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Thesis Title

Students

Advisor

Co — Advisors
Education Level
Program in

Academic Year

This thesis presents a wireless robot II. This design an automatic wireless robot II is
developed from use Automatic robot. The development starts from the advantage and
disadvantage point of the Automatic robot instead to after wireless robot II. This procedure uses
radio. Wave of a radio transmitter 400 MH,. This design distance transmitter receive 20 meter of

length. The arm can leave and to catch boxes dimensions 20x20 centimeters weight 0.5

14

Wireless robot 11

Mr. Jessada Pormmala
Mr. Jessada Pinsuwan
Miss Tippawan Rerksri
Mr. Somjin Op-un

Assit.Prof.Dr. Threraphon Thephasadin Na Ayuthya
Assit.Prof.Dr.Surasit Ratree
Bachelor of Science in Industrial Education

Electronics and Computer

2004

ABSTRACT

kilograms. To displace 1 meter per 5 second of time.

As the experiment, the result shows that this wireless per 5 second of time. For overall,
this design of a wireless robot I about 75 percents of number tests boxes. It may cause the person

to control should skill and professional. So-that, this design a wireless robot should be developed

in the further.
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() Scara Robot (V) Work envelope of Scara Robot

31 2.5 SCARA Robot
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5) Articulated Arm (Revolute)
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(1) Articulated Robot (V) Work envelope of Articulated Robot

gﬂﬁ 2.6 Articulated Arm (Revolute)
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(V]

LM124
LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

WIDE GAIN BANDWIDTH : 1.3MHz

INPUT COMMON-MODRE YVOLTAGE RANGE
INCLUDES GROUND

L ARGE VOLTAGE GAIN : 100dB

VERY LOW SUPPLY CURRENTIAMPLI :
375uA

LOW INPUT BIAS CURRENT : 20nA

LOW INPUT OFFSET VOLTAGE - 5mV max.
{for more accurate applications, use the equiv-
alent parts LM124A-LM224A-L M324A which
feature 3mY max.)

LOW INPUT OFFSET CURRENT : 2nA

WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V TO +30V
DUAL SUPPLIES : 1.5V TO £15V

DESCRIPTION

These circuits consist of four independent, high
gain, intemally frequency compensated operation-
al amplifiers. They operate from a single power
supply over a wide range of woltages. Operation
from split power supplies is also possible and the
low power supply current drain is independent of
the magnitude of the pawer supply voltage.

ORDER CODE

Part Temperature Package
Number Range N D p
L1124 SEE°C, +125°C » . »
L2224 -40°C, +105°C . . .
L4324 0°C, #73°C . . .

Example | LM224N

M = Dual in Line Paskage :DIP)

D = Zmal Outline Package {SQ} - also avaiishie in Tape & Reet (0T}

P =Thin Shrink Smalt Outine Packags {TSSOP] - onty available in Tape
&Resi (FT)

DiP14
{Plastic Package)

sS0O14
{Plastic Micropackage)

-

B
TSSOP14
{Thin Shrink Smali Outline Package)

Pild CONNECTIONS {top view}

s
Oulpt 1 [ ] 1= Calpaid
Inveding loput Y 2 E ] 13 ioverding lipud €
Kon-hwvering fapuf 1 3 E :I 12

wet ¢4 [ ] v

Nep-iaeerling iapt 2 5 |: :I 10
ey gt I 6 E :l #
Capi? 7 [ ] 2

Non<reding Input £
Woe-
Meerrneading Ingut 3

inverling g 2

Culpat 3
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LM124-t M224-_ M324

SCHEMATIC DIAGRAM {1/4 LM 124

® | Q
GD G Yy 1G0HA

% L

Irvssrting
mpat (11 a1 a4 [t

Mon=inverling ! % '—[Ei i
gt

54

Castpiat

o
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter L124 224 1LM324 Ynit
Yoo | Supply voliage +16 05 32 Y
; input “oltage -03i0+32 Y
Vig | Differential input Voliage 1 32 v
P Power Dissipation N Suffix 500 580 500 mvwy
ot O Suffix 400 400 iy
Output Shori-cireuit Duration 2 Infinite
in Input Cusrent 50 50 50 A
Tow Opesrting Free-air Temperature Rangs 50 +125 ) 4l +105 | Ok +70 C
Tag | Storage Temperature Range -85 fo +150 “C

1. Either or both ingat vidtages must aot excesd the magnitude of Vg™ of Yoo

2. Shor-gisouits frems the sulpet to YOG can cause excessive healing if Veg » 15V, The maximuny output

of the magnitude of V.. Destuntive dissipation can resull from smuifanzous short-cizcuit en &l 3y

3. Ths reulourrent only svists when the volage at agy of the inpul leads s driven ne
3 o or becoming foowand Siased and theréby actihg as input dicdes ciamps. in
the I oivp,

for the fire duration than an input is driven negathe. = =

s 15 not destuctve and normal cutput will 52t up again for input weliage higher than -0.2%.

