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Abstract

This project presents the development of an object separator with a mass on the
movable belt by using four load cells and a micro-controller to solve the mistake of separating the
object due to the fatigue of labor on the continuously long period of object separation. The
developed scparation consists of the four load cells used for weighing the mass of the object on
the movable belt conveyor. The voltage signal of the mass is next sent to the microcontroller
(30F4011) for processing and displaying the mass data on the liquid crystal display (L.CD), and
also sent the output voltage to drive the motor corresponding to the direction of the door
separating objects following as the mass criteria. From the results with the load cell calibration of
the weigher on the movable belt conveyer with a criteria mass of 10 levels (100, 200, 300, ...,
1000 g), it was found that the developed weigher can appropriately work out in the accuracy
level of 0.6 grams. Furthermore, 10 festing objects were placed on the developed conveyor belt
run in the speed of 0, 5, 10, 15 and 20 m/min and read the mass of the objects on the LCD. The
test was five times per each speed of the conveyor belt. It was found that the maximum value of
the MAE is 2.2 grams in case of 300 grams at the belt speed of 20 meters per minute and the
minimum value of the MAE is 0.2 grams in case of 800 grams at the belt speed of 0 meter per
minute. Moreover, according to the separation results with testing mass of seven object sizes: 10,
20, 20, 50, 100, 100 and 200 grams, it was found that the developed separator can efficiently
grade different sizes of the mass, where the separation accuracy is 100% and 85.71% in case of

the conveyor belt speed of 5-10 m/min and 15-20 m/min, respectively.
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Feedback

DIP Connected
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2.84 msﬂszmmﬁnwsnsmmmﬁ (Filter approximations)

Loss
{(dB) T

Sceond order

Function

4 ' =) ' R |
3N 2.21 mga@elusaedariuimnin

= ' = ' K] A A X Ao 4 o
nngili 221 udassgudolusndshunmuiu lashidmga 358Fua (dB)
YR 2 X e 1o t o
mifeurua Tewd (@) windunn 100 T 400 15RoudeTuIi (rads) otelanamaees
E o FE o A A o ¥ A a
nseanas LAY sud 1o Teudaildymiagie annsorum guaeldios 40 a3
1 ] 5 o 3'; LY ar c; 4 = '
HIaABIAAIAA(dB/decade) (111 #311U299507 DdUR T daailasAinisonudaes limunsa
A & ¥ e A 4o d g b1 ar ar o g/ o & =
wesiuludoimuadandiiluild msdanmsiulymiinenisladaiduaseinieannud
@ o ' . o 7 o i 4 > P
wundsgmeesudugand dmiudinduaesnssannuaidesnsisaiimyaanoud
a 1 g & da v e A <3 =
17.5 nF1aRedenmaldBloctave) FafandudioTousuauhasmaasiiuiivs 12 wdwe
-3 LR o v o A ¥y LY < X o o
aedoamam 1LY Hangumo Tousuauiauezgnlain ADamsoasIMsIANIUDYN 18 1A%
=] 5t = 9/ !
wanesenama lumsoenuuuz1d Tuandon (Bode plot) uazdeynnnanudentsa
= A 4 | 9 ° ' o, ¢ &
gauAvues1993ns0anud Famadszanaldninduniisueaga inauasgud) dandu
r Y o o L - A’l’ o
anlsznaason 18 dmsunmsdszuaiandunasnssesnnudfing uoy Tuanaealag
14 ] ] ]
THnaiiatioz 1 9d Ty ouaUa1 B NIwADNITEDNIULINTINTBIAIND AURNHMSYDINDI
A o ' 1 ! fo 1 daa '
nsvanNNdNFUdound alsznuhionniaeld Ansucwlen msussowirlimguann
o & o o ' A 3 A5
sngmveniudnheenuriiugilaig anlssnasvariignldlauntalursesnsesnnund
1 ' a a s S 1 ¥ 3! Y o
Hivee lsfaumaniuannse 1deenuuuiesniesniuigeriulasiouas19iues
1 a e @ 0 4 & - Id o e
AT8A0MAMALAZMITMTAIUANUDAI Fadnsaneisufiruasmseanamnsold
] ° a {5 1 1 [E]
52umIMINaNYnA (Normalize) 1992993n309ANNDAWIY MUsznvasdaniy
Ao 1 da P a = & A
vInsesnNuREFIUImaraisvzAnsafiztiuy Taenahilfe
. 2
N{jw)

— (2.15)

Hjo)’ =1+K(jo) =1
|H(jo)|” =1+|K(jo)| =1+ DUe)




22

A ' a A d& o o o
iio H(s) Aemgadofideanisuaz KGs) Aolanduiulsay S8 =j0) dmMiv93 nI8Y

a ¢ o -

I 1 ]
AnwuddHINABRENA1 K(s) Auiu His) Ariis ey luwaunnudrmaziinnnnlutey
P o w & o = a0 e o ar
anudngniita Kis) annsoden’dlau endu naTudioadudu n dmiy

