mM3auasauANMsiginiiatstiyaaia

SMART ELECTRIC ENERGY METERING WITH DEMAND CONTROL

oy
=Y d
wesiund  gauslanm
WEsINE  Weewen

weguu  assagmwaed

a --3 o .. . o a w  a
ViginusiiludaunilsvssmsfinuvaamangasinanssudiandUudi
nadYAansauliia ansddanssudians
_ dafuwmealulatinssasuindndngammaainnssus

Un1sfinwn 2561



n13iauazaluaNnIsidlniietsyaain

SMART ELECTRIC ENERGY METERING WITH DEMAND CONTROL

Tny
=Y ¢
westuns  gouglana
UYSLUA WeaMaY

WIWFIUUN DIT0FNINIA

o

= =1 ' = o a fo o
U‘%mumvﬂuwusuLﬁuaquwuwaam'sﬁnmmwangmamﬂsiumaﬂsumw
NMAIYVIIAINTSUINHY AuIAInTsuAIEnS
dorumalulanszaaunaidnnummsaianssus

Un1sfinen 2561



SMART ELECTRIC ENERGY METERING WITH DEMAND CONTROL

TANIN THANASOPON
TANET PHAYUNGHOM

THUWANON  ATTHASUPHAPHONG

THIS PROJECT SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT
FOR THE BACHELOR’S DEGREE IN ELECTRICAL ENGINEERING
DEPARTMENT OF ELECTRICAL ENGINEERING FACULTTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG

2018



UnsAnwn 2561

nMsinkagnsauAumMslylnihegwiyaain

SMART ELECTRIC ENERGY METERING WITH DEMAND CONTROL

g
wgshung  gruslanu
WIESUA WEIVD

U'lEJ‘D:TW‘lJ,Uﬁ a‘i'mqquﬁ



e e
219158NYUT N

sAATaRAY  AnATRUdR
Usguaniinustnisfine 2561
MeIvIEnssulun

AuydmnIsumand anduwalulaBnszidinuvvnsaiansed

1599 Myiauagnismuaunslilniiogissgaana

AaMig
1. wnestiuns uslann
2. WysA WEINDL
3. BTN AIINFNNIA

.......................... ’ ....&............T..‘.T}-.:ﬁ..........mmséﬁﬁﬂmim

(R5.AUAW nalsl )



n3iauazAuaNnIsltininegreviyaain

westiuns gruzlana
WIUELUA WEIa
WILFIUUN DTTOFNINIA
sAasgianl Andsmidaan ermssiuinum
AS.aUAN walsd 57U n
Un1sfinwn 2561
UNANED
AT qUszasdiRoannsldndinuesredudes Tnsesuansnslingany
T o ezt umaSursouenaiad ‘L?],j\‘igﬁﬁ’]ﬂJ’)‘iﬂﬂ’JUﬂuLﬂé@\ﬂ‘ﬂﬂﬂ’m’lEJ'LU‘l?J”mLﬁB
fesonstaadedld i ilalaly wasisldvihszuuiesngiuenaialnanmalifiiowans
Alrivanniodldiniudazeaiio s TaaTosldlniildwdsmun Tnafmunios

o 1 s 1 [ g.‘z % - a 1 8/ a, = a
U INNUDEINTUTZTUUNIN1IAUIRLALUNITRAAINAT N Lagn1efiiuniIsUausoLtle

3ol ivinlasesagainsinsy ereni1sUsEndana U



Smart Electric Energy Metering with Demand Control
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ABSTRACT

In this project, we investigate a problem in energy-wasting. The smart meter
that illustrates the real-time electrical bill will aware the consumer to reduce energy.
In addition, we also have an air conditioner and lighting control system that can be
controlled via web application. Reducing energy consumption system is more useful
with our load type analyzer. The load classification will help the consumer to aware

of the appliance that consumes a lot of energy.
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e Compliant with Bluetooth va4.2 BR/EDR

CPU and Memory

e Xtensa® 32-bit microprocessor(s) e 80MHz clock frequency, up to
e 448 KB ROM 160 MHz
e 16 KB SRAM in RTC e 520 KB SRAM

Peripheral Interfaces

e 34 programmable GPIOs e 12-bit SAR ADC up to 18
e 2x 8-bit DAC channels

e x SPI e 10 touch sensors

o x [|2C ® X285

e 2 xLED PWM up to 16 channels e 2 x UART
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2.5 Message Queuing Telemetry Transport (MQTT)
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1 0 0 0 2 5.35
2 0 0 0 3 8.47333

| 3 4] 0 i 1 0 1.47

| 4 0 0 1 2 5.28 14

| 5 0 ] d, 3 9.7 2.62667

| 6 0 1 0 1 4.82

g 7 1 0 0 1 0 0.41667

[ 8 1 0 0 2 5.73333 0.8
9 1 0 0 3 9.13333 1.46
10 0 1 1 1 1.83 5.18

| s | 1 1 0 1 5.1 0.69667

| 12 1 0 1 1 0 2.43333 1.38
13 1 0 1 2 55 22 1.6
14 1 0 1 3 9.97 3.03667 1.87
15 1 1 1 1 3.16667 5.83333 2.03333

avg AS

speed 0-1 40.4833
speed 1-2 5.46583
speed 2-3 9.31917
swing 2.27042
sleep 5.23333
cool 1.28208
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A19197 3.3 uanemamaunsvasiadlninssuasirddniiusnginnuduuadngg

%

10
15
20
25
30
35
40
45
50
25
60
65
70
75
80
85
S0
o3
100

Vv
2x1.2
2215
2213
227.2
227.3
227.1

227
227.4
227.4
227.4
TS
273
2273
227.6
227.4

227
227.4
227.4
Al
226.4

227

TA

0.018
0.021
0.021
0.021
0.022
0.023
0.024
0.027
0.031
0.034
0.036
0.037
0.039
0.042
0.045
0.052
0.061
0.075
0.095
0.113
0.113

PW

0.8
5 %% |
1.2
12
1.3
1.4
15
1.8
2,
2.4
3.1
3.8
4.7
61
7.3
93
148
15.1
20
24.1
24.1

Q VAR

-4.2
-4.6
-4.6
-4.6
-4.8

=3
o3
el

-6.6

=73
-7.4
-1.5
-1.4
=

3
-1.4
-1.4
A
8.5
i

-

SVA

4.2
4.7
4.7
4.8
4.9
.2
5.6
6.2

N
8.1
8.4
8.8
9,
1.3
1.9
13.8
17
21.7
Plis by d
25.7

pf

0.27
0.28

3
0.31
0.31
0.38
0.45
0.53
0.63
0.73
0.78
0.85
0.89
0.92
0.94
0.94



Relationship between P & % of brightness
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5. y = 9E-05x° - 0.0097:¢ + 0.3828x - 3.5207

Active power
- (¥
v Qo

[
o

wn

=]

0 10 20 30 40 50 60 70 80 90 100
% of brightness

A s sl 1 o L = o 3 I
JUN 3.18 nsmluansmnudusiusseninaiiaslwinesadumnudiuuassngg

Relationship between S & % of brightness

30

y = 2E-06x* - 0.0003x + 0.02x2 - 0.3905x + 6,8575

25

20

15

10

Apparent Power

0 10 20 30 40 50 60 70 80 90 100
% of brightness

4:; s o g 1 o o el 1
JUM 3.19 nsmluanspudiusseninmaalwiualioutumuiduuasng
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4) EVAPORATOR
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5) OSC. (SWING)
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N15NARBIN 4.1.2 : AdOUN T IMBUNTISA nBunLsaluga

1) ON/OFF

_%H_( AN 0NN F——’— 'r*__r e T ’;

\ : = J__MJ_] U oLl ol J____l\_gg

2) SPEED
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4) EVEPORTATOR

Tomrrnnnnnrn i TN0NT

6) SLEEP
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State Cool Sleep Swing el v l . >
Speed (Volt) (Amp) (Watt) (var)
0 0 0 0 1 227 0.179 37.3 40.6
1 0 0 0 2 227 0.202 43.5 45.9
2 0 0 0 3 227 0.24 53.9 54.3
3 0 0 1 1 224.71 0.1866 39.79 41.93
4 0 0 1 2 225 0.213 46.2 47.7
5 0 0 1 2 225 0.253 56.3 56.9
6 0 1 0 ¥ 225 0.202 43.2 45.3
I 1 0 0 1 223 0.184 391 40.9
8 1 0 0 2 293 0.209 453 46.6
9 1 0 0 3 223 0.25 55.1 55.8
10 0 il 1 3 223 0.212 45.7 47.2
11 1 d 0 1 223 0.201 42.6 44.8
12 1 0 3 1 223 0.194 42 43.2
13 1 0 1 2 223 0.219 48 48.9

14 1 0 1 3 223 0.265 58.2 59
i1 5 d T 1 1 223 0.22 48.3 49.2
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State Cool Sleep Swing Al ¥ : i .
Speed (Volt) (Amp) (Watt) (var)
0 0 0 0 1 227 0.1786 37.25 40.45
1 0 0 0 2 226 0.202 435 45.9
2 0 0 0 3 224.65 0.24 53.8 54.3
3 0 0 gl 1 225 0.1873 39.96 42.08

4 0 0 1 2 225 0.209 45.5 a7
5 0 0 il 3 225 0.253 56.4 56.9
6 0 1 0 1 224.79 | 0.2015 43,14 45.3
7 il 0 0 . 223 0.183 39 40.9
8 il 0 0 2 223 0.209 45.3 46.7
9 il 0 0 3 223 0,25 55.1 55.8
10 0 1 3 1 223 0.213 45.9 47.5
11 1 1 0 1 223 0.209 453 46.6
12 1 0 1 1 223 0.195 42.2 434
13 il 0 s 2 223 0.218 47.6 48.5
14 1 0 1 3 223.03 0.265 58.21 59.11
15 1 1 1 i 226 0.221 49.5

48.6
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: Fan v I P S
State Cool Sleep Swing Speed (Volt) (Amp) (Watt) faif
0 0 0 0 1 226 0.179 37.3 40.4
il 0 0 0 2 227 0.202 43.4 45.7
2 0 0 0 3 226.43 | 0.2399 53.83 54.32
3 0 0 1 1 224,69 | 0.1863 39.75 41.85
4 0 0 it 2 225 0.209 45.4 47
5 0 0 1 3 225 0.254 56.4 57
6 0 1 0 1 224.89 | 0.2015 43.17 45.31
7 1 0 0 . 223 0.184 39 40.9
8 1 0 0 2 223 0.209 45.2 46.6
9 1 0 0 3 223 0.25 55 55.7
10 0 i 1 1 223 0.209 45.2 46.7
11 gl i 0 1 223 0.209 45.3 46.6
12 1 0 1 1 223 0.195 42.2 43.4
13 s 0 1 2 223 0.22 48.2 49.1
14 1 0 1 3 223 0.261 57.3 58.3
15 1 1 1 1 223 0.219 48 48.8
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4.4 n1590a89InAMIS WA Mewiin Resistive load way Inductive load 1agl4/STPM10

Wisunu POWER QUALITY ANALYZER PW3198 — Hioki

4.3.1 Resistive load

Energy recorded by STPM10

[1190.22,3557]

Energy [Wh]

Energy [Wh]

500 a0

Time [Second]

gﬂﬁ 4.1 nsMuansAdsuidalelagld STPM10 vae Resistive load

Energy recoded by POWER QUALITY ANALYZER PW3198 - Hioki

&

(1190.10,3557]

Time [Second]

gﬂﬁ 4.2 nsuansrnaanuiisalalaeld PW3198 vad Resistive load

NNITNAAD wuiw%’a;&aﬁlﬁmnnﬁiﬂma’tﬁff STPM10 Wguniu POWER QUALITY

ANALYZER PW3198 — Hioki ﬁmwmmmmﬁ‘auﬁmﬁu 0.01%



a1

4.3.2 Resistive load + Inductive load

Energy recoded by STPM10

70000

60000
[613.35,3597]

500.00

Energy [Wh]

EMOG
E

&

g 30000
[43]

j , Time [-Sécond] | \
guﬁ 4.3 nsuansAInd 1 uTdalalaeld STPM10 ¥a4 Resistive load + Inductive load
Energy recoded by POWER QUALITY ANALYZER PW3198 — Hioki
o [611.65,3597]
/
. I . Time [‘Scicond] . h -

gﬂﬁ 4.4 neliansamdsnuiinlalagld PW3198 veaq Resistive load + Inductive load

ANNTNAAD wudw%’agaﬁ‘lﬁmmmﬁm‘[ma’lﬂz’f STPM10 wiguiu POWER QUALITY

ANALYZER PW3198 - Hioki fimunaisedsudndy 0.27%
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Smart Electric Energy Metering with Demand Control
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ABSTRACT

In this project, we
investigate a problem in energy-wasting.
The smart meter that illustrates the real-
time electrical bill will aware the consumer
to reduce energy. In addition, we also have
an air conditioner and lighting control
system that can be controlled via web
application. Reducing energy consumption

system is more useful with our load type

analyzer. The load classification will help
the consumer to aware of the appliance that

consumes a lot of energy.