P

suresntis approximabely 43mA independent

stive. It i= due 1o the collector-base junction of the inpuwt PNP
: 2 X ] itizn to this diode action, there is alss NFM parasiic action on
this transistor action £an gause the output voltages of the Op-amps 1 go 1o the Vo voltage levs! lor to ground for a large pverdrive’s
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LM124-LM224-L M324

ELECTRICAL CHARACTERISTICS
VMoot = 45V, Vo= Ground, ¥, = 1.4V, T, = +25°C (unless otherwise specified)

Symbol Parameter Min. | Tvp. Max. Unit

Input Offset Voltage - note ¥
Tamp = +25°C 2
Vi LM324

T*‘nz'é‘—: amb = Tnﬁx

my

U ) LT

L3224

Input Offset Current
o Tamb = +25°C 2 a0 nA
Tosin = Tamt £ Trpaxe 100

friput Bias Current - note &
bs T, = +25°C 20 150 | na
Fron € Tamt < Trax 300

Large Signal Vollage Gain
Voot = +18V, Ry = 2k ¥V = 1.4V Ip 118V

A
v Tamb =+25°C

100 Wiy

B8

Troin = Tams < Trnas

Supply Voltage Rejection Rafio (R, < 18k
Vep® =5V to 30V
Famb =+25°C &5 110

Fovn 2 Tars = Finax 85

BVR a8

Supgply Current, all Amp, no load
Tamp = +25°C Vg = #5Y
los Ve =30V
Tm»n = T&mh k4 Tn;sx VGC = #5Y
VCQ = +30V

3 mA

£ - 2
[N e
s
)

Input Coriron Mode Voltage Range
v Voo = +30V -note®
iom Tamb = +25°C 0 VGC 45

Tn’sin = lamb = Tmax.

v

Cemmon Maode Rejection Ratio (R, = 10k&2)
CMR Tame = 725°C 70 80 dg
Tmin = T.azmb = Tma.x £0

Dutput Cumrent Source £V; = +1V)

‘soun)': VCC =+15V. vu =+ 20 44 70 ™A

Duiput Sink Current (Vi = -1V}

leing Vg = +15V, Wy = +2V il 20 mA
Voo = +158V, V= +0.2¥ 12 50 A

High Level Output Voliage

Yoo = +30V

Tamb ? +25§C‘ RL = 2K$Y 6 27

Ton € Famd < Trnax 26
Vou Tam = +25°C R, = 10k 57 28
Tmln = Tam‘:~ = Tmax 7
Voo = +5¥ Ry = 2k -
Tamp = +25°C 2
‘{m.n = Tam‘n = ‘Emax
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LEM124-LM224-L M324
Symbol Parameter Min. Twp. Max. Unit
Low Leved Quiput Voltage (R, = 10KkG)
VoL Tame = *+25°C 5 20 mv
Tn‘in = Tamb = Tmax 20
- Slew Rae Vi
; Voo = 15V, ¥, = 0.8 10 3V, R = 2k, C = 10GpF, unity Gain 04 us
GRE Gain Bandwidth Product N
' Voo = 30Y, T =100kHz Vi, = 10mY, Ry = 2k, Cp = 100pF 1.3 iz
THD Total Hammonic Distordion %
f=1kHz, A, = 20dB, Ry =2k, V, = 2V, G = 100pF, Ve = 30V 0015
Egquivatent input Moize “Yaltage nv
& f=1kHz, Rs = 1000, Vo = 30V 40 Jaz
DV |input Offset Viottage Dt 7 a0 Wy C
Dig, | nput Offset Current Dait ii] 200 pASC
Wy, | Ghannel Separation - nate it a8
ere 1kHz < §< 206HZ 120
LW, s LAVLR = A0 AV Wt S0V, DRV RV, T - 1Y
2. The direction of the wmput curreat is oud of the 15, This current is ialy constant indegendent of the state of the culput 50 no leadng change
exisis on the inpud lives.
B P L A T S S R R SRy s ron 02 T v cnd oo

4. Dus bo the proximily of extamal compaonenis insure that coupling ie net originating via siray caparitance betwaen these exteenal parts. This typaally
can &e delscles a3 this type of capachance noreases at highst fequenass,
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MOTOROLA

Order this document
by MC145026/D

SEMICONDUCTOR TECHNICAL DATA

Encoder and Decoder Pairs
CMOS

These devices are desighed © be used as encoder/decoder pairs in remots
control applications.

