Microchip name. [ogo. PIC. PIGmicro. PIGMASTER. PICSTART, PRO MATE. KeLog. SEEVAL. MPLAB and The Embedded Control Solutions Company are registered trademarks

af Microchip Technology Incorporated in the U.S.A. and other countries. Total Endurance, ICSP In-Circuit Serial Programming, FilterLab, MXDEV, microiD, FIexROM, fuzzyLAB, MPASM, MPLINK, MPLIB, PICDEM, ICEPIC,

Migratable Memary, Fansense, ECONOMONITOR, SelectMote and microPort are rademarks and SQTP Is a service mark of Microchip Technology Inc. Al other trademarks mentianed herein are the proparty of their
respective companies. Information subject 1o change. © 2001 Microchip Technology Inc. All rights reserved. Printed in the U.S.A. DS200448 2/01



MPU 6050 GY-521 3 Axis Gyro Accelerometer Sensor Module Arduino

The MPU-6050 sensor module contains an accelerometer and a gyro in a single chip. It is
very accurate, as it contains 16-bits analog to digital conversion hardware for each channel.
Therefore it captures the x, y, and z channel at the same time. The sensor uses the 12C-bus to
interface with the Arduino.

Application:

Motion-enabled game and application framework
Location based services, points of interest
Handset and portable gaming

Motion-based game controllers

Wearable sensors for health, fitness and sports
Toys

Features:

Use the chip: MPU-6050.

Power supply: 3-5v (internal low dropout regulator).

Communication modes: standard IIC communications protocol.

Chip built-in 16bit AD converter, 16-bit data output.

Immersion Gold PCB machine welding process to ensure quality.

Tri-Axis angular rate sensor (gyro) with a sensitivity up to 131 LSBs/dps and a full-
scale range of 250, £500, £1000, and +2000dps

Tri-Axis accelerometer with a programmable full scale range of £2g, +4g, £8g and
+l6g

166



19-5170; Rev 8; 7/10 ﬂ% DALLAS

SEMICONDUCTOR

>

AKX/

Extremely Accurate I2C-Integrated

General Description

The DS3231 is a low-cost, extremely accurate 12C real-
time clock (RTC) with an integrated temperature-
compensated crystal oscillator (TCXO) and crystal. The
device incorporates a battery input, and maintains accu-
rate timekeeping when main power to the device is inter-
rupted. The integration of the crystal resonator enhances
the long-term accuracy of the device as well as reduces
the piece-part count in a manufacturing line. The DS3231
is available in commercial and industrial temperature
ranges, and is offered in a 16-pin, 300-mil SO package

The RTC maintaing seconds, minutes, hours, day, date,
month, and year information. The date at the end of the
month is automatically adjusted for months with fewer
than 31 days, including corrections for leap year. The
clock operates in either the 24-hour or 12-hour format
with an AM/PM indicator. Two programmable timg-of-
day alarms and a programmable square-wave output
are provided. Address and data are transferred serially
through an 12C bidirectional bus.

A precision temperature-compensated voltage refer-
ence and comparator circuit monitors the status of Ve
to detect power failures, to provide a reset output, and
to automatically switch to the backup supply when nec-
essary. Additionally, the RST pin is maonitored as a
pushbutton input for generating a pP reset.

Applications
Utility Power Meters
LE1P5]

Servers
Telematics

Pin Configuration appears at end of data sheet.

RTC/TCXO/Crystal

Features
Accuracy *2ppm from 0°C to +40°C
Accuracy +3.5ppm from -40°C to +85°C
Battery Backup Input for Continuous
Timekeeping
Operating Temperature Ranges

Commercial: 0°C to +70°C
Industrial: -40°C to +85°C

Low-Power Consumption

Real-Time Clock Counts Seconds, Minutes,
Hours, Day, Date, Month, and Year with Leap Year
Compensation Valid Up to 2100

4+ Two Time-of-Day Alarms

4+ Programmable Square-Wave Output

+ Fast (400kHz) I2C Interface

4 3.3V Operation

+ Digital Temp Sensor Output: £3°C Accuracy
&

+

+

> * &

*

* &

Register for Aging Trim
RST Output/Pushbutton Reset Debounce Input
Underwriters Laboratories (UL) Recognized

Ordering Information

PART TEMP RANGE PIN-PACKAGE
DS32315# 0°C to +70°C 16 80
DS3231SN# -40°C to +85°C 16 SO

#Denotes a RoHS-compliant device that may include lead that
is exempt under RoHS requirements. The lead finish is JESDI7
category 3, and is compatible with both lead-based and lead-
free saldering processes. A "#" anywhere on the fop mark
denotes a RoHS-compliant device.

Typical Operating Circuit

Voo Voo
Voe Reu=1a/Cg 7
1
1 \W o T
Ve =
SCL 1 SCL TNT/saW
p SOA[ l w504 2k . -
B o
RST ST b Ez’.’.ﬁ‘ch‘ﬁ‘é\% Var |+
PUSHBUTTON —jl e DS3231 e X
RESET NG NG N R
N.C. NC. =
N.C GHD N.C.
: 1
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Maxim integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642,

or visit Maxim’s website at www.maxim-ic.com.
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DS3231

Extremely Accurate I12C-Integrated

RTC/TCXO/Crystal

ABSOLUTE MAXIMUM RATINGS

Valtage Range on Vee, VBAT, 32kHz, SCL, SDA, RST,
INT/SQW Relative to Ground............ -0.3V to +6.0V
Junction-to-Ambient Thermal Resistance (8ya) (Note 1)....73°CAW
Junction-to-Case Thermal Resistance (8)¢) (Note 1)......23°C/W
Operating Temperature Range
(nencondensing) ..
Junction Temperature

-40°C to +85°C
.+125°C

ciem40°C to +85°C
ek 260°C

Storage Temperature Range ...............
Lead Temperature (soldering, 10s)......
Soldering Temperature (reflow, 2 times max)
Lead(Pb)-free +260°C
Containing lead(Pb). : - +240°C
(See the Handling, PC Board Layout, and Assembly section.)

Note 1: Package thermal resistances were obtained using the method deseribed in JEDEC specification JESD51-7, using a four-
layer board. For detailed information on package thermal considerations, refer to www.maxim-ic.com/thermal-tutorial.