UNWI

luﬁﬂﬂqﬂ’umﬂfwé'wmvlwﬁﬂﬁ
- S - , | &
Wndugs thasnndiwiudszaniniia

X o & a A M v
PN dann Wi aduienanelulaias
FMIUNTIETAA L ULs a1 31NNNI81329
BINFUATELATHIANIEAT LaBNII61U
YMIANUIRDTITUAIRAT 31NATAT UM
Usainalnodiuaunida 2,000 asausanlng
2556 [1] taTadltiwwaluasaSandlsy
'Y A A A [ =1

wadwINAigade tajasdsuannia &
USU NI T9N% 42% WaALTWRIINY
TRIRINIABTEUULRIFANY JUTu Tl
wu 15% wo@nssunisldiasasls lWives
Aaudguidulymlunisaanisldwdsnu
v L DaaTaddTuanian Ll unaen Ll d
auag samantruuludymilugailié
J‘ L% d:" Qs a
Iu laplfinalulsdfinumisuszyasa

Lﬁawwnluﬂﬁﬁ;u"’m:uuﬁma”m?m
waztnaluladnisaasuuuliane laidnun
= v = s r=| J
FunuinliiiuluasaSaunuiniu lagy

f&mmﬂ%uﬁumimuqmﬂ?aal’ﬂﬁdﬂﬁ B



wawnAlaTunIaTUius ey Wovaziiu
win13 1a-Ja wio aaTzaUAIINLIIVD
in3oalg Wi Audlsnulasas CRRPRR
lLidepfiszuufitanldls=ndanssuuaz
TadTnmnsliwasnuliwesdls 13
afadinaisaasusiiauisatadinisls
Wi uazen Iwluudaztalus va9
;d“lﬁs‘ﬁ'n:ﬁw'lﬁglfmwinﬁqms’[’ﬁ“lwﬁ”rﬁ
vl dussdinefitazdoarunn
ﬂ’mﬁ]3Jﬂ’]il"ﬁ'\'l’mﬂhuLLﬂWWﬁLﬂ"ELuLLﬂ:I.’fﬂ
waneTldnioiumsniugudalulalas
NIUTzUL T waIRs

2. N 1)

2.1 NMIANIIEIUNNTLE WK (Demand Site
Management)

UEUUDY DSM [2] Aduuaz
"I,@mewmumamauﬁﬁa “HANTIY K30
TUsunsufisaininieeanuuy (design) Laig
salaldfnadaaiuazysumnslein
waldmsle Wi ulyedamanzay de
I nswennswasanuedvfUs=ansnan
Lozl i danslasuds:lominaany
Wanelaviuduniauannda”
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& v v Y o X
LAY load curve Nzt 19 ladadw ¢ail

1. Peak Clipping A8 41ATN1T DSM LWaIANT

biawdaants Wi gegaaaas (Reduction

of peak load)

a7

31]1"’] 2.1 Peak Clipping
2. Valley Filling 18 N15LANANNUGBINTT

Tuaa9 off-peak

Eﬂﬁ 2.2 Valley Filling
3. Load Shifting i LABWNTLE LWWN9 N T2

peak ;mj off-peak

!

U 2.3 Load Shifting

4. Strategic Conservation Ao NITFIL F3UNT

s Qs A 1
OUTNHWAITIIUG ﬂrwaﬂmi'lm"'lwﬂmn
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Eﬂﬁ 2.4 Strategic Conservation

5. Strategic Load Growth Ao NITLAY energy

sale

Eﬂﬁ 2.5 Strategic Load Growth

2.2 STPM10 Energy Metering IC

STPM10 L% 1C # 1 TUTANEIINH bW
anaanuuuldldoruidudindaann
(Peripheral) U214 lulasnanlniaiaas 4 spi
Interface & 1 W 5 U § 8 &1 3 N U
"l.aJTﬂ'sﬂauImaLaafﬁﬂuqﬂﬁ’r:{ﬂmm: b
MT9967 NIUSULTEY (Calibrate) waz N3

SUATWRIW AN [3]

o

qmé’nwmzﬁmm

o

a8

TANAIIUTY Lxlow usz Using
(Active, reactive, apparent energies)
= Jaf1 RMS UauIaulasnIzua
o -
= JaauD
o P «
* szyu@ldunisIunInAaisladuas
#nga
" 3997UNTINTFIU IECE2052-11,
IEC62053-2X
* anuHawatarnasndi 0.1% lu 1000:1

range

2.3 Message Queuing Telemetry Transport
(MQTT)
L% Protocol Ao aNUWULNILNANT
LTDU6 8L M2M (machine-to-machine)d
¢ o 3 A
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3.1.1 Hardware Layer ﬂizﬂaumanqﬂns ni
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3.1.2 Network/Cloud Layer
1UEI% Server #MTUIDITUNIS T AN D
1 s &
seniwgUnsollu Hardware Layer nugunsol
1‘% Application Layer Usznayeg
= HTTP Server

= MQTT Server
"  MySQL Database

s =

wonaan ‘fi &3 4 APl (Application
Programming Interface) 3 8 3 Jun1videu
Iﬂmnmmuqumsﬁﬁmumm@ﬂn'snﬂu
Hardware Layer

3.1.3 Application Layer
Wusuvesn1tinaunse lusunsud
831908 UUTIUVBY Hardware Layer LAz
A o
Network Layer LWBNITULRAIHANITIAAT LWRA
wazaIURUNIuselnaa Wi layd
saviulsznavlng ¢ Aa
*  Web Application iL8z Mobile Application

A ar L3 1
LW ﬂ?ﬂﬂﬁUﬂ?ﬁl'ﬁﬂ"l%N"]H Computer Laz

Smartphone
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=  Smart Application %38 1UsUnsunns
aunulnaaiwiiuuudsaio: lasas
Wuiauuuusaluldigw sdalunie
el Wi deludauls awlufenas

14 Al (Artificial Intelligent) CRPNEHIVED

4 nsnadaunazUssINwHa
s ﬂ?
410713NAADITAAINII AN N9
ﬁ'lﬂrl;ﬂ Resistive load LLA £ Inductive load TGI ]

1% sTPM10 11 8 U 'L POWER QUALITY

ANALYZER PW3198 — Hioki

4.1.1 Resistive load

Frengy recoded by POWER QUALTTY ANALYZER PWI 198 - Hiok: & STPM10

]
L /

/

/

Square «Moki  Last point | 1597, 1190.22]
Trisagle = STPMIO Last poiat | 3597, 1190.10]

PNNITNARA wu*jﬂﬁagaﬁvlﬁmﬂ
n13ialasld sTPMio 1l Uy POWER
QUALITY ANALYZER PW3198 — Hioki %

r-‘: a =]
ANUARIALARDUAALTW 0.01%



4.1.2 Resistive load + Inductive load

Energy recoded by POWER QUALITY ANALYZER PW3198  Hioki & STPMI(

PMNNITNA[DI WUINTauaT blaa1n

U

o

n1sialasled sTeMio L fis Uiy POWER
QUALITY ANALYZER PW3198 — Hioki il
AnuRRaRawAaLw 0.27%
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[1] NNNITHITIVVBINFUA TS
\IHmEns  lasumingndunisumans
nnaFISaumUssmalngsmunin 2,000
nsTonlull 2556

[2] Electric Power Research Institute
(EPRI), Principle and Practice of Demand-
Side Management prepared by Barakat &
Chamberlin, Inc. Research project 2342-16,
August 1993

[3]

<https://www.st.com/en/data-

Reference to application note

converters/stpm10.html
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PNP transistors

BC327, BC327-16,
BC327.29, RC327-40

Amplifier Transistors
PNP Silicon

Fentures
* Theve wre Ph-Frea Devdeas?

MAXIMUM RATINGS
Aating Symbol Valug Usiit
Coleetorw Enittae Vokage Vg 48 iy
Collactor - Emitter Voltage Vegs =50 Vo
Envittier~ Bage Voltage Veso ~5.6 Vo
G Cursgnt « C tg ~HOO A
Tota: Powar Diaaipation § Ta = 25°C Py &25 o
Darate above Ty = 250 EG NG
T‘mg:w« mmq;mm & Ty = 25°C Py 12 W
W& sbove Ty » 239C 12 NS
Oparming antt Storugn Junction Ty Tag {88t 218 [ 50
Temperature Range
THEAMAL CHARACTERISTIOS
Characteristic Symbol Max Unit
Thasereus! Registance, Jurghion-to-Ambient | Fya 200 AW
Therrnal Resistanen, Junttion-10-Caase Ruge BIZ | W

Stresses weceeding Maximum Ratings may damage the device Maseum
Ratings are stean ratings anly. Furdtional cparation sbove the Reoommended
Coerating Condvana in ot implied. Extentied sgones 1 sreases sbove the
Recommended Coeratng Conditions may affact device refiabiliey

*For addiional wiormation on our Po-Frae svategy and acidening detais, pizase
dewrlond the ON Semiconducter Seidering andg Mounting Technigues
Reference Masuai, SOLDERRMD.

@ B Eorarts
Seplember, 2011 - Rev. &

ON Semiconductor”
hitpy//onsemi.com

COLLECTOR
i

TO-82
CASE 29
STYLE 17
1 %
iy 2 4
STHAGHT LEAD BENTLEAR
BALK PACK TAY & RETL
AMMO PACK
MARKING DIAGRAM
PR
BC
AW .