The MC145028 encodes nine lines of information and serially sends this
information upon receipt of a transmit enable {TE) signal. The nine lines may be
encoded with trinary data {low, high, or open) or binary data {fow or high}. The
words are fransmitied fwice per encoding sequence to increase secyrity.

The MC 145027 deceder receives the sedal stream and interprats five of the

MC145026
MC145027
MC145028

trinary digiis as an address code. Thus, 243 addresses are possible. i binary ’
data is used &t the encoder, 32 addresses are possible. The remaining serial he P SUEFEX
information is interpreted as four bits of binary daia. The valid transmission (VT) \ BLASTIC DIp
output goes high on the MC145027 when two conditions are met. First, two - CASE 848
addresses must be consecutively recelved {in one encoding sequence} which
both match the jocal address. Second, the 4 bits of data must mateh the fast
valid data received. The aclive VT indicates that the information at the Data ‘ B SUFFIX
output pins has heen updaied. . \ 506 PACKAGE
The MC145028 decoder treats all nine trinary digits as an address which CASE 7318
allows 19,883 codes. If binary data is encoded, 512 codes are possible. The vT N
output goes high on the MC145028 when two addresses are consecutively
received {in one encoding sequence} which both match the local address. DW SUFFIX
s Operating Temperature Range, — 40 io + 85°C 306 PACKAGE
» Very-Low Standby Current for the Enceder: 300 nA Maximum @ 25°C CASE 781G
+ Interfaces with RF, Ultrasonic, or Infrared Modulators and Damodulators
+« RC Oscillator, Mo Crystal Required
» High Extemal Component Tolerance: Can Use + 5% Components ORDERING INFORMATION
» Intemnal Power—On Reset Forces Al Decoder Outputs Low KC1450286F Plastic TIP
» Operating Voltage Range; MC145026 =25 t0 18 v* MO $OYaes
MC145027 MC145028 =4 510 18V MC45027F » P'Ei& SiP
« For Infrared Applications, See Appiication Note AN10150D MR SOQPRage
MC 145628P Plastic BIP
WC4RG2R0W SOG Pazkage
PIN ASSIGNMENTS
MC145026 KMC145027 MC145028
ENCUODER DECODERS DECODERS
a¢f] ¢» 16 [1 vng &0 1e 18 {1 ¥po AO1e 15 0 vpp
a2 2 15 1] Dy a2 2 150 08 Az 58
2303 41 JE Al 2 14 o7 a3l 3 W [ a7
M4 13 Fre as ] 4 13 o8 a4 13 42
20 s 12 o a5 s 2] o8 450 5 2 (] a3
sl s 11 Rg Ry B LRI R[] 8 BRIR
atorll 7 0] Ax09 ol 16.[] RaiCy & g7 36 [1 Rz
vesll & 5[ o8 ves [l @ o[l oy ves [ 8 g 0oy
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ELECTRICAL CHARACTERISTICS — MC145026", MC 145027, and MC 145028 {voitags Referenced to Vag)