Stresses beyond those listed under “Absolute Maximum Ratings™ may cause permanent damage (o the device, These are stress ratings only, and functional
operation of the device at these or any other condittons beyond those inticated in the operational sections of the specifications is not impiled. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

(Ta = TMIN to TmAx, unless otherwise noted.) (Netes 2, 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Vee 2.3 3.3 5.5 v
Supply Voltage
VBAT 2.3 3.0 L5 v
z 0.7 x Vec+
Logic 1 Input SDA, SCL ViH Voo 03 v
; 5 0.3x
Logic O Input SDA, SCL Vi 03 Vo v

ELECTRICAL CHARACTERISTICS

(Vec = 2.3V to 5.5V, Vo = Active Supply (see Table 1), Ta = Tmin to Tmax, unless otherwise noted.) (Typical values are at Vgg =
3.8V, VaT =30V, and Ta = +25°C, unless otherwise noted.) (Nates 2, 3)

PARAMETER SYMBOL CONDITIONS MIN CYe MAX UNITS
Vee = 3.63V 200
Agctive Supply Current ! Notes 4, 5 A
ey LASEEK ) Voo = 5.5V a0 | "
12C bus inactive, 32kHz | Voo =363V 110
Standby Supply Current lgcs output on, SQW output oft WA
{Note 5) Voo = 5.5V 170
Temperature Conversion Current | lecscol {C bus inaci¥e, SPppat VAP B3, ' A
P SCONY output on, SQW outputoff |voe = 5.5V 650 i
Power-Fail Voltage Ver 2.45 2575 2.70 vV
Logic 0 Output, 32kHz, _
TRTISOW, SDA VoL loL = 3mA 0.4 v
Logic 0 Output, RST VoL lgL = 1TmA 0.4 v
Cutput Leakage Current 32kHz, -
TNT/SQW, SDA ILo Qutput high impedance 1 4] +1 HA
Input Leakage SCL IL1 -1 +1 WA
RST Pin I/O Leakage oL RST high impedance (Note 8) -200 +10 HA
VBAT Leakage Current P, 25 100 oA
(Vee Active)

2
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Extremely Accurate I2C-Integrated
RTC/TCXO/Crystal

ELECTRICAL CHARACTERISTICS (continued)

(Vo = 2.3V to 6.5V, Voo = Active Supply (see Table 1), Ta = Tmin to Tmax, unless otherwise noted.) (Typical values are at Vo =
3.3V, VgaT = 3.0V, and Ta = +25°C, unless otherwise noted.) (Notes 2, 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Qutput Frequency fouT Voo = 3.3V or VgaT = 3.3V 32.768 kHz
By kil - Vec = 3.3Vor 0°C to +40°C +2
Temperature (Cormnmercial) Afftou VaaT =3.3V, R
aging offset = 00h >40°C to +70°C +35
B Voo = 3.3V of -40°C to <0°C 35
Frequency Steblgf L5 Afffout | Vet = 33V, 0°C to +40°C =2 | ppm
Temperature (Industrial)
aging offset = 00h >40°C to +85°C +3.5
Frequency Stability vs. Voltage AV 1 ppm/N
-40°C 0.7
Trim Register Frequency +25°C 0.1
Sensitivity per LSB AfLSB Specified at T Py ppm
+85°C 0.8
Temperature Accuracy Temp Vee = 3.3V.or VeaT = 3.3V -3 +3 °C
After reflow, | First year +1.0
Crystal A Aflfy ¥
nEvging lfo not production tested [o 10 years ) ppm
ELECTRICAL CHARACTERISTICS
(Vcc =0V, VBaT =2.3V 10 5.5V, Ta = T to Tpax, unless otherwise noted.) (Note 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
; EOSC = 0, BBSQW = 0. VAT = 3.63V 70
Active Battery Current IpATA SOL = 400KHzZ (Note 5) VisaT = 5.5V o= A
EOSC = 0, BBSQW =0, VBAT = 3.63V 0.84 3.0
Timekeeping Battery Current IgaTT HipaRz I, HA
SCL = SDA = OV or
SCL = SDA = VgaT (Note 5) | VBAT = 5.5 10 .5
EOSC = 0, BBSQW =0, VBAT = 3.63V 575
Temperature Conversion Current IBATTC SCL=8DA = 0V or pA
SCL = SDA = VBaT VBAT = 5.5V 650
Data-Retention Current IaTioR | EOSC = 1, SCL = SDA = 0V, +25°C 100 nA
19
BRALLAS AMAXIM a
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DS3231

Extremely Accurate I12C-Integrated
RTC/TCXO/Crystal

AC ELECTRICAL CHARACTERISTICS

(Vec = Voovin to Yoomax) or VBAT = VBAT(MIN) to VBAT(MAX), VBAT > Yo, TA = TMIN to Tmax, unless otherwise noted.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Fast mode 100 400
SCL Clock Freguency fscL kHz
Standard mode 0 100
Bus Free Time Between STOP AT Fast mode 18 .
and START Conditions i Standard mode 4.7 d
Hold Time (Repeated) START Fast mode 0.6
iz tHD:STA us
Condition (Note 7) Standard mode 4.0
Fast mod 1.3
Low Period of SCL Clock tLow S\ s
Standard mode 4.7
High Period of SCL Clock [ Lachipod o5 s
- per Standard mode 4.0 H
Fast mode 0 0.9
Data Hold Time (Notes 8, 9 tHD DAT S
; Standard mode 0 0.9 i
Data Setup Time (Note 10) t i L] ns
5
P o’ Standard mode 250
Fast mode 0.6
START Setup Time tsu.sTA Hs
Standard mode 4.7
Rise Time of Both SDA and SCL % Fast mode 20 + 300 w
Signals (Note 11) Standard mode 0.1Cs 1000
Fall Time of Both SDA and SCL * Fast mode 20 + 300 | X
Signals (Note 11) Standard mode 0.1Cg 300
Setup Time for STOP Condition t Fagiriods b 5]
i )
® i vlS Standard mode 4.7 i
Capacitive Load for Each Bus Ca Nots 11) 400 oF
Line
Capacitance for SDA, SCL Cio 10 pF
Pulse Width of Spikes That Must N 30 -
Be Suppressed by the Input Filter
Pushbutton Debounce PBDR 250 ms
Reset Active Time tRST 250 ms
Oscillator Stop Flag (OSF) Delay LOSF (Note 12) 100 ms
Temperature Conversion Time tCONV 125 200 ms
POWER-SWITCH CHARACTERISTICS
(Ta = Thain to Tmax)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Vce Fall Time; VPrvax) to
tveg 300 s
VPFQMIN) ", W
Vce Rise Time; Vpr(MIN) to
t 0
VEE(MAX) ECR Hs
Recovery at Power-Up tREC (Note 13) 250 300 ms
Y
(B DALLAS AMIAXIM
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Extremely Accurate I12C-Integrated
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Pushbutton Reset Timing

Lecesa
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PBog ' st

Power-Switch Timing

Voo NN
Vpr(Max)
Ver pr
Vpr(MI) }
Iyoer lam |
Voo ‘ ()() teeR
|
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DS3231

Extremely Accurate I12C-Integrated
RTC/TCXO/Crystal

Data Transfer on I2C Sevrial Bus

STOP

I N [

THIGH j-—

lsusto

| |
TSu0x H
REPEATED

START

MOTE: TIMING IS REFERENCED TO Viyguaan AND ¥ioaiby

WARNING: Negative undershoots below -0.3V while the part is in battery-backed mode may cause loss of data.