-
BOwows Davicw Tode
A = Apambly Locaton
Y = Yeur
W = Woek Weak
. = Po-Frag Fackage
(Nese: Microdot may D in gahar locavony

ORDERING INFORMATION
Sae oelailed cedunng, masking. end ehipping irformation =
i posnbadgm VRaRinng sactice o page 4 of the St shaed

Publieation rder Nurmber:
acwID
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BC327, BC327-16, BC327-25, BC327-40

ELECTRICAL CHARACTERISTICS {7 = 25°C unless cthenwize noted)

[ Characteristic | symbot | min | Typ [ Max | unt
OFF GHARAGTERISTICS
Collectar - Emitter Breakdown Vioitage Vg Vo
(lo=-10mA, lg=0) PREE | e g o
Collector - Emitter Breakdown Violtage VigRicES Yde
(lo = =100 84, ig =0 ~50 - -
Emitter - Bage Sreakdown Voltage Visreso -50 - - Wdo
{le=-10pA ic=0)
Collector Cutoff Current oo nAde
Vep=~30V, lg=0) - - 190
Goltector Cutetf Current lees nfdic
(Veg = -48V, Vge = 0) - - -100
Emirter Cutoff Current ieso - - ~100 nAde
VMeg =-40V =3
ON CHARAGTERISTICS
OC Current Gain hes | -
flo = -100mA, Vee = -1.0V} 80327 100 & 530
BL327-18 WG - zZ5C
BC327«25 180 - 400
BC327-40 25¢ - 830
(o = =300 mA, Vee = -10v) 40 = %
Base-Emitter Cn Vohage Vigion: - - -1.2 Vde
{lg = <300 mA, Vee=-10V}
Cellector ~ Emvitter Saturation Veitage VeEat | - - 07 Ve
(I = <500 mA, g » <50 mA)
SMALL~SIGNAL GCHARAGTERISTICS
QOutput Capacitance Cok - k) - oF
Vep = -1V, Ig = 0. f= 1.0 MHz)
Current~ Gain ~ Bandwitth Prodoc t - 260 - Mz
lc = =10 mA, Vg = =50 V. f = 100 MHz)
g 10 T uwgm;::
o7 a5 : —
z i3] ==T:_“-‘& el '
w03 02 Ll e
g g 02 T ] ? e 1 “ i
7 ST ey e it = 10 8
gﬁ ol - : By = S00GAN MAX
000, = g a0 = £l 04
s SINGLE PULSE S B4 = FTECW MAX
i e LIHT "t ?‘;E D CURVES APPLY FOR
i LA P * imammn SHOWN
o e Y CHAE B - 1hy READ TIME AT t,
= | © i = To = P Biglt
0001 oo aos  am g oL L 4] 92 45 14 20 50 10 » 0 100
1, TINE (SECONDS}

Figure 1. Thermal Regponse

mfb:(;ﬁﬁuﬁm
2

53



BC327, BC327-16, BC327-25, BC327-40

1000 S 153 T 1000
= 105 NI toms Ty 10
e N \—~——
g “ \ L 1@[&‘—"' :'
g = <t _ﬁ:m\\ A 3
8 ll;"n. \\ 3 \ j‘é
& ~100 Toe 2 = § 100
=1 ‘ g
§ Pt oy ~ i
B | e e cumienT UMy L 3 E
6 | e e THERMAL LT N
= SECOND BREAXDOWN LT | [
1o (APPUES BELOW RATED Verol N - .
10 36 -10 30 100 T 1.0 -10 100 - 1000
Ve, COLEFCTOR-ENETTER VOLTAGE i, COLLECTOR CURRENT {mi}
Figure 2. Active Region - Safe Operating Area Figure 3. DC Current Gain
@ g 10 7
£ =T v LE
g Ty IS want
§ --01; { 8 Vm@ﬁ;“ i -
g B = T Vi @ Vi <10V 1
& '“! lg= g‘ 06
i il -500 mA 4 I
g 04 | A g o ’ /
g T s - b
7 or o - -t00 mA ; 2
3 - (> ] R Vs @ =10 |||
Soa P i 0 =t
ik 0t -3 -16 - 4R -0 -1 -100 -1000
s, BASE CHRRENT fmi} I, COLLECTOR CURRENT jm)
Figure 4. Saturatior: Region Figure 5. “On" Voltages
& Hap i
2 fheg 0 Vorian T =
M\ 5
2 gy N
% g o Saw I
% BRI 4 g
4 et 1] 5 ~He
ﬁ e mmE P
E "29:;,,_—-.—-
i
s ﬁ‘ 10
19 10 100 ~1000 Y -10 -10 100
i COLLECTOR CURRENT Vi, REVERSE VOLTAGE [VOLTS)
Figure 6. Temperature Coefficients Figure 7. Capacitances
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BC327, BC327-16, BC327-25, BC327-40

PACKAGE DIMENSIONS
TO-982 {TO-226)
CASE 29-11
ISSUE AM
A NOTES:
r"— rB STRAIGHT LEAD 1 OMENSIONING AND TOLERANCING PER ANSI
é 280 [ BULK PACK 5. CONTROLUNG DMENSION: WG
R l 3. CONTOUR OF PACKAGE BEYOND IMMENSION R
15 UNCONTROLLED,
?W/r g 4. LEAD DIMENSION 1S UNCONTROLLED I P AND
B, 4 BEYOND DIENSION X MINMUM.
MCHES WLUMETERS
m"‘“"«“/ T— oo ] [y
| e e
¢ an
" o
--i-ﬁ-— G x
o e
B ¥
. f
i [ SECTION X-X
1 ‘) N
s N ot T
R AR LB BENT LEAD o NG AND TOLERANGING PER
F— TAPE & REEL o O e
TR AMMO PACIC 3. CONTOUR OF PACKABE BEYOND
DRMENSION L IS UNCONTROLLED.
F 3 4. LEAD DMENSION 15 UNCONTROLLED N
& T kG AN BEYOND DIMENSION K MINMUM.
WLUSETIRS
PLANE K .miIE

Blcks

45

2|

ﬂ% |
G_’iz o] 14 i WESTN
@ J 20 |

- 0ok T

551

| =
e ¥ SECTION X-X &
N
STIE 17
T PN 1. COLLECTOR
Z BASE
1 EMITTER
BC327, BC327-16, BC327-25, BC327-40
ORDERING INFORMATION
Device Order Number Specific Device Marking Package Type Shipping”
BC327G 7 TFC-92 Straught Leas 5000 Units / Buik
{Fo-Fraej
BCR27RLIG 327 TO-52 Bent Lead 2800 | Tape & Fas
{Fo-Fraa}
BC227-025G BT TC-32 Sraght Leacd 5006 Unitz / Bulle
{Po-Free)
BC327-28RL1G 7-2& TO-52 Bemt Lead 2060 § Tape & Feel
Fo-Free)
BOR27-282L1G 32725 TO-S2 Bent Lead 2000 / Tape & Ammo Box
{Fo-Free)
BC327-4021G 7-40 TO-52 Berw Lead 290G / Tape & Amma Box
{Pb-Free)

#For information on tape and rael specificatone, including part orisntation and tape mTes. plaase rafer 1o our Tape and Resi Packaging

Specdications Brochure, BRD8GID.



Infrared transmitter

EVERLIGHT

Technical Data Sheet
Smm Infrared LED , T-1 3/4

Features
¢ High reliability
¢ High radiant intensity
¢ Peak wavelength /| p=940nm
* 2.54mm Lead spacing
¢ Low forward voltage
 Pb free

¢ The product itself will remain within RoHS compliant version.

Descriptions
¢ EVERLIGHT’S Infrared Emitting Diode(IR333-A) is a
high intensity diode , molded in a blue transparent plastic package.
* The device is spectrally matched with phototransistor , photodiode
and infrared recetver module.

Applications
¢ Free air transmission system
+ Infrared remote control units with high power requirement
+ Smoke detector

» Infrared applied system
Device Selection Guide
Chip
LED Part No. Material Lens Color
IR GaAlAs Blue
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D

EVERLIGHT

IR333-A
Package Dimensions
5.0+ 0.2
i ..
» H s <
AR EE
1 ]
t
2
i
-
@ Anode
@ —H/-Z @ @ Cathode
Notes: 1.All dimensions are in millimeters
2.Tolerances unless dimensions +0.25mm
Absolute Maximum Ratings (Ta=25°C)

Parameter Symbol Rating Units
Continuous Forward Current I 100 mA
Peak Forward Current Irp 1.0 A
Reverse Voltage Vr 5 M
Operating Temperature o ore -40 ~ +85 C
Storage Temperature Tag -40 ~ +85 C
Soldering Temperature Tsol 260 C
Power Dissipation at(or below) Py 150 mW
25'C Free Air Temperature
Notes: *1:Irp Conditions--Pulse Width= 100 /2 s and Duty = 1%.

*2:Soldering time = 5 seconds.
Page: 20f 7

Everlight Electronics Co., Ltd. http:\www.everlight.com Rev 3
Device No ! DIR-033-004 Prepared date : 07-20-2005 Prepared by ' Jaine Tsai



EVERLIGHT
IR333-A
Electro-Optical Characteristics (Ta=25C)
Parameter Symbol Condition Min. | Typ. | Max. | Units
IF=20mA 78 | 20 | -
Ir=100mA = 85 .
Radiant Intensity Ee Pulse Width< 100 s .Duty = 1% mW/sr
Ir=1A N 750 N
Pulse Width< 100 ¢z s ,Duty < 1%.
Peak Wavelength Ap IF=20mA = 940 =7 nm
Spectral AA [F=20mA = - nm
Bandwidth N
IrF=20mA 1.2 1.5
: Ir=100mA - 1.4 1.8
Forward Voltage VE Pulse Width< 100 s .Duty < 1% V
Pulse wmmsIFmé‘:s Dutyslo | = | 2640
Reverse Current I Ve=5V p - 10 ©A
View Angle 28112 IF=20mA - 20 - deg
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Typical Electro-Optical Characteristics Curves

Fig.1 Forward Current vs. Fig.2 Spectral Distribution
Ambient Temperature
140 100
[r=20mA
120 Tam25° €
= 80
z 10 X £ \
g - \ é 60 _ \\
S 80 \V E w |
5 \ b \
5 40 v \
R 99 g 20 \
o N
g O S T S GTo 102 040
=40 20 0 20 40 60 80 100 ) - ) =
Ambient Temperature { () Wavelength 3 (um}
Fig.3 Peak Emission Wavelength Fig4 Forward Current
Ambient Temperature vs, Forward Voltage
- 4
E 980 10 i
o~ ] tp=100s
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Typical Electro-Optical Characteristics Curves

Fig.$ Relative Intensity vs.

Ie-Radiant Intensity(m W/sr)

Fig.7 Relative Intensity vs,

le-Radiant Intensity {mW/sr)

Fig.6 Relative Radiant Intensity vs.

Forward Current Anguiar Displacement
- 20" .10 0 10 20°
; /
AT ' 30°
P
2 >
A %
100 LE - 40°
4 =
: 0.9 50°
10 /| % "
£ A8 60
Z 07 70°
80"
0 ] 1 o 3 4
19010 ¢ 10 10 06 04 02 0 02 04 06
Ir-Forward Current {mA)

Fig.8 Forward Voltage vs.

Ambient Temperature(” C) Ambient Temperature( C)
30 1.3
- 82
\ 2 = IF=20mA 3 N I=20mA
b=
[~ = ™
- z a
’5 9
10 ’; L1 ]
2
0 i
25 50 5 100 120 25 20 fb) 100 120

Ambieat Temperature{” ) Ambient Temperature{ ()
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Temperature and Humidity sensor

Datasheet SHT3x-DIS

Humidity and Temperature Sensor

= Fully calibrated,
compensated digital output

= Wide supply voltage range, from 24 to 55V

= 12C Interface with communication speeds up to 1
MHz and two user selectable addresses

= Typical accuracy of + 2%RH and + 0.3°C

= Very fast start-up and measurement time

* Tiny 8-Pin DFN package

Product Summary

SHT3x-DIS is the next generation of Sensirion’s
temperature and humidity sensors. It builds on a new
CMOSens® sensor chip thatis at the heart of Sensirion's
new humidity and temperature platform. The SHT3x-DIS
has increased intefligence, reltlfyandirlprond

accuracy specifications compared t0 its predecessor. its
MMSMMMM
distinctive and user selectable [2C addresses and

Benefits of Sensirion’s CMOSens® Technology

= High reliability and long-term Stability

*  Industry-proven technology with a track record of
mare than 15 years

* Designed for mass production

*  High process capabilty

= Low signal noise

Content

4 Operation and Communication................ .9
B  OhippIngPacka0e ...z I8
T Quality .o 19

linearized, and temperature

SENSIRION

THE LENZOR COMPANY

communication speeds of up to 1 MHz. The DFN
package has a footprint of 2.6 x 2.5 mm while keeping a
Wﬁasmmmuimmofm
SHT3x-DIS into a great vanely of applications.
Mclﬂorﬂyme\idasmyuhyera\gaofuhﬁ

incorporates
Mdmdsﬂmmmmm
humidity sensor indusiry.