K(s)=a, +as+a,s’ +a,s’ +...+a,s" (2.16)

24 1 =) A A = o o as a o v oA =
l.i]'f)ﬂ'lﬂ‘i$ﬁﬂﬁﬂ1ﬂ1ﬂlﬁﬂﬂﬂﬂ1ﬁ‘iﬁﬂﬂﬂ\1ﬂ‘]ﬂl’giyl’ﬁ'ﬂ H(s) nIZ¥AIFOATNINDINTBNAITNG

fmuald
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dsPIC30F4011/4012

Pin Diagrams
40-Pin PDIP
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FIGURE 1-1: dsPIC30F4011 BLOCK DIAGRAM
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MICROCHIP dsPIC30F4011/4012

dsPIC30F4011/4012 Enhanced Flash
16-bit Digital Signal Controller

Note: This dala sheal swnmarzes features of this group
of dsPIC30F devices and is nol inlendsd 1o be a el
refersnca sowce. For more Information on the u,
peripherals, regisler descriptions and general device
functionality, reler 1o the JdePICIOF Family Reference
Manual (DSTO048). For more information on (he device
insinuction =e! and propramining, refer lo the dsPIC30F
Progmmmer's Refersnce Manual (DS70030).

High Performance Modified RISC CPU:

+ Modiflad Harvard architeclure

« € compiler oplimized Instruction sel architacture
with flexible addrassing modes

* 84 base Instruclions

« 24-bit wide Instruclions, 16-bil wida data path

+ 48 Kbyles on-chip Ftash program space
{16K Instruclion words)

+ 2 Kbyles of on—chip data RAM

+ 1 Kbytes of non-volalite data EEPROM

+ Up to 30 MIPs operalion:
- DC to 40 MHz external clock inpul

- 4 MHZz-10 MHz oscillalor Inpul with
PLL aclive (dx, 8x, 16x)

30 interrupt sources
- 3 exiernal Intarrupl scurcas

- 8 user seleclabls priority levels for each
intarrupt source

- 4 processor lrap sources
+ 16 x 16-bll working regisler array

DSP Engine Features:

+ Dual dala falch
+ Accumutator write back for DSP operallons
« Modulo and Bil-Revarsed Addressing modes

+ Two, 40-bit wide accumulators with optional
saturalion logic

« 17-bit x 17-bit single cycle hardware fractional/
intager multipliar

+ All DSP Inslructions single cycle
+ t 16-bil single cycle shifl

Perlpheral Features:

High current sink/source IO pins: 256 mA/25 mA
Timer module with programmable prescaler:

- Five 18-bil imara/countars; oplionally pair
16-bit timers Into 32-bit timer modules

16-bil Capture Input functions
16-bil Compare/PWM oulput funclions
J-wite SPI™ modules (supporls 4 Frame modes)

12C™ modula supporis Multi-Master/Slave mode
and 7-bit/10-bit addressing

2 UART modules with FIFO Buffers
1 CAN modules, 2.08 compliant

Motor Control PWM Module Features:

6 PWM output channals
- Complameniary or Indepandant Quiput
modes

- Edge and Cenler Aligned modes

3 duly cycla generalors

Deadicated lime base

Programmable oulput polarity

Dead-time controt for Complementary mode
Manual ouiput control

Trigger for A/D convarsions

Quadrature Encoder Interface Module
Features:

Phase A, Phase B and Index Pulse Input
16-bil up/down position counter

Count direclion slalus

Position Maasuremenl| (2 and x4) mode
Programmable digital nolse fitars on Inputs
Alternata 16-bit Timar/Counter mode

Intarrupt on position counter rollover/underflow
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Analog Features:
+ 10-bil Analog-io-Digital Converter (A/D) with
4 S/H nputs:
- 500 Ksps conversion rale
= 9lnput channels
- Converslon availabla during Sieep and idla

* Programmable Brown-out Deteclion end Reset
generatlon

Special Microcontroller Features:

* Enhanced Flash program memory:
- 10,000 srase/write cycle {(min.) for
industrial temparature range, 100K (lyplcal)
* Dala EEPROM memory:
- 100,000 erasefwrile cycle (min.) for
industrial tempaeralure range, 1M {typical)
+ Self-reprogrammable under software conlrol

* Power-on Reset {POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST}
Flexible Walchdog Timer (WDT) wilh on-chip low
power RC osdillator for reliable operation
Fail-Sale clock monitor operalion delecls clock
failure and switches lo on-chip low power RC
osclilalor
« Programmable code proleciion
In-Circult Serial Programming™ (ICSP™)
+ Seleclable Power Managemen! modes

- Sleap, Idie and Allarnale Clock modes

CMOS Technology:

* Low power, high spaed Flash tachnology

+ Wida opaeraling vollage range (2.5V lo 5.5V)
+ Induslrial and Exianded lemperalure ranges
+ Low power consumplion

dsPIC30F Motor Control and Power Conversion Famlily*

Program Qutpul | Moto

O el o g e B Pl g H AT
dsPICI0F2010 | 28 12K/4K 512 1024 3 4 2 Gch 8ch Yes [ 1] 4|1
dsPICIOFI00 | 28 24K8K 1024 1024 ] 4 2 &ch &ch You | 1]V ] 1
dsPIC30F4012 | 28 48K/ 16K 2048 1024 B} 4 2 &ch 6ch Yes | V|V [1]1
dsPICI0F3011 |40/44 |  24K/BK 1024 | 1024 5 4 4 6ch gch Yes [2]|1] 1] -
dsPIC30F4011 |40/44| 4BK/1BK 2048 1024 5 4 4 6 ch Bch Yes |21 ] 1] 1
daPIC30F5015 | 64 88K22K | 2048 | 1024 ] 4 4 8ch i6ch Yes [ 1]2] 1 [
dsPIC30F6010 | 80 144K/4BK | 8182 4006 6 8 8 Bch 16 ¢ch Yes |22V ]2

* This tabie provides a summary of tha dsPIC30F6010 paripheral faatures. Other available devices in the dsPIC30F
Melor Control and Power Convarsion Famity are shown for feature comparison.
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Tabie 1-1 provides a brief descriplion of the devica IO
pinout and the functions that are multiplexed to a porl
pin. Multiple funclions may exist on one porl pin. When
multiplexing occurs, the peripharal module’s funclional
requiraments may force an oveiride of the data

direction of the port pin.
TABLE 1-1: daPIC30F4011 VO PIN DESCRIPTIONS
Pln Buffer
Pin Name Description
Type | Type P
ANO-ANS | Analog |Analog Inpul channals.
ANO and AN1 are aiso used for device programming data and clock Inputs,
respeclively.
AVDD P P Positive supply for analog module.
AvVss P P Ground referanca for analog modula.
CLKI I ST/ICMOS |External clock source Inpul, Always assccialed with OSC1 pin function,
CLKO o — Osciliator crystal outpul. Connects to crystal or resonalor in Crystal
Oscillalor mode. Optionally funciions as CLKO In RC and EC modes.
Atways agsocisied with OSC2 pin function.
CNO-CN7 | sT Input change nolificalion Inputs.
CN17-CN18 Can ba softwara programmaed (or inlemal weak pull-ups on ail Inpuls.
CiRX I 8T CAN1 bus recstve pin,
CiTX (o] — CAN1 bus transmit pin,
EMUD 110 ST ICD Primary Communication Channel dala Input/output pin.
EMUC Ito ST ICD Primary Communication Channel clock inpul/output pin.
EMUD1 1o ST ICD Secondary Communication Channel data inputioutput pin.
EMUCH 1o sT ICD Secondary Communication Channel ciock inpulioutput pin.
EMUD?2 No §T ICD Tertiary Communication Channesi data input/output pin.
EMUCZ2 He) ST ICD Tertiary Communication Channel dock input/outpul pin.
EMUD3 110 ST ICD Quaternary Communication Channal data Inputioutpul pin.
EMUC3 110 8T ICD Quaternary Communication Channel clock input/outpul pin,
IC1,1C2,1C7, | 8T Capture inputs 1, 2, 7 and 8.
Ic8
INDX | 8T Quadrature Encoder Index Pulsa inpul.
QEA | 8T Quadrature Encoder Phase A input In QE! mode.
Auxiiiary Timar Exlernal Clock/Gats Input In Timer mode.
QEs I 8T Quadrature Encoder Phase A inpul in QE| mode.
Auxiliary Timer Exiemal Clock/Gate Input in Timer mode,
INTC | ST Extarnal infesrupl 0,
INT1 l ST External intarmupl 1.
INT2 I ST Exlema! interrupl 2.
FLTA | ST PWM Fault A input.
PWMiL o] - PWM 1 Low output.
PWAI1H (o] — PWM 1 High output.
PWIM2L o] - PWM 2 Low output.
PWM2H o] — PWM 2 High oulpul.
PWM3L o — PWM 3 Low oulput
PWM3H (o] - PWhi 3 High outpul.
MCLR P ST Masler Clear (Resel) input of programming voltage Inpul, This pin is a8n active
low Rasel lo the device.
OCFA | 8T Compare Faull A input {for Compare channels 1, 2, 3 and 4).
0C1-0C4 o —_ Compars oulpuls 1 through 4,
Legend: CMOS= CMOS compalible input or oulput Analog =  Analog input
ST = Schmitt Trigger Input with CMOS levels O = Qulput
1 = Input P = Power
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TABLE 1-1: dsPIC30F4011 /0O PIN DESCRIPTIONS {CONTINUED)
Pin Bufier
Pin Name Description
Type | Type P
0OsC1 | ST/CMOS | Oscillator crystal input. ST buffer when configured In RC mode; CMOS
05C2 Ile] - olherwise.
Oscillator crystal output. Connacts to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.
PGD 1o ST In-Circuil Serial Programming dala input/output pin.
PGC | ST In-Circuit Serial Programming clock Inpul pin.
RB(-RBS o ST PORTS s a bidireclional /0 port.
8RC13-RC15| 8NO asT PORTC Is a bidirectional HO port.
RDO-RD3 1O ST PORTD Is a bidirectional O pont.
REQ-RES, 1o ST PORTE Is a bidiractional /O porl.
RES8
RFO-RF6 WO ST PORTF is a bidirectional 1/0 porl.
SCK1 [ite} ST Synchronous serial clock Inputioutput for SPI™ 1.
son 1 ST SPI 1 Data In,
SDO1 0 — SPI 1 Data Out.
851 | §T SPi 1 Slave Synchronization,
sCL o ST | Synchronous sarial clock Inputioulput for 12C.
SDA 1o ST Synchronous serial data inputioutput for 12c.
S0OSCO o) - 32 kHz low power oscillator cryslal cutput.
SOSCI 1 ST/ICMOS | 32 kHz low power osciilalor crysial inpul. ST buffer when configured In RC
moda; CMOS olherwise.
TICK [ ST Timer1 external clock input.
T2CK | ST Timer2 external cleck input.
UIRX I ST UART1 Recaive.
TX O — UART1 Transmit
UARX I ST UART1 Allernaie Recelve,
U1ATX (0] — UART1 AHernate Transmil.
U2RX 1 sT UART2 Recelve,
uz2TXx o — UART2 Transmit.
Voo P - Posilive supply for logic and I/O pins.
Vss P - Ground referenca for logic and I/O pins.
VREF+ | Anslog | Analog Voltage Reference (High) input.
VREF- | Analog | Analog Voltage Reference (Low) input.
Legend: CMOS= CMOS compatible inpul or outpul Analog = Analog input
ST = Schmilt Trigger Input with CMOS levels O = Output
| = Input P = Power