Note 2:
Note 3:
Note 4:
Note 5:
Note 6:
Note 7:
Note 8:

Note 9:
Note 10:

Note 11:
Note 12:

Note 13:

Limits at -40°C are guaranteed by design and net production tested.

All voltages are referenced to ground.

lcea—SCL clocking at max frequency = 400kHz.

Current is the averaged input current, which includes the temperature conversion current

The RST pin has aninternal 50k (nominal) pullup resistor to Vice.

After this period, the first clock pulse is generated.

A device must interally provide a hold time of at least 300ns for the SDA signal (referred to the ViHing of the SCL signal)
to bridge the undefined region of the falling edge of SCL

The maximum tHD:DAT needs anly 1o be met if the device does not stretch the low period (tLow) of the SCL signal

A fast-mode device can be used in a standard-mode system, but the requirement tsU-pAT = 250ns must then be met. This
is-automatically the'case if the device does not streich the low period of the SCL signal. |i such a device does stretch the
low period of the SCL signal, it must'output the next data bitto the SDA line tR(MAX) + ISU:DAT = 1000 + 250 = 1250ns
before'the SCL line is released.

Cp—total capacitance of one bus line in pF.

The parameter togF is the period of time the oscillator must be stopped for the OSF flag to be set over the voltage range of
0.0V £ Ve €Vgommax) and 2.3V < VgaT < 3.4V,

This delay applies-only if the oscillator is ‘enabled and running. If the EOSC it is-a 1; taec is bypassed and RST immedi-
ately goes high. The state of RST dees hat affect the 12C interface, RTC, or TCXO.

(B DALLAS ML AXIMN
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Extremely Accurate I2C-Integrated
RTC/TCXO/Crystal

Typical Operating Characterislics

(Vco = +3.3V, Ta = +25°C, unless otherwise noted.)

Lecesa

STANDBY SUPPLY CURRENT SUPPLY CURRENT
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0 06
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DS3231

Extremely Accurate I12C-Integrated
RTC/TCXO/Crystal

Block Diagram

Voo
Vaar
GND

5CL

SDA

OSCILLATOR AND
CAPACITOR ARRAY

><

w

o | CONTROL LOGIC/

SQUARE-WAVE BUFFER;

DIVIDER INT/SOW CONTROL
1Hz
4 »| TEMPERATURE ALARM, STATUS, AND
=t (| POWERLONIRE SENSOR CONTROL REGISTERS
¢ 1Hz
1 CLOGK AND CALENDAR

REGISTERS
12 INTERFAGE AND
ADORESS REGISTER B
~ A B USER BUFFER

(7 EYTES)
[~ VOLTAGE REFERENCE:

ﬂ! DALLAS DEBOUNGE CIRCUIT;
083231 PUSHBUTTON RESET

Ej - 32kHz
I
—INT/SQW
ﬁ

i
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Extremely Accurate I12C-Integrated

RTC/TCXO/Crystal

Pin Description

PIN NAME

FUNCTION

1 32kHz

32kHz Output. This open-drain pin requires an external pullup resistor. When enabled, the output operates
on either power supply. It may be left open if not used.

If not used, connect to ground

DC Power Pin for Primary Power Supply. This pin should be decoupled using a 0.1pF to 1.0uF capacitor.

a8 NT/SQW

be left unconnected

Active-Low Interrupt or Sguare-Wave Output. This open-drain pin requires an external pullup resistor
connected to a supply at 5.5V or less. This multifunction pin is determined by the state of the INTCN bit in
the Control Register (OEh). When INTCN is set to logic O, this pin outputs a square wave and its frequency
is determined by RS2 and RS1 bits. When INTCN is set to logic 1, then a match between the timekeeping
registers and either of the alarm registers activates the INT/SQW pin (if the alarm is enabled). Because the
INTCN bit is set to logic 1 when power is first applied, the pin defaults to an interrupt output with alarms
disabled. The pullup voltage can be up to 5.5V, regardless of the voltage on V. f not used, this pin can

)

Active-Low Reset. This pin is an open-drain inputfoutput. It indicates the status of Vog relative to the

Vpr specification. As Vog falls below Vpr, the RST pin is driven low. When Ve exceeds Ve, for trsr, the RST
pin is pulled high by the internal pullup resistor. The active-low, open-drain output is combined with a
debounced pushbutton input function. This pin can be activated by a pushbutton reset request. It has an
internal 50k nominal value pullup resistor to Voo No external pullup resistors should be connected. If the
oscillater is disabled, tRec is bypassed and RST immediately goes high.

No Connection. Must be connected to ground.

Ground

Go to www.maxim-ic.com/gafinfo/ul.

Backup Power-Supply Input. When using the device with the VeaT input as the primary powsr source, this
pin should be decoupled using a 0.1uF to 1.0uF low-leakage capagcitor. When using the device with the
VeaT input as the backup power source, the capacitor is not required. If VAT is not used, connect to ground.
The davice s UL recognized to ensure against reverse charging when used with a primary lithium battery.

15 SDA

Serial Data InputfOutput. This pin is the data input/output for the |?C serial interface. This open-drain pin
requires an external pullup resistor. The pullup valtage can be up to 5.5V, regardless of the voltage on V.

Serial Clock Input. This pin is the clock input for the 12C serial interface and is used to synchronize data
movement on the serial interface. Up to 5.5V can be used for this pin, regardless of the voltage on Vce.

Detailed Description

The DS3231 is a serial RTC driven by a temperature-
compensated 32kHz crystal oscillator. The TCXO pro-
vides a stable and accurate reference clock, and
maintains the RTC to within +2 minutes per year accu-
racy from -40°C to +85°C. The TCXQ freguency output
is available at the 32kHz pin. The RTC is a low-power
clockfecalendar with two programmable time-of-day
alarms and a programmable square-wave output. The
INT/SQW provides either an interrupt signal due to
alarm conditions or a square-wave output. The clock/cal-
endar provides seconds, minutes, hours, day, date,
month, and year infermation. The date at the end of the
month is automatically adjusted for months with fewer
than 31 days, including corrections for leap year. The

(B DALLAS M AXIM

clock operates in either the 24-hour or 12-hour format
with-an AM/PM indicator. The internal registers are
accessible though an 12C bus interface.

A temperature-compensated voltage reference and
comparator circuit monitors the level of Vcc to detect
power failures and to automatically switch to the back-
up supply when necessary. The RST pin provides an
external pushbutton function and acts as an indicator
of a power-fail event.

Operation
The block diagram shows the main elements of the
DS3231. The eight blocks can be grouped into four
functional groups: TCXO, power control, pushbutton
function, and RTC. Their operations are described sep-
arately in the following sections

Lecesa
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32kHz TCXO
The temperature sensor, oscillator, and control logic
form the TCXO. The controller reads the output of the
on-chip temperature sensor and uses a lookup table to
determine the capacitance required, adds the aging
correction in AGE register, and then sets the capaci-
tance selection registers. New values, including
changes to the AGE register, are loaded only when a
change in the temperature value occurs, or when a
user-initiated temperature conversion is completed.
Temperature conversion occurs on initial application of
Vee and once every 64 seconds afterwards.