I RH Sensorl IT Sengrl

Power on
o Reset
Calibration
Memory
1
Data processing RESET
& Linearization
i
Digital Interface Alert Logic
HADDR SCL Alert

Figure 1 Funcfional block diagram of the SHT3x-DIS. The
sensor signals for humidity and temperature are factory
calibrated, linearized and compensated for temperature
and supply voliage dependencies.
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SENSIRION
Dmeel m‘D[S THE SENSOR COMPANY

1 Sensor Performance
11 Humidity Sensor Performance

Parameter Conditions Value Units
SHT30 Accuracy folerance! Typ. 13 %RH
Max. Figure 2 %RH
SHT31 Accuracy tolerance’ Typ- +2 %RH
Max. Figure 4 %RH
Low 0.2 %RH
Repeatability? Medium 0.15 %RH
High 0.07 %RH
Resolution Typ. 0.01 %RH
Hysteresis at 25°C 108 %RH
| Specified range® edended” | 010100 %RH
Response fime® Tams 8 5
Long-term drift Typ.” <0.25 %RH/yr

Table 1 Humidity sensor specification

100
g ARHOHRH) | =

3 === =- maximal fcierance = 5 80
Y = typical tolerance 4 £ 7
“\ l” f %
P S M Y~ Sy . i & & 50 i
i“ -
\ / ’? 40
-y $ 32
g 2
20 _— 10
0 10 20 3 40 5 60 70 80 90 100 0
SHT30 Relative Humidity (%RH) 0 M 20 33N 40 350 60 70 8
SHT30 Temperaturs (°C)
Figure 2 Tolerance of RH at 25°C for SHT30 Figure 3 Typical tolerance of RH over T for SHT30

! For definition of typical and maxmum accuracy iclerance, please refer 1o the dacument “Sensiricn Humidity Sensor Spaciication Staement®,

% The stated repestoilty s 3 times he standard desiation (30 of multigle consecutive messufements at the stated repaatabiliy and at constant ambient conditons. 1t
i 8 measure for the noise on the physical sensor output

* Spaciied range resers to e range for which the umidity or tempersture sensor spacification is guaranteed.

* For details about recommended humidity and temparature operating range, please reder to section 1.3,

#Time for achieving 53% of  humidity step function, valid at 25°C and 1mvs afiow. Humidity respanse ime in the appilcatian depands an e design-in of the sensor
© ith acivated ART function (see sacfion 4.7) the response time can be impraved by a factor of 2

7 Typical value for operaticn in normal RHT operating range. see section 13, Maximum valug is < 0.5 RHYT Value may be higher in environments with vaporized
sclvents, cut-gassing tapes, adhesives, ging iaks, ex. For meee details please refer fo Handing Instructions.

Www.sensirion.com May 2015 - Version 0.93 221

62



Datasheet SHT3x-DIS

ARH (%RH|
o (%RH)

46 - — fypical tolerance

+4 4

12

0 —
0 10 20 30 40 50 60 7O S0 80 100
SHT34 Relative Humidity (%RH)

Figure 4 Tolerance of RH at 25°C for SHT31
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SENSIRION

THE SENSOR COMPANY

a0
g0
70
60
50 2
40
30
20
10

Relative Humidity (%RH)

0 10 20 30 4 50 60 T0 30
SHT31 Temperature (C)

Figure 5 Typical tolerance of RH over T for SHT31

SENSIRION

THE SENSOR COMIPANY

Datasheet SHT3x-DIS

1.2 Temperature Sensor Performance

Parameter Condition Value Units

Accuracy tolerance’ Typ. 10 {0 +35 0.3 *C
g Low 016 C

Repeatability? Medium 0.07 *0

High 004 °C

Resoluon Typ. 0.015 *C

Specified Range - 4010 125 *C

Response time & Teas =2 5

Long Term Drift max <0.03 *Ciy

Table 2 Temperature sensor specification

T
tzai-‘:‘:‘f-'}

M5+ N

10 T

= = maximal tolerance

) t—typmlmluame

60 80 100 120
Temparaturs {(°C)



Relay

RELAY
MODULES

JULY 2017

www.einstronic.com
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RELAY MODULE

EN
vCC
GND

GND

2-Channel Relay Module

Features
» 2 Channels of relay drive
» Opto-isolator driven relay

» 5V Operated

» Built-in indicator LEDs for each channel

» Equipped with 250V 10A relay

» SPDT Configuration for all relay channels

5vDC
10A 280VAC
T5A 125VAC
TOA 250VAC

JQC-3FF-5-1

SvDC
10A 250VAC
154 T25VAC
104 28GVAC

JQC-3FF-§-7

=

i
z

7

i

NC1
COMI
NO1
NC2
COM2
NO2
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2-Channel Relay Module

E=0— E=D—
+5V
o f—ﬂ—@g b2
s & ; E] : L) ;
- ~ - - -
é - t o ?0 v % E& x 4
p RELAY_2 oP2 I p RELAY_2
> Y
Sh a1 03 A -
BPBITC MMBT5551 &= a ¢ MMBT5551

GND

LED DPB17C

GND

K2.0uT
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Power supply

RECOM

AC/DC Converter

4 Watt
The RACO4-GA serles are low cost AC/DC power supplies, ideal for PCB mounted, compact, board Sin 'e 4
level industrial applications. They feature universal AC input voltage range, regulated and shorl-circuit g 4
-proof isolated DC outputs, low standby power consumption and -40°C {o +85°C operating temperature 0 Ut Ut

range. The RACO4-GA have a built-in Class A/ FCC Part 15 EMC filter, are certified to IEC/EN/UL60950-1 p

and EN60335 and are pending to IEC/EN/ULG62368 and ENG1558 safety standards and come with a

T EMC Class A

Part Input Output
Number Voltage Range Voltage Current
[VAC) vnc) [ma]
RACO4-055GA 85305 5 800
RACO4-125GA 85-305 12 330
RACO4-245GA 85305 24 170
On Request
RACO4-3.35GA 85 306 33 1210 70 2000
RACO4 09SGA 85308 L9 440 [ 1000
RACO4-155GA B85-306 15 270 78 200
Notes:

Nolet: Hificiency ks lested al 230VAC and full lnad al +25°C ambilent
Note?: Max. Cap. | oad Is fested at nominal inpul and full rsistive lnad

RAC04-_ SGA
nom. Output Power e 2 3 | EMC Class A
nom. Output Voltage Single
Ordering Examples:

RACO4 125GA 12Voul Single Outpul MC Class A
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RECOM RACO04-GA

AC/DC Converter Series

BASIC CHARACTERISTICS
Parameter Condition Min. Typ. Max.
Internal Input Filter Pi-type
- B5VAC 305VAC
inpuit Voltage Rengo | 120VDC 430VDC
Input Current Vv A
PR B 230VAC 55mA ]
) 115VAC 10A
Inrush Current . cold start at 25°C 230VAC 20A
Noload Power Consumption | — 1 — . W
Input Frequency Range | AC Input 45Hz 65Hz
Mrnlrnu_m Load ; =il 0%
115VAC 055
et L LN\ |/ /. IERN RS ]
Start-up Time | 115VAC, 230VAC 30ms 18
| 115VAC 5ms
iy f SRR Y Sl /S I e S I )
Internal Operating Frequency 100% load at nominal Vin 65kHz
| SVout 100mVp-p
| 0°CloB85°C 12Vout 150mVp-p
! 24Vout 240mVp-p
| #
Output Ripple and Noise | 20MHz BW | SVout 200mVp-p
| ‘ -30°Cto 0 °C 12Vout 250mVp-p
Y = 0 boosd [V (U V. Lo et oo L. o 300mVpp |
Notes:
Note3: The products were submitted for safety files at AC-Input operation
Noted: Refer to line derating graph on page 4
Noted: Measurements are made with a 12" twisted pair-wire with a 0.1uF and 104F parallel capacitor across output (low ESR)
Efficiency vs. Load
RAC04-055GA RAC04-125GA
100 100
20 a0
80 80 e
—_ 70 I N — 70‘ A o -
p T ] e
é == 115Vin g % —_—5in |
E o U T — E w l w230V —
30 E a0 [
20 E" 20
10 10
0 0
0 10 20 30 40 50 60 70 B8O 90 100 0 10 20 30 40 50 60 70 8O0 90 100
Output Load [%)] Output Load [%]
WWWw.recom-power.com REV.: 3/2018 PA-2



RECOM

AC/DC Converter

69

RAC04-GA

Series

REGULATIONS
Parameter Condition Value
Output Accuracy +2.5% max.
Line Regulation low line to high fine +0.5% max.
Load Regulation 10% to 100% load 0.5% max.
Deviation vs. Load
{at 115VAC, 230VAC) RAC04-055GB RAC04-125GB
25 25
2 2
15 15
! —
£ o5 £ o5
= =
£ 0 8 0
g 05 E 05
-1 1
1.5 15
2 2
25 25
0 10 20 3 40 S 60 70 80 80 100 0 10 20 30 40 5 60 70 B0 90 100
Output Load [%] Output Load [%]
PROTECTIONS
Parameter Type Value
Input Fuse ™ internal T1A slow blow type, 300V
Short Circuit Protection (SCP) below 100mg2 long-term mode, auto recovery
Svout 5.3v-6.8v
Over Voltage Protection (OVP) 12Vout 126V - 162V hiccup mode, auto recovery
4 ) - 24Vt 252V -324V]
Over Voltage Category ovell
SVout 0D91A-2.2A
Over Current Protection (OCP) 12Vout 0.37A-0.95A  hiccup mode, auto recovery
24Vout 0.19A -0.45A
Class of Equipment Class 11
Isolation Voltage ™ VP to O/P rated for 1 minute 3KVAC/10mA
Isolation Resistance ‘ \ i / 10MS2 min.
Isolation Capacitance 800pF min. 1200pF max
Insulation Grade reinforced
Leakage Current X  277VAC, 50Hz 0.1mA max.
Notes:
NoteG: Refer to local wiring regulations if input over-current protection is also required
Note7: For repeat Hi-Pot testing, reduce the time and/or the test voltage
Note8: For operation 2230VAC, an external MOV is recommended. The Varistor should comply with IEC61051-2. eg. EPCOS S14 series
Protection Circuit Ny,
| R
=9 an
U
F——————— Vo
WWW.recom-power.com REV.: 3/2018 PA-3



RECOM

AC/DC Converter
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RACO04-GA

Series

ENVIRONMENTAL
Parameter Condition ~ Value
Operating T ure Ra TR full load -40°C to +70°C
rating Temperatur natu i s i
" ) i nge o 7 7urnr refer to derating graph L -40°C to +85°C
Maximum Case '{empemu:lre +100°C
Temperature Coefficient 0.03%/K
OperatingAltitude . B . . __ 3000m
Operating Humidity non-condensing 5% - 95% RH
Pollution Degree — PD2
Shock e — = q 206/11ms pulse, 3 times at each x, y, 2 axes
Vibration | 10-150Hz, 2G 10min./1cycle, period 60min
! along x.y.2 axes for 6 cycles
+25°C | 100 x 10" hours
MTBF according to MIL-HDBK-217F, GB. +70°C 17 10" hours
Derating Graph
(@ Chamber and natural convection 0. 1m/s) Line Derating Graph
100 \ 100
% H 9%
80 : 80 v
70 E ‘ :
= : = 70 |—
& : -3 :
i z T 9
50 50 |
g‘ 40 & § a0 {—
0 30 [—
20 20 f—
10 : 10 |—
0 : oLt
-40 20 0 20 40 60 ?-‘u mé'.s 100 120 85 ”5610 135 160 185 210 235 260 285 305
Ambient Temperature [°C) Input Voltage [VAC]
SAFETY AND CERTIFICATIONS
Certificate Type (Safety) Report / File Number Standard
ULB0950-1, 2nd Edition, 2014
womalin TR VIR S Feliremaliesat S Eropsaang  CAVCSAC222No.60950-1-07, 2nd diton, 2014
: . E UL62368-1, 2nd Edition
Audio/video, information and commun cation technology equipment. Safety requirements CAN/GSA C22.2 No 62368-1-14
Infotrnalrm Technology Equ pment. Ge@;lrﬂgqqrequﬂsrlnr Safel;y SATTOaTBAS 007 o EN60950—1_2_006__+ A2, 2013
Information Technology Equ pment, General Requ rements for Safety (C8) [EC60950-1, 2nd Edition: 2005 + AM2, 2013
Audio/video, information and communication technology equipment. Safety requirements 4787985921- EN62368-1: 2014
AudioAvideo, information and communcation technology equipment. Safety requirements (CB) 20171025 - IEC62368-1, 2nd Edition: 2014
Household and similar electrical appliances — Safety — Part 1: General requirements ENG0335-1:2012 + A12:2017
211-600771-000
Household and similar electrical appliances — Safety — Part 7 General requirements (CB) IEC60335-1:2010 5th Edition + A1:2013
continued on next page
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RAC04-GA