Y

MARNUIN Y

swastuavesesiluonilvaneay TL 074



\i

TLO74

LINEAR INTEGRATED CIRCUIT

® PIN CONFIGURATIONS

Oulput1 1}

Inverting Input 1 2 (]
Noneinverling Input 1 3 (]
Veet 4 (

Non-inverling Input2 5 (]
Inveding Input2 6 []
Output2 7 (J

=
Py

[ ] 14 Oulpul 4

[ ] 13 Inverting Inpul 4

[] 12 Non-inverling Inpul 4
] 11 Ve

[ ] 10 Mon-inverling Input 3
] 9 Inverting Inputl 3
18 Oulpul3
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LINEAR INTEGRATED CIRCUIT

® SCHEMATIC DIAGRAM

Veet O L 2 4

g

Non-inverting -~

A
Input
Non-inverting 4
Input I 1000

1000

30k
A

et *—o
P —

1
< »——[:
1.3k 35k 1.3K 38K < 1000

AN~

Vee- O & H—i

2000

O Outpul

N




TL074 LINEAR INTEGRATED CIRCUIT
[ ] ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

PARAMETER SYMBOL RATING UNIT
Supply Voltage (Note 1) Vee +18 v
Input Voltage (Note 2) Vin +15 \Y
Differential Input Vollage {Note 3} Viowr) +30 \
Power Dissipation Po 680 mw
Oulpul Shor-Circuit Duratlon (Note 4) Infinite
Operaling Temperatwe Tora 0~70 C
Storage Temperalure Ts1a -65 ~ 150 C

Notes: 1. All vollage values, excepl diffarential vollage, are with respecl to the zero reference level (ground) of
the supply voltages where the zero reference level is the midpoint betweean Vec- and Vect,
2. The magnituda of Lhe input vollage musl naver excaed the magnilude of the supply voltaga or 15 volls,
whichever is less.
3. Differantiat voltages are at tha non-lnverting inpul tarminal with raspact to the Inverling input lerminal.
4. The oulput may be shorled to ground or to either supply. Temperalure and/or supply vollages must be
limited to ensure that the dissipation rating I$ nol exceeded.
5. Absolute maximum ratings are those values beyond which the device could ba permanently damaged.
Absolute maximum ralings are siress ralings only and functional device operation is nol implied.