Power Control
This function is provided by a temperature-compensat-
ed voltage reference and-a comparator circuit that
monitors the Vcg level. When Veg is greater than VpF,
the part is powered by Vcc. When Ve s less than Vpr
but greater than VgaT, the DS3231 is powered by V.
If Vce is less than Vpr and is less than VBAT, the
device is powered by VgaT. See Table 1.

Table 1. Power Control

SUPPLY CONDITION ACTIVE SUPPLY
Vee < VpF, Voc < VBAT VBAT
Vee < VPR, Voo > VBAT Ve
Veoe > VpE Voe < VBaT Vec
Vee > Ver Vo > VBAT Vee

To preserve the battery, the first time VBaT is applied ta
the device, the cscillator will not start up until Veg
exceeds Vpr, or until a valid 12C address is written to
the part. Typical oscillator startup time is less than one
second Apgroximaiely 2 seconds after Vo is applied,
or a valid 1=C address is written, the device makes a
temperature measurement and applies the calculated
correction to the oscillator. Onece the oscillator is run-
ning,.it continues to-run as long as a valid power
source is available (Vcc or VBAT), and the device con-
tinues to measure the temperature and correct the
oscillator frequency every 64 seconds.

On the first application of power (Voc) or when a valid
12C address is written to the part (VeaT), the time and
date registers are reset to 01/01/00 01 00:00:00
(MM/DD/YY DOW HH:MM:SS)

VBAT Operation

There are several modes of operation that affect the
amount of VBaT current that Is drawn. While the device
is powered by VBaT and the serial interface is active,

10

active battery current, IgaTa, is drawn. When the serial
interface is inactive, timekeeping current (IBaTT), Which
includes the averaged temperature conversion current,
IBATTC, is used (refer to Application Note 3644: Power
Considerations for Accurate Real-Time Clocks for
details). Temperature conversion current, IBATTC, is
specified since the system must be able to support the
periodic higher current pulse and still maintain a valid
voltage level. Data retention current, IBATTDR, is the
current drawn by the part when the oscillator is
stopped (EOSC = 1). This mode can be used to mini-
mize battery requirements for times when maintaining
time and date information is not necessary, e.g., while
the end system is waiting to be shipped to a customer.

Pushbutton Reset Function
The DS3231 provides for a pushbutten switch to be
connected to the RST output pin. When the DS3231 is
not in_a reset-cycle, it continuously monitors the RST
signal for a low going edge. If an edge transition is
detected, the DS3231 debounces the switch by pulling
the BRST low. After the internal timer has expired
(PBpB), the DS3231 continues to meniter the RST line.
If the line is still low, the DS3231 continuously monitors
the line looking for a rising edge. Upon detecting
release, the DS3231 forces the RST pin low and holds it
low for tRsT.

RST is also used to indicate a power-fail condition.
When Vee is lower than Ver, an internal power-fail sig-
nal is generated, which forees the RST _pin low. When
Ve returns to a level above VP, the RST pin is held
low for approximately 250ms (tREc) to allow the power
supply to stabilize. If the oscillator is not running (see
the Power Conirol section) when Vcc is applied, (REC is
bypassed and RST immediately goes high. Assertion of
the RST output, whether by pushbutton or power-fail
detection, does not affect the internal operation of the
DS3231.

Real-Time Clock
With the ¢lock source from the TCXO, the RTC provides
seconds, minutes, hours, day, date, month, and year
information. The date at the end of the month is auto-
matically adjusted for months with fewer than 31 days,
including corrections for leap year. The clock operates
in either the 24-hour or 12-hour format with an AM/PM
indicator.
The clock provides two programmable time-of-day
alarms and a programmable square-wave output. The
INT/SQW pin either generates an interrupt due to alarm
condition or outputs a square-wave signal and the
selection is controlled by the bit INTCN.

(B DALLAS ML AXIMN
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Figure 1. Timekeeping Registers

RTC/TCXO/Crystal

aporess | BT7 | gire | BiTs | B4 | ema | em2 |em1 | BT0 | runcrion RANGE
MSB LSB
00h 0 10 Seconds Seconds Seconds 00-59
01h 0 10 Minutes Minutes Minutes 00-59
— | AM/PM T
02h 0 12/24 / 10 Hour Hour Hours T2 ANPM
20 Hour 00-23
03h 0 0 0 0 0 Day Day 1-7
04h 0 0 10 Date Date Date 01-31
Month/ 0112 +
05h Century 0 0 10 Month Month ™ Century
06h 10 Year Year Year 00-99
07h ATMI 10 Seconds Seconds Alarm 1 Seconds 00-58
08h ATM2 10 Minutes Minutes Alarm 1 Minutes 00-59
| AM/PM 12 + AM)
05h AIM3 12/24 / 10 Hour Hour Alarm 1 Hours b
20 Hour 00-23
- B Day Alarm 1 Day 1-7
0Ah AlM4 DY/DT 10 Date
Date Alarm 1 Date 1-31
0Bh AZM2 10 Minutes Minutes Alarm 2 Minutes 00-59
| AMlP 12+ AM)
0Ch A2M3 12/24 B 10 Hour Hour Alarm 2 Hours 1-12 + AMPM
20 Hour 00-23
— Day Alarm 2 Day 1-7
ODh A2M4 Dy/OT 10 Date
Date Alarm 2 Date 1-31
OEh EQSC | BBSQW | CONV RS2 RS1 INTCN | A2IE ATIE Control —
OFh OSF 0 0 0 EN32kHz | BSY AZF AR Control/Status -
10h SIGN DATA DATA DATA DATA DATA | DATA | DATA Aging Offset &
Jh SIGN DATA DATA DATA DATA DATA | DATA | DATA MSB of Temp —
12h DATA DATA 0 0 Q 0 0 0 LSB of Temp —

Note: Unless otherwise specified, the regisiers’ state is nat defined when power fs first applied.

Address Map

Figure 1 shows the address map for the DS3231 time-
keeping registers. During a multibyte access, when the
address pointer reaches the end of the register space
(12h), it wraps around to location 00h. On an 12C
START or address pointer incrementing to location 00h,
the current time is transferred to a second set of regis-
ters. The time information is read from-these secondary
registers, while the clock may continue to run. This
eliminates the need to reread the registers in case the
main registers update during a read.