AC/DC Converter Series
Certificate Type (Safety) __Report / File Number Standard
f 1 ies, imi
|ISaar :1:; p‘o:;r gl::nuzk::rﬁr;a p;rwer supplies, reactors and similar products ENG1558-1:2005 + A1:2009
SA17 2001 rorr=y
Safety of power transformers, power supplies, reactors and similar products 0arBaLo ENG1558-2-16: 2009 + A1 2013
for supply voltages up to 1100 V Part 2: Particular requirements | ' '
Safety of power transformers, power supplies, reactors and similar products \ IECB1558-1:2005 2nd Edition + A1:2009
for supply voltages up o 1100V (CB) | 211-600770-000
Safety of power transformers, power supplies, reactors and similar products | IEC61558-2-16:2009 1t Edition + A1:2013
for supply voltages up to 1100 V Part 2 Particular requirements (CB) ! o ) o " N =
Measurgmenl methods for electromagnetic fields of household appliances { SA1703184L 01001 ENB2233:2008
and similar apparatus with regard to human exposure 1
EAC ; RU-AT.03.67361 TP TC 004/020, 2011
RoHs 2+ ‘ RoHS 2011/65/EU + AM2015/863
EMC Compliance Condition Standard / Criterion
Information technology equipment - Radio disturbance
characteristics - Limits and methods of n \ent BN 2015, G
EAT703184E 01001 —— T
anormatm technology equipment - Immunity cha:actenstics Lsm ts and
\ EN55024:2010 + A1:2015
methods of measurement |
) - 1
Limitations on the amount of electromagnetic intererence allowed from ! EA1703184F 01001 47 CFR FOC Part 15 Subpart A: 2016

digital and electronic devices |
ESD Electrostatic discharge fmmunity test y ,

Ar ::BW Conlact 4KV 1 |

ENE1000 4-2: 2009, Criteria A

: Voltage Interruptions >95%

Rﬂdmted radio- frequency electromagnetic heid immunity test 2 1. 3me ENG1000-4-3: 2006 + A2, 2010, Criteria A
Fast Transient and Burst Immunity | ACPower Port +1kV ENB1000-4-4: 2012, Criteria A
Surge Immunity w AG Power Port L-N 1KV ENG1000-4-5: 2014, Criteria B
Immunity to conducted disturbances, induced by radio-frequency fields ‘ AC Power Port 3V ENG1000-4-6: 2014, Criteria A

Voltage Dips >95% ENG1000-4-11: 2004, Criteria A
Voltage Dips and Interruption Voltage Dips 30% ENG1000-4-11: 2004, Criteria A

ENG1000-4-11: 2004, Criteria C

EMI Filtering according to EN60335-1 / EN55032 Class B Compliance

Ton

CX1

Cv1,cY2  Cx1
1nF, 2kV

| 100nF, 2KV

oYz

&

DIMENSION AND PHYSICAL CHARACTERISTICS

Parame_tgr_ _______ S - Type - - ) ~ Value

case " black plastic, (UL94V-0)

Material PCB FR4, (UL94V-0)

Dimension (LxWxH) 370x24.0% 15.0mm

Weight 20g typ.
continued on next page
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AC/DC Converter

12

RAC04-GA

Series

Dimension Drawing (mm)
——— o
REGCOM
embossed logo =
b 36.7 § 235 .
ol
l Pin Connections
T 1 o+ T T _Pin#  Single
060 ' Al ' 1 VAC in (1)
8 2 wcnm
. Recommended Footprint Deltais 3 NC
326, 508 10x2.54 = 2540 ; 254
[ ] NI oy T 4 Vout
) t ¥ f o 1
t - T 1 | -.-,—-,——.—,-.-.———-.—-—‘I-|| 8 5 +Vout
° = 4 H | O odp 1 -
1 2 3 | {4 | 5 -4 !| g NC: not connected
:‘ | | yef | ++ T N Tolerance: XX.X £0.5mm
Bottom View . | | Top View | Pin Width: XXX +0.05mm
o ¥ | | | PN ] restricted area
ol | i | ] 11 14 Tor PCB layout
5 4 1 ' HIF s> 11 T
) 8 { J Vo | i
i ..}_‘______.,,.,___;__31
4 508
PACKAGING INFORMATION
(Parameter Type R 0 y. Value
Packaging Dimension (LxWxH) tube 505.0 x 39.7 x 23.2mm
| Packaging Quantty B A\ i) > Pl N | o0 20pcs)
Storage Temperature Range -40°C to +100°C
Storage Humidity non-condensing 5% -95% RH max
The product information and specifications may be subject to changss even without prior written notoe The product has been designed lor various appicatons: its sutabity les in the responshbifity of each customer. The

products are rol suthorized for usa in safety ritical appications without RECOM s expicit vritten consent. A sakty-critical appiication s an appication whers a faiure may reasonably be expacted to endanger or cause
loss of e, inflict body harm or damage property, The apolicant shall indemnify and hold harmiess RECOM, its affiiated companies and its representatives acainst any damags claims in connection with the unauthorized

Www.recom-power.com

use of RECOM products m such safety critical appicabions.

REV.:: 3/2018
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Photocoupler

SHARP

73

PC817XNNSZOF

PC817XNNSZOF
Series

mDescription

PC817XNNSZOF Series contains an IRED optically
coupled to a phototransistor.

Itis packaged in a 4-pin DIP.

Input-output isolation voltage(rms) is 5kV.
Collector-emitter voltage is 80V.

mFeatures

1. 4-pin DIP package

2. Double transfer mold package (Ideal for Flow
Soldering)

3. High isolation voltage between input and output
(Viso(rms) : 5kV)

4. High collector-emitter voltage(V.(, : 80V)

5. Current transfer ratio (CTR : MIN. 50% at 1;=5 mA,
Va=5V)

6. RoHS dircctive compliant

DIP 4pin
Photocoupler

mAgency approvals/Compliance

1. Approved by UL
file No. E64380 (as model No. PC817)
2. Approved by CSA
file No. CA95323 (as modcl No. PC817)
3. Package resin : UL flammability grade (94V-0)

mApplications

1. Programmable controllers
2. Facsimiles
3. Telephones

notice.

SHARP takes no responsibility for any defects
wider to oblain Uhe latest device specification sheets before using any SHARP device

using any SHARP

that may occur in ¢

Sheet No  OP140(41N
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PC817XNNSZOF

minternal Connection Diagram

Anode (D @ Collector
/+ <

Cathode (2) @ Emitter

L1

mOutline
Rank mark
Anode mark Factory identification mark *2
Date code *1
@

-ft | SHARP {2142
%)
e a
6.5 W05 (‘*j"
| 77»62 030 |
e |
7 2
| &
el
ylo
Epoxy resin =
026 010
0.5

0:0~13

*1)  2-digit number shall be marked according to OLD DIN standard.
*2) Factory identification mark applies to the below.
Without :  SUN-S Corporation (Japan)
WUXI WONDERFUL ELECTRONICS CO.. LTD. (CHINA)
‘ or ﬂ : SUN-S Electronic Technology (KUNSHAN) Co.. Lid (CHINA)

Pin material : Copper Alloy
Pin finish : SnCu plating (Cu : TYP. 2%)

Product mass :  Approx. 0.23g

UNIT : 1/1 mm

PC817 Outhine Dimensions
ateing is ¢ arki Name
Marking is lascr marking (Business dealing name | PC817X*NSZ0F)

Sheet No. OP14004EN
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SHARP PCB17XNNSZOF

mAbsolute maximum ratings

Ta=25°C
Parameter Symbol Raling Unit
*1  Forward current Iy 50 mA
*2  Peak forward current I 1 A
Input
Reverse voltage Vi 0
*1  Power dissipation P 70 mW
Collector-emitter voltage Vero 80 \Y%
Outpat Emitter-collector voltage Vico 6 v
Collector current I, 50 mA
*1  Collector power dissipation | P, 150 mW
*1 Total power dissipation Py 200 mW
Operating femperature g =30 1o +100 i B
Storage temperalure Tae -55 10 +125 °c
*3 Isolation voltage Visolrms) 5 kv
*4  Soldering temperature T 270 G
*1' The derating faciors of absolute maximum ratings due to ambient (emperature are shown in Fig. 110 4.
*2 Pulse width= 100ps, Duty ratio : 0.001  (Refer to Fig, 5)
*3  ACfor I min. 40 to 60%RH
*4 Forl0s
mElectro-optical Characteristics
Ta=25°C
Parameter Symbol Condition MIN. | TYP. | MAX. | Unit
Forward voltage Vr [=20mA - 1.2 1.4 Vv
b0 Peak forward voltage Vi In=0.5A - - 3.0 v
Reverse current Iy V=4V - - 10 A
Terminal capacitance G V=0, f=1kHz - 30 250 pF
Dark current Ieso V=50V, [;=0 - - 100 nA
Output | Collector-emitter breakdown voltage BVero | [=0.1mA  1,=0 80 - - v
Emitter-collector breakdown voltage BVyoo | Li=10pA, 1,=0 6 - - A%
Collector current o [;=5mA, V=5V 25 - 30 mA
Collector-emitter saturation voltage Veggy | 7=20mA  T=1mA - 0.1 02 v
Isolation resistance Riso | DC500V 4010 60%RH | 5%10'° [ 10" . Q
I::‘al:;?f Floating capacilance C; V=0, [=1MHz - 0.6 1.0 pF
teristics |, eoff froqueficy £ }‘;’;:33’91225? - 80 - | kHz
Rise time tr Vep=2V  L=2mA - 4 18 s
Fall time t R =100Q . 3 18 11s

Shect No - OP14004EN
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PC817XNNSZOF

Iy (mA)

Forward current

Collector power dissipation P, (mW)

(Fig. 1)

Forward current vs. ambient temperature
ol \

; \\
30k ; \
20} —t—
10 s

P
oL - ; Glu
-30r25 0 25 50 7 100 125
Ambient temperature  Ta (°C)
(Fig. 3)

Collector power dissipation vs. ambient temperature
250

200}

150

100

Y ———
i ! i |
0 i | ! ' : ]

25

-30-25 0 50 75 100 125
Ambient temperature  Ta (°C)
(Fig. 5)
Peak forward current vs. duty ratio
= Pulsc width £ 100ps
& Ta=25°C
Z 200 T f
=100 E
E 500 i
5 200
E 100
£ 50
e 1]
=« 20
I 10 3 C T 0
10 10 10 10

Duty ratio

Diode power dissipation P (mW)

Total power dissipation P, (mW)

(Fig. 2)
Diode power dissipation vs. ambient temperature
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N
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|
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Ambient temperature  Ta (°C)

75 100 125

(Fig. 4)
Total power dissipation vs. ambient temperature

i | 1
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3025 0 25 /0 100
Ambient temperature  Ta (°C)
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i
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LED Driver

eldoLED

your product | our drive ECOdl’IVE 361]’3

Light
is our passion

30W 0-10V LED Driver with Smooth Dimming to 1%
ECOdrive

Programmable digital ECOdrive LED driver providing standard LED fixtures with the smoothest flicker-free dimming to 1% light output,
delivering value to any application. The LED driver is compatible with the 0-10V lighting control protocol, and works seamlessly
together with LED modules, controls and intelligent luminaire elements