98
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BURR - BROWN® @

Precision

INA114

——

INSTRUMENTATION AMPLIFIER

FEATURES

® LOW OFFSET VOLTAGE: S0uV max
® LOW DRIFT: 0.25uV/°C max
@ LOW INPUT BIAS CURRENT: 2nA max

® HIGH COMMON-MODE RE.JECTION:
115dB min

® INPUT OVER-VOLTAGE PROTECTION:
Hoy

@ WIDE SUPPLY RANGE: +2.25 to +18V
@& LOW QUIESCENT CURRENT: 3mA max
® 38-PIN PLASTIC AND SOL-16

APPLICATIONS

® BRIDGE AMPLIFIER

® THERMOCOUPLE AMPLIFIER
@ RTD SENSOR AMPLIFIER

® MEDICAL INSTRUMENTATION
® DATA ACQUISITION

DESCRIPTION

The INATI4 is a low cosl, general purpose instrumen-
tation amplifier offering excellent accuracy. lts versa-
tile 3-op amip design and small size make it ideal for a
wide range of applications.

A single external resistor sets any gain from 110 16,600,
Internal input protection can withstand up to 40V
without damage.

The INA L1415 laser timmed for very low offsel vollage
(50pV), dril (0:251V°C) and high common-mode
rejection (115dB a1 G = 1000), [toperates with power
supplies as low as #2.25V, allowing use in batlery
operated and single 5V supply systems. Quiescent cur-
rent is 3ImA maximum.

The INA114 is available in R-pin plastic and SOL-16
surlace-mount packages. Both are specified for the
—40°C 10 +85°C (emperalure range.

Ve
7?“3)
- 2| [Overvonage A4
ot P -
— W —r—W—;
250 e | |02
3 4 ' DiP Cannected
: y
2} _"’23;:‘:_‘ : Imema’y
(]
Ry Vo
——— W .
b 7%y Gu e 20
(15)
W b—— W0 Rel

* 3| jOver-Volage
5) Prolaction
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Internal Block Diagram
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Absolute Maximum Ratingsinote 1)

Parametoer Symbol Value Unit

Input Votlaga (for Vg = 5V to 18V) v 35 v

\ (for Vg = 24V) v 40

Thermal Resislance Junction-Cases {T0-220) Rasc § <
Thermal Resislance Junction-Aif (TO-220) Ryja 65 “CIw

Operating Temparature Range Torr 0- 4125 “C

LM78xx -40 - +126 ‘C

LM78xxA 0-~+126 C

Storage Tamperature Range Tsta 65 - +150 C

Hol# ¥: Abscivee marhum g 51 thoss vk beyerd which dambis 16 tha divice sy o, Tri da'ashast soechcatiors shouid be mel. withaud dacsrion, 1o snaure
el e 8ySlem CESGN i rBabld Gl i poa e LPRY. taTCasbre, and oulput nput lasdng varabies Frchid desL rel recorrrend CPeration outtide dalashenl EpeCa-
tord

Electrical Characteristics (LM7805)
(Refer to the lesl circuits. 40°C < T < 125°C, lg = 500mA, V, = 10V, C, = 0.1pF, unless olherwise specified}

Parmmates BSymbal CondRions Min Typ Max Uniy
Q.opud Vg Vo T,s.23C 18 80 82 v
BT <o« 1A P » 15,V 0 TV ta 20V 275 LY} 825
Li~a Requsion Regics T, »:28C Vo= TV io 25V - 40 100 v
(Hote 2} Ve sVoizy - 18 800
Lowd Rog.aion Regosd LALRF 3 1o " SmA 1 1 9mA - 90 100 o
b g m 250mA 1o 180erA - 40 200
' O asenct Comert N T, 25C - 50 s0 A
O lebiary: Comert Crarge Mo ian 8mAlo 1A - 0 o8 A
VeV 25V - 03 13
Q.tpul Voltsge Dr (Nols 3) AV/AT Ig = &mh - -0 8 - AV C
Output Noma Vori Vi {u 108z b T00KHZ Ty = 1 25 C - 220 - NG
Rippie Resacton {Mels 3} RR 1m 120mr, Vig » 6 0 168Y €20 230 - L]
Drepows Voisge Voroe o= 1A, T,= 35 C - 29 - v
Output Repistance (Noka 3) o 1w {HHE - 150 - mi
Ston Crouwt Curret lee Vim 35V, Tam 23 C - 230 - A
Pask Cureet (Note 3) o Ty=28& - 22 - A

Holg 2! Lopd g 'ea reg_iaton 87 apecried at Consmnt fu~cton lemyoemturg. Changas in Vg due o Faat ng eMer's musi ba taken i~ 8cctu il sans Ble’y Pu'se tasbeg wrh

Sow duty IS LS

Hole 3: Trese parameien BThogh guarsn'sed, ara rot 100 texted in pod.cion



Electrical Characteristics (LM7812)

{Refer 1o tho tes! circuils. ~40°C < T, < 125°C, I = 500mA, V| = 18V, G, = 0.334F, Co = 0.1y/F, unless otharwise spacified)