Guaranteed Limit

- 40°C 25°C B5°(C
VD
Symbot Characteristic v Blin Max Min Max Min Max Unit
VoL Low-Level Quipui Voitage: ¥in=Vppeor0y| S8 — 085 — 8.05 — 0.05 W
10 — 0.05 — 805 — 005
i3 — 0.08 — 8.05 — o.0s
Ve High—Leve! Dutpul Voliagse Min=0orvppy]| S8 435 — 4.95 — 4.89% — W
10 49.85 — 5.85 — 9.85 —
15 14.85 — 14.95 — 485 —
i Lon-Level input oltage Y
Vot =45 05Yy | 520 — 1.5 — 1.5 — 1.5
Mowt=900rt.0vy| 10 — 3 — 3.0 — 3.0
Mot =1350015%3 | 15 — 4.0 — 40 — 4.0
Ve High— ene? Input Yoltage 5
Mout=0.50r45%y| &8 3.5 — 3.5 — 35 —
{(Vout=100r80%V}| 1D 75 — 7.0 — 7L —
Voue = 1D0r 135V 15 1 — k3 — 11 —
loH High-tevel Output Current ma
Moyt =28y} & ~25 — —-21 — -17 —
Vot =46Vy|] &0 | -D52 — ~0.44 — -0.38 —
M =8.5%y] 10 -13 —_ - 1.1 — -0.8 —
Mot = 13.5%) | 15 -3& - -30 — -24 —
oL Low-Level Cuiput Current A
Vo =04 %) | 51 0.52 - 0.44 — 038 —
Mot =0.58% | 10 £2 - 11 — FER:] -
ot =15y 15 34 — 3.0 — 25 —
lin input Current — TE 50 . - 3.0 11 — W A
{MC 145028, Pall-Up Device) 10 — — 18 60 — —
15 — — 3c 120 — —
tiny input Curent 15 — +03 — +03 — +1.0 WA,
Rg (MC145028), Din (MC 145027, MC145028)
tin Input Cumeni RA
A1~ A5, ARIDE — AQIDT (MC 1450253, 5.4 e - —_ t 110 — —
A1 A5 {MC145027), 10 - — — + 200 — —
A1 - AB{MC145023) 15 - — —_ 11000 — —_
Ciny Input Capacitance (Vi =3} — — — — 75 — — pF
[s}s) Quieseent Curent — MC145028 58 . — - 2.1 —_ — pA
10 — — — 3.2 — ¥
15 — — — 0.3 — —
DD Quiescani Current — MC145027, MC145028 58 — — — S0 — — A
10 — — — o — y-
15 —_ — — 120 — —
I Dynamic Supply Current — RC145026 S8 —_ — — 200 — — nA
dr
{fe = 20 kHz) 10 — - — 400 — —
18 — —_ — 800 — —_
Idg Dynamic Supply Cumrent — MC145027 MC145028 | 5.2 — - — 400 — — LA
{fe = 20 kHz} 10 — - — 800 — —
15 — — — 1200 — —

* Also see next Electries! Characteristics tabie for 2.5 ¥/ speeiications.
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R . ; Fedougry | B8
W Vational Semiconductor
CD4028BM/CD4028BC BCD-to-Decimal Decoder
General Description Features
The CDA0ZEEM/ODMO2EEC i & BODHo-docimal or Minary ™ Wide supply voltage range 3.0V to ¥5Y
torootal decoder cormbling of 4 inputs, decoding logic  m High noke immurity 045 Voo {tvp)
gates, and 10 cutput bultsrs. A BOD sode spplied tothe 4 m Low power TTL fan ot of 2 driving 4L
nputs, &, B, C, and 1, reaulls in = Righ lovsl at the salscted compalibiity o 1 diving 7418
t-ottD dodmel decoded oulputs. Simiedy, & &bl Hnery 1oy Dower
it D7, A high evel sigot e D et b ety I 109 s
paits 07, izh levsl aignal at the O input inl o S8 ciinra Lot B
dacoding and causes oulpuis 0-7 to go low. ® “Fositive jogic” on inputs and outputs
igér;pmg ansi g:m:;'m:tadrﬁgfﬂsl siatic discharge damaps by Applicaﬁnns
SEmpE 1o Voo &nd Ve m Coda convergion
® Addrogs decoding
m Indicator-tube denoder
Legic and Connection Diagrams
____D ¢ 814, Dual-in-Line Package
ot Y e
—__D,—l 7, 2NN 2. S
ig
K ] .y’ ) Y Qv.....“.l.. E-?I
’ [‘&*”“ P W" 4 b5
Pt e
L o [ ot~ o 2
LD-@ ' S e - § e
i+ D: o ;_l -!-q-&
L‘D“‘“ D"_D"_‘ 3 £l
Vg = — 8
- oot
TSRS -2
II:)"‘ r__D}._DQ__‘x Top View
TLSFF S8t
Truth Tahle
DCB A|D 1% 3 4867 6 B
a o0 @lt o000 0B BB e 0
0o @ 1o vy 00 0600008
08t ol s 000000 0
a0t tloe oo aen0 e 6
@ 1t g ofnoe oo 000 |l )
0 T 0 1|0000 8 yo oy o, So0otaes
9t blov oo o ten G
te—Highlewsl [ § £ 1[0 0 0 6 & 0 ¢ t 0 &
Gmiowlovel |1 0 0 0|0 0 0 0 00 8 0 1 @
R EEE -
LI < < T T T T T
oo flo0 0080000 ¢
t 16 o6 8806000 o8
Lt o t{0 000 a0 o || DUecrneyStaes
f 1Y 0|0 D00 860006
it f Y6000 80080

TS Materal Swrriosmiu e Cofparaian TRAFARISG S-SR RERE IR S A

lapodeg |ewnsd-01-god 04820vad/Ng8covad
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Absolute Maximum Ratings poss 189