Product offering
’-‘
I
4
ECOdrive 361/S
Part number (P/N) EC036153
Product description ECOQdrive 30W 0-10V. 1 control channel, constant current, 1x 55V output, side

feed, metal square

Features & benefits

Natural dimming Dimto 1%, smooth brightness changes. excellent flicker performance
adaptable dimming curves, configurable minimum dimming level

Symbiosis. Seamless interoperability with LED modules, controls and in-luminaire intelligent
devices
LEDcode configurable design to work with most constant current LED modules and

arrays, while providing a connection point to integrated peripheral controls

Programmable Fine-tune your driver for any application

Performance Universal input voltage range, low inrush current and total harmonic distortion
(THD), high power factor and efficiency

Camera compatibility Hybrid HydraDrive technology is proven to work in TV studios and security
camera environments

©2018 eldoLED All rights reserved V1 7 All content contained herein is subject to change without prior notice
More product documentation and eldoLED's warranty and terms and conditions are available al vaww eldoLED com %uﬂy&ands-
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Datasheet

ECOdrive 361/S

Programming tools

Programming interface

TOOLbex pro (TLU20504)

Pregramming cable set

TOOLbex pro to LED driver, programming cable, Spcs (TLC03051)

Programming Hand-held, Touch-and-Go PJOO50HH1
Programming jig PJ0300S1
Programming software FluxTool

Warranty

Warranty period

General Terms and Conditions

Order number configurator

00000000 000 00

LED output
current

OD.Omin DD__[D_U

Minimum Start-up
dimming level  performance

P/N

LED driver part number

LED output current

Enter value in 1mA increments, e g “811" for 811mA

Dimming curve

"LOG" for logarithmic (default)
"LIN" for linear

"SLN" for soft-linear

"SQU" for square

Minimum dimming level

Leave blank for default minimum dimming level of 1.0%. Specify in 0.1%
increments, e.g. "10 5" for 10.5%

Start-up performance

Enter “CA24" for improved start-up performance to comply with ENERGY STAR
Luminaires v2.0 and the latest CA Title 24 standard, effective January 2017

29
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Datasheet

ECOdrive 361/S

Input characteristics

Nominal input voltage range AC

120-250V (ENEC)

120-277V {UL)

Nominal input voltage range DC

120-250V

Maximum input current

0.35A @ 120V / 60Hz

Input frequency range 50 - 60Hz
Efficiency at full load 85%
Power factor at full load >08
THD at full load < 20%

Maximum inrush current

30mA?s @ 277V / 60Hz

Surge protection

2kV differential mode {DM)
2kV common mode {CM)

Maximum standby power

< 05w

39
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Datasheet

ECOdrive 361/S

Output characteristics

Maximum LED output power 30w

Number of LED outputs 1 (UL Class 2)
Programmable LED output current range 160 - 1,400mA

LED output type

Programmable in 1mA increments within specified current range

LED output current tolerance

+/- 5% at programmed LED output current

LED output voltage range 2-55v
Operating window
14
LA
<
o
3
g_ 08
3
08
04
02
0.150)
o

02 & 10 15 20 -1 0 k-] « 45 50 5 80
Output voltage (V)
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Datasheet

ECOdrive 361/S

Control characteristics

Control channels

Control protocol

0-10V, LEDcode

Dimming range 100% - 1%
Dimming curve options Logarithmic (default)
Linear
Soft-Linear
Square

Dimming method

Hybrid HydraDrive

0-10V current draw

<2mA

0-10V isolation

to line voltage input: 1500V
to LED output 3750V

0-10V dimming chart

5 “ ol 018V
-g‘ = +.025
o
&
Maximum ———— e o
Minimum
[y -
off 1] £
0.50° ot 080" Onkom 080" Onfiom 150 810
& standby cparatoral standby mode Dirm start Dim end
mode
Analog input (V)
Dimming curves = 100
L
g
o

8 8 8§ 8 8 3 8 8

-
o

o

0 2 40 60 80

Dimming level (%)
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Datasheet

ECOdrive 361/S

Environmental conditions

Operating ambient temperature (Ta) range

=20 °C to +50 °C

Maximum operating case temperature {Tc max)

80°C

Lifetime

50.000 hours at a maximum case temperature (Tc) of 75 °C

Type TL

@1400mA. Tref 54 °C, max 81 °C

LED driver protection

Thermal

The LED output current is decreased whenever the internal LED driver
temperature exceeds factory preset temperature The LED output current is
increased again once the internal LED driver temperature drops below this
internal temperature threshold. If the internal LED driver temperature continues
toincrease, despite a decrease in output current, the LED driver will shut down,

LED output short circuit

The LED cutput current is cut off whenever the LED driver detects a short-
cireuit. The LED driver will attempt a restart every 400ms after a short-circuit is
detected.

LED output averload

The LED driver decreases the LED output current sequentially, until it reaches
its maximum rated power, wheneaver a load that exceeds the LED driver's
maximum rated power i1s connected to the LED output.

Reverse polarity

The LED driver will not yield any current if the polarity of the load on the LED
output is reversed This situation will not damage the LED driver but may
damage the LED load.

LED protection

Thermal protection LED

An external NTC thermistor, which is placed on a PCB near the LEDs, can be
connected to the driver via the LEDcode/NTC terminals The output current to
the LEDs is then decreased by 75% whenever the NTC exceeds a maximum
allowable temperature, which is specified by the user in the FluxTool software
The default NTC temperature limit is setto 70 °C.

Thermistor value

4Tk

Suitable thermistors

leaded: Vishay, P/N 238164063473
screw: Vishay, PIN NTCASCWE3473J

6/8
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Datasheet

ECOdrive 361/S

LED driver mechanical details

H 3w

|

1

S —
Length (L) typical: 130 mm/5.12in
Width (W) typical. 72 mm /283 in
Height (H) typical. 28 mm/ 1.10 in
3D files available on product web page IGS
Weight 28559
Packaging
Products per box 40 pes

Connector layout

o-1ov- [
o-1ov + [
N Y
.

LEDcode/NTC -
LEDcode/NTC +

- LED output -
B =0 output +

Wiring specifications

Wire type

solid or stranded copper

Wire core cross section

05-15mm?
AWG 20 - 16

Wire strip length

90 mm/0.35inch

Maximum remote mounting distance of LED load

AWG 20 (0.52 mm?) - 14 m / 46 ft
AWG 19 (0.65 mm?) - 18 m/ 59 ft
AWG 18 (0 82 mm?) - 22 m / 72
AWG 17 (1.04 mm?) - 28 m/ 92 ft
AWG 16 (1.31 mm?)- 36 m/ 118 ft

7/8
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. Product  “\mw Sample & Technical Tools & Support &
Folder e s Buy Documents Software Community
AU L —— LM158-N, LM258-N, LM2904-N, LM358-N
SNOSBT3I -JANUARY 2000-REVISED DECEMBER 2014
LMx58-N Low-Power, Dual-Operational Amplifiers
1 Features 3 Description

Available in 8-Bump DSBGA Chip-Sized Package,
(See AN-1112, SNVAQ09)

Internally Frequency Compensated for Unity Gain
Large DC Voltage Gain: 100 dB

Wide Bandwidth (Unity Gain): 1 MHz
(Temperature Compensated)

Wide Power Supply Range:

- Single Supply: 3V to 32V

= Or Dual Supplies: *1.5V 1o +16V

Very Low Supply Current Drain (500
pA)—Essentially Independent of Supply Voltage
Low Input Offset Voltage: 2 mV

Input Common-Mode Voltage Range Includes
Ground

Differential Input Voltage Range Equal to the

Power Supply Voltage

Large Output Voltage Swing

Unique Characteristics:

— Inthe Linear Mode the Input Common-Mode
Voltage Range Includes Ground and the
Oulput Voltage Can Also Swing to Ground,
even though Operated from Only a Single
Power Supply Voltage.

— The Unity Gain Cross Frequency is
Temperature Compensated.

— The Input Bias Current is also Temperature
Compensated.

Advantages:
— Two Internally Compensated Op Amps
— Eliminates Need for Dual Supplies

— Allows Direct Sensing Near GND and Vgyr
Also Goes to GND

— Compatible with All Forms of Logic
— Power Drain Suitable for Battery Operation

Applications

Active Filters

General Signal Conditioning and Amplification
4- 1o 20-mA Current Loop Transmitters

The LM158 series consists of two independent, high
gain, internally frequency compensated operational
amplifiers which were designed specifically to operate
from a single power supply over a wide range of
voltages. Operation from split power supplies is also
possible and the low power supply current drain is
independent of the magnitude of the power supply
voltage.

Application areas include transducer amplifiers, dc
gain blocks and all the conventional op-amp circuits
which now can be more easily implemented in single
power supply systems. For example, the LM158
series can be directly operated off of the standard
3.3-V power supply voltage which is used in digital
systems and will easily provide the required interface
electronics without requiring the additional +15V
power supplies.

The LM358 and LM2904 are available in a chip sized
package (8-Bump DSBGA) using TI's DSBGA
package technology.

Device Information!"

[ PARTNUMBER |PACKAGE |BoDY size vom) |
WRY TO-CAN (8) | 9.08 mm x 9.00 mm i
| CDIP (8) 1016 mm x 6502 mm |
| LM258-N TO-CAN (8) |9.08 mm x 9.09 mm
DSBGA (8) 1.31 mm x 1.31 mm
| LM2904-N S0IC (8) 490 mm x 391 mm ‘
PDIP (8) 9.81 mm x 635 mm ‘
~ [ro-can@) |e08mmx90amm
Ao DSBGA (8) | 1.31 mmx 1.31 mm
SOIC (8) 490 mm x 381 mm
\ PDIP(®) | 9.81 mmx 635 mm

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

Voltage Controlled Oscillator (VCO)

(e

Prafire/y

v R 12 —T L
P Wt
e AN
= 1
L

A

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA

84
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LM158-N, LM258-N, LM2904-N, LM358-N
www.ti.com SNOSBT3l -JANUARY 2000-REVISED DECEMBER 2014

5 Pin Configuration and Functions

D, P, and NAB Package

8-Pin SOIC, PDIP, and CDIP
Top View
OUTPUT A —'1 e
2 3
INVERTING INPUT A — DUTPUT B
non INPUT A L3 INVEATING INFUT B

4

GND ml:ll“ﬁ

LMC Package
8-Pin TO-99
Top View

YPB Package
8-Pin DSBGA
Top View
Ve
| x2 .
L) J AY
QUTPUT A QUTPUT B
mverning 811 | BS INvERTING
INPUT A INPUT B
NON-INVERTING C 1] l | CF WOK-INVERTING
INFUT A INPLT 8

]rz
GND

Pin Functions

PIN
T TYPE DESCRIPTION
DIRPMC | DsBGANO.  NAME
o P AAT g OUTA () 20 [Output Channeld) ) |~ , 44
L 2 _ B -INA 1 | Inverting Input, Channel A
ch W c1 +INA I Non-Inverting Input, Channel A |
%7 } R o N N\ 7 g — R F 3 1
| Ground for Single supply configurations. negative supply for dual supply
4 N L2 ¥GE':' e . !mnﬁguranon; N o y & 4 -
5 c3 _+INB | | Output, Channel B B 1
6 B3 -INB I [lInverting Input, Channe! B _g ; |
7 1 A3 OouTB o} Non-Inverting Input, Channel B . ) o 7;
| 8 A2 V+ P | Positive Supply
Copyright © 2000-2014, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Links: LM758-N LM258-N LM2904-N LM358-N
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LM158-N, LM258-N, LM2904-N, LM358-N
SNOSBT3I ~JANUARY 2000-REVISED DECEMBER 2014 M.ll.cog
6 Specifications
6.1 Absolute Maximum Ratings
See MNA®,
LM158, LM258,
LM358, LM158A, LM2904
LM258A, LM358A UNIT
MIN MAX MIN MAX
Supply Voltage, V* 32 26 \
Differential Input Voltage 32 26 V'
Input Voltage =-0.3 32 -0.3 26 \
Power Dissipation” | PDIP (P) 830 830 mw
T0-99 (LMC) | 550 mw
solc () 530 530 mw
DSBGA (YPB) 435 mw
Output Short-Circuit to | V* <15 V and T, = 25°C Continuous Continuou
GND (One s
Amplifier)
Input Current (Viy < -0.3V)® 50 50 mA
Temperature 4 SN 7 , -55 125 . C
PDIP Package (P): Soldering (10 seconds) | 260 260 ‘c |
SOIC Package (D) : Vapor Phase (60 I 215 215 c
seconds) | .
V. Infrared (15 seconds) | — 220 220 c |
Lead Temperature | PDIP (P): (Soldering, 10 seconds) N\ el g B~ 260 ] 20 | ¢ |
v A TO-89 (LMC): (Soldering, 10 seconds) y __ b= 300 300 ‘C
Storage temperature, Toy ) -65 150 -65 150 c

(1)

@)
(3)
(4)

(S)

(6

Absolute Maximum Ratings indicate limits beyond which damage to the device may occur Recommended Operating Conditions indicate
conditions for which the device is intended to be functional, but specific performance is not ensured. For ensured specifications and the
test conditions, see the Electrical Characleristics.