104

Paramater Symbod Condilons Min e kax Uni
Output Vortage Va Tyw e25C 1"s 120 128
Serd ¢ Ig 5 1A, Py < 1Y, V2 14 8V 10 2TV HX 120 128 v
Lire Reguiazion Regire T,=.25C Vi 14 8 10 20V - 100 240 .
Nee 12) V= 18V 10 2V - 30 20
Lowd Reguavon Regoad Tyu28C lg=4mA Lo 1 &nA - "o 40 -
(Note 12) I = 250mA to TH0MA - 50 120
O.issoant Cusrent L) T,n 8¢ - a4 LL] L
O initant Curert CHrge ANy lg = SmA 1A - 0.1 [} A
Vi 4 5V XY - 05 10
Cutpmd Voragps Derk (Noks 13) AVolaT Lo = Sk - -10 - w6
Outpul Nose Vo'age Vi Pu10Hz 0 W00KHZ Ty =428 C - TaQ - wWivg
Rippie Resechon (Nole 11) RR I 1202, V= 15V 10 23V 50 710 - 0B
Droponut Voilags Veaoe s IA T, 24C - 70 - v
Ouiput Fasstacn (ol 13) ©0 = 1KHE - 160 - 2t}
Short Creurt Coment Igr VeV T, e3¢ - 30 - A
Peak Cymind {Heta 13) toy T,=.25C - 22 - A

Mole 42: Lond Bl | £a (s bon 18 Lpecrad a1 coraiant juncion trmatr Kir b Chengsl in Vg dul 1D heatrg sflcis must b i inio scooun separsie’y Puse Wsbrg with

Sow Aty 1L sed

Hole 13: Thase paraTelen, 8 =hough guirariesd, sre not 100% lealed in producton.

Electrical Characteristics (LM7815)

{Reler {o the lasi circuits. 40°C < T, < 125°C, 1o = 500mA, V| = 23V, G, = 0.33uF, Cp = 0.1y, unless olherwise specified)

Parhmaier Symbol Condationa Mant Trp Maz Unit
Ol Voruge Vo T, 28C 144 150 188 v
BTA . Ig = TA, Pg < 15V, = 17 5V 10 30V 4 150 1573
Lie Rag iion Regire Te28C V= 1T 6 10 XY - 1no 30 iy
{Note 14) V= 20V o MY - 20 150
Lowd Rigu #cn Regond =a25cC Ig = Semd a1 ek - 120 0 -
Note 14) I m 250mA to TBLrA - 40 150
Dot Coert N 1) 25C - 82 80 A
Crimtcnnt Cotrort Crarge Mg lguBmA o 1A - - 05 oA
Vym 17 e XY /] - 10
Ot Velape Dt (fiolm 18) AV/AT I = SemA - -10 - m\i C
Ot Heise Vo age Ve, 1= 10HI D 100KHZ Ty 2125 C - Lall] - wivg
Rippie Rapechon (ol 13) RR 1= 0Hz W, = 18 510 28 5V 840 00 - L]
Dropout Voape Veace o= 1A T e 25C - 20 - v
Output Resiale oo (hete 15) © u jKHz - 190 - 401
Sor Crowt Cumet lgo Va3 Ty=25C - 50 - mh
Posk CuTent (Note 13) [ T8 - 7 - A

Hels 14: Load a~d | ~a regu'ahon are specred sl consiant junc: on terpe-atus. Changa in Vg cul 10 hamrg effects must be takan n'o sccount Lapaaiey Puss g wrh

tow J.% ig vead

Hole $5: THass paraTeters, 27hough gudra-tesd, e not 100% taaied i1 procuction
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LM79XX
3-Terminal 1A Negative Voltage Regulator

Features Description

+ Output Current in Excess of 1A The LM79XX series of three terminal negative regulators

+ Output Vollages of -5, -6, -8, -9, -10, -12, -15, -18 and - are available in TO-220 package and with several fixed
24V oulput voltages, making them useful in a wide range

« Intcrmal Thermal Overload Protection of applications. Each type employs intemal current limiting,

« Short Circuit Protection thermal shut down and safe operating arca proteclion,

+ Output Transistor Safe Operating Arca Compensation making it essentially indestructible.

TO-220 (Single Gauge)

jlm

»

1. GND 2. Input 3. Cutpul

Internal Block Digram

GNDo
:ﬁm
N
VOLTAGE
REFERENCE g R2
—=0 Oulput
a
o
PROTECTION
i 1@ ,21 CIRCUITRY
Rsc

O
Input



Electrical Characteristics (LM7915) (continued)
(VI = -23V, 10 = 500mA, 0°C <Tj < +125°C, C) =2.2uF, CQ =1yF, unless olherwise specified.)