It Military/ Serospace specified devices are required,
please contact the HNational Semiconductor Bales

Recommended Operating
Conditions moten

Suppiy - %10 18V
OtticesMetributors for avaliability and specifications. \ _l"! V:ﬂﬂﬁ‘i‘f\"g@} @:sb:;l 1"
Supply Voitags (Voo) 0510 418V e N on - ° Vo

- Oparaling Temparatra Rangs {Ta
. y ) ! o 40
lnipst Voltage Myg) ‘ 2510 Vgg 405 TR BECI + G
Siorsgs Tompearsthus Rangs {Tg) G5 1o 4+ 18000 ODdOSERE AT 3 16500
Fower Dizsipation (Fo)
Dnsgbin-Ling T W
Smalt Qutlns B0 miwd
Laad Temparaturs (¥}
{Soideving, 10 ssconds)} 285°C
DC Electrical Characteristics coswesso pios 2
Symbol Parameter Conditions LA LAY 125°C linits
Win | Mex | #8in | Typ | Max | Mn | Max
Ing Susescant Device Cuwant Vg - 8V, Wy =~ ¥on or Vgs ] LRy 5 150 | pA
Yoy = WON, Vi = Vop o5 Vg 10 o | 10 300 | ph
Wog = 18V Wy = Vonorgg 29 [ 28 BO0 | pA
You Low Lavet Duipat Woltegs (Rl < 1 JA Wy = O, Vg = Wnny
Wiz e BV ans o |oos 208 | v
Yy — 10% s o |oes 0os | v
Wogy = 18 D a A0s a5 | W
You High Lewe! Output Vottage | in! < 1 A N O Wy Mo
Vg = BV 495 485 | 5 4885 ¥
Voo — 1OV 295 288 | 10 085 W
Sy = 1Y 14,85 105| 15 1485 ¥
Wy Low Lewsd Imput Woltaps ig o L
Nign o B, N 080 or 48V 1.8 225 .58 5 W
Voo ™= WY, Vo~ Wors¥ 38 4.8 3.8 s3] v
g = 18V, Vg = 1 SV or 135V 4.0 875 | 40 4o | v
Vi High'Levalinput ¥ollags |l < { pA
Wop w BV, Vo - 08Vor 48V | 35 35 258 a5 W
Yo = 1OV, Ve = IV OrEV T 7o | 88 .0 W
Vog = 15V, Wo -~ 18Vor 55V 1.0 1w | 828 110 v
oy Low Leve! Oulpul Gursnt Wy = OW, Wy = Vg
{Mota 3} Won = BY, Vg 04V L84 251 t.4 il f1Y
Vo - 10V, Vg — D5V T8 | 28 0.8 mA
Wog = 18Y, Vg —~ 1BV a4z 34 | 88 2.4 mA
o High Love! Output Cumenl Wy ~ OV Wy =~ Von
{Hots 3} Von = BV, Vg ABY ~025 02| 04 4 mA
Womy = WOV, Vo = Q8V - B @5 (P+] 835 A
o = 18V, Yo = 185V - P& 30 -1.4 ma
I Irpest Cuvant Vng = 38V, Vg - oV 1 Ll I R -t 8] pA
o = 18, Wy = 1BY 2R -5 | o 10| pd
DC Electrical Characteristics coweses pos 5
Symbot Parameter Conditions —— o +E5C | fyits
Min | Max | Min | Typ | Max | #in | Max
by Cusoscont Devica Cumernt | Vg = BV, Wpy = Voo orVss 2 a0t | 2 150 | b
Vo = 10V, Wy =~ Vg or Vigg 44 oy | 49 300 | pA
Vg ™ 48Y, Vg = Voo o Vs &0 O.02 | 80 0l | pA
You Low Levsl Ouiput Voltags | ot <1 A, Wy = 8, Vi ~ Voo
Non = BV .08 o |ops aos [ v
Vo =~ Y a.as 4} i+ ] o0 ¥
Vo~ 18V 4.8 4} 08 oL v
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&N&tionai Semiconductor