Refer to RETS158AX for LM158A military specifications and to RETS158X for LM158 military specifications

If Miltary/Aerospace specified devices are required, please conlact the TI Sales Office/Distributors for lability and specifications.

For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a 125°C maximum Jjunclicn temperaturs

and a thermal resistance of 120°CAW for PDIP, 182°C/W for TO-99, 189°C/W for SOIC package, and 230°C/W for DSBGA, which
applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be
derated based on a +150°C maximum junction temperature. The dissipation Is the total of both amplifiers—use external resistors, where
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit.

Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground,
the maximum output current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15
V, continuous short-circuits can d the power dissipation ratings and cause eventual destruction. Destructive dissipation can result
from simultaneous shorts on all amplifiers.

This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the colleclor-base junction of
the input PNP transislors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is
also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to go to
the V'voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is nol destructive and
normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than =0.3 V (at 25°C)

6.2 ESD Ratings

VALUE unT |

[0

Viesp,  Electrostatic discharge Human-body model (HBM), per ANSIESDA/JEDEC JS-001 (! +250 v

JEDEC document JEP155 states that 500-V HEM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT |
Supply Voltage (V+ - V-)LM158. LM258, LM358 3 (£1.5) 32 (16) v 1
Supply Voltage (V+ - V-) LM2804 3 (£1.5) 26 (13) %
Operating Temperature: LM158 : -55 125 C
Operating Temperature. LM258 -25 85 *‘c
Operating Temperature: LM358 - 0 70 c .
Operating Temperature: LM2904 -40 85 *'C
6.4 Thermal Information
LM158-N, | LM158-N LM2904-N, LM358-N
'LM258-N,
THERMAL METRIC!!) _LM3SEN UNIT
1 mc NAB Tt R L Vo) I
8 PINS
Raa  Junction-to-amblent thermal resistance 155 | 132 [ 230 | 18e 120 | ‘cwW
(1) For more information about traditional and new thermal metrics, see the /C Package Thermal Metrics application report, SPRA953
6.5 Electrical Characteristics: LM158A, LM358A, LM158, LM258
V' =+50V, See'”, unless otherwise stated
'Y f . ; LM158A LM358A LM158, LM258
gz TESTCONDMONS | "win v wax| i Tvp  wax| mn mve  max| N7
Input Offset Voltage See® T,=25C 1 2 2 3 2 5 mv
Input Bias Current e O iy, Ta = 25°C, 20 80| 46 100] 45 150 nA
Vou =0 MM~ a =’ A Y
Input Offset Current _Iﬂg"&_ ey Vew=0¥, Ta= | | 2~ - 10 5 30| T3 0 |
Input Commen-Mode Vi=3oyW 194 :
Voltage Range (Ln-ugsm, V= 26V), Ta = 0 AV A V151 o V15| Vv |
Supply Current Over Full Temperature 22U\ Y2 3 ~rre T oo | |
Range g AT
R == on All Op Amps gy, |
V* = 30V (LM2904 V* = 26V) 1 2 2 1 2| mA |
V' =5V 05 12 05 1.2 05 12) mA |
Large Signal Voltage Gain | V* = 15 V, T, = 25°C, |
ﬁz)zm. (For Vo =1Vto 50 100 , 25 100 50 100 vimV |
Cornmon-Mode Ta=25'C, 70 85 e s 70 a5 dB |
Rejection Ratio (Ve =0VioV'ASY .~ | e | b-* U _§ 8 |
Power Supply V'=5V10 30V [
Rejection Ratio $_M2§§év' =5Vio26V), 65 100 65 100 65 100 dB |
A=

(1

()
@3)

from5Vio 26 V

stale of the output so no loading change exists on the input lines.

(4

The direction of the input current is out of the IC due lo the PNP input stage. This current is essentially constant, independent of the
The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3 V (at 25°C). The

upper end of the common-mode voltage range is V' -1.5 V (at 25°C), but either or both inputs can ge to 32 V without damage (26 V for

LM2904), independent of the magnitude of V*

These specifications are limited to -55°C < Ta s +125°C for the LM158/LM158A. With the LM258/LM258A, all temperature specifications
are limited to —25°C = T, < 85°C, the LM358/LM358A temperature specifications are limited to 0°C < T, < 70°C, and the LM2804
specifications are limited to —40°C < T, < 85°C

Vo =14V, Rs=00with V" from 5 V to 30 V; and over the full input common-mode range (0 V to V* 1.5 V) at 25°C. For LM2904, V"

Caopyright © 2000-2014, Texas Instruments Incorporated
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Electrical Characteristics: LM158A, LM358A, LM158, LM258 (continued)

V' =+5.0V, See™), unless otherwise stated

LM158A LM358A LM158, LM258
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX| MIN TYP  MAX
Power Supply V'=5Vie3ov
Rejection Ratio (LM2904, V* = § V o 26 V), 65 100 65 100 65 100 dB
Tp=25'C
Amplifier-to-Amplifier f=1KHzto 20 kHz, Ty = _ [ N _
Coupling 25°C (Inpul Referred), See® X 120 120 d8
Output Current | Source | Viy*=1V,
Vi =0V,
N 20 40 20 40 20 40 mA
V=15V, [
Vo=2V, Ty =25°C |
Sink Vi =1V, V=0V
V=15V, Ty =25°C, 10 20 .10 20 10 20 mA
Vo=2V
Vi =1V, |
.
o SISO | 44/ 12 50 12 50 pA
Ta=25°C, Vo =200mV, |
Y & A e BN =~ & ;
Short Circuit to Ground TA=25°C See®, vt =15v | 40 ] —
Input Offset Voltage See @ . 4
Input Offset Voltage Drit |Rg=00 T4 15 7
Input Offset Current lingey = | N{-) 30
Input Offset Current Drift | Rg = 0Q 10 200 10
Input Bias Current linge) O ling- 40 100 40
Input Commen-Mode V' =30V, See¥) (LM2904, 4 s, B I
vopge heg¥ ¢ poviCali el @& VR \& VMY I Y o YR Y
Large Signal Voltage Gain | V" = +15V "
Vo=1Vtetty) | 25 15 25 Vimv
R 22kQ | ‘
Output Von V'=+30V R &2 -8 26 26 v
| kD
1 T
Voltage (LM2904, V" = 26 V) : :% Y 27 28 { €27 N2 27 28 v
Swng Vo |W=sV.R=toka | s o s wf 5 o[ mv
Output Current rce | Viyt=+1V, V=0V,
ot Curert Lppe (MRt X Yol WTRTTTT T e T T 10 20 10 20 mA
V' =15V, V=2V f 7
Sink Vi =+ V, Vgt ) :
L0 B AAL ST 10 15 5 8 5 8 mA |

V=15V, V=2V

(5) Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts This
typically can be detected as this type of capacitance increases at higher frequencies.

(6) Shert circuits from the output to V* can cause excessive heating and eventual destruction When considering short circuits to ground,
the maximum output current is appr ly 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15
V, continuous short-circuits can exceed lhe power dissipation ratings and cause eventual destruction. Destructive dissipation can result
from simultaneous shorts on all amplifiers
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6.6 Electrical Characteristics: LM358, LM2904
V' =+50V, See'", unless otherwise stated

LM358 LMm2904

(1)

PARAMETER TEST CONDITIONS T e TR e N
Input Offset Voltage See? Tp=25C ] 7 2 7 mv
Input Bias Current ll,pg;) ornllvf-)sle-:%; 25°C, 45 250 45 250 nA
Input Offset Current ey = ey Ve = 0V, Ty = 25°C 5 w0 s 50 nA
@ =
{?3.1‘19?35232“”' ‘ {M'magaY§’: %v),Ta=2sc | O _U‘ _15 e i R
Supply Current | Over Full Temperature Range - ) I
l_i-l:;-un All OpAmplrﬁiii -
V' =ovmmoavi=2ev) | 1 2| 12 mA
V=5V = 05 12 05 12| mA
Large Signal Voltage Vi =15V, Ta=25°C. N —— | o
Gain RL22kQ, (ForVo =1 Vto 11 V) 25 100 2% 100 VimV
g::m: Rt ::M =2f1 i'm V15V i o Q ~ i
Power Supply V' =5Vio 30V Ji 85 100 50 100 B
Relectiengghy (LM2904, V* =5 V10 26 V), T, = 25°C 7 » N o
Amplifier-to-Amplifier Coupling i{rlr_l p'ut k:: 'Ln"a%)kl;z“'lg =25°C ~120 120 4B
Output Current | source 'vm’ =1V,
i I, 20 4 | 20 40 mA
v =15v,
[Vo=2V, Ta=25C
Sink |V =1V, V' =0V
V' =15V, T, = 25°C, 10 20 10 20 mA
fvo =2v
LIINGRUA W
i e MK 12 50 12 50 [ pa
[T, = 25°C. Vo =200 mV,
vt=15v
Short Ciroult 1o Ground | Ty = 25°C, See® v = 15y T 40 60 4 60 | mA
Input Offset Voltage see® 9 10 mv
Input Offset Voltage Drift 'Rs=0Q 7 7 | wvrc
Input Offset Current ey = v 150 45 200 nA
Input Offset Current Drift |Rs=00 10 10 pAI°C
Input Bias Current 2\ X [l‘f‘i'l LTS S 40 500 40 500 | nA

These specifications are limited to -55°C < T, s +125°C for the LM158/LM158A_ With the LM258/LM258A all temperature specifications
are limited to -25°C = T = 85°C, the LM358/LM358A temperature specifications are limited to 0°C s T, < 70°C, and the LM2904
specifications are limited to —40°C < T, < 85°C

(2) Vo=14V, Rg=0Qwith V' from 5V to 30 V; and over the full input common-mode range (0 V to V* =1.5 V) at 25°C. For LM2904, \/*
from§ V1o 26 V.

(3) The direction of the input current is out of the IC due to the PNP input stage. This current s essentially constant, independent of the
state of the output so no loading change exists on the input lines.

(4) The input common-mode voltage of either input signai valtage should not be allowed to go negative by more than 03 V (at 25°C). The
upper end of the common-mode voltage range is V' ~1.5 V (at 25°C). but either or both inputs can go to 32 V without damage (26 V for
LM2904), independent of the magnitude of V*

(5) Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts This
typically can be delected as this type of capacitance increases al higher frequencies.