107

Parameter Symbol Conditlons Min. | Typ. | Mex. | Unlt
TJ=+25C 144 | -15 | -156
Output Vollage Vo |i1g=5mAto 1A, Po< 16W v
V| = -18V 1o -30V -14.25| .18 |-15.75
Lina Regulation (Note1) Wo | Tymsosc  |UmATSVIS0V] - | 12 ) 800 )
ina Regulali = * m
9 ° Vi=-20vio26V | - | 6 | 150
TJ=+25°C
i 1o=5mAlo 1.5A ) 12| 300
Load Regutation (Note1) AVO my
Ty =+25°C .| 4 |0
lo = 250mA lo 750mA
Quiescent Current a Ty = +25°C - 3 6 mA
10 = 5mAto 1A - 005 | 05
Quiescenl Currenl Change Al mA
u v 9 @ [Wi=-175Vi0-30v A Y
Temperature Coefficieni of Vp | AVO/AT | 10 = 5mA - 09 - mVv#FC
f = 10Hz 1o 100kHz
QOulput Noise Vollaga VN Ta =+25°C - 250 - W
I = 120Hz
Ripple Rejection RR | \v = 10V 54 | 60 . dB
TJ= +25°C
Dropoul Vollage VD 0= 1A - 2 - v
Short Circuit Current Isc TJ= +25°C, Vi = -35V - 300 - mA
Pgak Current IPK T)= +25°C - 2.2 - A
Note:

1. Load and line regulation are specified at conslant junclion lempersture. Changes in Vo due 10 healing effects must be laken
into account separately. Pulse testing with low duly is used.
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3-Terminal Adjustable Output Positive Voltage Regulators

TO-263
\ (LM317CMW)

N " ’.3
T0-220 \\\3 A

2
(LM3M7CT} 1 1. Adjust
2. Vout
3. Vin
Heatsink I3 conndcted o pin 2
Standard Application
Vin
O
Cn L
0 fpF -~
Holes: -

Cin Is requred d regulalor i localed an appreciable dislance from power
swpply fiier,

Co  not reeded for stabiity, however, it does Impoove transient responss
Vos = 125V {1 « R2/R1) # lag, RZ

Snca lag is conirolled o less that 100pA, the eror associaled whth's
tarm s reglghia in most appicatons

Inpul Funcilonal Block Dlagram
O 4 e &

Proteclion
Citeu try

Voltaga
Referance

Pin Arrangement

Description

The LM317 is an adjuslable 3-terminal positive voliage
regulator capable of supplying in excess of 1.5A over an
outpul voltage range of 1.2V lo 37V. This voltage regulator
is exceplionally easy lo use and requires only two exlernal
resistors to se1 the output vollage. Furlher, il employs internal
current limiting, thermal shutdown and sale area compen-
salion, making il essentially biow-oul proof.

Features

» Qulput cwirenl in excess of 1.5 ampeére
* Qulpu! adjuslable between 1.2V and 37V
+ Inlernal tharmal overload protection

+ Internal shortcircuil current linkling
conslant with temperature

« Qutpul lranslslor sale-area compensabon
» Fioating operalion for high vollage applications
» Eliminates stocking many fixed voltages

Mechanical Data

Case: TO-220 and TO-263 packages
Velghl: approx. 1.35g

Case outlines are on the back page.

Riimit
Vadj 4 o2
1 Qulput
Maximum Ratlngs Ratings al 25'C ambsent lempé-atrs Liless oiherwish spacl od
Paramater Symbol Value Unit
Inpul-Output Vollage Diflerental Vi-Vo 40 Vdc
Junetion-to-Case Thermal Resistance  TO-220 Rajc 30 ‘c
TO-263 30
Powar Disslpation, 25°C Case Temperature Po 15 W
Operating Junction Temperalure Ranga i W | 0104125 °C .
Storage Junction Temperature Range - 1 "-'-s-lg | -65to +150 °C
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Character 16x2 WH1602L