I12C Interface

The 12C interface is accessible whenever either Vco or
VBAT is at a valid level. If a microcontroller connected
to the DS3231 resets because of a loss of Vcc or other

(B DALLAS M AXIM

event, it is possible that the microcontroller and
D83231 12C communications could become unsyn-
chronized, e.g., the microcontroller resets while read-
ing data from the DS3231. When the microcontroller
resets, the DS3231 12C interface may be placed into a
known state by toggling SCL until SDA is observed to
be at a high level. At that point the microcontroller
should pull SDA low while SCL is high, generating a
START condition

Clock and Calendar

The time and calendar information is obtained by read-
ing the appropriate register bytes. Figure 1 illustrates
the RTC registers. The time and calendar data are set
or initialized by writing the appropriate register bytes
The contents of the time and calendar registers are in

1

Lecesa

177



DS3231

Extremely Accurate I12C-Integrated

RTC/TCXO/Crystal

the binary-coded decimal (BCD) format. The DS3231
can be run in either 12-hour or 24-hour mode. Bit 6 of
the hours register is defined as the 12- or 24-hour
mode select bit. When high, the 12-hour mode is
selected. In the 12-hour mode, bit 5 is the AM/PM bit
with logic-high being PM. In the 24-hour mode, bit 5 is
the 20-hour bit (20-23 hours). The century bit (bit 7 of
the month register) is toggled when the years register
overflows from 89 to 00.

The day-of-week register increments at midnight.
Values that correspond to the day of week are user-
defined but must be sequential (i.e., if 1 equals
Sunday, then 2 equals Monday, and so on). lllogical
time and date entries result inundefined operation.

When reading or writing the time and date registers, sec-
ondary (user) buffers are used to prevent errors when
the internal registers update. When reading the time and
date registers, the user buffers are synchrenized to the
internal registers on any START and when the register
painter rolls over to zera. The time information is read
from these secondary registers, while the clock contin-
ues to run. This-eliminates the need to-reread the regis-
ters'in case the main registers update during a read.

The countdown chain is reset whenever the seconds regis-
ter-is written. Write transfers occur on the acknowledge
from the DS3231. Once the countdewn chain is reset, to
aveid rollover issues the remaining fime and date registers
must be written within 1 second. The 1Hz square-wave out-
put, if enabled, transitions high 500ms after the secands
data transfer, provided the oscillator is already running.

Table 2. Alarm Mask Bits

Alarms

The DS3231 contains two time-of-day/date alarms.
Alarm 1 can be set by writing to registers 07h to OAh.
Alarm 2 can be set by writing to registers 0Bh to ODh
The alarms can be programmed (by the alarm enable
and INTCN bits of the control register) to activate the
INT/SQW output on an alarm match condition. Bit 7 of
each of the time-of-day/date alarm reglisters are mask
bits (Table 2). When all the mask bits for each alarm
are logic 0, an alarm enly occurs when the values in the
timekeeping registers match the corresponding values
stored in the time-of-day/date alarm registers. The
alarms can also be programmed to repeat every sec-
ond, minute, hour, day, or date. Table 2 shows the pos-
sible settings. Configurations not listed in the table will
result in illogical operation.

The DY/OT bits (bit 6 of the alarm day/date registers)
control whether the alarm value stored in bits 0 to 5 of
that register reflects the day of the week or the date of
the month. If DY/DT is written to logic 0, the alarm will
be the result of a match with date of the month. If
DY/DT is written to logic 1, the alarm will be the result of
a match with day of the week.

When the RTC register values match alarm register set-
tings, the correspaonding Alarm Flag ‘A1F" or 'A2F' bit is
set to logic 1. If the corresponding Alarm Interrupt
Enable 'A1IE" or ‘A2IE" is also set to logic 1 and the
INTCN bit is set to logic 1, the alarm condition will acti-
vate the INT/SQW signal. The match is tested on the
once-per-second update of the time and date registers.

— ALARM 1 REGISTER MASK BITS (BIT 7)
DY/DT ALARM RATE
A1M4 A1M3 A1M2 Al
X 1 1 1 1 Alarm once per second
X 1 1 1 0 Alarm when seconds match
X 1 1 0 0 Alarmwhen minutes and seconds match
X 1 0 0 0 Alarmwhen hours, minutes, and seconds match
0 0 0 0 0 Alarm when date, hours, minutes. and seconds match
1 0 [0} (0] 0 Alarm when day, hours, minutes, and seconds match
DY/BT ALARM 2 REGISTER MASK BITS (BIT 7) ALARM RATE
A2M4 A2M3 A2M2
X 1 1 1 Alarm once per minute (00 seconds of every minute)
X 1 1 0 Alarm when minutes match
X il 0 0 Alarm when hours and minutes match
0] 0 Q 0 Alarm when date, hours, and minutes match
1 0 0 (6] Alarm when day, hours, and minutes match

12
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Control Register (OEh)

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
NAME: EOSC BBsQW CONV RS1 INTCN A2IE AlIE
POR: 0 0 0 1 1 0 0

Special-Purpose Registers
The DS3231 has two additional registers (control and
status) that control the real-time clock, alarms, and
square-wave output.

Control Register (OEh)
Bit 7: Enable Oscillator (EOSC). When set to logic 0,
the oscillator is started. When set to logic 1, the oscilla-
tor is stopped when the DS3231 switches ta VBAT. This
bit is clear (logic 0) when power is first applied. When
the DS3231 is powered by Vce, the oscillator is always
on regardless. of-the status of the EOSC bit, When
EOSC is disabled, all register data is static.

Bit 6: Battery-Backed Square-Wave Enable
(BBSQW). When set to logic 1 with INTCN = 0 and Vcc
< VPF, this bit enables the square wave. When BBSQW
is logic 0, the INT/SQW pin goes high impedance when
Voe < VPF. This bit is disabled (logic 0) when power is
first applied.

Bit 5: Convert Temperature (CONV). Setting this bit to
1-farces the temperature sensor to convert the temper-
ature into digital cede and execute the TCXO algorithm
to update the capacitance array to the oscillator. This
can only happen when a conversion is not already in
progress. The user should check the status bit BSY
before forcing the controller to start a new TCXO exe-
cution., A user-initiated temperature conversion does
not affect the internal 64-second update cycle.

A user-initiated temperature conversion does not affect
the BSY bit for approximately 2ms. The CONV bit
remains at a 1 from the time it is written until the conver-
sion is finished, at which time both CONV and BSY go
to 0. The CONV bit should be used when monitoring
the status of a user-initiated conversion.

Bits 4 and 3: Rate Select (RS2 and RS1). These bits
control the frequency of the square-wave output when
the square wave has been enabled. The following table

(B DALLAS M AXIM

shows the square-wave frequencies that can be select-
ed with the RS bits. These bits are both set to logic 1
(8.192kHz) when power is first applied

SQUARE-WAVE OUTPUT FREQUENCY

SQUARE-WAVE OUTPUT
fis2 ot FREQUENCY

0 0 1Hz

0 1 1.024kHz

1 0 4.096kHz

1 1 8.192kHz

Bit 2: Interrupt Control (INTCN). This bit controls the
INT/SQW signal. When the INTCN bit is set ta logic 0, a
square wave is output on the INT/SQW pin. When the
INTCN bit is set to logic 1, then a match between the
timekeeping registers and either of the alarm registers
activates the INT/SQW output (if the alarm is also
enabled). The corresponding alarm flag is always set
regardless of the state of the INTCN bit. The INTCN bit
is set to logic 1 when power is first applied.