(6) Short circuits from the output to V* can cause excessive heating and eventual destruction When considering short circuits to ground,
the maximum output current is approximately 40 mA independent of the magnitude of VV*. At values of supply voltage in excess of +15
V, continuous short-circuits can d the power dissipation ratings and cause eventual destruction. Destructive dissipation can result
from simultaneous shorts on all amplifiers.
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Electrical Characteristics: LM358, LM2904 (continued)
V' =+50V, See, unless otherwise stated
LM3s8 LM2904
PARAMETER TEST CONDITIONS UN
MIN TYP MAX | MIN TYP  MAX 5
Input Common-Mode |V* =30V, See® (LM2904, V* = 26 V)
!ul!age Range ) \ . 0 V-2 0 N vi-2 - M -
Large Signal Voltage Gain | V" = +15 V
[(Vo=1Vio11vy) | 1s 15 Vimv
‘R_z2kD
Output Vou |V =30V ~ |rRe=2ka 26 22 v
Vollage ) | (LM2904. v* =26V) |R_=10kD 27 28 23 24 v
Swing (Voo |V'=5V.R =10k 3 20 5 100 | mv
Output Current Source (V' =1V, Vi =0V,
e L L — 10 20 10 20 L mA
___|V=15V.Vo=2 V. . R I I
Sink Vi =1V, V' =0V, !
1 — 5 8 5 8 | ma
| V' =15V, V=2V | |

8
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STPM10BTR

Pin configuration

STPM10

STPM10
Pin | Symbol | Type” | Description
18 | SCL Dlo SPI interface clock pin
19 | SDA DIo SPI interface data pin
20 | LED Do Active energy pulsed output
Notes:

A analog, D' digital, P: power

Vss E ECLKIN

Electrical ratings

3

Electrical ratings

Table 3: Absolute maximum ratings

[ &8

ymbol ‘Parameter Value  Unit
Vee DC input voltage -0.3t06 A
Iein Current on any pin (sink/source) + 150 mA
Vio lsnDp:\:t :gﬁ?f;é?ignal pins (SCS, ZCR, WDG, SYN, 0310 Ve + 03 v
Via Input voltage at analog pins (lip1, ling, liez. linz, Vie, Vin) 071007 v
: ESD Human body model (all pins) 135 kV
Top Operating ambient temperature -40 to 85 c
Ty Junction temperature -40to 150 *C
Tste Storage temperature range -55to 150 °C
3 Absolute maximum ratings are those values beyond which damage to the device
may occur. Functional operation under these conditions is not implied.
- - r [ ~Table 4: Thermal data
| Symbol Parameter Value Unit
L Rnaa Thermal resistance junction-to-ambient 114.5M ‘CW

Notes:
()This value is based on a single-layer PCB, JEDEC standard test board.
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Theory of operation

STPM10

717

Figure 21: STPM10 data record map

CFL

CFH

20 bit ole 8 bit

116t o+ 16 it

Configuration bits

All the configuration bits that control the operation of the device (CFL and CFH data
records) can be written in a temporary way. The configuration bit values are written in the
so-called volatile memory, which are simple latches that hold the configuration data until
the power is on or until a reset condition occurs (both POR and remote reset). As indicated
in the data records table, the configuration bits are 56. Each configuration bit can be written
by sending a byte command to the STPM10 through its SP| interface. The procedure to
write the configuration bits is described in Section 7.19: "SPI interface".

Table 11: Configuration bit map

bt | oo | Name b1 fi Description(”
binary |~ |
000000 0 1 Reserved
Measurement frequency range selection:
000001 1 MDIV 1 MDIV=0: 4,000 MHz to 4.194 MHz
MDIV=1 8000 MHz to 8.192 MHz
Type of internal oscillator selection:
000010 2 RC 1 RC = O:crystal oscillator
RC = 1:RC oscillator
000011 3 1 Reserved
000100 4 1 Reserved
Current channel sensor type and gain:
if TMP=0
PST=0: primary is CT X8, secondary is not used, no tamper
PST=1 primary is shunt X32, secondary is not used, no
000101 5 PST 1 tamper
if TMP=1
PST=0: primary is CT X8, secondary is CT X8, tamper
PS8T=1: primary is CT X8, secondary is shunt X32, tamper
28/47 DoclD17728 Rev 5 1S7]
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STPM10 Theory of operation
i Numbe
u r
Name Description(”
6-bit DEC of bits
binary
000110 6 1 Reserved
000111 ¥ T™MP 1 Tamper enable
Power calculation when BFR=1
001000 8 FRS 1 FRS=0' energy accumulation is frfnzen, power is set to zero
FRS=1: normal energy accumulation and power
computation (p=u*i)
Bit sequence output during record data reading selection:
001001 9 MSBF 1 MSBF=0: MSB first
MSBF=1: LSB first
This bit swaps the information stored in the type0 (first 20
bits of DAP register) and type1 (first 20 bits of DFP register)
active energy.
001010 10 | FUND 1 FUND = 0: type 0 contains wide-band active energy, type1
contains fundamental active energy
FUND = 1: type 0 contains fundamental active energy, type1
contains wideband active energy
No-load condition threshold as product between Vams and
Irws:
001o 12 LTCH=0 800
LTCH 2 LTCH=1 1600
LTCH=2 3200
LTCH=3 6400
001101 13
001110 | 14 Selection of pulses for LED:
KMOT=0 type 0 active Energy
KMOT 2 KMOT=1 type 1 active Energy
A dy Uy KMQT=2 reactive energy
KMOT=3 apparent energy
010000 16 1 Reserved
010001 17 1 Reserved
010010 | 18 acTC 2 Band-gap temperature compensation bits. See Figure 17-
010011 19 "Band-gap temperature variation"
010100 20 ;
4-bit unsigned data for compensation of phase error, 0
010101 | 21 CPH f °+0.576 ° 16 values are possible with a compensation step
010110 | 22 of 0.0384 ° When CPH=0 the compensation is 0 *, when
010111 | 23 CPH=15 the compensation is 0.576
011000 | 24
1
e £ 8-bit unsigned data for voltage channel calibration. 256
WO Fa " values are possible. When CHV is 0 the calibrator is at -
011011 27 12.5% of the nominal value. When CHV is 255 the calibrator
011100 | 28 is at +12.5%. The calibration step is then 0.098%
011101 | 29
[S7] DoclD17728 Rev 5 29/47
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V,At Specification / DATENBLATT ltem no.:  T60404-E4622-X503
Er g Ry ey Sach Nr.:
‘K(‘NNOJ 22695 | Current Transformer / Wechselstromwandler DDz:te: 09.12.2010
=INI". atlum.
Customer: Typenelement / Standard Type JCuslomers part Page 1 wvon 2
Kurde Kd. Sach Nr.. Seite of
Mechanical outline (mm): General folerances DIN {SO 2768-¢ Conneclions:
Mafibild Freimafitoleranz Anschilisse:
1225 K )
o B | Dummy pins: no.2+3
Leerstifte Nr. 2+3

12,3

Tolerances gnd distance+0 2mm

(Toleranz der Stiftabstande+0,2mm)

- T
762 -
5.753
>

'
i
]
ru
=
s
f -
o
[#3
w

528 =634 v, g | SN %,
DC=Date Code b L —
F=Fact
12 4622 xsua I L K
v 0.5x0,5 |
3,5:05] | i1
i
AScheIrnatic diagram Operational data/characteristic data (nominal values):
nschlullschema: Betriebsdaten'Charakteristische Daten (Richtwerte):
4=k RCuZ = 114 Q
{ )
N2 Siehe Bemerkung 3) auf Seite 2 / see remark 3) on page 2
@ ambient temperature / Umgebungstemperatur:-40°C . +70°C
= (1) ﬁo"ng storage temperature / Lagertemperatur: -40°C...+80°C

Inspection: (V: 100%-Test: AQGL.... DIN ISO 2859-Teill) 7
Prifung:
1) (AQL 1/84) M3014: Upeit =40 kV, 25, N2 to/gegen currentwinding ([16,0mm)/Durchsteckdorn
2) (AQL 0,25) M3011/1: L, =238H*+30%, f=50Hz, Uacer =500 mV
3w M3011/6  special measuring  {(current transformer measuring instrument N4):

Sonderpriifung (Stromtrafopriifgerat Nd):

Polarity / Turns ratio: Tolerance + 1% (+ 20 turns)

Polaritat / Obersetzungsvemﬁnnis Toleranz {+20 Wdg.)
4) (AQL 1/84) M3200: Mechanical test

Mechanische Priifung
5) (Fix05) M3280: Solderability test acc 1

Lotharkeitstest nach 1
See page 2
Siehe Seite 2

Applicable docu

ments:

Weilere Vorschriften:

Housing material, casting resin and wire UL - listed
Gehausewerkstolf, Giellharz und Draht UL-galistet

date name | index | amendment

09.1210 | Ert. 81 | Remark 3) on page 2 implemented. Lapidary change

200409 |HL 81 | Write error. Characteristic data, Rg = 30 () corrected into Rg = 100 €2,

Hrsg. KB-E Bearb: HL. ] KB-PM B Kei. freig.: Pe.
aditor designer chack rateased

Wedsrgabe sowie Venielfaltigung disser Untarlage, Venwertung und Miftelung kres Tehalts
mzht gestattet sowert nicht d rd
Schadenersatz Alie Rechts fir den Fall dar

purposes without express written autherization by use itlegally forbidden.

verpflichten zu

oder GM-Eil Any offendars are liatle to pay all relevant damages

Copyirg of tis document, disclosing it to thisd patties of using tne contents here lor any
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SMART ELECTRIC ENERGY METERING
WITH DEMAND CONTROL

MEIDEN
Tanin T., Tanet P., ThuwanonA. and
Assoc.Prof.Dr.Supat K.
‘ Abstract g “ leg.,

In this project, we investizate a problem in snergy-wasting
The smart meter that illmstrates the real-time electrical bill wmill awace
the consumer to reduce energy. In addition, We also have an air
conditioner and lighting control system that can ba controlled via web
application. Reducing energy consumption system is more useful with
our load type analyzer. The load clamification will help the
to awars of the appliance that consumes a lot of snergy.

pdgen.

N,

. lectricity wsage is increasing. Caused
by the increase in population lnd facilitates technological advancement
and enderpins 2 wide range of products and services that enhance obr
quality of life. According to the study from the Faculty of Economics,
Thammasat University, 2,000 families were surveved that The air
conditioner was the leading energy consumer which is 42%, ahead of
the lighting system. The natuvre of the problem is
energy-wasting such as, leave the air conditioning on when you are not
at home or leaving the lights on. As the concept of smart homes
bacome popular across the world, but most of the smact homes are just
control the things via application or web browser, There 11 no any
system that halps the customer reduce energy-wasting.

That's why we introduce the smart meter with control
demand. It does not only measure tha alectricity vsage of an appliance
bnd»nﬂnm-&nmfwthmtumthd&uﬂy

E - ‘nlhanpbyowlmn!ptmwwl

1. Dasign fonction of the smart meter.

a

—————

2. Produce simple load
type analyzer and test the
smart maeter with
precision energy meter.

3.Build the control devices.
3.1Lighting Control 32A/C Control 3.3 0n/Off Control

ul

supat lo@ioutlac.th, s

Dwmmmwmllmdmm
» o = °

(3
3 fheeit

At Y

lectny smart meters and
Moﬁtamﬁmmhmwﬂuw
saving: Moreover, the control system that we have made will accommodate
the consumer, it is obvious that smart meters are here to stay and smart
matering will be 2 “‘way of life” in the future. We ace currently building a
mmwmdmwwmmmmm
imple load type analyzer is the mam target of our project.
jons of th ‘We highlight the main limitations

(e 1

T‘.
lhanhnﬁut
» the noise signal impacts the voltage and current measorement circuit.
+ need electrical knowledge toinstall the smart meter and control system.
« low network security.
The extension possibility of the project is the artificial intelligence
can be integrated with the smart meter that will improve our present load
type analyzer.

[} TheFacsityofE
2013

Demand-Side anmlq Barakat & Chamberlin, Inc. Research
project 2342-16, August 1993

[3] Reference to application note https:/www,
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