CD4093BM/CD4093BC Quad

Fobruary 1H88

2-Input NAND Schmitt Trigger

General Description

Tha CO4SSE comsists of fowr Schmilt-iigges crouits. Each
circuit tunctions as & S-input NAND gale with Schmili-idgger
action on both inputs. The gate awitchas at different points

w Equat sowes and sk cuwrsns

® No Simit on input rise avd T2l time

® Starderd Bgeres cutpat dive

® Hysioresk volfage {any inpul) Ty « 25°C

for posithe and negative-going signels. The ditferance be- Typical Wap = B3OV Wy = 1 8V
woan tha pogithve () and the megative wollags (W )is Won = 10V Wiy = 22
detinad as nystersais voltags (W) Womy = 18V Wiy = @0V
Al outpssts have equal sowes ard sink currents and con- Guagsniosd Wy o~ 0t Vo
form to standard B-soribs oulput drive {see Static Electics!
Charactsdistios). Applications
. ® Wavwe and pulss shapers
FEB ture 5 m Hobengiss-envionment systems
® Wids suppiy voltags rangs SO to 1Y w Monostabls mulivibraions
® Schmitt-thggsr on sach et ® Agtebis muiliieibraters
with ro extenal componants ® NAND logic
® Noise immunity gregisr than 50%
Connection Diagram
DusHin-Uine Peckage
Yab H 3 L ¥ £
!N EE] e | Isu I;sf £
TLOEARRES -3

Top View
Crder Num bey COB38

196611 BIWYos NV N Indul-g penp 08£60¥aD/INEE60¥AD
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Absoclute Maximum Ratings soss 142
I# Wiitery! Aergapace specified devices ave required,
piease sontzet the Natonal Semiconductor Sales
Otfice/Distributors for availabiiity and specitications.

Recommended Operating
Conditions gewa

0BG Supply Voilags (Vo) %o 15 Voo

DO Bupply Voltaga Vopd
Input Vaitags {(Vgh

Sioeage Terporature Range{Tg}

Powesr Disaipedion (P}
Dustin-Line
Small Outiins

Lend Tomperaturs {Ty}
{Soidaning, 10 soconds)

=88 o+ 18 Vop
= 1.5 1o Vo + 85 Yoo
« 80 + 188G

70 W
Bt mw

28000

input Voitags (Vi)
Cperating Tompaaturs Rangs (Ta)

O Voo Voo

CDI0SSBEM 55T + 1250
COAOR3R0 = 4G to -+ 850

DC Electrical Characleristics coanesa tuots 2

Symbol Parameter Conditions 850 rase L Units
Hin Max | Hin Tvp Max | Hin | Max
oo Cusszcen Davice Voo« &V ] a2s 75 nd
Curvant Moy == 10V 95 0.8 188 | pA
oo = 18 1.0 1.0 O | pA
Vo, Low Lewat Vg = Vg gl <tk
Dutpet Vaitags Wiy« BY QoS a ans Q.08 v
Vi «o 100 Q08 & Q08 Q.08 W
Von « 18V 208 ] Qo8 0.08 ki
Vo Higih L eneal Visg = Vgg, Hol < tah
Dutput Voltags Von ~ 5 485 4.885 5 4.85 A
Wog = 10V R RS 10 aes W
Nap 15V 455 4 85 1% 1485 A
¥ MNagatwa-Golng Thesghold | la <1 pa
Woilage (Anylaput) Won =~ 5. Vo ~ 4 8¢ 3 225 [ 15 18 225 5 23 Ay
Vo s 1OV, ey ~ B 285 45 35 4.4 4.5 30 | 485 Ay
Won o« 1B Wy« 185V | 485 | 75 | 45 &35 G875 | 45 &8 iy
Wt PraithesGoing Theashold
Wollsgs [Anylnput) 275 | 365 | 275 i3 38 | 285 | 35 5
ng s PO Wiy e B 58 L5 | &5 82 L} B35 | TR W
Voo < 18V, Vo = 15V | 825 | 1085 | 8.25 an g | 81 05 1
Wiy Hystarssss (Wt o« Wy~ ) | Wop « &V a5 2385 | as 8 20 | 038 | 20 ¥
{Aayinpul} Voo = 1oy 18 435 | 4 22 4.0 | a7 | 48 v
Mo s 18V 15 B3| 18 2% 5.0 18 | 88 W
1ot Low Leval Qiutput Mz = Vo
Cwrant Pots 3k Von « 8, Vg = B4V a6 0.5% .55 038 ma
Vog = 10V, ¥g « Q8Y 18 15 2.25 o mA
Nan = 18V, Vg = 16V 42 34 &5 24 mA
lewy High Lewal Cutput Wisg = Wgm
Curvent (Nota 3} Wony = BV, Wo o~ 4 8¥ = QA4 Q8 | -0B8 Rk ] mh
Won o 10V Vg« 88V | =18 =18 | =228 (LB A,
WVog = 15 Vg = 138 | ~42 %41 ~BA 2.4 A
[ 1ot Currant Vg« 1BV, Vg e OV =Lt %t B I - N w10 | A
Won =~ 1BV, Wy o Y 0.1 WS | Qs (X1 BA

Hody 1 Spoluey W adrram Petngs’™ ave oo valass baond wiidh S saxmv ol ;e dwsm et bo gt oo Sy mm? et Ao gy S the deroon:
¥ 3 cordigors o sohus dodios

shvedd bo oponstad & fvoss Bevits. Tha sl of "Boo

TR BEOTL

idod O tx

 gind "Bl

[

.