Bit 1: Alarm 2 Interrupt Enable (A2IE). When set to
logic 1, this bit permits the alarm. 2 flag (A2F) bit in the
status register to assert INT/SQW (when INTCN = 1).
When the A2IE bit is set to logic 0 or INTCN is set to
logic 0, the A2F bit does not initiate an-interrupt signal.
The A2IE bit is disabled (logic 0) when power is first
applied.

Bit 0: Alarm 1 Interrupt Enable (A1IE). When set to
logie 1, this bit permits the alarm 1 flag (A1F) bit in the
status register to assert INT/SQW (when INTCN = 1).
When the ATIE bit is set to logic 0 or INTCN is set to
logic 0, the A1F bit does not initiate the INT/SQW sig-
nal. The A1IE bit is disabled (logic 0) when power is
first applied.

13
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Status Register (OFh)
BIT7 BITé BIT 5 BIT4 BIT3 BIT 2 BIT 1 BITO
NAME: OSF 0 0 0 EN32kHz BSY A2F ATF
POR: 1 0 0 0 1 X X X
Status Register (OFh) ters. If the A1IE bit is logic 1 and the INTCN bit is set to

Bit 7: Oscillator Stop Flag (OSF). A logic 1 in this bit
indicates that the oscillator either is stopped or was
stopped for some period and may be used to judge the
validity of the timekeeping data. This bit is set to logic 1
any time that the oscillator stops. The following are exam-
ples of conditions that can cause the OSF bit to be set

1) The first time power is applied.

2) The voltages present on both Veg and VeaT are
insufficient to support oscillation

3) The EOSC bitisturned off in battery-backed mode.

4) External influences on the crystal (i.e., noise, leak-
age, etc.).

This bit remains at logic 1 until written to logic 0.

Bit 3: Enable 32kHz Output (EN32kHz). This bit con-
trols the status of the 32kHz pin. When set te logic 1, the
32kHz pin is enabled and outputs a 32.768kHz sguare-
wave signal. When set to logic 0, the 32kHz pin goes ta
a high-impedance state. The initial power-up state of
this bit is logic 1, and a 32.768kHz sguare-wave signal
appears at the 32kHz pin after a power source is
applied to the DS3231 (if the oscillator is running).

Bit 2: Busy (BSY). This bit indicates the device is busy
executing TCXO functions. It goes to logic 1 when the
conversion signal to the temperature sensor is asserted
and then is cleared when the device is in the 1-minute
idle state

Bit 1: Alarm 2 Flag (A2F). A logic 1.in the alarm 2 flag
bit indicates that the time matched the alarm 2 regis-
ters. If the A2IE bit is logic 1 and the INTCN bit is sef to
logic 1, the INT/SQW pin is also asserted. A2F is
cleared when written to logic 0. This bit can only be
written to legic 0. Attempting to write to logic 1 leaves
the value unchanged.

Bit 0: Alarm 1 Flag (A1F). A logic 1in the alarm 1 flag
bit indicates that the time matched the-alarm 1 regis-

logic 1, the INT/SQW pin is also asserted. A1F is
cleared when written to logic 0. This bit can cnly be
written to logic 0. Attempting to write to logic 1 leaves
the value unchanged.

Aging Offset
The aging offset register takes a user-provided value to
add to or subtract from the codes in the capacitance
array registers. The code is encoded in two's comple-
ment, with bit 7 representing the sign bit. One LSB rep-
resents one small capacitor o be switched in or out of
the capacitance array at the crystal pins. The aging off-
set register capacitance value is added or subtracted
from the capacitance value that the device calculates
for each temperature compensation. The offset register
is'added to the capacitance array during a normal tem-
perature conversion, if the temperature changes from
the previous conversion, or during a manual user con-
version (setting the CONV bit). To see the effects of the
aging register on the 32kHz output frequency immedi-
ately, a manual conversion should be started after each
aging register change

Positive aging values add capacitance to the array,
slowing the oscillator frequency. Negative values
remove capacitance from the array, increasing the
oascillator frequency.

The change in ppm per LSB is different at different
temperatures. The frequency ve. temperature curve is
shifted by the values used.in this register. At +25°C,
one LSB typically provides about 0:1ppm change in
frequency.

Use of the aging register is not needed to achieve the
accuracy as defined in the EC tables, but could be
used to help compensate for aging at a given tempera-
ture. See the Typical Operating Characteristics section
for-a graph showing the effect of the register on accu-
racy over temperature

Aging Offset (10h)

BIT 7 BIT 6 BIT 5 BIT4 BIT 3 BIT 2 BIT 1 BIT 0
NAME: Sign Data Data Data Data Data Data Data
POR: 0 0 0 0] 0 0 0 0

14
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Temperature Register (Upper Byte) (11h)

BIT? BIT6 BIT 5 BIT4 BIT3 BIT 2 BIT 1 BITO
NAME: Sign Data Data Data Data Data Data Data
POR: 0 0 0 0 0 0 0 0
Temperature Register (Lower Byte) (12h)
BIT7 BIT6& BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
NAME: Data Data 0 0 0 0 0 0
POR: 0 0 0 0 0 0 0 0

___Temperature Registers (11h-12h)

Temperature is represented as a 10-bit cade with a res-
olution of 0.25°C and is accessible at loeation 11h and
12h. The temperature is enceded in two's complement
format. The-upper 8 bits, the integer portion, are at
location 11h and the lower 2 bits, the fractional portion,
are in the upper nibble at location 12h. For example,
00011001 01b = +25.25°C. Upon power reset, the reg-
isters are set to a default temperature of 0°C ‘and the
controller starts a temperature conversion. The temper-
ature is read on initial application of Vo or I°C access
on VgaT and once every 64 seconds afterwards. The
temperature registers are updated after each user-initi-
ated conversion and on every 64-second conversion.
The temperature registers are read-only

I2C Serial Data Bus

The DS3231 supports a bidirectional 12C bus and data
transmission protocol. A device that sends data onto
the bus is defined as a transmitter and a device receiv-
ing data is defined as a receiver. The device that con-
trols the message is called a master. The devices that
are controlled by the master are slaves. The bus must
be controlled by a master device that generates the
serial clock (SCL), controls the bus access, and gener-
ates the START and STOP conditions. The DS3231
operates as a slave on the 12C bus. Connections to the
bus are made through the SCL input and open-drain
SDA /O lines. Within the bus specifications, a standard
mode (100kHz maximum clock rate) and a fast mode
(400kHz maximum clock rate) are defined. The DS3231
works in both modes

The following bus protocol has been defined (Figure 2):

* Data transfer may be initiated only when the bus is
not busy.