Dimension odrawling

!
122.0 0.5 . J] r :
1 _ . 1058 - i
o LM 99.00v0) : 5
,‘:’;13;2"; 1358 94 Z4(AR) J
b . VT
13 FEIT
k‘i’)' s RN
= ! ‘ | : .
e B a1
sloEls LA 0 0 A ) I S J 9.9_} 4.1
SRR T T e R
30 I B R SN IE I
’ - dortloa |l
I O . ")
D SRR Nl gn
35, L AL 2.0 im\‘,laol.om 403 spTH 11 1.8 H ) I )
a9k P2.seciseds it 426 5PAD T ’
| Il 1
!- 1% _} : ‘ i t i
JLre L 1.e
LED B/L  EL or NO B/L :
{
1
i
!
o Mechanical Dala
Eralure L 4 " R —
o, a8 s d ltam Slandsrd Value : Unit
2. Bust- In conirotier (KS O06B of Equivalert) Module Dimension 122.0244.9 | mm
3. 13V powst supply (Also aysiladle for 43Y) Viewing Area 09.0x24.0 L mm
4,118 duty excle . :
&, LED can ba driven by pin1,pin2, of pin15,pin 16 or A a3 K Moualing holo | fx 37.0 | mm
8. NV, optional B +3¥ power supply i Cheracler Size 4.84x0.66 ,mm
lﬂ'm.m Symbol Function Absoluie Nax/mim Mm?v 1
| Standard Valus |
1 Vss GND Item Symbol ‘r————g———“
“min.! typ. imu.?
2 vdd  +3V or+ 5V T i A7 ST S
PrwtSippy | VOD-VSS T-o.a I 70! v
3 Vo Conirasl Adjustment Inp Vehiage L E-o.s ) ‘[mhé v
4 RS H/L Ragister selecl signal Nede : ¥65=0Yolt, YOD=5.0 Vo,
5 RW  HIL Read/writesignal Eloctronfcal Charactor/stics
T } . N .
8 E H »L Enable signal 8 ! Standard Valus
- ‘:cé?dmon_ min] typ.Imax.
7 DBO  H/L Data bus line npVoltsge VDD vooeesv | 4t {66 |63 |V
8 DBY HIL Data bus lina SupatyCurrel © 10D VD=5V 1.8 | 1.5 |ma
i e j 82
9 D82  HIL Data bus line f (€ D’ o . | m
10 pB3 HIL Dala bus lina Vot o Noraua Temy: :vno-vn 25 42 62|~ |V
o rod e so'c a8 I
11 DB4 H/L Dala bus line ! we as !
12  pps HIL Dala bus line LED Forward Vollage | VF ae'c ez |ae | v
. | Array | = 260 | 520 A
13 pgg H/L Dal2 bus line worowwetena| 0| 250 | €511 A | Y
lev P Sopeiy Coeet | (EL [ eennzvecasony | | 50 lma
14 pg7  HiL Data bus line
. Olspiay Charactor Address Cooe
15 AfVee +4.2Vlor LEDRADD S Negative Yollage oulpul
Displey position y ; 5 ¢ 5 ¢ 7 5 9101412 131415 16
B K Power supply for B/L (0V) 0D RAM Addrass 0001| | | H I | | b oh

DD RAM Address 4041
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@ Single Point Load Celi
gl VModel : YZC-1 B

DIMENSIONS ummm
- 108 -
l ,.
N C=0
., 130 o 4M6-8H
g |° &
7 1L ¢
CABLE CONNECTION:
FEATURES INPUT +: RED, -:BLACK
® Low Cost OUTPUT +: GREEN, -:WHITE

® Off Center Compensated
® Material : Aluminum
i ® Mounting : Socket-head cap screw M6 x 1.0
® Cable : Braided Shield 4-wire round cable with PVC-Jacket

SPECIFICATIONS
Capacity Kg 3.5, 8,0,20,35,50
Sensilivity mviiv 20+01
NON-Linearity %F.S 0.02
Repeatability %F.S 0.0
Hyleresis %F.S 002
Creep (30min) %F.S 0.02
Recommended Vollage v 10
Maximum Vollaga v 15
Zaro Balance %F.S 1
Inpul Resistance _ §1 (ohms) 4061 10
. Outpul Resistance {1 {(ohms) 35053
Insulation Resislance (DC 50V) {2} (ohms} S5000M
Compensaled Temperalure Range ‘C -10 ~ +40
Operating Temperalure Range °C -20 ~ +80
Zero Temperature Coefhiclent %F.SHOC 0.02
Sensitivity Temperature Coefficient %F.8M0°C 0.02
Safe Overload %F S 150
Limit Overload %F.S 200
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e )

NPN general purpose transistors

BC549; BC550

FEATURES PINNING
+ Low current (max. 100 mA) PIN DESCRIPTION
+ Low voilage (max. 45 V), 1 emilter
2 base
APPLICATIONS 3 collactor
o Low noise atages In sudio frequancy equipmenl,
DESCRIPTION ' 3
NPN transister in 8 TO-92; SOTS4 plastic package. ! . = 2
PNP complements: BC559 and BC560, =
7O H
Fig.1 Simphfied outiine (TO-92; SOT54)
and aymbol.
ORDERING INFORMATION
PACKAGE
TYPE NUMBER
NAME DESCRIPTION VERSION
BCS549C SC-43A plastic single-ended leaded (lhrough hole) package; 3 leads SOTS4
BCSS80C
LIMITING VALUES
In accordance with Ine Absolute Maximum Rating System (IEC 60134).
SYMBOL PARAMETER CONDITIONS MIN. MAX, UNIT
Veao coliector-base voitage open emitler
BC549 - W v
BC550 - 50 A
Vezo collector-amitter voltage open base
BC549 - 30 A
BC550 - 45 \'4
Veso emitler-base voltage open collector - 5 A
Ie collecior current (DC}) - 100 mA
] peak collector current - 200 mA
lgp peak base curent - 200 mA
Py, total power dissipation Torn 525 °C; nole 1 - 500 mw
Tay slorege lemperaturé -85 +150 ‘C
T' junction temperature - 180 ‘C
Tame ambient temperature -65 +150 «C
Note

1. Transistor mounted on an FR4 printed-¢ireuil board.
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