¥ote = Vgs o OV aniass ofwewie sponiled.
Hoto B e a0 g arn tonted o Dot @1 & a
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Symbol Parameter Conditions —ae r2se LA TR
Min | Max | Min Typ Max | Min | Max
oo Qs scsnd Devics Wog = BV 10 0 75 A
Current Wy~ 10V 28 25 150 | pA
Vi = 15V 40 a8 300 | pA
Var Low Lewal Vipg = Mo gl <t pA
Ouput Veoitage Vog = BV 0.05 o o008 08 | v
Yng = 10V 2,08 & 0.5 o | W
Vo = 15V Q.08 a Jikesd s ¥
Vo High Lowst Wope s ¥ag lop <1 pA
Chtoul Voltags Ve = BV 485 ER: 5 465 ¥
W =~ 10V 885 kel 10 &85 v
Vo~ 1BY 1485 1488 5 T4G8 W
¥ro | Megatva-Going Theeshodd | figl < 1 pA
Wollags {Sny Inputh Vom = B, Vg ~ 4.5¢ 13 | 225 | 15 & |z2s| w5 | 23 | ¥
Wan = 10¥, Vo = 9 285 | a5 | 30 4t | a5 | 30 |485 | ¥
Voo = IV, Vg = 128V | 458 | 878 | 45 | 83 (878 | a5 | &9 | W
W+ Positive-Going Trreshold | gl < 1 pA
Wollaps (Any Ingut Wy o B¥ W = G5¢ 276 |35 lers | 33 |38 | 28 | 35 | v
Wy = 0¥ Vg = &% 55 718 &5 8.2 30 535 7.0 W
Vom = 1Y Vg = 1BV 525 | 1088 828 8. jix 8.1 105 W
Vi Hysteragis (+ — ¥T—) | Vo =~ 5W o5 | 2w | os 15 | 2o | wss | ozo | v
(A nput) Vo = 10V 18 | 43 | 10 22 tap | ore | 40 | W
Wog = 1BY #h &3 15 27 S8 | w20 | 80 ki
lw, Lo Lewal Qutput Wag s Vo
Current {iots 8 Vo = BV ¥Wg = 0V | os2 gad | ass .55 mA
Vim s« 10V, ¥g = 05¥ | 1.3 13 | 225 o mA
Wegy = 18Y,¥g = 1EV | 3% 30 | a8 24 i,
T High Lol Output: Wag = ¥og
Curvant (Mot 3} Vion = 5, Vg = 48V .52 Q44 | =088 “Qs8 mh
Wom = WY, W =~ BBV w1 3 s | BEE «QR mA
Wog o 1BY Vg« FREY | w38 w30 88 24 m,
ipe EESCERS T L Vo o BBV, Wpg ~ W w83 w38 0% w30 pd
W  1BY, Vg = 15 a3 s 03 1.0 BA
AC Electrical Characteristics®
T oo B8C, O « 80 pF, Ry« 200k Input 1, 4 « 20 rg, uniess othonwise goecited
Bymbaol farameter Conditions #in Typ Hax Uinite
togit, togs Propagstion Dslay Tims Wopgy = BV 386 450 s
Wop = 10Y 1 250 s
Voo = 16V 80 180 s
trag. tring Transflon Time Yoy = BY k< 4] 145 fi-}
Voo = 10V & 5 8
Wy« 16V 10 ) s
Cg lepant Capacitance {Brne drput) 59 75 pF
Cog Fower Disspstion Capecitance {Per Gate} 24 ofF

"AC Paarnalevs Bre geleniesd by DE cordiaiod 1asting
Hote I Vg OV wnbess ofeewse speitod
Hote T oy a0 i 00 fesded om0 ol § & S
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BC546 THRU BC549

Small Signal Transistors (NPN)

FEATURES

¢ HPHN Silicon Epitexisl Planar Transiskoes

¢ These fransistors g subdivided inty Yeee groups
&, 5 and C socording to their curent gain. The type
20548 is avallable in groups A and B, how-
evar, the types BOS4T and BOS48 can be
supplied ir gl thres groups, The BCS49 ks a
towenoles type and avaliable in groups B and
€. As compiemerdary tpes, the PHF Tansis-
org BUSSE ... BCSSS ag recommended,