* During data transfer, the data line must remain stable
whenever the clock line is high. Changes in the data

(B DALLAS M AXIM

line while the clock line is high are interpreted as
centrol signals.

Accordingly, the following bus conditions have been
defined:

Bus not busy: Both data and clock lines remain
high

START data transfer: A change in the state of the
data line from high to low, while the clock line is high,
defings a START condition

STOP data transfer: A change in the state of the
data line from low to high, while the clock line is high,
defines a STOP condition

Data valid: The state of the data line represents
valid data when, after a START condition, the data
line is stable fer the duration of the high period of the
clock signal. The data on the line must be changed
during the low period of the clock signal. There is
one clock pulse per bit of data.

Each data transfer is initiated with a START condition
and terminated with @ STOP condition. The number
of data bytes transferred between the START and
the STOP conditions is natlimited, and is determined
by the master device. The information is transferred
byte-wise and each receiver acknowledges with a
ninth bit.

Acknowledge: Each receiving device, when
addressed, is obliged to generate an acknowledge
after the reception of each byte, The master device
must generate an extra clock pulse, which is associ-
ated with this acknowledge bit.

A device that acknowledges must pull down the SDA
line during the acknowledge clock pulse in such a
way that the SDA line is stable low during the high
period of the acknowledge-related clock pulse. Of
course, setup and hold times must be taken into
account. A master must signal an end of data to the

15
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ADDRESS

IDLE _ START
COMDITION

R

REPEATED IF MORE BYTES
ARE TRAMSFERRED

STOP CONDITION

- REPEATED START

Figure 2. PC Data Transfer Qverview

slave by not generating an acknowledge bit on the
last byte that has been clocked out of the slave. In
this case, the slave must leave the data line high to
enable the master to generate the STOP condition.
Figures 3 and 4 detail how data transfer is accom-
plished on the 1°C bus: Depending upon the state of
the R/W bit, two types of data transfer are possible:
Data transfer from a master transmitter to a slave
receiver. The first byte transmitted by the master is

the slave address. Next follows a number of data
bytes. The slave returns an acknowledge bit after
each received byte. Data is transferred with the most
significant bit (MSB) first.

Data transfer from a slave transmitter to a master
receiver. The first byte (the slave address) is trans-
mitted by the master. The slave then returns an
acknowledge bit. Next follows a number of data
bytes transmitted by the slave to the master. The

<SLAVE
ADDRESS> | <A <WORD ADDRESS (1} <DATA (1) DA + 11> DATA(+X)
(55 o000 | ] & R onn | risontane— ] 4 [0 oot | A—|| oo | 4 |T|
5- START . .
N ence g | SWVETOMASTER | | [TT] WASTER TO SLAVE
P-$TOP DATA TRANSFERRED

R/W - READ/WRITE O DIRECTION BIT ADDRESS

{X+ 1BYTES + ACKNOWLEDGE)

Figure 3. Data Write—Slave Receiver Mode

<SLAVE

ADDRESS> R <DATAfps DATA (12 1) DATA (% 2} DA (AN
’ 5 | 1101000 | Al oo | | X000 I | 0000 | | | XXO0GCKK |K| |
5 - START [:' MASTER T0 SLAVE \:| SLAVE TOMASTER
A~ ACKHOWLEDGE (ACK) o N

A-NOT ACKNOWLEDGE (NACK)
RAW - READ/WRITE OR DIRECTION BIT ADDRESS

NOTE: LAST DATA BYTE IS FOLLOWED BY A NACK

(X +1 BYTES + ACKNOWLEDGE)

Figure 4. Data Read—Slave Transmitter Mode
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<SLAVE
ADDRESS> <RAW>  <WWORD ADDRESS (n)>  <SLAVE ADDRESS (n}> <R/W>
| 8 l 1101000 | 0 | A | XXX A | St | 1101000 | 1 “ H
<DATA [n)> <DATA (n+1)> <DATA (n+2)> <DATA {0+ X)>

XIOOKXNK | ] [ KX | A | ‘ A ] l XXXHXXKK |I | P |
S -START IMASTER TO SLAVE SLAVETO MASTER
Sr - REPEATED START D |:|
A ~ACKNOWLEDGE (ACK) DATA TRANSFERRED
P - STOP X+ 1 BYTES + ACKNOWLEDGE)
A -NOT ACKNOWLEDGE (NACK) NOTE: LAST DATA BYTE IS FOLLOWED BY A NACK
R/ - READ/WRITE OR DIRECTION BIT ADDRESS

Figure 5. Data Write/Read (Write Pointer, Then Read)—Slave Receive and Transmit

master returns an acknowledge bit after all received
bytes other than the last byte. At the end of the last
received byte, a not acknowledge is returned.

The master device generates all the serial clock puls-
es and the START and STOP conditions. A transfer is
ended with a STOP condition or with a repeated
START condition. Since a repeated START condition
is also the beginning of the next serial transfer, the
bus will not be released. Data is transferred with the
most significant bit (MSB) first.

The DS3231 can operate in the following two modes

Slave receiver mode (DS3231 write mode): Serial
data and clock are received through SDA and SCL.
After each byte is received, an acknowledge bit is
transmitted. START and STOP conditions are recog-
nized as the beginning and end of a serial transfer.
Address recognition is performed by hardware after
reception of the slave address and direction bit. The
slave address byte is the first byte received afterthe
master generates the START condition. The slave
address byte contains the 7-bit DS3231 address,
which is 1101000, followed by the direction bit (R/W),
which is O for a write. After receiving and decoding
the slave address byte, the DS3231 outputs an
acknowledge on SDA. After the DS3231 acknowl-
edges the slave address + write bit, the master
transmits a word address to the DS3231. This sets
the register pointer on the DS3231, with the DS3231

(B DALLAS M AXIM

acknowledging the transfer. The master may then
transmit zero or more bytes of data, with the DS3231
acknowledging each byte received. The register
pointer increments after each data byie is trans-
ferred. The master generates a STOP condition to
terminate the data write.

Slave transmitter mode (DS3231 read mode): The
first byte is received and handled as-in the slave
receiver mode. However, in this mode; the direction
bit indicates that the transfer direction is reversed.
Serial data is transmitted on SDA by the DS3231
while the serial clock is input on SCL. START and
STOP conditions are recognized as the beginning
and end of a serial transfer. Address recognition is
performed by hardware after reception of the slave
address and direction bit. The slave address byte is
the first byte received after the master generates a
START condition. The slave address byte contains
the 7-bit DS3231 address, which is' 1101000, fol-
lowed by the direction bit (R/W), which is 1 for a
read. After receiving and decoding the slave
address byte, the DS3231 outputs an acknowledge
on SDA. The DS3231 then begins to transmit data
starting with the register address pointed to by the
register pointer. If the register painter is not written to
before the initiation of a read mode, the first address
thatis read is the last one stared in the register paint-
er. The DS3231 must receive a not acknowledge to
end aread.