¢ On special request, these transistors are also 1y,
manufsetured n the pin configuration TO18. o

P B en
;” MECHANICAL DATA
Case: TO-92 Plasfic Packane
LimErEians kY IENRE F00 (iTsters) Weight: approx. 0.18 g

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS

BEENGE & 55 1 SOVIETE SMNETALES UTess Clreanse Spesries

Symbol Value Unit
Collactor-Base Yoltage BCS46 | Vesn 83 W
BCRAT YVeno &0 M
BCH48, BCBME | Vogn 30 Y
Collechor-Emitter Valtage BCBG | Vezg &0 ¥
BCSAT | Vess & W
BOB4S, BCSAS | Vers 0 Y
Collzctor-Emitter Voltage BGCHE | Veomg £3 W
‘ BCKAT | Voo 45 K4
BCH48, BCBAD | Veen an Y
Emiter-Base Yoltage BCHAG, BCHMT | Verp 8 v
BCS48, BOSME | Vo 5 W
Collactur Currest les 100 oy
Peak Collector Curent e G mA
Peak Base Curent [ X rad
Peak Emitter Current ~fEn 208 ma,
Power Disslpation at Tgyy = 25°C Pie g 1y
unction Tamperstiure Tj 150 *C
Storage Temperature Range Tg » —i‘;slta +180 *
% Yalld provided that isads are kept af ambient tampenature ala distance of 2 mm from cags
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1N4001/L - 1N4007/L

i N C.Oﬂiﬂﬁ&?l o 1-OARECTIFIEH

SPICE MODELS: 1RN40ET TH4002 NS0T 1RSI 1M4005 1H4008 N7

Features

» Diffused Junction

» High Current Capability and Low Forward | | 1 |
Voltage Drop A B I A :

+ Surge Overload Rating to 30A Peak ‘ | _L

s Low Beverse Leakage Current T — | 4

v Plastic Material: UL Flammability I T
Classification Rating 94V-0 T c

B

Mechanical Data DOA1 Plastic A0S

¢ Case: Molded Plastic Dim | Min | Max | Min | Max

+«  Terminals: Plated Leads Solderable per A 2640 | — | B4 | —
MIL-STD-202, Method 208 B 406 | 521 | 410 | 520

. ‘Z‘)‘?‘f}“?’i gfgh;f‘; gg“d f ) ¢ | o7 | oesa| 053 | o6t

. eight: - S0 grams fapprox] P

A-405 0.20 grams (approx) 3 2 2'?2 - 230 | RN
«  Mounting Position: Any Alf Dimansions in mm
- Marking: Type Number 17 Suffix Dosignates A-405 Package

o Suffix Degignatas DO-41 Package

Maximum Ratings and Electrical Characteristics @ Ta = 25°C unless otharwise specifisd

Singla phase, half wave, 60Hz, resigtive or inductive load.
For capacitive load, derate curent by 20%.

iH 1N 1M 1N 1N 1N ;] .

Chatnotogsl Symbol | 501/ | 4002/L | 400311 | 4004 | 4008/ | 400/L.| 4007 | Unit
Poak Repetitive Ravarse Voltage Vrra
Working Poak Reverse Voltage Ve 50 100 200 400 609 f24] 1050 v
DC Blocking Voltage VR
RS Pevarss Voltage Vrrus | 25 70 140 280 420 580 700
Awvsrags Redtified Cutput Curmant ! 10
{Nate 1) @ Ty =75°C N\ \
Non-Rapstitive Poak Forward Surgs Cumant B.8ms
singhe half sine-wave superimposed on rated load lrsm 30 A
{JEDEC Msthad}
Forward Voltage @G l=1T0A} Ve 10 Y
Peak Ravarse Currant @& Ta= 25°C 74 5.0 A
at Rated DC Blocking Voltage @ Ta = 100°C 50 H
Typical Junction Capacitanca {Note 2) [¢] i6 8 pF
Typical Thamal Basistance Junction to Ambient Fas 100 K
taximum DC Blocking Voltage Temparature T +150 “C
COpering and Storage Temperature Bange [Note 3) Ty, Tsma £51t0 +175 “C

Notes: 1. Leads maintained at ambisnt temporsture at & distance of 3.5mm from the cass.
2. Measured at 1. MHz and applied reverss voltage of 4.0V DC.
3. JEDEC Value
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KING MONGKUT'S INSTITUTE OF
TECHNOLOGY LADKRABANG
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