17

Lecesa

183



DS3231

Extremely Accurate I12C-Integrated

RTC/TCXO/Crystal

Handling, PC Board Layout,
and Assembly

The DS3231 package contains a quartz tuning-fork
crystal. Pick-and-place equipment can be used, but
precautions should be taken to ensure that excessive
shocks are avoided. Ultrasonic cleaning should be
avoided to prevent damage to the crystal.

Avoid running signal traces under the package, unless
a ground plane is placed between the package and the

Pin Configuration

TOP VIEW
s [7] scl
vee [2] [15] son
msaw 2] 4] Vier

RST [I ﬂ; Q»ﬁ:‘&.‘.ﬁ.’:‘msn E GND

we ] o 2 % i
ne [6] il ne
e [7] [10] ne
ne. [8] 9] ne

SO

18

signal line. All N.C. (no connect) pins must be connect-
ed to ground.

Moisture-sensitive packages are shipped from the fac-
tory dry packed. Handling instructions listed on the
package label must be followed to prevent damage
during reflow. Refer to the IPC/JEDEC J-STD-020 stan-
dard for moisture-sensitive device (MSD) classifications
and reflow profiles. Exposure to reflow is limited to 2
times maximum.

Chip Information
SUBSTRATE CONNECTED TO GROUND
PROCESS: CMOS

Package Information
For the latest package outline information and land patterns,
in the package code indicates RoHS status only. Package
drawings may show a different suffix character, but the draw-
ing pertains to the package regardless of RoHS status.

PACKAGE PACKAGE OUTLINE LAND
TYPE CODE NO. PATTERN NO.
16 SO W1E#H2 21-0042 90-0107
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIFTICN CHANGED
0 1/05 Initial release. —

Changed Digital Temp Sensor Output from +2°C to +3°C 1,3
Updated Typical Operating Circuit. 1
! =40 Changed Ta = -40°C to +85°C to Ta = TN to TmAx 2,34
Updated Block Diagram. 8
Added "UL Recognized” to Features; added lead-free packages and removed S from
top mark info in Ordering Information table; added ground connections to the N.C. pin 1
in the Typieal Operating Circuit.
Added "noncondensing” to operating temperature range: changed Ver MIN from 2.35V 2
to 2.45V.
Added aging offset specification. 3
Relabeled TOC4. 7
Added arrow showing input on X1 in the Block Diagram:. 8
o 6/05 Updated pin descriptions for Voc and VeaT. g
Added the FC Interface section. 10
Figure 1: Added sign bit to aging and temperature registers; added MSB and LSB 11
Corrected title for rate select bits frequency table. 13
Added note that frequency stability over temperature spec s with aging offset register 14
= 00h; changed bit 7 from Data to 8ign (Crystal Aging Offset Register).
Changed bit 7 from Data to Sign (Temperature Register); correct pin definitions in £C 15
Serial Data Bus section.
Modified the Handing, PC Board Layout, and Assembly section to referto 17
J-8TD-020 for reflow profiles for lead-free and leaded packages
3 11/05 Changed lead-free packages to RoHS-compliant packages. 1
Changed RST and UL bullets in Features 1
Changed EC conditien "Vog > VBAT” to “Veo = Active Supply (see Table 1), 23
Modified Note 12 to correct tRgc operation 5]
Added various conditions text to TOCs 1, 2, and 3. 7
Added text to pin descriptions for 32kHz, Ve, and RST. g
> Bl Table 1: Changed column heading “Powered By" to “Active Supply”; changed 10
“applied” to “exceeds VpF' in the Power Control section.
Indicateq BBSQW applies to both SQW and interrupts; simplified temp convert 13
description (bit 5); added “output’ to TNT/SQW (bit 2)
Flhflanged Fhe Crysta[Ag/ng section to the Aging Offset sectioh; changed “this bit 14
indicates” to “this bit controls” for the enable 32kHz output bit.
Added Warning note to EC table notes; updated Note 12. 6
Updated the Typical Operating Characteristics graphs 3
5 4/08 In the Power Cantrol section, added information about the POR state of the time and
date'registers; in the Real-Time Clock section, added to the description of the RST 10
function.
In Figure 1, corrected the months date range for 04h fram 00-31 to 01-31. 1
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Revision History (continued)

REVISION
NUMBER

REVISION
DATE

DESCRIPTION

PAGES
CHANGED

10/08

Updated the Typical Operating Circuit.

1

Removed the Vpy parameter from the Recommended DC Operating Conditions table
and added verbiage about the pullup to the Pin Description table for INT/SQW, SDA,
and 8CL.

2,9

Added the Delta Time and Frequency vs. Temperature graph in the Typical Operating
Characteristics section

7

Updated the Block Diagram.

8

Added the VBAT Operalion section, improved some sections of text forthe 32kHz
TCXOand Pushbutton Reset Function sections.

10

Added the register bit POR values to the register tables

13, 14, 15

Updated the Aging Offset and Temperature Registers (11h-12h) sections.

14,15

Updated the 12C timing diagrams (Figures 3, 4, and 5).

16, 17

3/10

Removed the "S" from the top mark in the Ordering Information table and the Pin
Configuration to maich the packaging engineering marking specification

1,18

710

Updated the Typical Operating Circuit, removed the “Top Mark” column from the
Ordering Information; in the Absolute Maximum Ratings section, added the theta-JA
and theta-JC thermal resistances and Note 1, and changed the soldering temperature
to +260°C (lead(Pb)-free) and +240°C (leaded); updated the functional description of
the VigaT pin in the Pin Description; changed the timekeeping registers 02h, 09h, and
0OCh to “20 Hour" in Bit 5 of Figure 1; updated the BBSQW bit description in the Control
Register (0Fh) section; added the land pattern no. to the Package Information table.

1,2,8,4,6,
9,11,12 13,
18
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Proximity Sensor/Switch
E18-D80ONK

Y
T

Description

A very cheap, easy to assemble, easy to use Infrared sensor with a long
detection distance and has less interference by visible light. The implementations
of modulated IR signal immune the sensor to the interferences caused by the
normal light of a light bulb or the sun light. This sensor has a screwdriver
adjustment to set the appropriate detected distance to make it useful in many

applications, and then gives a digital output when it senses something within that
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range. This sensor does not measure a distance value. It can be used for
collision avoidance robot and machine automation. The sensor provides a non-

contact detection.

Specifications

« Input voltage : +5V DC

« Current consumption : > 25mA (min) ~ 100mA (max)

« Dimension : 1.7cm (diameter) x 4.5¢cm (length)

« Cable length : 45¢cm

« Detection of objects : fransparent or opaque

« Diffuse reflective type

« Sensing range : 3cm to 80cm (depends on obstacle surface)
« NPN output (normally high)

« Environment temperature :-25 °C ~ 55 °C

Pin €onfiguration

« Redwire : +5V
» Greenwire : GND

+ Yellow wire :
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